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Preface

The SH7612 implements high-performance operations by using a CPU which employs the
Reduced Instruction Set Computer (RISC) system. Thisis a new-generation RISC microcomputer
which realizes low power consumption, an essential feature of microcomputer devices, aswell as
integrating peripheral features necessary for system configuration.

The CPU has a set of RISC-type instructions; basic instructions operate at one state per
instruction, that is, in one system clock cycle, dramatically increasing execution speeds. The chip
incorporates a 32-bit multiplier which performs high-speed sum-of-product (multiply-and-
accumulate) operations. Instructions are upwardly compatible with the SH7000 Series, allowing
easy migration from the SH7000 Series.

Moreover, the chip incorporates on-chip peripheral modules such as an interrupt controller
(INTC), direct memory access controller (DMAC), division unit (DIVU), timers (FRT, WDT),
and serial communication interface (SCI), so that a user system can be configured using the
minimum number of parts.

On-chip cache memory enhances the CPU throughput. A bus control feature, which supports
external memory access, improves external memory access efficiency, alowing direct connection
to synchronous DRAM, DRAM, and pseudo-SRAM without the help of gluelogic.

This hardware manual explains the hardware features of the chip. For details of instructions, see
the programming manual.

Related Documents:
SH-1/SH-2/SH-DSP Programming Manual

For the development environment system, call your nearest Hitachi sales office.
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Revisions and Additions in this Edition

Item

Description

6

Figure 1.2 Pin Arrangement
(FP-176C)

<Former Edition>

1. Use of the E10 emulator for the SH7612 requires a
dedicated emulator chip (debug chip) with the same
package as the actual chip. A debug chip can only
be used with the FP-176C.

2. Connect to Vss when using the E10 emulator, and to
Vcce when using the actual chip.

<This Edition>

1. Use of the E10 or E10A emulator for the SH7612
requires a dedicated emulator chip (debug chip) with
the same package as the actual chip. A debug chip
can only be used with the FP-176C.

2. Connect to Vss when using the E10 or E10A
emulator, and to Vcc when using the actual chip.

Figure 1.3 Pin Arrangement
(TBP-176)

<Former Edition>
2. An E10 emulator debug chip is not available in a
TBP-176 package.

<This Edition>
2. An E10 or E10A emulator debug chip is not available
in a TBP-176 package.

14

1.4 Pins
Note

<Former Edition>

When performing debugging with an E10 emulator,
mode switching is carried out with this pin. Connect this
pin to Vss when using the E10 emulator, and to Vcc
when using the actual chip.

<This Edition>

When performing debugging with an E10 or E10A
emulator, mode switching is carried out with this pin.
Connect this pin to Vss when using the E10 or E10A
emulator, and to Vcc when using the actual chip.

27

1.6.16 Hitachi User Debug
Interface (H-UDI)

Add the following note.

This LSI does not support test modes other than the
bypass mode. To use the E10 or E10A emulator with
this LSI, an emulator-dedicated chip (debug chip), in the
same package as the real chip, is required. Only the
FP-176C debug chip can serve this purpose.

39

2.1.4 DSP Registers

<Former Edition>
The control bits CS (bits 2 to 0) designate the status for
setting the DC bit.

<This Edition>
The control bits CS (bits 3 to 1) designate the status for
setting the DC bit.
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2.1.4 DSP Registers

Delete the following instruction description
LDS Rn,DSR;
LDS.L @Rn+,DSR;

121 3.2.5 Operating Frequency <Former Edition>
Selection by Register data array forced access space
Frequency Change—Cautions
Figure 3.5 Frequency <This Edition>
Modification Flowchart data array read/write space
122 3.2.5 Operating Frequency Add the following caution
Selection by Register Stop the DMAC before changing the frequency.
Frequency Change—Cautions
129 3.2.7 Notes on Board Design <Former Edition>
Bypass Capacitors Do not cpnnect a bypasg capacitor to these pins when
N performing debugging with an E10 emulator.
ote
<This Edition>
Do not connect a bypass capacitor to these pins when
performing debugging with an E10 or E10A emulator.
138 Table 4.6 Bus Cycles and Delete the "*1" in the table
Address Errors
222 6.2.10 Execution Times Break <Former Edition>

Register (BETR)

Therefore, BETR is not decremented by a bread
condition match for an instruction in a repeat loop
comprising up to three instructions.

<This Edition>
BETR is decremented when a break condition is
satisfied on the instruction fetch cycle.
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6.4 Usage Notes

<Former Edition>
4. When an instruction during repeat execution,
including a repeat instruction, is specified as a bread
condition, the following points must be noted.
a. A break will not occur during execution of a repeat
loop consisting of no more than three instructions.
b. When an execution times break is set, an
instruction fetch from memory will not be
performed during execution of a repeat loop
consisting of no more than three instructions.
Consequently, the value in the execution times
register (BETR) will not be decremented.

<This Edition>

4. When an instruction during repeat execution,
including a repeat instruction, is specified as a break
condition, the following point must be noted.
When an instruction in a repeat loop is specified as a
break condition:
A break will not occur during execution of a repeat
loop consisting of no more than three instructions.
When an execution times break is set, an instruction
fetch from memory will not be performed during
execution of a repeat loop consisting of no more than
three instructions, but when an instruction set as a
break condition is executed, the value in the
execution times register (BETR) is decremented.

241

Table 7.1 Pin Configuration

<Former Edition>

the most significant byte
the second byte

the third byte

the least significant byte

<This Edition>

the most significant byte (D31-D24)
the second byte (D23-D16)

the third byte (D15-D8)

the least significant byte (D7—-D0)

244

7.2.1 Bus Control Register 1
(BCR1)

<Former Edition>
Initialize the ENDIAN, BSTROM, PSHR, and DRAM2—
DRAMO bits after a power-on reset, .....

<This Edition>

Initialize the ENDIAN, BSTROM, and DRAM2-DRAMO
bits after a power-on reset, .....
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315 Figure 7.47 DRAM CAS- <Former Edition>
before-RAS Refresh Cycle RD
Timing <This Edition>
RD
322 7.9.1 Master Mode <Former Edition>
These bus control signals are driven high at least 2
cycles before they become high impedance. Sampling
for bus request signals occurs at the clock fall.
<This Edition>
These bus control signals are driven high at least 2
cycles before they become high impedance. However,
when the clock ratio is |@:E@ = 1:1, the CS signal setting
in the synchronous DRAM space changes from low
level to high impedance because the bus is released
after an NOP command is issued. Sampling for bus
request signals occurs at the clock fall.
323 7.10.1 Resets <Former Edition>
Master mode chips accept arbitration requests even
when a manual reset signal is asserted. When a reset is
executed only for the chip in master mode while the bus
is released, the BGR signal is negated to indicate this.
<This Edition>
Master mode chips do not accept arbitration requests
even when a manual reset signal is asserted.
331 Note on BSC register access  New description added
when using the DMAC
334 Note on synchronous DRAM:  New description added
consecutive access to
synchronous DRAM
Note on clock ratio [g:E¢@ =1:1,
synchronous DRAM burst write
mode
335 Note on RAS precharge period New description added
when using DRAM interface
335 Note on bus release sequence New description added
376 Dual Address Mode <Former Edition>

Note: * Specify word or byte as the on-chip memory
access size.

<This Edition>

Delete the note
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379 Table 9.8 Relationship of <Former Edition>
Request Modes and Bus 1/2 bytes
Modes by DMA Transfer <This Edition>
Category 1/2/4/16 bytes
Transfer size of following
transfer category
“On-chip memory and on-chip
memory”
“On-chip memory and memory-
mapped external device”
“On-chip memory and external
memory”
393 Figure 9.38 When a 16-Bit Correct the blind zone.
External Device is Connected
(Level Detection)
394 Figure 9.39 When an 8-Bit
External Device is Connected
(Level Detection)
395 Figure 9.40 DREQ Pin Input
Detection Timing in Cycle-Steal
Mode with Level Detection (16-
Byte Transfer Setting)
402-414 9.4.1 DMAC-Related Notes  New description added
No. 16 and No. 17
414 9.4.2 Notes on Memory <Former Edition>
Access when Using the DMAC DMAC dual address transfer
Note on synchronous DRAM <This Edition>
single write mode when clock DMA transfer (both in dual address mode and single
ratio lg:E@=1:1 address mode)
420 9.4.2 Notes on Memory New description added
Access when Using the DMAC
Note on BSC register access
while using the DMAC
433 11.2.3 Input Capture Register <Former Edition>
(FICR) -+, the current FRC value is transferred to ICR.
<This Edition>
-+, the current FRC value is transferred to FICR.
434 Bit 1—Timer Overflow Interrupt <Former Edition>

Enable (OVIE)

Interrupt request (FOVI)

<This Edition>
Interrupt request (OVI)
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456 12.2.2 Watchdog Timer <Former Edition>
Control/Status Register —
(WTCSR) <This Edition>
R/W value of bits 4 and 3 R
457 12.2.3 Reset Control/Status
Register (RSTCSR)
R/W value of bits 4 to 0
523 Table 14.2 Register <Former Edition>
Configuration 3. Initialized by a power-on and manual reset.
Notes <This Edition>
3. Initialized by a power-on, manual reset, or standby
mode.
585 15.5.7 Note Regarding Use of New description added
the CTS Signal of the SCIF
608 17.4 SIO Interrupt Sources <Former Edition>
and DMAC Channel interrupt priority levels are set by means of the
IRPE register, as described in section 5, Interrupt
Controller (INTC).
<This Edition>
Channel interrupt priority levels are set by means of the
IPRE register, as described in section 5, Interrupt
Controller (INTC).
613 Table 18.1 TPU Functions <Former Edition>
DMAC activation on channel 1 TGR compare match or input capture
and channel 2 <This Edition>
683 18.7.14 Note on Clearing New description added
Flags
685 19.1.1 Features Add the following note
Use of the E10 or E10A emulator for the SH7612
requires a dedicated emulator chip (debug chip) with
the same package as an actual chip. An E10 or E10A
emulator debug chip is available in an FP-176C.
696 19.5 Usage Notes <Former Edition>

*  When debugging is carried out with an E10 emulator
using a debug chip, the H-UDI is used. Therefore,
the five H-UDI-related pins should not be used as
general 1/O ports.

<This Edition>

e When debugging is carried out with an E10 or E10A
emulator using a debug chip, the H-UDI is used.
Therefore, the five H-UDI-related pins should not be
used as general I/O ports.
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700 Table 20.1 Multiplex Pins <Former Edition>
Port A SIo2
<This Edition>
SIO
718 Table 22.1 Power-Down <Former Edition>
Modes UBC: Halted, and register values held
The status of UBC. DMAC Other than UBC: Halted
DIVU, FRT, SCIF1-2, TPU, <This Edition>
S102-0, and SCI in standby UBC, DIVU, SIO0-2, and TPU: Halted, and register
mode values held
Other than the above: Halted
730 22.5.1 Transition to Module <Former Edition>
Standby Function With the module standby function, the external pins of
the DMAC and SIO0-SIO2 on-chip peripheral modules
retain their states prior to halting, as do DMAC, DSP,
DIVU, and SIO0-SIO2 registers. The external pins of
the FRT, SCIF1-2, TPU, and SCI are reset and all their
registers are initialized.
<This Edition>
With the module standby function, the external pins of
the DMAC and SIO0-SIO2 on-chip peripheral modules
retain their states prior to halting, as do UBC, DMAC,
DSP, DIVU, TPU, and SIO0-SIO?2 registers. The
external pins of the FRT, SCIF1-2, TPU, and SCI are
reset and all their registers are initialized.
731 22.6 Note on Usage New description added
738 Figure 23.3 CKIO Clock <Former Edition>
Output Timing Vi
<This Edition>
VOH
745,746 Table 23.8 PLL-On Bus Add the following description
Timing [Modes 1 and 5] Conditions: V.. = 3.0 to 3.6V, Ta =-20 to +75°C
747,748 Table 23.9 PLL-Off Bus
Timing [Mode 2]
749,750 Table 23.10 PLL-Off Bus

Timing [Mode 6]
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773 Figure 23.33 DRAM Read Add the "tASC"
Cycle (TRP =1 Cycle, RCD =1
Cycle, No Wait)
777 Figure 23.37 DRAM Burst
Read Cycle (TRP =1 Cycle,
RCD =1 Cycle, No Wait)
778 Figure 23.38 DRAM Burst <Former Edition>
Write Cycle (TRP =1 Cycle, tPS, tASC (in D31-D0 waveform)
RCD=1 CyCle, No Walt) <This Edition>
tDS
779 Figure 23.39 EDO Read Cycle Correct the CAS - OE wave
(TRP =1 Cycle, RCD =1
Cycle, No Wait)
784 Figure 23.44 Interrupt Vector <Former Edition>
Fetch Cycle RD
(No Wait, IgE@ #1:1) <This Edition>
RD
787 Table 23.12 Free-Running <Former Edition>
Timer Timing tFCKWH, tFCKWL
<This Edition>
tFCKWH, L
789 Table 23.13 Serial <Former Edition>
Communication Interface tcsecyce
Timing <This Edition>
Unit of tSCKW tscyc
790 Table 23.14 16-Bit Timer- <Former Edition>
Pulse Unit Timing tcyc
Unit of tTCKWH.L <This Edition>
tpcyc
793 Table 23.16 Serial /0O Timing <Former Edition>
Symbol name of SRCK, STCK tlcyc
clock input cycle time <This Edition>
tsleyc
795 Table 23.17 Hitachi User <Former Edition>
Debug Interface Timing tPcyc
Symbol name of TCK clock <This Edition>
input cycle time ttcyc
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797 Figure 23.67 1/0 Port Input/  <Former Edition>
Output Timing (tEcyc:tPcyc = PAO0-PA15
11) <This Edition>
Figure 23.68 /O Port Input/  PA0-PA2, PA4—PA13
Output Timing (tEcyc:tPcyc #
1:1)
798 Figure 23.69 Output Load <Former Edition>
Circuit The mark of VREF
!
<This Edition>
The mark of VREF
\Y,
814 B.1 Pin State in Reset, Power- <Former Edition>
Down State, and Bus-Released FTCI/PA5
State <This Edition>
FTI/PA5
816-819 Appendix C Notes on New description added
Programming
821 Figure E.1 Package Change the figure

Dimensions (FP-176C)
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Section1l Overview

1.1 Features

The Hitachi SH7612 processor is a single-chip device that combines the functionality of afull-
fledged reduced instruction set computer (RISC) processor and afull-fledged digital signal
processing (DSP) processor. It isideally suited for applications that require both microcontroller
and DSP type processing. Traditionally, such applications have required the use of two chips: a
microcontroller and a DSP chip. This processor offers an economical, one-chip solution for such
applications.

The single-chip solution provided by this processor cuts devel opment and system costs. The
unified memory and single instruction stream simplify the design, enabling development costs to
be reduced. The provision of RISC and DSP functions in a single processor enables devel opment
to be carried out with a single emulator, and the use of a single processor aso eliminates the need
for inter-processor communication support. Power consumption can also be reduced through use
of the power-down states.

This processor is upwardly compatible with the Hitachi SH-1 and SH-2 object code, but offers an
extension of the basic DSP functions of the SH-1 and SH-2, with full DSP type functions. While
the SH-2 processors provide multiply-accumulate functionality, this processor provides advanced
DSP operations, including single-cycle 16-bit by 16-bit signed multiplication, barrel shifting,
priority encoding, rounding, modulo addressing, and zero-overhead loop control. The processor
performs DSP operations in fixed-point arithmetic, providing guard bits to protect against data
corruption due to overflows.

The processor uses a RISC architecture like that of the SH-2 family of processors. By using afive-
stage pipeline system, it can execute most instructions in a single processor clock cycle.

This processor uses both a standard von Neumann architecture (both instructions and data share a
single bus) for the integer unit and an extended Harvard architecture (instructions and data have
separate buses) for the DSP unit. The Harvard architecture allows simultaneous access to the
program code and to two on-chip memory spaces, called X memory and Y memory, for the
efficient implementation of DSP algorithms.

This manual describes all of the hardware features of the processor, with emphasis on interfacing
to the processor through the many on-chip peripheral modules.

The features of this processor include:

* Architecture
0 Origina Hitachi architecture
O 32/40-bit internal data bus
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O von Neumann architecture for integer instructions and extended Harvard architecture for
DSP instructions

Registers

0 Sixteen 32-bit genera registers (RO-R15)

O Eight DSP registers: six 32-bitswide (X0, X1, YO, Y1, MO, M1) and two 40-bits wide (AQ,
Al)

O Four 32-bit system registers (MACH, MACL, PR, PC)

0 Seven 32-bit control registers: three for 16-bit integer instructions (SR, GBR, VBR) and
four for 32-bit DSP instructions (RS, RE, MOD, DSR)

Address space

4 Ghytes address space (160 Mbytes of external memory space)

On-chip memory: 16 kbytes of RAM

Modulo addressing

Indirect addressing with pointer update (increment, decrement, indexed)
Dual-addressing capability to support two memory accesses per clock cycle
Five-stage pipeline

Instruction set

O Singleinstruction stream for both 16-bit and 32-bit instructions

0 Pardlel instructions: 32-bit length allows up to four operations to be executed
simultaneously

O Load-store architecture (basic arithmetic and logic operations are performed on register
values)

0 Delay branches to reduce pipeline disruption (delays branching to minimize instances when
instructions fetched to the pipeline must be discarded because of a branching instruction)

0 Conditional DSP instruction execution

0 Optimized for C programming language implementation
0 On-chip debugging functions

Instruction execution time

0 Oneinstruction/cycle for basic instructions

0 Zero-overhead loop control

Arithmetic operations

Two ALUs

Two shifters

Arithmetic and logical barrel shifting
Most-significant bit detection (priority encoding)
Guard hits to protect against overflow

Saturation arithmetic

Oo0Ooood

Oo0oooogdg
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e On-chip multipliers
0 DSP multiplication operations executed in one cycle (16 bits x 16 hits - 32 hits)

O Integer multiplication operations execute in one to three cycles (16 bits x 16 bits — 32 hits)
or two to four cycles (32 bits x 32 bits — 64 bits), and multiply-accumul ate operations
execute in two to three cycles (16 bits x 16 bits + 64 bits — 64 bits) or two to four cycles
(32 bits x 32 bits + 64 bits - 64 hits)

¢ On-chip peripheral modules
System controller (SY SC)
Interrupt controller (INTC)
User break controller (UBC)
Bus state controller (BSC)
Cache memory
DMA controller (DMAC) with two channels
Division unit (DIVU)
16-bit free-running timer (FRT) with one channel
Watchdog timer (WDT)
Serial communication interface (SCI) with one channel
Single-channel smart card interface
Two-channel serial communication interface with FIFO(SCIF)
IrDA
Three-channdl serial 1/0 (SIO)
Three-channdl 16-bit timer pulse unit (TPU)
Hitachi user debug interface (H-UDI)
* Processing states
0 Reset state (power-on reset and manual reset)
Exception processing state
Program execution state
Power-down states: sleep mode, standby mode, and modul e standby mode
Bus release state

Ooo0ooOocoooooogogoooogogoo

U
O
U
O

1.2 Architecture

Figure 1.1 shows a chip-level block diagram of the processor. The processor consists of a CPU,
peripheral modules, and on-chip memory linked by five different buses.
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The CPU contains a fetch and decode unit, an integer unit, a DSP unit, and associated registers
(general, DSP, control, and system). The fetch and decode unit reads instructions and controls both
the integer and DSP units. The integer unit has the capabilities of an SH-2 CPU, with the addition
of some features to support DSP operations. The DSP unit performs advanced DSP functions and
has its own set of registers and separately addressable memory spaces called the X and Y
memories. The SH-DSP instruction set is a version of the SH-2 instruction set that has been
enhanced to make use of these additional architectural features. The CPU interfaces to external
logic through the peripheral modules, as shown on the right side of figure 1.1.

In addition to the external bus, the processor has five internal buses:

e Cachebusor C-bus (CAB, CDB): 32-bit address, 32-bit data
e Internal busor I-bus (IAB, IDB): 32-hit address, 32-bit data
e X-bus (XAB, XDB): 15-bit address, 16-bit data

* Y-bus(YAB, YDB): 15-hit address, 16-bit data

* Peripheral bus: 16-bit data

The C-bus transfers both instructions and data. The processor can access any region of address
space, including external space, through the C-bus. All MOV and MOV S operations use the C-
bus. MOV X operations use the X-bus, and MOVY operations use the Y -bus. The X- and Y -data
buses, XDB and YDB, are 16 bits wide, and can access only word data.

The SH-DSP integer unit uses the C-bus to transfer instructions and data (von Neumann
architecture). The DSP unit also uses the C-bus to transfer instructions and data, but it can also use
the two additional internal buses, called the X-bus and Y -bus, to access data from the X memory
and Y memory simultaneously (extended-Harvard architecture).

The I-bus can be used to address any memory space, including external memory and on-chip
memory. When accessing external memory, the I-bus connects to the external bus through the
BSC.

The DSP unit has the X-bus and Y -bus available for data transfer operations. Each of these buses
consists of a 15-bit address bus, XAB or YAB, and a 16-bit data bus, XDB or YDB. The address
buses are only 15 bits wide because they can access only aligned word-length data, so the |east-
significant bit of the 16-bit addressis always zero. The CPU uses the X-bus and Y -bus to access X
memory and Y memory data.

The CPU uses the C-bus to accesses cache memory and on-chip memory. Other spaces are
accessed from the C-bus viathe I-bus. The DMAC can use the |-bus to access spaces other than
cache memory.

A periphera busisalso provided for accessing peripheral modules through the BSC. This 16-bit
data bus allows the CPU and DMAC to access the memory-mapped registersin the peripheral
modules.
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The UBC monitors the C-bus, I-bus, X-bus, and Y -bus for break conditions. When a break
condition is met, an interrupt is requested.

1.3 Pin Arrangement

Figures 1.2 and 1.3 show the pin arrangement. Table 1.1 lists the pins.
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131 [ PB15/SRCKO0/SCK2
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Notes: 1. Use of the E10 or E10A emulator for the SH7612 requires a dedicated emulator chip (debug chip)
with the same package as the actual chip. A debug chip can only be used with the FP-176C.
2. Connect to Vgg when using the E10 or E10A emulator, and to V¢ when using the actual chip.

Figurel1.2 Pin Arrangement (FP-176C)
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Notes: 1. The pin diagram enclosed in dotted lines is a cutaway view.
2. An E10 or E10A emulator debug chip is not available in a TBP-176 package.

Figure1.3 Pin Arrangement (TBP-176)
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14 Pins

Pin No. Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function

1 Al NMI | Nonmaskable interrupt request
2 C3 RES | Reset

3 B1 Vcc (ASEMDO*) | Power supply (mode pin in debug chip)
4 c2 Vss | Ground

5 D3 Vss | Ground

6 C1 Vce(PLL) | On-chip PLL power supply

7 D2 CAP1 O PLL external capacitance pin

8 E4 Vss(PLL) | On-chip PLL ground

9 D1 MD4 | Operating mode pin

10 E3 CAP2 0] PLL external capacitance pin
11 E2 Vce | Power supply

12 El MD3 | Operating mode pin

13 F4 Vss | Ground

14 F3 EXTAL | Crystal oscillator connection pin
15 F1 MD2 | Operating mode pin

16 F2 XTAL 0] Crystal oscillator connection pin
17 G4 Vss | Ground

18 G3 CKIO 10 System clock input/output

19 Gl Vce | Power supply

20 G2 MD1 | Operating mode pin

21 H4 Vss | Ground

22 H3 MDO | Operating mode pin

23 H1 DO 10 Data bus

24 H2 D1 10 Data bus

25 J4 D2 10 Data bus

26 J3 Vcc | Power supply

27 J1 D3 10 Data bus

28 J2 Vss | Ground

29 K4 D4 10 Data bus

30 K3 D5 10 Data bus

31 K1 D6 10 Data bus

8
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Pin No. Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function

32 K2 D7 10 Data bus

33 L3 D8 10 Data bus

34 L1 Vce | Power supply
35 L2 D9 10 Data bus

36 L4 Vss | Ground

37 M1 D10 10 Data bus

38 M2 D11 10 Data bus

39 M3 D12 10 Data bus

40 N1 D13 10 Data bus

41 M4 D14 10 Data bus

42 N2 Vce | Power supply
43 P1 D15 10 Data bus

44 P2 Vss I Ground

45 R1 D16 10 Data bus

46 N3 D17 10 Data bus

47 R2 D18 10 Data bus

48 P3 D19 10 Data bus

49 N4 D20 10 Data bus

50 R3 Vce | Power supply
51 P4 D21 10 Data bus

52 M5 Vss | Ground

53 R4 D22 10 Data bus

54 N5 D23 10 Data bus

55 P5 D24 10 Data bus

56 R5 D25 10 Data bus

57 M6 D26 10 Data bus

58 N6 Vce | Power supply
59 R6 D27 10 Data bus

60 P6 Vss | Ground

61 M7 D28 10 Data bus

62 N7 D29 10 Data bus

63 R7 D30 10 Data bus
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Pin No. Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function

64 P7 D31 10 Data bus

65 M8 BGR o} Bus grant

66 N8 BRLS I Bus request

67 R8 DACKO 0] DMAC channel 0 acknowledge

68 P8 DACK1 o DMAC channel 1 acknowledge

69 M9 DREQO | DMAC channel 0 request

70 N9 DREQ1 | DMAC channel 1 request

71 R9 WAIT I Hardware wait request

72 P9 RAS @] RAS for DRAM and synchronous DRAM

73 M10 Vce | Power supply

74 N10 CAS/OE o} CAS for synchronous DRAM/OE for DRAM
(EDO mode)

75 R10 Vss | Ground

76 P10 DQMUU/WE3 @) SRAM/synchronous DRAM highest byte select
signal

77 N11 DQMUL/WE2 @) SRAM/synchronous DRAM second byte select
signal

78 R11 DQMLU/WET @) SRAM/synchronous DRAM third byte select
signal

79 P11 DQMLL/WEO @] SRAM/synchronous DRAM lowest byte select
signal

80 M11 CAS3 0 DRAM highest byte select signal

81 R12 CAS2 o} DRAM second byte select signal

82 P12 CAST 0 DRAM third byte select signal

83 N12 CASO 0 DRAM lowest byte select signal

84 R13 CKE @) Synchronous DRAM clock enable control

85 M12 RD 0 Read pulse

86 P13 Vce | Power supply

87 R14 REFOUT @) External refresh request signal

88 P14 Vss | Ground

89 R15 BS 0 Bus cycle start

90 N13 CSo o} Chip select 0

91 P15 CS1 0 Chip select 1

92 N14 CS2 o] Chip select 2

10
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Pin No. Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function

93 M13 CS3 0 Chip select 3
94 N15 CS4 0 Chip select 4
95 M14 RD/WR ¢} Read/write
96 L12 A0 O Address bus
97 M15 Al O Address bus
98 L13 A2 (0] Address bus
99 L14 Vce | Power supply
100 L15 A3 O Address bus
101 K12 Vss | Ground

102 K13 Ad O Address bus
103 K15 A5 O Address bus
104 K14 A6 (0] Address bus
105 Ji2 A7 O Address bus
106 J13 A8 O Address bus
107 J15 Vce | Power supply
108 J14 A9 O Address bus
109 H12 Vss | Ground

110 H13 A10 (0] Address bus
111 H15 Vce | Power supply
112 H14 All (0] Address bus
113 G12 Vss | Ground

114 G13 Al2 O Address bus
115 G15 Al13 O Address bus
116 G14 Al4 (0] Address bus
117 F12 Vce | Power supply
118 F13 A15 O Address bus
119 F15 Vss | Ground

120 F14 Al6 O Address bus
121 E13 Al17 (0] Address bus
122 E15 A18 (0] Address bus
123 E14 Al9 O Address bus
124 E12 A20 (0] Address bus

11
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Pin No.

Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function
125 D15 Vce | Power supply
126 D14 A21 o Address bus
127 D13 Vss | Ground
128 C15 A22 0] Address bus
129 D12 A23 o Address bus
130 Cl4 A24 @) Address bus
131 B15 PB15/SRCKO0/ IO/INO  General input/output / SIO channel O serial
SCK2 receive clock input / SCIF channel 2 serial
clock input/output
132 B14 PB14/SRS0/ 10/1/1 General input/output / SIO channel 0 serial
RXD2 receive synchronization input / SCIF channel 2
serial data input
133 Al15 PB13/SRXDO0/ 10/1/10 General input/output / SIO channel 0 serial
TXD2 data input / SCIF channel 2 serial data output
134 C13 PB12/STCKO/ IO/INO  General input/output / SIO channel O serial
SCK1 transmit clock input / SCIF channel 1 serial
clock input/output
135 Al4 PB11/STSO/ I0/10/I  General input/output / SIO channel 0 serial
RXD1 transmit synchronization input/output / SCIF
channel 1 serial data input
136 B13 PB10/STXDO/ I0/0/O  General input/output / SIO channel 0 serial
TXD1 data output / SCIF channel 1 serial data output
137 C12 PB9/SRCK1/ 10/1/0 General input/output / SIO channel 1 serial
RTS receive clock input / SCIF channel 1 transmit
request
138 Al13 Vce | Power supply
139 B12 PB8/SRS1/ 10/1/1 General input/output / SIO channel 1 serial
CTS receive synchronization input / SCIF channel 1
transmit enable
140 D11 Vss | Ground
141 Al12 PB7/SRXD1/ 10/1/0 General input/output / SIO channel 1 serial
TIOCA2 data input / TPU channel 2 input capture/out
compare match A2
142 cl1 PB6/STCK1/ IO/I/IO  General input/output / SIO channel 1 serial
TIOCB2/ data transmit clock input / TPU channel 2 input
TCLKD capture/out compare match B2 / TPU clock
input D
12
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Pin No.

Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function
143 B11l PB5/STS1/ I0/I0/IO  General input/output / SIO channel 1 serial
TIOCAL transmit synchronization input/output / TPU
channel 1 input capture/out compare match Al
144 All PB4/STXD1/ I0/0/I0  General input/output / SIO channel 1 serial
TIOCB1/TCLKC data output / TPU channel 1 input capture/out
compare match B1/ TPU clock input C
145 D10 PB3/SRCK2/ IO/INO  General input/output / SIO channel 2 serial
TIOCAO receive clock input / TPU channel 0 input
capture/out compare match AO
146 C10 PB2/SRS2/ IO/I/IO  General input/output / SIO channel 2 serial
TIOCBO receive synchronization input / TPU channel 0
input capture/out compare match BO
147 Al10 PB1/SRXD2/ IO/I/IO  General input/output / SIO channel 2 serial
TIOCCO/TCLKA data input / TPU channel 0 input capture/out
compare match CO / TPU clock input A
148 B10 PBO/STCK2/ IO/I/IO  General input/output / SIO channel 2 serial
TIOCDO/TCLKB data transmit clock input / TPU channel 0 input
capture/out compare match DO / TPU clock
input B
149 D9 TRST | H-UDI test reset input
150 C9 TCK/PA13 /10 H-UDI test clock input / general input/output
151 A9 Vcce I Power supply
152 B9 TMS/PA12 /10 H-UDI test mode select / general input/output
153 D8 Vss | Ground
154 Cc8 TDI/PA1l I/10 H-UDI serial data input / general input/output
155 A8 Vcce | Power supply
156 B8 TDO/PA10 O/10 H-UDI serial data output / general input/output
157 D7 Vss I Ground
158 C7 PA9/STS2 10/10 General input/output / SIO channel 2 serial
transmit synchronization input/output
159 A7 PA8/STXD2 10/0 General input/output / SIO channel 2 serial
data output
160 B7 WDTOVF/PA7  O/IO Watchdog timer output / general input/output
161 D6 FTCI/PA6 /10 FRT clock input / general input/output
162 C6 FTI/PAS I/10 FRT input capture input / general input/output
163 A6 FTOA/PA4 O/10 FRT output compare A output / general

input/output

13
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Pin No. Pin No.

(FP-176C) (TBP-176) Pin Name 1/0 Function

164 B6 FTOB/CKPO 0/0 FRT output compare B output / P@

165 C5 SCK/PA2 10/10 SCl serial clock input/output / general
input/output

166 A5 Vce | Power supply

167 B5 RXD/PA1 1110 SCI serial data input / general input/output

168 D5 Vss | Ground

169 Ad TXD/PAO 0o/10 SCI serial data output / general input/output

170 B4 IVECF o] Interrupt vector fetch cycle

171 C4 CKPACK o Clock pause acknowledge output

172 A3 CKPREQ/CKM | Clock pause request input

173 D4 IRL3 | External interrupt source input

174 B3 IRL2 | External interrupt source input

175 A2 IRLT | External interrupt source input

176 B2 IRLO | External interrupt source input

Note: When performing debugging with an E10 or E10A emulator, mode switching is carried out
with this pin. Connect this pin to V¢, when using the E10 or E10A emulator, and to V.
when using the actual chip.

14
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15 CPU

151 Fetch and Decode

This chip supports a mixed 16-bit/32-bit instruction stream. There are no restrictions on the order
or sequence of instructions in the mixed 16-bit/32-bit instruction stream.

152 Integer Unit

Theinteger unit isaversion of the SH-2 CPU core that has been enhanced to support DSP
operations. It can execute all SH-1 and SH-2 object code, but it is not upwardly compatible with
SH-3 object code. Compared with the SH-2 CPU core, the SH-DSP integer unit offersthe
following additional features:

Dual-Addressing Capability: The chip supports the simultaneous access of data from two on-
chip memory locations by using the main integer unit ALU to calculate the X memory address and
aseparate 16-bit ALU called the Pointer Arithmetic Unit (PAU) to calculate the Y memory
address.

Index Addressing with Pointer Update: The addressing mechanism supports index addressing
with automatic updating of the address pointer. The address pointer is automatically incremented
or decremented by 2 or 4 to access sequential words or longwords in memory, or incremented by a
specified index amount after each memory access.

Modulo Addressing: Modulo addressing is useful for implementing circular buffers. The starting
and ending modulo addresses are specified in the MOD control register. When the address register
isincremented to the ending address, it is automatically reset to the starting address.

Zero-Overhead Loop Control: The chip supports zero-overhead program loops, in which loop
counter incrementing and judgment of completion of the loop are performed automatically. These
loops are important for high-speed DSP applications. To set up such aloop, special registers are
used to specify the repeat count, the starting address, and the ending address of the instruction
loop. The processor then executes the loop the specified number of times.

15
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153 DSP Unit

The CPU has a powerful DSP unit that can execute up to two operations in parallel, providing
faster DSP performance than conventional multiply-accumulate (MAC) units. The DSP unit offers
the following features:

Parallel Operations. The DSP unit can execute up to two independent operations simultaneously:
one addition or subtraction operation and one multiply operation. Simultaneously when the DSP
unit executes these operations, the integer unit can execute up to two load or store operations
concerning X memory or Y memory. A single 32-bit instruction specifies these two operations and
two transfers.

32/40 Bit Data Registers: The DSP unit uses a set of eight data registers: two 40-bit registers and
six 32-bit registers. The upper eight bits of the 40-bit registers serve as guard bits to accommodate
overflow resultsin certain operations.

Fixed-Point Arithmetic Operations: Most of the 32-bit instructions executed by the DSP use
fixed-point data with the binary point fixed between bits 30 and 31. All 16-bit instructions
executed by the integer unit use integer data with the binary point fixed to the right of bit O.

Single-Cycle Multiply Operations: The DSP unit executes a 16-bit by 16-bit multiply instruction
in asingle processor clock cycle. The chip can also execute all of the multiply operations
supported by the SH-2 family with the same performance. See the SH-1/SH-2/SH-DSP
Programming Manual for details.

Barrel-Shift Operations: These perform both arithmetic and logical barrel shifting of datain
DSP registers, using either the contents of another register or an immediate value to specify the
amount and direction of the shift.

Conditional-Instruction Execution: The instruction set allows conditional execution of some
ALU and shift operationsin the DSP unit. The conditions reflect such situations as negative data,
data equal to zero, or the occurrence of a carry/borrow.

Valid Most-Significant Bit Detection (Priority Encoding): The chip provides an instruction to
locate the most-significant bit of the data. The result of this operation can be combined with an
arithmetic shift to normalize avalue.

Saturation Arithmetic: The DSP fixed-point arithmetic and SH-2 multiply-accumul ate
operations can use saturation arithmetic to prevent overflows and underflows. Any result that
exceeds the register width is set to the largest magnitude that the register can accommodate with
the appropriate sign.

Section 2 describes the CPU.

16
HITACHI



16 Peripheral Module Units
The chip includes peripheral module units that are useful in many DSP applications:

e System controller (SY SC)

e Interrupt controller (INTC)

e User break interface (UBC)

« Busstate controller (BSC)

e Cache memory

» Direct memory access controller (DMAC): two channels
e Division unit (DIVU)

e 16-bit free-running timer (FRT): one channel

* Watchdog timer (WDT)

* Serial communication interface (SCI): one channel

e Smart card interface: one channel

» Seria communication interface with FIFO (SCIF): two channels
+ IrDA

e Serid 1/0 (SIO): three channels

e 16-bit timer-pulse unit (TPU): three channels

« Hitachi user debug interface (H-UDI)

¢ Pin function controller (PFC)

e 1/O ports

16.1 System Controller (SYSC)

The system controller generates and controls the clock signals for all on-chip modules and the
external bus.

The SY SC functions in one of seven clock operating modes or in one of three power-down modes:

e Operating modes: Control the method of clock generation (PLL ON/OFF, etc.) and clock
division ratio.

»  Power-down modes: Sleep mode halts CPU function; standby mode halts all functions;, module
standby function selectively halts operation of the FRT, SCIF, SIO, DMAC, UBC, DSP,
DIVU, TPU, and SCI.

17
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16.2 Interrupt Controller (INTC)

The interrupt controller (INTC) determines the priority order of interrupt sources and controls
interrupt requests to the CPU. The INTC includes the following features.

Sixteen interrupt priority levels can be set

By setting the interrupt priority registers, the priorities of on-chip peripheral module interrupts
can be selected at 16 levels for different request sources.

Vector numbers for on-chip peripheral module interrupt can be set

By setting the vector number setting registers, the vector numbers of on-chip peripheral
module interrupts can be set to values from 0 to 127 for different request sources.

The IRL interrupt vector number setting can be selected: Either of two modes can be selected
by aregister setting: auto-vector mode in which vector numbers are determined internally, and
external vector mode in which vector numbers are set externally.

IRQ interrupt settings can be made (low level, rising-, falling-, or both-edge detection)

Section 5 describes the INTC.

16.3 User Break Controller (UBC)

The user bresk controller (UBC) provides functions that simplify user program debugging. The
UBC includes the following features.

18

The following can be set as break conditions:
O Number of break channels: Two (channels A and B)

0 User break interrupts can be generated on independent conditions for channels A and B, or
on sequential conditions (sequential break setting: channel A — channel B).

0 Address: 32-bit maskable, individual address setting possible (cache bus (CPU), internal
bus (DMAC), X/Y bus)

0 Data(channel B only,): 32-hit maskable, individual address setting possible (cache bus
(CPU), internal bus (DMAC), X/Y bus)

Bus master: CPU cycle/DMA cycle

Bus cycle: Instruction fetch/data access

Read/write

Operand cycle: Byte/word/longword

User break interrupt generation on occurrence of break condition

A user-written user break interrupt handling routine can be executed.

When an instruction fetch cycleis set as a condition, it is possible to select interrupt generation
before instruction execution or interrupt handling generation after instruction execution

Multiple-execution specification break (channel B only)
Settable number of executions: Max. 2% — 1 (4095)

d
g
d
g
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¢ PC trace functions

The branch source/branch destination can be traced when a branch instruction is executed
(max. 4 pairs, 8 addresses)

Section 6 describes the UBC.

16.4 Bus State Controller (BSC)

The bus state controller (BSC) manages the address spaces and outputs control signals to allow
optimum memory accesses to five spaces. The BSC includes the following features.

e Address space is managed as five spaces
O Maximum linear 32 Mbytes for each of spaces CSO to C4

0 Memory type (DRAM, synchronous DRAM, burst ROM, etc.) can be specified for each
space.

O Buswidth (8, 16, or 32 hits) can be selected for each space.
0 Wait state insertion is controlled for each space.
0 Control signals are output for each space.
e Cache
0 Cache areaor cache-through area can be selected by access address.

O In cache access, in the event of a cache miss 16 bytes are read consecutively in 4-byte units
tofill the cache.

O In cache-through access, access is performed in accordance with the access size.
* Refresh functions
0 CAS-before-RAS refresh (auto-refresh) and self-refresh
O Refreshinterval can be set by refresh counter and clock selection.
O Intensive refreshing by means of arefresh count setting (1, 2, 4, 6, or 8)
« Direct DRAM interface
0 Row address/column address multiplexed output
O Burst transfer for reads, fast page mode for continuous access
O TP cycle generation to secure RAS precharge time
0 EDO mode
< Direct synchronous DRAM interface
0 Row address/column address multiplexed output
0 Selection of burst read, single write mode or burst read, burst write mode
0 Bank active mode
e Busarbitration

O All resources are shared with the CPU, and use of the bus is granted on reception of abus
release request from off-chip.

19
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« Refresh counter can be used asinterval timer
O Interrupt request generation on compare match (CMI interrupt request signal)

Section 7 describes the BSC.

165 Cache

The cache uses spatial and temporal localities to provide high-speed memory access. The cache
includes the following features.

e 4 kbytes

e 64 entries, 4-way set-associative, 16-byte line length

¢ LRU replacement algorithm

e Can also be used as 2-kbyte cache and 2-kbyte on-chip RAM

Section 8 describes the cache.

1.6.6 Direct Memory Access Controller (DMAC)

The direct memory access controller (DMAC) can be used in place of the CPU to perform high-
speed data transfers between external devices equipped with DACK (transfer request acknowledge
signal), external memories, on-chip memories, and memory-mapped external devices. The DMAC
includes the following features.

e Two channels

e Address space: Architecturally 4 GB

e Choice of datatransfer unit: Byte, word (2-byte), longword (4-byte), or 16-byte unit (In 16-
byte transfer, four longword reads are followed by four longword writes.)

e Maximum of 16 M (16,777,216) transfers

« Inthe event of acache hit, CPU instruction processing and DMA operation can be executed in
parallel

e Single address mode transfer: Either the transfer source or transfer destination peripheral
deviceis accessed (selected) by a DACK signal while the other is accessed by address. One
data transfer is completed in one bus cycle.
Possible transfer devices: External devices with DACK and memory-mapped external devices
(including external memory)

e Dual address mode transfer: Both the transfer source and transfer destination are accessed by
address. Two bus cycles are required for one data transfer.

20
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Possible transfer devices:

Two external memories

External memory and memory-mapped external device
Two memory-mapped external devices

On-chip memory and memory-mapped external device
Two on-chip memories

On-chip memory and external memory

Transfer requests

Ooo0oooogodg

O External request: From the DREQ pin. Edge or level detection, and active-low or active-

high mode, can be specified for DREQ.
O Reguests from on-chip peripheral modules: 16-bit timer pulse unit (TPU)
O Auto-request: Thetransfer request is generated automatically within the DMAC.
Choice of bus mode
O Cycle steal mode
O Burst mode
Choice of channel priority order:
O Fixed mode
0 Round robin mode
An interrupt request can be sent to the CPU on completion of data transfer

Section 9 describes the DMAC.

1.67  Division Unit (DIVU)

The division unit (DIVU) performs 64-hit + 32-bit or 32-bit +~ 32-hit operations. The DIVU
includes the following features.

Signed 64-bit + 32-hit or signed 32-hit + 32-bit operations.
32-bit quotient, 32-bit remainder

Operation execution cycles. 39

Overflow interrupt enable/disable control

Instructions that do not access the division unit can be processed in parallel even during
execution of division processing.

Section 10 describes the DIVU.
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1.6.8 16-Bit Free-Running Timer (FRT)

The 16-bit free-running timer (FRT) allows output of two independent waveforms, based on a 16-
bit free-running counter, and also permits input pulse width and external clock cycle measurement.
The FRT includes the following features.

Choice of four counter input clocks

The counter input clock can be selected from three internal clocks (Pg/8, P@/32, P@/128) and
an external clock (enabling external event counting).

Two independent comparators

Two waveform outputs can be generated.

Input capture

Choice of rising edge or falling edge

Counter clear specification

The counter value can be cleared by compare match A.
Four interrupt sources

Two compare match sources, one input capture source, and one overflow source can issue
requests independently.

Section 11 describes the FRT.

1.6.9 Watchdog Timer (WDT)

The watchdog timer (WDT) is a single-channel timer that enables system monitoring to be carried
out. The WDT includes the following features.

Can be switched between watchdog timer mode and interval timer mode.

WDTOVF output in watchdog timer mode

The WDTOVF signal is output externally when the counter overflows, and a simultaneous
internal reset of the chip can also be selected (either a power-on reset or manual reset can be
specified).

Interrupt generation in interval timer mode

Aninterval timer interrupt is generated when the counter overflows.

Used when standby mode is cleared or the clock frequency is changed, and in clock pause
mode.

Choice of eight counter input clocks

Section 12 describes the WDT.
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1.6.10 Serial Communication Interface (SCI)

The serial communication interface has two channels for serial transmission and reception, which
may be synchronous or asynchronous. The SCI includes the following features.

Choice of asynchronous mode or synchronous mode as the serial communication mode
Asynchronous mode:

Serial data communication is synchronized by start-stop in character units. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other chip that employs a standard
asynchronous serial communication. There are twelve selectable serial data communication
formats.

0 Datalength: seven or eight bits

O Stop-hit length: one or two bits

0 Parity: even, odd, or none

0 Multiprocessor bit: 1 or O

0 Receive error detection: parity, overrun, and framing errors

Clocked synchronous mode:

Serial data communication is synchronized with a clock signal. The SCI can communicate with
other chips having a clocked synchronous communication function. There is one serial data
communication format.

O Datalength: eight bits
[0 Receive error detection: overrun errors

Full-duplex communication: Transmission and reception are independent, so the SCI can
transmit and receive simultaneously. Double buffering permits continuous data transfer in both
the transmit and receive directions.

On-chip baud-rate generator: Selectable bit rates

Internal or external transmit/receive clock source: Baud-rate generator (internal) or SCK input
signal (external)

Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently.

Section 13 describes the SCI.
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1.6.11 Smart Card Interface

An IC card (smart card) interface conforming to the I SO/IEC 7816-3 (Identification Card) data
transmission protocol format (T = 0: asynchronous full-duplex character transmission protocol) is
supported as a serial communication interface (SCI) extension function. The smart card interface
includes the following features.

¢ Asynchronous mode

Data length: 8 bits

Parity bit generation and check

Transmission of error signal (parity error) in receive mode

Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported

¢ On-chip baud rate generator allows any bit rate to be selected.

e Threeinterrupt sources

There are three interrupt sources—transmit-data-empty, receive-data-full, and transmit/receive
error—that can issue requests independently.

Oo0Ooood

Section 14 describes the smart card interface.

16.12 Serial Communication Interface with FIFO (SCIF)

The chip is equipped with atwo-channel serial communication interface with FIFO (SCIF).
Sixteen-stage FIFO registers are provided for both transmit and receive, enabling fast, efficient,
and continuous communication. The SCIF includes the following features.

¢ Asynchronous serial communication

0 Seria datacommunication is executed using an asynchronous system in which
synchronization is achieved character by character. Serial data communication can be
carried out with standard asynchronous communication chips such as a Universal
Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication Interface
Adapter (ACIA). Thereisachoice of eight seria datatransfer formats.
Datalength: 7 or 8 bits
Stop bit length: 1 or 2 bits
Parity: Even/odd/none
Receive error detection: Parity and framing errors
Break detection: If the receive data following that in which aframing error occurred is also
at the space “0" level, and there is aframe error, abreak is detected. When aframing error
occurs, a break can also be detected by reading the RxD pin level directly from the port
dataregister (PBDR).
¢ Full-duplex communication
24
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The transmitter and receiver are independent units, enabling transmission and reception to be
performed simultaneously. The transmitter and receiver both have a 16-stage FIFO buffer
structure, enabling fast and continuous serial data transmission and reception.

On-chip baud rate generator allows any bit rate to be selected.

Internal or external transmit/receive clock source

Choice of internal clock from baud rate generator or external clock from SCK pin
Four interrupt sources

There are four interrupt sources—transmit-FIFO-data-empty, break, receive-FIFO-data-full,
and receive-error—that can issue requests independently.

When not in use, the SCIF can be stopped by halting its clock supply to reduce power
consumption.

Modem control functions (RTS and CTS)

The amount of datain the transmit/receive FIFO registers, and the number of receive errorsin
the receive datain the receive FIFO register, can be detected.

A timeout error (DR) can be detected during reception.

Section 15 describes the SCIF.

16.13 IrDA

The chip has an on-chip Infrared Data Association (IrDA) interface based on the IrDA 1.0 system,
enabling infrared communication. By means of aregister setting, thisinterface can also be used as
aserial communication interface (SCIF). The IrDA includes the following features.

Conformsto IrDA 1.0

Asynchronous serial communication

0 Datalength: 8 bits

0 Stop bit length: 1 bit

0 Parity bit: None

Built-in 16-stage FIFOs for transmit and receive

On-chip baud rate generator allowing selection of bit rate

Protection function that prevents receiver from being affected during transmission
Clock supply is halted when the IrDA is not in use, to reduce power consumption.

Section 16 describes the IrDA.
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1614 Serial 1/0 (SI0)

The serial 1/0 module (SIO) functions mainly as an interface between the chip and a codec or
modem analog front-end. The SIO has the following features:

¢ Full-duplex operation
Independent transmit/receive registers and independent transmit/receive clocks
¢ Double-buffered receive/transmit ports
Continuous transmission/reception possible
* Interval transfer mode and continuous transfer mode
* Memory-mapped receive register, transmit register, control register, and status register

With the exception of SIRSR and SITSR, these registers are memory-mapped and can be
accessed by aMOQV instruction.

e Choice of 8- or 16-bit data length
e Datatransfer communication by means of polling or interrupts

Data transfer can be monitored by polling the receive data register full flag (RDRF) and
transmit data register empty flag (TDRE) in the seria status register. Interrupt requests can be
generated during data transfer by setting the receive interrupt request flag and transmit
interrupt request flag.

e MSB-first transfer between SIO and data |/O

Section 17 describes the SIO.

1.6.15 16-Bit Timer Pulse Unit (TPU)

The chip has an on-chip 16-bit timer pulse unit (TPU) comprising three 16-bit timer channels. The
TPU includes the following features.

¢ Maximum 8-pulse input/output

< Atota of eight timer general registers (TGR) are provided (four for channel 0, and two each
for channels 1 and 2).

O Each register can be set independently as an output compare/input capture register.
0 TGRC and TGRD for channel 0 can be used as buffer registers.
« Choice of seven or eight counter input clocks for each channel
e Thefollowing operations can be set for each channel:
0 Waveform output by compare match: Selection of 0, 1, or toggle output
O Input capture function: Choice of rising edge, falling edge, or both edge detection
0 Counter clear operation: Counter clearing possible by compare match or input capture
O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
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Simultaneous register input possible by counter synchronous operation
0 PWM mode: Any PWM output duty can be set
Maximum 7-phase PWM output possible by combination with synchronous operation
« Buffer operation settable for channel 0
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible
¢ Phase counting mode settable independently for channels 1 and 2
O Two-phase encoder pulse up/down-count possible
e Fast accessviainternal 16-bit bus
0 Fast access possible viaa 16-hit interface
¢ 13interrupt sources

O For channel 0, four compare match/input capture dual-function interrupts and one overflow
interrupt can be requested independently.

0 For channels 1 and 2, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently.

Section 18 describes the TPU.

1.6.16 Hitachi User Debug Interface (H-UDI)

The Hitachi user debug interface (H-UDI) provides data transfer and interrupt request functions.
The H-UDI performs seria transfer by means of external signal control.

The H-UDI has the following features conforming to the IEEE 1149.1 standard.

+ Fivetest signals (TCK, TDI, TDO, TMS, and TRST)
e TAPcontroller

¢ Instruction register

« Dataregister

e Bypassregister

The H-UDI has two instructions.

¢ Bypass mode

Test mode conforming to |EEE 1149.1
e H-UDI interrupt

H-UDI interrupt request to INTC

Note: ThisLSI does not support test modes other than the bypass mode. To use the E10 or E10A
emulator with this L SI, an emulator-dedicated chip (debug chip), in the same package as
thereal chip, isrequired. Only the FP-176C debug chip can serve this purpose.
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Section 19 describes the H-UDI.

1.6.17 Pin Function Controller (PFC)

The pin function controller (PFC) consists of registers to select multiplexed pin functions and
input/output direction. The pin function and input/output direction can be selected for individual
pins regardless of the operating mode of the chip.

Section 20 describes the PFC.

1.6.18 |/O Ports

There are two 1/0 ports, designated A and B. Port A is a 13-bit input/output port and port B isa
16-bit input/output port. The port pins are multiplexed pins functioning as general input/output
and other functions. (The function of multiplexed pinsis selected by means of the pin function
controller (PFC).) Ports A and B each have a data register for storing pin data.

Section 21 describes the 1/0 ports.
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1.6.19 Processing States

The CPU has five processing states. program execution, reset, exception processing, power-down,
and bus release. The transitions between the states are shown in figure 1.4.

From any state when From any state when
RES =0 and NMI =1 RES =0 and NMI =0

Manual reset state

Interrupt or DMA
address error
occurs NMI interrupt

occurs

Bus request
cleared

Bus request
generated

Exception Exception
processing processing
occurs ends

*CKPREQ =1

Bus request
cleared

Bus request
received

A

SLEEP
instruction
(SBY =0)

instruction
(SBY =1)

MSTP
bit cleared bit set

Power-down states

*: Clock pause function

Figure1.4 Transitionsbetween Processing States
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Reset State: In this state, the CPU isreset. The reset state is entered when the RES pin goes [ow.
The power-on reset state is entered if the NMI pin is high, and the manual reset stateis entered if
the NMI pinislow.

Exception Processing State: The exception processing state is atransient state that occurs when
the CPU changes the processing state flow because of areset, interrupt, or other exception
processing source.

For areset, the execution start address in the form of the initial value of the program counter (PC),
and theinitial value of the stack pointer (SP), are fetched from the exception-processing vector
table and stored. The processor then branches to the execution start address and begins program
execution.

For an interrupt or other type of exception, the processor references the SP and saves the PC and
status register (SR) contents to the stack. The processor fetches the start address of the exception-
processing routine from the exception-processing vector table, then branches to that address and
begins program execution.

The processing state then entered is the program execution state.

Program Execution State: In the program execution state, the processor sequentially executes
program instructions.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the processor in the power-down state. This state has two
modes: sleep mode and standby mode. The processor also has a module standby function.

Bus Release State: In the bus release state, the CPU releases the bus to a device that has requested
it.

Power-Down State: In addition to the normal program execution state, another CPU processing
state called the power-down state is provided. In this state, CPU operation is halted and power
consumption is reduced. The power-down state includes two modes—sleep mode and standby
mode—and a module standby function.

e Sleep mode
When the standby bit SBY in the standby control register 1 (SBY CR1) iscleared to 0 and a
SLEEP instruction is executed, the processor transitions from the program execution state to
sleep mode. In sleep mode, the CPU halts but the datain the CPU’ sinternal registers, on-chip
cache memory, and on-chip RAM is retained. The on-chip peripheral modules do not halt in
the sleep mode. A reset, any interrupt, or aDMA address error returns the processor to the
ordinary program execution state through the exception processing state.
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Standby mode

To enter the standby mode, set the SBY bit in the standby control register 1 (SBYCRL1) to 1
and execute a SLEEP instruction. In standby mode, all CPU, on-chip peripheral module and
oscillator functions are halted.

When standby mode is entered, the DMAC’'s DMA master enable bit should be cleared to 0.
The cache should be turned off before entering standby mode. Cache and on-chip RAM datais
not held in standby maode.

A reset or an external NMI interrupt returns the processor from standby mode. For resets, the
CPU returnsto the ordinary program execution state through the reset exception processing
state after the oscillator stabilization time has elapsed. For NM| interrupts, the CPU returns to
the ordinary program execution state through the exception processing state after the oscillator
stabilization time has elapsed.

When atransition is made to standby mode using the clock pause function, it is possible to
change the frequency of the CKI0O pin input clock, or to halt the clock itself. When SBY in
SBYCRlissetto 1 and alow level isapplied to the CKPREQ/CKM pin, atransition is made
to standby mode and alow level is output from the CKPACK pin. The clock can then be
stopped, or its frequency changed.

On-chip peripheral module states and pin states are the same as in the normal standby mode
entered by means of the SLEEP instruction. A transition to the program execution state is
made by applying a high level to the CKPREQ/CKM pin. In this mode, power consumption
goes low because the oscillator stops.

Module standby function

A module standby function is provided for the following on-chip peripheral modules: the direct
memory access controller (DMAC), DSP, division unit (DIVU), 16-hit free-running timer
(FRT), serial communication interface (SCI), serial communication interface with FIFO
(SCIF), serial 1/O (SIO), user break controller (UBC), and timer pulse unit (TPU).

Setting module stop bits 11-0 (MSTP11-MSTPO) to 1 in the standby control register
(SBYCR1/2) stops the clock supply to the corresponding on-chip peripheral modules. Use of
this function enables the power consumption to be reduced.

The module standby function is cleared by clearing the corresponding MSTP bitsto 0.
Instructions that use a DSP register or MACH/MACL as an operand cannot be used when the
DSP has been placed in the module standby state.

When using the DMAC module standby function, the direct memory access controller’'s DMA
master enable bit should be cleared to 0.
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Table1.1

Power-Down M odes

State
On-Chip
On-Chip Cache or
Transition Peripheral On-Chip Canceling
Mode Condition Modules RAM Procedure
Sleep Executes Run Held 1. Interrupt
mode  SLEEP 2. DMA address
m_structlon _ arror
with SBY bit
setto 0in 3. Power-on
SBYCR1 reset
4, Manual reset
Standby Executes Halt and Undefined 1. NMI interrupt
L 1
mode _SLEEP_ initialized* 2 Power-on
m_structlon _ reset
with SBY bit
setto 1in 3. Manual reset
SBYCR1
Module  MSTP bit Clock supply Held Held 1. Clear MSTP
standby for individual halted to bit
function module is specified 2 Power-on
set modules, reset
and modules
initialized*? 3. Manual reset

Notes: 1. Depends on individual peripheral module or pin.

2. DMAC, DSP, and DIV registers and specified module interrupt vectors retain their set

values.
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Section2 CPU

21 Register Configuration

The register set consists of sixteen 32-bit general registers, six 32-bit control registers and ten 32-
bit system registers.

This chip is upwardly compatible with the SH-1, SH-2 on the object code level. For this reason,
severa registers have been added to the previous SuperH microcontroller registers. The added
registers are the three control registers. repeat start register (RS), repeat end register (RE), and
modulo register (MOD) and the eight system registers: DSP status register (DSR), and AQ, A1,
MO, M1, X0, X1, YO, and Y 1 among the DSP data registers.

The general registers are used in the same manner as the SH-1, SH-2 with regard to SuperH
microcontroller-type instructions. With regard to DSP type instructions, they are used as address
and index registers for accessing memory.

211 General Registers

There are 16 general registers (Rn) numbered RO—R15, which are 32 bitsin length. General
registers are used for data processing and address cal cul ation.

With SuperH microcomputer type instructions, RO is also used as an index register. Several
instructions are limited to use of RO only. R15 is used as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15.

With DSP typeinstructions, eight of the 16 general registers are used for the addressing of X, Y
data memory and data memory (single data) using the C bus.

R4, R5 are used as an X address register (Ax) for X memory accesses, and R8 is used as an X
index register (Ix). R6, R7 areused asaY address register (Ay) for Y memory accesses, and R9 is
used asa Y index register (ly). R2, R3, R4, R5 are used as a single data address register (As) for
accessing single data using the C bus, and R8 is used as asingle dataindex register (1s).

DSP type instructions can simultaneously access X and Y data memory. There are two groups of
address pointers for designating X and Y data memory addresses.

Figure 2.1 shows the general registers.
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Notes: 1.

n

31 0
Ro*l

R1
R2, [As]*3
R3, [As]*3
R4, [As, Ax]*3
R5, [As, AX]*3
R6, [Ay]*3
R7, [Ay]*3
RS, [Ix, Is]*3
R9, [Iy]*3
R10

R11

R12

R13

R14

R15, SP *2

RO also functions as an index register in the indirect indexed register
addressing mode and indirect indexed GBR addressing mode. In some
instructions, only the RO functions as a source register or destination register.
R15 functions as a hardware stack pointer (SP) during exception processing.
Used as memory address registers, memory index registers with DSP type
instructions.

Figure2.1 General Register Configuration

With the assembler, symbol names are used for R2, R3 ... R9. If it iswished to use a name that
makes clear the role of aregister for DSP type instructions, a different register name (alias) can be
used. Thisiswritten in the following manner for the assembler.

| X: . REG (R8)
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The name Ix isan alias for R8. The other aliases are assigned as follows:

Ax0: . REG (RY)
Axl:  .REG (R5)
I x: . REG (R3)
Ay0: . REG (R6)
Ayl: . REG (R7)
ly: . REG (R9)
AsO: .REG (R4) defined when an aliasisrequired for single data transfer
Asl: .REG (R5) defined when an aliasisrequired for single data transfer
As2: .REG (R?) defined when an aliasisrequired for single data transfer
As3: .REG (R3) defined when an aliasisrequired for single data transfer
I's: .REG (R8) defined when an aliasisrequired for single data transfer

212 Control Registers

The six 32-bit control registers consist of the status register (SR), repeat start register (RS), repeat
end register (RE), global base register (GBR), vector base register (VBR), and modulo register
(MOD).

The SR register indicates processing states.

The GBR register functions as a base address for the indirect GBR addressing mode, and is used
for such as on-chip peripheral module register data transfers.

The VBR register functions as the base address of the exception processing vector area (including
interrupts).

The RS and RE registers are used for program repeat (loop) control. The repeat count is
designated in the SR register repeat counter (RC), the repeat start addressin the RS register, and
the repeat end address in the RE register. However, note that the address values stored in the RS
and RE registers are not necessarily always the same as the physical start and end address values
of the repeat.

The MOD register is used for modulo addressing to buffer the repeat data. The modulo addressing
designation is made by DM X or DMY, the modulo end address (ME) is designated in the upper 16
bits of the MOD register, and the modulo start address (MS) is designated in the lower 16 hits.
Note that the DMX and DMY bits cannot simultaneously designate modulo addressing. Modulo
addressing is possible with X and Y data transfer instructions (MOV X, MOVY). It is not possible
with single data transfer instructions (MOVS).
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Figure 2.2 shows the control registers. Table 2.1 indicates the SR register bits.

Status register (SR)
31 2827 161512 11 10 9 8 7 43 210
loooo| Rc |oooo|pmy|pmx|[M| Q|13 12 11 10|RF1 RFO[ S| T]|

Repeat start register (RS)
31 0

| RS |

Repeat end register (RE)
31 0
| RE |

Global base register (GBR)

31 0

| GBR |
Vector base register (VBR)

31 0

| VBR |

Modulo register (MOD)
31 16 15 0

| ME MS |

ME: Modulo end address
MS: Modulo start address
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Table2.1 SR Register Bits
Bit Name (Abbreviation) Function
27-16 Repeat counter (RC) Designate the repeat count (2—-4095) for repeat (loop)
control
11 Y pointer usage modulo  1: modulo addressing mode becomes valid for Y
addressing designation ~ memory address pointer, Ay (R6, R7)
(DMY)
10 X pointer usage modulo  1: modulo addressing mode becomes valid for X
addressing designation ~ memory address pointer, Ax (R4, R5)
(DMX)
9 M bit Used by the DIVOS/U, DIV1 instructions
8 Q bit Used by the DIVOS/U, DIV1 instructions
7-4 Interrupt request mask Indicate the receive level of an interrupt request (0 to
(13-10) 15)
3-2 Repeat flags (RF1, RFO) Used in zero overhead repeat (loop) control. Set as
below for an SETRC instruction
For 1 step repeat 00 RE—RS=-4
For 2 step repeat 01 RE—RS=-2
For 3 step repeat 11 RE—RS=0
For 4 steps or more 10 RE—RS>0
1 Saturation arithmetic bit  Used with MAC instructions and DSP instructions
) 1: Designates saturation arithmetic (prevents
overflows)
0 T bit For MOVT, CMP/cond, TAS, TST, BT, BT/S, BF,
BF/S, SETT, CLRT and DT instructions,
0: represents false
1: represents true
For ADDV/ADDC, SUBV/SUBC, DIVOU/DIVOS, DIV1,
NEGC, SHAR/SHAL, SHLR/SHLL, ROTR/ROTL and
ROTCR/ROTCL instructions,
1: represents occurrence of carry, borrow, overflow or
underflow
31-28 0 bit 0: 0 is always read out; write a 0
15-12
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There are dedicated |oad/store instructions for accessing the RS, RE and MOD registers. For
example, the RS register is accessed as follows.

LDC  RNFRS Rm- RS
LDC L @ RS; (RM -RS, R4 . Rm
STC RS Ry RS- R

STCL RS @Rn; Rn- 4 - Rn, RS- (Rn)

The following instructions set addresses in the RS, RE registers for zero overhead repeat control:

LDRS  @disp, PO; di spx2 + PC-RS
LDRE  @disp, PO ; di spx2 + PC-RE

The GBR register and VBR register are the same as the previous SuperH microprocessor registers.
An RC counter and four control bits (DMX bit, DMY bit, RF1 bit, RFO bit) have been added to
the SR register. The RS, RE and MOD registers are new registers.

213 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC). The MACH and
MACL store the results of multiplication or multiply and accumulate operations*. The PR stores
the return address from the subroutine procedure. The PC indicates the address of the program in
execution; it controls the flow of the processing. The PC indicates the fourth byte after the
instruction currently being executed. These registers are the same as those in the SuperH

Mi Croprocessor.

Note: * These are used only when executing an instruction that was supported by SH-1 and SH-2.
They are not used for newly added multiplication instructions (PMULYS).

31 0 Multiply and accumulate
MACH register high (MACH)
MACL Multiply and accumulate
register low (MACL)
31 0
| PR Procedure register (PR)
31 0
| PC Program counter (PC)

Figure2.3 System Register Configuration
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In addition, among the DSP unit usage registers (DSP registers) described in 2.1.4 DSP Registers,
the DSP status register (DSR) and the five registers A0, X0, X1, YO and Y1 of the eight data
registers are treated as system registers. Among these, the A0 is a 40-bit register, but when datais
output from the A0 register, the guard bit section (AOG) is disregarded; when dataisinput to the
AO register, the MSB of the datais copied into the guard bit section (A0G).

214 DSP Registers
The DSP unit has eight data registers and one control register asits DSP registers.

The DSP data registers are comprised of the two 40-bit registers AO and A1, and the six 32-bit
registers M0, M1, X0, X1, YO and Y 1. The AO and A1 registers have the 8-bit guard bits AOG and
A1G, respectively.

The DSP dataregisters are used for the transfer and processing of the DSP data of DSP instruction
operands. There are three types of instructions that access DSP data registers: those for DSP data
processing, and those for X or Y data transfer processing.

The control register is the 32-bit DSP status register (DSR) that represents operation results. The
DSR register has bits that represent operation results, a signed greater than bit (GT), a zero bit (2),
anegative value bit (N), an overflow bit (V), a DSP status bit (DC: DSP condition), and a status
selection bit (CS: condition select) for controlling DC hit setting.

The DC bit represents one status flag and is very similar to the SuperH CPU core T bit. For
conditional DSP type instructions, DSP data processing execution is controlled in accordance with
the DC bit. This control is related to execution in the DSP unit only, and only DSP registers are
updated. It bears no relation to address cal culation or such SuperH microprocessor CPU core
execution instructions as load/store instructions. The control bits CS (bits 3 to 1) designate the
status for setting the DC bit.

DSP type instructions are comprised of unconditional DSP type instructions and conditional DSP
type instructions. The status and DC bits are updated in unconditional DSP type data processing,
with the exception of the PMULS, MOV X, MOVY and MOV S instructions. Conditional DSP
type instructions are executed according to the status of the DC hit, but regardless of whether or
not they are executed, the DSR register is not updated.

Figure 2.4 shows the DSP registers. The DSR register bit functions are shown in table 2.2.
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39 32 31 0

AO0G AO DSP data registers

Al1G Al

MO
M1
X0
X1
YO
Y1

31 8 7 6 54 3210
fffffffffff EGT! Z! N : \Y, : CS[2:0] iDC| DSP status register (DSR)

Figure2.4 DSP Register Configuration
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Table22 DSR Register Bits

Bit Name (Abbreviation) Function
31-8 Reserved bits 0: Always read out; always use 0 as a write value
7 Signed greater than bit Indicates that the operation result is positive
(GT) (excepting 0), or that operand 1 is greater than
operand 2

1: Operation result is positive, or operand 1 is greater

6 Zero bit (2) Indicates that the operation result is zero (0), or that
operand 1 is equal to operand 2

1: Operation result is zero (0), or equivalence

5 Negative bit (N) Indicates that the operation result is negative, or that
operand 1 is smaller than operand 2

1: Operation result is negative, or operand 1 is
smaller

4 Overflow bit (V) Indicates that the operation result has overflowed

1: Operation result has overflowed

3-1 Status selection bits (CS) Designate the mode for selecting the operation result
status set in the DC bit

Do not set either 110 or 111
000: Carry/borrow mode
001: Negative value mode
010: Zero mode

011: Overflow mode

100: Signed greater mode
101: Signed above mode

0 DSP status bit (DC) Sets the status of the operation result in the mode
designated by the CS bits

0: Designated mode status not realized (unrealized)
1: Designated mode status realized
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AQ, X0, X1, YO, Y1, and the DSR registers are treated as system registers by CPU core
instructions.

2.15 Notes on Guard Bits and Overflow Treatment

DSP unit data operations are fundamentally performed as 32-bit, but these operations are always
executed with a 40-bit length including the 8-bit guard section. When the guard bit section does
not match the value of the 32-bit section M SB, the operation result is treated as an overflow. In
this case, the N bit indicates the correct status of the operation result regardless of the existence or
not of an overflow. Thisis so even if the destination operand is a 32-bit length register. The 8-bit
section guard bits are always presupposed and each status flag is updated.

When place overflows occur so that the correct result cannot be displayed even when the guard
bits are used, the N flag cannot indicate the correct status.
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216 Initial Values of Registers

Table 2.3 lists the values of the registers after reset.

Table2.3 Initial Valuesof Registers

Classification Register Initial Value
General registers R0-R14 Undefined
R15 (SP) Value of the SP in the vector address table
Control registers SR Bits I3—10 are 1111 (H'F), the reserved bits, RC, DMY,
and DMX are 0, and other bits are undefined
RS Undefined
RE
GBR Undefined
VBR H'00000000
MOD Undefined
System registers  MACH, MACL, PR Undefined

PC

Value of the PC in the vector address table

DSP registers

A0, AOG, Al, A1G, MO, Undefined

M1, X0, X1, YO, Y1

DSR

H'00000000

HITACHI
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2.2 Data Formats

221 Data Format in Registers

Register operand data size is always longword (32 bits). When loading data from memory into a
register, if the memory operand is a byte (8 bits) or aword (16 hits), it is sign-extended into a
longword, then loaded into the register.

31 0
Longword |

Figure2.5 Register Data Format

222 Data Formatsin Memory
These formats are classified into bytes, words, and longwords.

Place byte data in any address, word data from 2n addresses, and longword data from 4n
addresses. An address error will occur if accesses are made from any other boundary. In such
cases, the access results cannot be guaranteed. In particular, the stack areareferred to by the
hardware stack pointer (SP, R15) stores the program counter (PC) and status register (SR) as
longwords, so establish the hardware stack pointer so that a 4n value will always result.

To enable sharing of the processor accessing memory in little-endian mode and memory, the CS2
space (area 2) and C4 space (aread) have afunction that allows access in little-endian mode. The
order of byte data differs between little-endian mode and normal big-endian mode.

Address m + 1 Address m + 3 Address m + 3 Address m + 1

Address m Address m + 2 Address m + 2 Address m

Ta1 $ 23 15 l 7 of Ta1 23 i 15 7 i off
Byte | Byte Byte | Byte Byte | Byte Byte | Byte
Address 2n —p| Word Word Word Word <«— Address 2n
Address 4n —»| Longword Longword <«— Address 4n
Big endian Little endian

Figure2.6 DataFormatsin Memory
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223 Immediate Data Format
Byte immediate datais placed in an instruction code.

With the MOV, ADD, and CMP/EQ instructions, immediate data is sign-extended and operated in
registers as longword data. Immediate data accessed by the TST, AND, OR, and XOR instructions
is zero-extended and handled as longword data. Consequently, AND instructions with immediate
data always clear the upper 24 hits of the destination register.

Word or longword immediate data is not located in the instruction code; it should be placed in a
memory table. Use an immediate data transfer instruction (MQOV) to refer the memory table using
the PC relative addressing mode with displacement.

224 DSP Type Data Formats

This chip has three different types of data format that correspond to various instructions. These are
the fixed-point data format, the integer data format, and the logical data format.

The DSP type fixed-point data format has a binary point fixed between bits 31 and 30. There are
three types: with guard bits, without guard bits, and multiplication input; each with different valid
bit lengths and value ranges.

The DSP type integer data format has a binary point fixed between bits 16 and 15. There are three
types: with guard bits, without guard bits, and shift amount; each with different valid bit lengths
and value ranges. The shift amount of the arithmetic shift (PSHA) has a7 bit range and can
express values from —64 to +63, but the actual valid values are from —32 to +32. In the same
manner, the shift amount of the logical shift has a6 bit range, but the actual valid values are from
—-16 to +16.

The DSP type logical dataformat does not have a decimal point.
The dataformat and valid data length are determined by the instructions and DSP registers.

Figure 2.7 shows the three DSP type data formats and binary point positions. The SuperH type
dataformat is also shown for reference.
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DSP fixed decimal

point data
39 32 3130 0
With guard bits |s| | | —28t0 +28 - 231
A
3130 0
No guard bits s | -1to+1-2"3
A
39 3130 16 15 0
Multiplication input |S | —1to+1-2715
A
DSP integer data
39 3231 16 15 0
With guard bits |s | | | —223 10 +2231
7y
31 16 15 0
No guard bits | S | | —215t0 +2151
7y
31 22 16 15 0
Arithmetic shift (PSHA) | B | -3210 +32
7y
31 21 16 15 0
Logical shift (PSHL) | |s| | 160 +16
A
39 31 16 15 0
DSP logical data | | | (16 bits)
31 0
SH integer (word) | S| —231to +2311
(Reference) A
S : Sign bit

A : Binary decimal point

|:| : Unrelated to processing (ignored)
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225 DSP Type Instructions and Data For mats

The DSP data format and valid data length are determined by DSP type instructions and DSP
registers. There are three types of instructions that access DSP data registers, DSP data processing,
X, Y datatransfer processing, and single data transfer processing instructions.

DSP Data Processing: The guard bits (bits 39-32) are valid when the AO and A1 registers are
used as source registers in DSP fixed-point data processing. When any registers other than A0, Al
(ei., MO, M1, X0, X1, YO, Y1 registers) are used as source registers, the sign-extended part of that
register data becomes the bits 39 to 32 data. When the AO and A1 registers are used as destination
registers, the guard bits (bits 39-32) are valid. When any registers other than AQ, A1 are used as
destination registers, bits 39 to 32 of the result data are disregarded.

Processing for DSP integer data is the same as the DSP fixed-point data processing. However, the
lower word (the lower 16 bits, bits 15-0) of the source register is disregarded. The lower word of
the destination register is cleared to O.

In DSP logical data processing, the upper word (the upper 16 bits, bits 31-16) of the source
register isvalid. The lower word and the guard bits of the A0, A1 registers are disregarded. The
upper word of the destination register isvalid. The lower word and the guard bits of the AO, A1
registersare cleared to O.

X, Y Data Transfers: The MOVX.W and MOVY .W instructions access X, Y memory viathe
16-bit X, Y data buses. The dataloaded into registers and data stored from registersis aways the
upper word (the upper 16 bits, bits 31-16).

When loading, the MOV X.W instruction loads X memory, with the X0 and X1 registers as the
destination registers. The MOVY.W instruction loads Y memory, with the YO and Y 1 registers as
the destination registers. Datais stored in the upper word of the register; the lower word is cleared
to 0.

The upper word data of the AO, A1 registers can be stored in X or Y memory with these data
transfer instructions, but storing is not possible from any other registers. The guard bits and the
lower word of the AQ, Al registers are disregarded.

Single Data Transfers: The MOV S.W and MOV S.L instructions can access any memory viathe
data bus (CDB). All DSP registers are connected to the CDB bus, and they can become source or
destination registers during data transfers. The two data transfer modes are word and longword.

In word mode, datais loaded to and stored in the upper word of the DSP register, with the
exception of the AOG, A1G registers. In longword mode, datais loaded to and stored in the 32 bits
of the DSP register, with the exception of the AOG, A1G registers. The AOG, A1G registers can be
treated as independent registers during single data transfers. The load/store data length for the
AOG, A1G registersis 8 hits.
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If DSP registers are used as source registersin word mode, when data is stored from any registers
other than AOG, A1G, the datain the upper word of the register is transferred. In the case of the
A0, Al registers, the guard bits are disregarded. When the AOG, A1G registers are the source
registersin word mode, only 8 bits of the data are stored from the registers; the upper bits are sign-
extended.

If the DSP registers are used as destination registers in word mode, the load is to the upper word of
the register, with the exception of AOG, A1G. When dataisloaded to any register other than AOG,
A1G, the lower word of the register is cleared to 0. In the case of the A0, Al registers, the data
sign is extended and stored in the guard bits; the lower word is cleared to 0. When the AOG, A1G
registers are the destination registersin word mode, the least significant 8 bits of the data are
loaded into the registers; the A0, Al registers are not zero cleared but retain their previous values.

If the DSP registers are used as source registers in longword mode, when datais stored from any
registers other than AOG, A1G, the 32 hits (data) of the register are transferred. When the AO, A1
registers are used as the source registers the guard bits are disregarded. When the A0OG, A1G
registers are the source registers in longword mode, only 8 bits of the data are stored from the
registers; the upper bits are sign-extended.

If the DSP registers are used as destination registers in longword mode, the load is to the 32 bits of
the register, with the exception of AOG, A1G. In the case of the AO, Al registers, the datasign is
extended and stored in the guard bits. When the AOG, A1G registers are the destination registersin
longword mode, the least significant 8 bits of the data are loaded into the registers; the AO, A1
registers are not zero cleared but retain their previous values.

Tables 2.4 and 2.5 indicate the register data formats for DSP instructions. Some registers cannot
be accessed by certain instructions. For example, the PMUL S instruction can designate the Al
register as a source register but cannot designate A0 as such. Refer to the instruction explanations
for details.

Figure 2.8 shows the relationship between the buses and the DSP registers during transfers.
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Table2.4  SourceRegister Data Formatsfor DSP I nstructions

Register Bits

Guard Bits
Register Instruction 39-32 31-16 15-0
A0, Al DSP Fixed decimal, 40-bit data 40-bit data 40-bit data
operation PDMSB,
PSHA
Integer 24-bit data 24-bit data —
Logic, PSHL, — 16-bit data
PMULS
Data MOVX.W,
transfer MOVY.W,
MOVS.W
MOVS.L 32-bit data 32-bit data
AO0G, A1G Data MOVS.W Data — —
transfer MOVS.L Data
X0, X1, YO, DSP Fixed decimal, Sign* 32-bit data 32-bit data
Y1, MO, M1 operation PDMSB,
PSHA
Integer 16-bit data —
Logic, PSHL, —
PMULS
Data MOVS.W
transfer MOVS.L 32-bit data 32-bit data

Note: * The sign is extended and stored in the ALU’s guard bits.

HITACHI
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Table2.5

Destination Register Data Formatsfor DSP Instructions

Register Bits

Guard Bits
Register Instruction 39-32 31-16 15-0
A0, A1 DSP Fixed (Sign extend) 40-bit result 40-bit
operation decimal, result
PSHA,
PMULS
Integer, (Sign extend) 24-bit result Clearto 0
PDMSB
Logic, PSHL Clearto O 16-bit result
Data transfer MOVS.W Sign extend 16-hit data
MOVS.L Sign extend 32-bit data 32-bit data
AOG, Al1G Data transfer MOVS.W Data Not updated Not
updated
MOVS.L Data Not updated
X0, X1, YO, DSP Fixed — 32-bit result 32-bit
Y1, MO, M1 operation decimal, result
PSHA,
PMULS
Integer, logic, 16-bit result Clearto 0
PDMSB,
PSHL
Data transfer MOVX.W, 16-bit data
MOVY.W,
MOVS.W
MOVS.L 32-bit data 32-bit data
50
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32 bits

CDB
16 bits
XDB
16 bits
YDB
[7:0] )
8 bits 16 bits 32 bits
MOVS.W,
MOVX.W, 31 16 MOVS.L
MOVS.W, MOVY.W 0
MOVS.L | A0 |
39 32 — Al 3
AOG MO |
ALG M1
DSR > Xoi
7 0 > X1 |
> YO |
> Y1 |

Figure2.8 DSP Register-Bus Relationship during Data Transfers

2.3 CPU Corelnstruction Features

The CPU core instructions are RISC type. The characteristics are as follows.

16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficiency.

Onelnstruction per Cycle: The microprocessor can execute basic instructions in one cycle using

the pipeline system. One state equals 16.7 ns when operating at 60 MHz.

Data L ength: Longword isthe basic data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled as longword data.

HITACHI
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Table2.6 Sign Extension of Word Data

SH7612 CPU Description Example of Conventional CPU
MOV.W  @(disp,PC),R1 Data is sign-extended to 32 ADD.W  #H'1234,R0
ADD R1,RO bits, and R1 becomes

H'00001234. It is next operated
-------- upon by an ADD instruction
.DATAW H'1234

Note: @(disp, PC) accesses the immediate data.

L oad-Store Architecture: Basic operations are executed between registers. For operations that
involve memory access, data is |oaded to the registers and executed (load-store architecture).
However, Instructions such as AND manipulating bits, are executed directly in memory.

Delayed Branches: Such instructions as unconditional branches are delayed branch instructions.
In the case of delayed branch instructions, the branch occurs after execution of the instruction
immediately following the delayed branch instruction (slot instruction). This reduces pipeline
disruption during branching.

The branching operation of the delayed branch occurs after execution of the slot instruction.
However, with the exception of such branch operations as register updating, execution of
instructions is performed with the order of delayed branch instruction, then delayed slot
instruction.

For example, even if the contents of aregister storing a branch destination address are modified by
adelayed slot, the branch destination address will still be the contents of the register before the
modification.

Table2.7 Delayed Branch Instructions

SH7612 CPU Description Example of Conventional CPU
BRA TRGET Executes an ADD before ADD.W R1,R0O
ADD R1RO branching to TRGET BRA TRGET

Multiplication/M ultiply-Accumulate Operation:; 16 x 16 — 32 multiplications execute in one
to three cycles, and 16 x 16 + 64 — 64 multiply-accumulate operations execute in two to three
cycles. 32 x 32 — 64 multiplications and 32 x 32 + 64 — 64 multiply-accumul ate operations
execute in two to four cycles.
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T Bit: The T bit in the status register (SR) changes according to the result of a comparison, and
conditional branches occur in accordance with its true or false status. The number of instructions
modifying the T bit is kept to aminimum to improve the processing speed.

Table2.8 T Bit

SH7612 CPU Description Example of Conventional CPU
CMP/GE R1,R0 T bit is set when RO = R1. The CMP.W R1,RO
BT TRGETO program branches to TRGETO BGE TRGETO
when RO = R1. The program
BF TRGET1 branches to TRGET1 when BLT TRGET1
RO <R1
ADD #-1,R0 T bit is not changed by ADD. T bit SUB.W #1,R0
CMP/EQ #0,R0 is set when RO = 0. The program BEQ TRGET

branches when RO =0
BT TRGET

Immediate Data: Byte immediate data resides in instruction code. Word or longword immediate
datais not input in instruction codes but is stored in a memory table. An immediate data transfer
instruction (MQOV) accesses the memory table using the PC relative addressing mode with
displacement.

Table2.9 Immediate Data Accessing

Classification SH7612 CPU Example of Conventional CPU
8-bit immediate MOV #H'12,R0O MOV.B #H'12,R0
16-bitimmediate = MOV.W @(disp,PC),R0 MOV.W  #H'1234,R0

.DATA.W H'1234

32-bit immediate  MOV.L  @(disp,PC),R0 MOV.L #H'12345678,R0
.DATA.L H'12345678
Note: @(disp, PC) accesses the immediate data.
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Absolute Address: When datais accessed by absolute address, the value already in the absolute
addressis placed in the memory table. Loading the immediate data when the instruction is
executed transfers that value to the register and the datais accessed in the indirect register
addressing mode.

Table2.10 Absolute Address Accessing

Classification SH7612 CPU Example of Conventional CPU

Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,R0

.DATA.L H'12345678

16-Bit/32-Bit Displacement: When datais accessed by 16-bit or 32-hit displacement, the pre-
existing displacement value is placed in the memory table. Loading the immediate data when the
instruction is executed transfers that value to the register and the datais accessed in the indirect
indexed register addressing mode.

Table2.11 Displacement Accessing

Classification SH7612 CPU Example of Conventional CPU

16-bit displacement MOV.W  @(disp,PC),R0 MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234
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2.4 I nstruction Formats

24.1 CPU Instruction Addressing M odes

The addressing modes and effective address calculation for instructions executed by the CPU core

arelisted in table 2.12.

Table2.12 CPU Instruction Addressing M odes and Effective Addr esses

Addressing Instruction

Mode Format

Effective Addresses Calculation Equation

Direct register Rn
addressing

The effective address is register Rn —
(The operand is the contents of register Rn)

Indirect register @Rn
addressing

The effective address is the content of register ~ Rn
Rn

I
H

n n

Post-increment @Rn+
indirect register
addressing

The effective address is the content of register ~ Rn

Rn. A constant is added to the content of Rn after (After the
the instruction is executed. 1 is added for a byte
operation, 2 for a word operation, and 4 for a
longword operation

instruction
executes)

Byte:Rn+1 - Rn
Word: Rn+2 - Rn

Longword: Rn + 4
- Rn

n

IEH
®

1/2/4

Pre-decrement @-Rn
indirect register
addressing

The effective address is the value obtained by Byte: Rn—1 - Rn
subtracting a constant from Rn. 1 is subtracted  \wgord: Rn—-2 - Rn
for a byte operation, 2 for a word operation, and

4 for a longword operation Longword: Rn — 4
- Rn (Instruction
executed with Rn
after calculation)

Rn —1/2/4

55
HITACHI



Table2.12 CPU Instruction Addressing Modes and Effective Addr esses (cont)

Addressing Instruction
Mode Format Effective Addresses Calculation

Equation

Indirect register @(disp:4, The effective address is Rn plus a

addressing Rn) displacement (disp). The value of disp is zero-
with extended, and remains the same for a byte
displacement operation, is doubled for a word operation, and is

4-bit

quadrupled for a longword operation

disp
(zero-extended)

Rn
+ disp x 1/2/4

Byte: Rn + disp
Word: Rn + disp x 2

Longword: Rn +
disp x 4

Indirect indexed @(RO, Rn) The effective address is the Rn va

register
addressing

lue plus RO

B f Favro |

Rn + RO

Indirect GBR @(disp:8, The effective address is the GBR value plus an
addressing with GBR) 8-bit displacement (disp). The value of disp is

displacement zero-extended, and remains the same for a byte

operation, is doubled for a word operation, and
is quadrupled for a longword operation

disp
(zero-extended)

GBR
+ disp x 1/2/4

Byte: GBR + disp

Word: GBR + disp
x 2

Longword: GBR +
disp x 4
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Table2.12 CPU Instruction Addressing M odes and Effective Addresses (cont)

Addressing Instruction

Mode Format Effective Addresses Calculation Equation
Indirect @(RO, The effective address is the GBR value plus the RO GBR + RO
indexed GBR GBR)
addressing

GBR + RO
PC relative @(disp:8, The effective address is the PC value plus an Word: PC + disp
addressing PC) 8-bit displacement (disp). The value of disp is zero- x 2
with extended, is doubled for a word operation, and is Longword: PC &
displacement quadrupled for a longword operation. For a H'EEEEFEEC +

longword operation, the lowest two bits of the PC

disp x 4
value are masked

(for longword)

H'FFFFFFFC

PC + disp x 2
or
: PC&H'FFFFFFFC
disp + disp x 4
(zero-extended)
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Table2.12 CPU Instruction Addressing Modes and Effective Addr esses (cont)

PC relative disp:8
addressing

The effective address is the PC value sign-extended PC + disp x 2
with an 8-bit displacement (disp), doubled, and
added to the PC value

disp
(sign-extended)

PC + disp x 2

disp:12

The effective address is the PC value sign-extended PC + disp x 2
with a 12-bit displacement (disp), doubled, and
added to the PC value

disp
(sign-extended)

PC + disp x 2

Rn

The effective address is the register PC value plus  PC + Rn
Rn

Immediate #imm:8
addressing

The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions are zero-extended

#imm:8

The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions are sign-extended

#imm:8

The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and is quadrupled
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24.2 DSP Data Addressing

There are two different kinds of memory accesses with DSP instructions. One type iswith the X,
Y datatransfer instructions (MOVX.W, MOVY.W), and the other iswith the single data transfer
instructions (MOVS.W, MOV S.L). The data addressing differs between these two types of
instructions. Table 2.13 shows a summary of the data transfer instructions.

Table2.13 Overview of Data Transfer Instructions

Classification

X, Y Data Transfer Processing
(MOVX.W, MOVY.W)

Single Data Transfer Processing
(MOVS.W, MOVS.L)

Address registers

Ax: R4, R5; Ay: R6, R7

As: R2, R3, R4, R5

Index registers

IX: R8, ly: R9

Is: R8

Addressing

Nop/Inc(+2)/index addition: post-
increment

Nop/Inc(+2,+4)/index addition: post-
increment

Dec(—2,-4): pre-decrement

Modulo addressing Possible Not possible

Data bus XDB, YDB CDB

Data length 16 bit (word) 16 bit/32 bit (word/longword)
Bus contention None Yes

Memory

X, Y data memory

All memory spaces

Source registers

Dx, Dy: A0, A1

Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
AO0G, A1G

Destination registers

Dx: X0/X1; Dy: YO/Y1

Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
AOG, A1G

X, Y Data Addressing: Among the DSP instructions, the MOV X.W and MOVY .W instructions
can be used to simultaneously access X, Y data memory. The DSP instructions have two address

pointers for simultaneous accessing of X, Y data memory. Only pointer addressing is possible with
DSPinstructions; there is no immediate addressing. The address registers are divided into two; the
R4, R5 registers become the X memory address register (Ax), and the R6, R7 registers become the
Y memory address register (Ay). The following three types of addressing exist with X, Y data
transfer instructions.

1. Non-updated address registers: The Ax, Ay registers are address pointers. They are not
updated.

2. Addindex registers: The Ax, Ay registers are address pointers. The Ix, 1y register values are
added to them, respectively, after the data transfer (post-increment).

3. Increment address registers: The Ax, Ay registers are address pointers. The value +2 is added
to each of them after the data transfer (post-increment).
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Each of the address pointers has an index register. The R8 register becomes the index register (1x)
of the X memory address register (Ax), and the R9 register becomes the index register (ly) of the
Y memory address register (Ay).

The X, Y datatransfer instructions are processed in word lengths. X, Y data memory is accessed
in 16 bit lengths. Thisiswhy the increment processing adds 2 to the address registers. In order to
decrement, set —2 in the index register and designate add index register addressing. During X, Y
data addressing, only bits 1 to 15 of the address pointer are valid. Alwayswrite a0 to bit O of the
address pointer and the index register during X, Y data addressing.

Figure 2.9 showsthe X, Y datatransfer addressing. When X memory and Y memory are accessed
using the X, Y bus, the upper word of Ax (R4 or R5) and Ay (R6 or R7) isignored. The result of
@Ay+ and @Ay+ly is stored in the lower word of Ay, and the upper word retains its original
value.

R8[IX] R4[AX] RI[ly] R6[AY]

R5[AX] R7[Ay]
+2 (INC) +2 (INC)

+0 (No update) —| +0 (No update) ]

ALU AU+

Notes: All three addressing methods (increment, index register addition (Ix, ly), and
no increment) are post-updating methods. To decrement the address pointer,
set the index register to -2 or —4.

1. Adder added for DSP addressing.

Figure2.9 X,Y Data Transfer Addressing
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Single Data Addressing: Among the DSP instructions, the single data transfer instructions
(MOVS.W and MOVS.L) are used to either load datainto DSP registers or to store it from them.
With these instructions, the registers R2 to R5 are used as address registers (As) for the single data
transfers.

The four following data addressing instructions exist for single data transfer instructions.

1. Non-updated address registers: The Asregisters are address pointers. They are not
incremented.

2. Addindex registers: The Asregisters are address pointers. The Isregister values are added to
them after the data transfer (post-increment).

3. Increment address registers. The Asregisters are address pointers. The value +2 or +4 is added
after the data transfer (post-increment).

4. Decrement address registers. The Asregisters are address pointers. The value —2 or —4 is added
(+2 or +4 is subtracted) before the data transfer (pre-decrement).

The address pointer (As) uses the R8 register as an index register (1s).

Figure 2.10 shows the single data transfer addressing.

31 0
R2[As]
R8(Is] R4[As]
—2/-4 (DEC) R5[As]
+2/+4 (INC)
+0 (No update) —|
ALU

Note: There are four addressing methods (no update, index register addition (Is),
increment, and decrement). Index register addition and increment are
post-increment methods. Decrement is a pre-decrement method.

Figure2.10 Single Data Transfer Addressing
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M odulo Addressing: The chip has a modulo addressing mode, just as other DSPs do. Address
registers are updated in the same manner as with other modes. When the address pointer value
becomes the same as a previously established modulo end address, the address pointer becomes
the modulo start address.

Modulo addressing is valid only with X, Y datatransfer instructions (MOVX.W, MOVY.W).
When the DM X bit of the SR register is set, the X address register enters modul o addressing
mode; when the DMY bit of the SR register is set, the Y address register does so. Modulo
addressing isvalid only for either the X or the Y address register; it is not possible to make them
both modulo addressing mode at the same time. Therefore, do not simultaneously set the DM X
and DMY. If they happen to be set at the sametime, only the DMY sideisvalid.

The MOD register is used to designate the start and end addresses of the modulo address ares; it
stores the MS (modulo start) and ME (modulo end). An example of MOD register (MS, ME)
usage isindicated below.

MOV. L ModAddr, Rn; Rn=MbdEnd, MbdStart

LDC Rn, MOD; ME=MbdENnd, MB=ModSt art
ModAddr : .DATAW  nind; MbdEnd

. DATA W nStart; ModSt ar t

MdStart: . DATA

MbdEnd: . DATA

Designate the start and end addressesin MS and ME, and then set the DMX or DMY bhit to 1. The
contents of the address register are compared with ME. If they match ME, the start address MSiis
stored in the address register. The lower 16 bits of the address register are compared with ME. The
maximum modulo size is 64 kbytes. Thisis sufficient for X, Y data memory accesses. Figure 2.11
shows a block diagram of modulo addressing.
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Instruction (MOVX/MOVY)

31 1615 o DPMX DMY

31 1615 O
31 0 R4[AX] l R6[Ay] 31 0
[ Reix | RS[AX] T R7[AY] Ro[ly]
]
¥ | 15— o — w0
— 1 —+0
MS
CMP
| aBx | [ ME ] ABy
15 L 1 15 1 15 1
XAB YAB

Figure2.11 Modulo Addressing
An example of modulo addressing isindicated below:

Ms=H E008; Me=H EOOC R4=H 1000EOQO0S;
DWVX=1; DMY=0; (sets modulo addressing for address register Ax (R4, R5))

The R4 register changes as follows due to the above settings.
R4: H 1000E008

I nc. : H 1000E00A

R4
I nc. R4: H 1000E00C
I nc. R4: H 1000E008 (becomes the modul o start address because the modulo end
address occurred)

Datais placed so that the upper 16 bits of the modulo start and end addresses become identical.

Thisis so because the modulo start address replaces only the lower 15 bits of the address register,
excepting bit 0.

Note: When using add index with DSP data addressing, there are cases where the value is
exceeded without the address pointer matching the ME. In such cases, the address pointer
does not return to the modulo start address. Bit O is disregarded not only for modulo
addressing, but also during X, Y data addressing, so always write 0 to the 0 bits of the
address pointer, index register, MS, and ME.
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DSP Addressing Operation: The DSP addressing operation in the item stage (EX) of the
pipeline, including modulo addressing, is indicated below.

if ( Qperation is MOVX WMWVY.W) {
ABx=AXx; ABy=Ay;

/* menory access cycle uses ABx and ABy. The addresses to be used have
not been updated */

/* AXx is one of R4,5 */

if ( DVWX==0 || ==1 &% DW==1 )} Ax=Ax+(+2 or R8[Ix} or +0);
/* Inc, | ndex, Not - Updat e */

else if (!not-update) Ax=nodul o( Ax, (+2 or RB[Ix]) );

/* Ay is one of RG,7 */
if ( DW==0 ) Ay=Ay+(+2 or RO[ly] or +0; /* Inc,|ndex, Not-Update */
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[ly]) );
}
elseif ( Qperationis MOVS Wor MWS. L) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=As;
/* menory access cycle uses MAB. The address to be used has not been
updat ed */
/* As is one of RR-5 */
As=As+(+2 or +4 or RB[Is] or +0); /* Inc.|ndex, Not-Update */
else { /* Decrement, Pre-update */
/* As is one of R2-5 */
As=As+(—-2 or -4);
MAB=As;
/* menory access cycle uses MMB. The address to be used has been updat ed
*/

/* The value to be added to the address register depends on addressing
operati ons.

For exanple, (+2 or R8[Ix] or +0) means that

+2: if operation is increnent
R8[ I x}: if operation is add-index-reg
+0: if operation is not-update
*/
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function modul o ( AddrReg, Index ) {
if ( AdrReg[15:0]==ME ) AdrReg[ 15: 0] ==M5;
el se Adr Reg=Adr Reg+l ndex;
return AddrReg;

243 Instruction Formatsfor CPU Instructions

Theinstruction format of instructions executed by the CPU core and the meanings of the source
and destination operands are indicated below. The meaning of the operand depends on the
instruction code. The symbols are used as follows:

e XXXX: Instruction code

e mmmm: Source register
e nnnn: Destination register
e iiii: Immediate data

e dddd: Displacement
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Table2.14 Instruction Formatsfor CPU |nstructions

Destination
Instruction Formats Source Operand Operand Example
0 format — — NOP
15 0
| XXXX  XXXX  XXXX  XXXX |
n format — nnnn: Direct MOVT Rn
15 0 register
| xxxx| nnnn | XXXX  XXXX |
Control register or nnnn: Direct STS MACH,Rn
system register register
Control register or nnnn: Indirect pre- STC.L SR,@-Rn
system register decrement register
m format mm Direct Control register or LDC Rm,SR
15 0 register system register
| XXXX |mmmm| XXXX  XXXX

nmmmm Indirect post- Control register or

increment register

system register

LDC.L @Rm+,SR

nmm Indirect — JMP @Rm
register
mmm PC relative — BRAF Rm

using Rm
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Table2.14 Instruction Formatsfor CPU Instructions (cont)

Destination
Instruction Formats Source Operand Operand Example
nm format nmmmm Direct nnnn: Direct ADD Rm,Rn
register register
15 nmm Direct nnnn: Indirect MOV.L Rm,@Rn
| XXXX | nnnn |mmmm| XXXX | register register
nmmm Indirect post- MACH, MACL MAC.W
increment register @Rm+,@Rn+
(multiply/
accumulate)
nnnn: Indirect post-
increment register
(multiply/
accumulate)*
nmmm Indirect post- nnnn: Direct MOV.L @Rm+,Rn
increment register register

nmmm Direct nnnn: Indirect pre- MOV.L Rm,@-Rn
register decrement register
mmm Direct nnnn: Indirect MOV.L
register indexed register Rm,@(RO,Rn)
md format nmmmmdddd: indirect RO (Direct register) MOV.B
15 0 register with @(disp,Rm),R0

| XXXX  XXXX |mmmm| dddd |

displacement

nd4 format
15 0
| XXXX  XXXX | nnnn | dddd |

RO (Direct register)

nnnndddd: Indirect
register with
displacement

MOV.B
RO,@(disp,Rn)

nmd format
15 0
| XXXX | nnnn|mmmm| dddd |

nm Direct
register

nnnndddd: Indirect
register with
displacement

MOV.L
Rm,@(disp,Rn)

mmmdddd: Indirect
register
with displacement

nnnn: Direct
register

MOV.L
@(disp,Rm),Rn
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Table2.14 Instruction Formatsfor CPU Instructions (cont)
Destination
Instruction Formats Source Operand Operand Example
d format dddddddd: Indirect RO (Direct register) MOV.L
15 0 GBR with @(disp,GBR),R0
XXXX  XXXX | dddd dddd displacement
RO(Direct register) dddddddd: Indirect MOV.L
GBR with RO, @(disp,GBR)
displacement
dddddddd: PC RO (Direct register) MOVA
relative with @(disp,PC),R0
displacement
dddddddd: PC — BF label
relative
d12 format dddddddddddd: — BRA label
15 o  PCrelative (label=disp+PC)
| %0 | dddd  dddd  dddd |
nd8 format dddddddd: PC nnnn: Direct MOV.L
15 0 relative with register @(disp,PC),Rn
displacement
| %00 | nnnn | dadd  dddd |
i format piiiiiii: Indirect indexed AND.B
Immediate GBR #imm,@(R0,GBR)
15 0 piiiiiii: RO (Direct register) AND #imm,R0
| XXXX  XXXX | i diiii | Immediate
piiiiiii: — TRAPA #mm
Immediate
ni format piiiiiii: nnnn: Direct ADD #imm,Rn
15 0 Immediate register
|xxxx|nnnn| Pl diii

Note: * In multiply/accumulate instructions, nnnn is the source register.
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244 Instruction Formatsfor DSP I nstructions

New instructions have been added for digital signal processing. The new instructions are divided

into the two following types.

1. Memory and DSP register double, single data transfer instructions (16 bit length)
2. Parallel processing instructions processed by the DSP unit (32 bit length)

Figure 2.12 shows each of the instruction formats.

CPU core
instructions

Double data
transfer instructions

Single data
transfer instructions

Parallel processing
instructions

15
0000
to

1110
15 10 9
|111100| A field
15 109
|111101| Afield
31 26 25
|111110| Afield

B field

Figure2.12 Instruction Formatsfor DSP Instructions

Double, Single Data Transfer Instructions: Table 2.15 indicates the data formats for double data
transfer instructions, and table 2.16 indicates the data formats for single data transfer instructions.
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Table2.15 Instruction Formatsfor Double Data Transfers

Category Mnemonic 15 14 13 12 11 10

X memory NCPX 1 1 1 1 0 0

data transfers MOVX W @, Dx
MOVX. W @+, Dx
MOVX W @X+l x, Dx

MOVX W Da, @«
MOVX W Da, @x+
MOVX W Da, @x+l x

Y memory NCPY 1 1 1 1 0 0

data transfers MOWY. W @y, Dy
MOWY. W  @y+, Dy
MOWY. W @y+ly, Dy
MVY.W Da, @y

MOVY. W Da, @y+
MOYY. W Da, @y+y

Table2.15 Instruction Formatsfor Double Data Transfers (cont)

Category Mnemonic 7 6 5 4 3 2

X memory NCPX 0 0 0

datatransfers  \o~x W @x, Dx Dx 0 1
MOVX W @+, D rt 0
MVX W @w+ X, DX t 1
MVX. W  Da, @ Da 1 o 1
MVX W  Da, @x+ 0
MOVX. W Da, @x+ x L 1

Y memory NCPY 0

data transfers MOWY. W @y, Dy Dy

MOVY. W  @y+, Dy
MOVY. W  @y+ly, Dy

MOVY. W Da, @y Da 1
MOVWY. W Da, @y+
MOWY.W Da, @y+ly

Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=Y0, 1=Y1 Da: 0=A0, 1=A1
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Table2.16 Instruction Formatsfor Single Data Transfers

Category Mnemonic 15 14 13 12 11 10
Single data MOVS. W @As, Ds 1 1 1 1 0 1 As
transfer MOVS. W  @s, Ds 0: R4
MOVS. W  @s+, Ds 1: R5
MOVS. W @s+l x, Ds 2:R2
MOVS. W  Ds, @As 3:R3
MOVS. W  Ds, @s
MOVS.W  Ds, @s+
MOVS. W Ds, @s+l x
MOVS. L @As, bs
MOVS. L @s, Ds
MOVS. L @s+, bs
MOVS. L @s+l x, Ds
MOVS. L Ds, @As
MOVS. L Ds, @s
MOVS. L Ds, @s+
MOVS. L Ds, @s+l x
Table2.16 Instruction Formatsfor Single Data Transfers (cont)
Category Mnemonic 7 6 5 4 3 2 0
Single data MOVS. W @As, Ds Ds 0: (*) 0 0 0
transfer MOVS. W @s, Ds 1: (% 0 1
MOVS. W @s+, Ds 2: (%) 1 0
MOVS. W @s+l x, Ds 3: (%) 1 1
MOVS. W  Ds, @As 4: (%) 0 0 1
MOVS. W Ds, @s 5: A1 0 1
MWVS. W Ds, @s+ 6: (*) 1 0
MOVS. W Ds, @s+l x 7: AO 1 1
MVS.L  @As, Ds 8: X0 0 0 0
MOVS. L @s, Ds 9: X1 0 1
MOVS. L @s+, Ds A: YO 1 0
MOVS. L @s+l x, Ds B:Y1l 1 1
MOVS.L  Ds, @As C: MO 0 0 1
MOVS. L bs, @s D:A1G O 1
MOVS. L Ds, @s+ E: M1 1 0
MOVS. L Ds, @s+l x F:AOG 1 1

Note: * System reserved code
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Parallel Processing I nstructions: The parallel processing instructions allow for more efficient
execution of digital signal processing using the DSP unit. They are 32 hit length, allowing
simultaneously in parallel four processes, ALU operations, multiplications or 2 data transfers.

The parallel processing instructions are divided into A fields and B fields. The A field defines data
transfer instructions; the B field defines ALU operation instructions and multiplication
instructions. These instructions can be defined independently, the processes can be independent,
and furthermore, they can be executed simultaneously in parallel. Table 2.17 indicates the A field
parallel datatransfer instructions, and table 2.18 indicates the B field ALU operation instructions
and multiplication instructions.

Table2.17 Field A Paralldl Data Transfer Instructions

Category Mnemonic 31 30 29 28 27 26 25 24 23
X memory NCPX 1 1 1 1 1 0 0 0
data MOVX W @, Dx Ax Dx

transfers MOX W @x+, DX
MOVX W @+l x, Dx

MOVX W Da, @« Da
MOVX W Da, @x+
MOVX W Da, @x+l x

Y memory NCPY 0

dataf MOW.W @y, Dy Ay
transfers NOVY. W @y_'_, Q/
MOWY. W @y+ y, Dy

MOVY. W Da, @y
MOYY. W  Da, @y+
MOVY. W  Da, @y+ly
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Table2.17 Field A Parallel Data Transfer Instructions (cont)

Category Mnemonic 22 21 20 19 18 17 16 15-0
X memory NCPX 0 0 0 Field B
data MVX W @, DX 0 0o 1
transfers — \ox W @w+, Dx 10

MOVX. W @+l x, Dx 1 1

MOVX W Da, @« 1 0 1

MOVX. W Da, @x+ 1 0

MOVX W Da, @x+l x 1 1
Y memory NCPY 0 0 0
data MOVY.W @y, Dy Dy 0 1
transfers MOWY. W  @y+, Dy 1 0

MOWY. W  @y+ly, Dy 1 1

MOVY. W  Da, @y Da 1 0 1

MOYY. W  Da, @y+ 1 0

MOVY.W  Da, @y+ly 1 1
Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=Y0, 1=Y1 Da: 0=A0, 1=Al
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Table2.18

Field B ALU Operation Instructions, Multiplication I nstructions

Category Mnemonic 31-27| 26 | 25-16 1514 13[1211]10] o[ 8[7[6] 5[4 [3]2]1] 0
_ _ PSHL #imm, Dz 1 0 FiedA|[O0O O O 0| -16<imm<+16 Dz
mm. Shift | psHA #imm, Dz 00 01]0] —32<imm<+32
. § 00 0] |1]
eserve 00 1
5 PMULS Se, Sf, Dg 0100|Se | Sf|sx| sy|Dg]|Du
x L~ ______
operand Reserved 01 O 1{0:X0 [0:YO [0:XO]|0:YO |0:M0|0:X0
parallel 1:X1 [ 1:Y1 [1:X1|1:Y1 [1:M1|1:YO
instruction [~ "psUB Sx, Sy, Du 0 1 1 0|2:YO |2:X0 |2:A0|2:MO |2:A0|2:A0
| PMULSSe,stDg ( | 3:Al1 | 3:A1 |3:A1|3:M1|3:A1[3:AL
PADD Sx, Sy, Du 0111
PMULS Se, Sf,Dg__
Three Reserved 1010010010 © Dz
01
operand F----—--——-—-———-—- ———q=-=
instructions| _ PSUBC Sx, Sy, Dz_ _ ~_]1o0 0: (*9)
PADDC Sx, Sy, Dz__ S 1: (%)
____P_C_M_P_S_Xi§)i___ ] 9_(1 01 2: (*1)
_____0_ _1_ 3: (*1)
Reserved |1 0] 4: (1)
_______________ 11 5: Al
| ___PABSSx,Dz ___ ___100j10 6: (1)
PRND Sx, Dz __ _ ___Jo1 7:A0
| ___PABSSy Dz __ ___110 8: X0
| ___PRNDSy, Dz __ ___J11 o 9: X1
0 0|11 A:YO
01 B:Y1
10 .
Reserved C: MO
11 D: (1)
E: M1
F: (*1)
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Table2.18 Field B ALU Operation Instructions, Multiplication Instructions (cont)

Category Mnemonic 31-27] 26 | 25-16 1514131211 10] 9 | 8 [7]6] 5[4 [3[2]1]0
Conditional | (fc©) PSHLSx, Sy, Dz | 1 0  FieldA| __ 10 _0]0 0 | ifcc
three | (if cc) PSHA Sx, Sy, Dz 101
operand | (if cc) PSUB Sx, Sy, Dz 110
instructions | (if cc) PADD Sx, Sy, Dz. o ]11 01:
_____ Reserved ____ ___40_0j0 1 |Uncon-
(if cc) PAND Sx, Sy, Dz 01 dition
(7 c0) PXOR Sx. Sy, bz i
(if cc) POR Sx, Sy, Dz 11
" (it cc) PDEC Sx, Dz “~"1o7o[1 o |lobCT
| (ifcc) PINC Sx, Dz o1
| (if cc) PDEC Sy, Dz ~J10
|~ (ifcc) PINC'Sy, Dz Ty _
e POLRDZ ~""JoTo[r 1 |MNPCF
| (if cc) PDMSB Sx, Dz o1
| Reserved ____ I ]
| (if cc) PDMSB Sy, Dz _ 11
| _(ifcc) PNEG Sx, Dz _ 1110010
(if cc) PCOPY Sx, Dz 01
|~ (if cc) PNEG Sy, Dz 7170
| (ifcc) PCOPY Sy, Dz~ R
""" Reserved T 0 o
| (if cc) PSTS MACH, Dz ___10.0j1 1 ifcc
| (if cc) PSTS MACL, Dz ---401
| (if cc) PLDS Dz, MACH ___J10
(if cc) PLDS Dz, MACL 11
) Reserved 0 0
O *
Reserved 1

Notes: 1. System reserved code
2. (if cc): DCT (DC bit true), DCF (DC bit false), or none (unconditional instruction)

25 Instruction Set

Theinstructions are divided into three groups: CPU instructions executed by the CPU core, DSP
data transfer instructions executed by the DSP unit, and DSP operation instructions. There are a
number of CPU instructions for supporting the DSP functions. The instruction set is explained
below in terms of each of the three groups.

75
HITACHI



251 CPU Instruction Set
Table 2.19 lists the CPU instructions by classification.

Table2.19 Classification of CPU Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, peripheral 39

module data transfer, structure data transfer
MOVA Effective address transfer
MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT  Extraction of the middle of registers connected

Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow

CMP/cond Comparison

DIV1 Division
DIVOS Initialization of signed division
DIVOU Initialization of unsigned division

DMULS  Signed double-length multiplication

DMULU  Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply/accumulate, double-length
multiply/accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication
NEG Negation
NEGC Negation with borrow

SuUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
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Table2.19 Classification of CPU Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTCL  One-bit left rotation with T bit 14

ROTCR  One-bit right rotation with T bit

ROTL One-bit left rotation

ROTR One-bit right rotation

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 9 BF Conditional branch, conditional branch with delay 11

(Branch when T = 0)
BT Conditional branch, conditional branch with delay
(Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Table2.19 Classification of CPU Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
System 14 CLRMAC MAC register clear 71
control CLRT T bitclear

LDC Load to control register

LDRE Load to repeat end register

LDRS Load to repeat start register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETRC  Repeat count setting

SETT T bit set

SLEEP  Shift into power-down mode

STC Storing control register data

STS Storing system register data

TRAPA  Trap exception handling

Total:65 182
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Theinstruction codes, operation, and execution states of the CPU instructions are listed by

classification with the formats listed in bel ow.

Execution
Instruction Instruction Code Operation Cycles T Bit
Indicated by mnemonic  Indicated in MSB Indicates summary of Value when Value of T bit
LSB order operation no wait after
states are  instruction is
inserted*!  executed

Explanation of Symbols  Explanation of Symbols Explanation of Symbols

OP.Sz SRC, DEST mmmm: Source register -, —: Transfer direction
OP: Operation code  nnnn: Destination register (xx): Memory operand
ggcs:lzsiurce 8882; §2 M/QIT: Flag bits in the SR
DEST: Destination ... &: Logical AND of each bit

Rm: Source register 1111: R15 |: Logical OR of each bit

Rn: Destination register iiii: Immediate data " Exclusive OR of each bit

imm: Immediate data ~ dddd: Displacement ~: Logical NOT of each bit

disp: Displacement*? <<n: n-bit left shift

>>n: n-bit right shift

Explanation of
Symbols

—: No change

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) and the register used by the next instruction are the

same.

2. Depending on the instruction’s operand size, scaling is x1, x2, or x4. For details, see

the SH-1/SH-2/SH-DSP Programming Manual.
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Table2.20 Data Transfer Instructions

Instruction Instruction Code Operation Cycles T Bit

MV #i mm Rn 1110nnnni i iiiiii imm - Sign extension — 1 —
Rn

MOV. W @disp, PO, R1 1001nnnndddddddd  (disp x 2 + PC) - Sign 1 —
extension - Rn

MV.L  @disp, PO, R 1101nnnndddddddd  (disp x4 + PC) - Rn 1 —

MOV Rm R 0110nnnnmmO011 Rm - Rn 1 —

MOV.B  Rm @n 0010nnNnnmMmmmM©000 Rm - (Rn) 1 —

MV. W Rm @n 0010nnnnmmmm©O001 Rm - (Rn) 1 —

MOV.L Rm@n 0010nnnnMmM®O010 Rm - (Rn) 1 —

MV.B @RmRn 0110nnnnmmm®O000  (Rm) - Sign extension - 1 —
Rn

MOV. W @M Rn 0110nnnnmMmmM®©001  (Rm) - Sign extension - 1 —
Rn

MV.L @RmRn 0110nnnnmmm©O010 (Rm) - Rn 1 —

MV.B Rm @Rn 0010nnnnmmm©O100 Rn-1 —» Rn, Rm - (Rn) 1 —

MOV. W Rm @Rn 0010nnnnmMmmM®101  Rn-2 - Rn, Rm - (Rn) 1 —

MOV.L Rm @Rn 0010nnnnmmmM®©110 Rn—4 - Rn, Rm - (Rn) 1 —

MV.B @Rm+, Rn 0110nnnnmmm©0100 (Rm) - Sign extension - 1 —
Rn,RmM+1 - Rm

MOV. W @Rmt, Rn 0110nnnnmm®©101  (Rm) - Sign extension - 1 —
Rn,Rm+2 - Rm

MWV.L @Rm+, Rn 0110nnnnmmm©0110 (Rm) - RNR,Rm+4 - Rm 1 —

MOV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —

MV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp % 2 + Rn) 1 —

MOV.L Rm @disp, Rn) 0001lnnnnnmmmmdddd Rm - (disp x4 + Rn) 1 —

MWV.B @disp,R1), R0  10000100nmmmuddd  (disp + Rm) - Sign 1 —
extension —» RO

MV. W @disp, R), R0 10000101nmmmuddd  (disp x2 + Rm) — Sign 1 —
extension — RO

MOV.L @disp, R, Ry 0101nnnnmmmudddd  (disp x4 + Rm) - Rn 1 —

MV.B Rm @RO, Rn) 0000nNNNMMM0100  Rm - (RO + Rn) 1 —

MV. W Rm @RO, Rn) 0000nnNnmmmMO101 Rm - (RO + Rn) 1 —
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Table2.20 Data Transfer Instructions (cont)

Instruction Instruction Code Operation Cycles T Bit

MV.L Rm @RO, R) 0000nnNnmMmMmM©110 Rm - (RO + Rn) 1 —

MV.B @RO,RY),Rn 0000nnnnnmmm1100 (RO + Rm) - Sign 1 —
extension - Rn

MOV. W @RO, R, R 0000nnnnmmM1101 (RO + Rm) - Sign 1 —
extension - Rn

MOV.L @RO,RM), R 0000nnnnmmMM1110 (RO + Rm) - Rn 1 —

MOV. B RO, @di sp, GBBR) 11000000dddddddd RO - (disp + GBR) 1 —

MV. W RO, @di sp, BBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —

MOV.L RO, @disp, 3BR) 11000010dddddddd RO - (disp x4 + GBR) 1 —

MOV.B  @disp, BBR, R0 11000100dddddddd  (disp + GBR) - Sign 1 —
extension - RO

MV. W @disp, GBBR,R0 11000101dddddddd (disp x2 + GBR) - Sign 1 —
extension - RO

MOV.L @disp, BBR, R0 11000110dddddddd (disp x4 + GBR) - RO 1 —

MOVA  @disp, PO, RO 11000111dddddddd  disp x4 + PC - RO 1 —

MOVT R 0000nnnNn00101001 T - Rn 1 —

SWAP. B Rm R 0110nnnnnmmmmi.000 Rm - Swap the bottom 1 —
two bytes - Rn

SWAP. W Rm Rn 0110nnnnmmm1001  Rm - Swap upper and 1 —
lower words - Rn

XTRCT RmRn 0010nnnnnmmm1.101 Rm: Middle 32 bits of 1 —
Rn - Rn
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Table2.21 Arithmetic Instructions

Instruction Instruction Code Operation Cycles  TBit
ADD Rm R 0011nnnnmmmi100 Rn+Rm - Rn 1 —
ADD #HmRn Olllnnnniiiiiiii Rn +imm - Rn 1 —
ADDC R R 0011nnnnmmmi110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV R R 0011nnnnmmmill1ll Rn+Rm - Rn, 1 Overflow
Overflow - T
OW/ EQ #immRO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
OWEQ RMRn 0011nnNnmMmmO000 fRn=Rm,1 - T 1 Comparison
result
OWHS Rk 0011nnnnmMmmm®©010 If Rn = Rm with 1 Comparison
unsigneddata, 1 - T result
OW/ CE RnR 0011nnnnmmmO011 If Rn = Rm with signed 1 Comparison
data,1 - T result
oW/ H Rm R 0011nnnnmmm©110 If Rn > Rm with 1 Comparison
unsigneddata, 1 - T result
OW/ Gl RmRn 0011nnnnmmmoO111 If Rn > Rm with signed 1 Comparison
data,1 - T result
oW/ PL R 0100nnnn00010101 fRn>0,1-T 1 Comparison
result
oW/ PZ R 0100nnnn00010001 fRNn=20,1-T 1 Comparison
result
OW/ STR Rm Rk 0010nnnnnMmMML100 If Rn and Rm contain 1 Comparison
an identical byte, result
1T
D Vi Rm R 0011nnnnmmm®©100 Single-step division 1 Calculation
(Rn/Rm) result
D V0OSs Rm R 0010nnnNnmmm0111 MSBof Rn - Q,MSB 1 Calculation
of Rm - M,M*Q - T result
D VouU 0000000000011001 0 - M/QIT 1 0
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Table2.21 Arithmetic Instructions (cont)

Instruction

Instruction Code

Operation

Cycles

T Bit

DMULS. LRm Rn

0011nnnnmmmi101

Signed operation of Rn
x Rm - MACH, MACL

32 x32 - 64 bits

2to 4"

DMULU. LRm Rn

0011nnnnmMmmMm®©101

Unsigned operation of

Rn xRm - MACH,
MACL 32 x32 -
64 bits

2t0 4"

0100nnnn00010000

Rn-1 - Rn, when Rn

is0,1 - T
When Rn is nonzero,
0-T

Comparison
result

EXTS.B RmRn

0110nnnnmmmi110

A byte in Rm is sign-
extended - Rn

EXTS. W R Rn

0110nnnnmmmml111

A word in Rm is sign-
extended - Rn

EXTU B RnRn

0110nnnnmmmi100

A byte in Rm is zero-
extended - Rn

EXTU. W Rm Rn

0110nnnnmmmi101

A word in Rm is zero-
extended - Rn

MC L @ @+

0000nnnnmMMML111

Signed operation of
(Rn) x (Rm) + MAC -
MAC 32 x32 + 64 —
64 bits

3/(2 to 4)"

MAC W @, @+

0100nnnnmmmil111

Signed operation of
(Rn) x (Rm) + MAC -
MAC 16 x16 + 64 —
64 bits

3/(2)

ML.L RnRn

0000NNNnMMMO111

Rn xRm - MACL, 32

x 32 - 32 bits

2to 4"

MLS. W Rn Rn

0010nnnnmmmil111

Signed operation of Rn

xRm - MAC 16 x 16
- 32 bits

1to 3"

MLU W Rm Rn

0010nnnnmmmi110

Unsigned operation of
Rn xRm - MAC 16 x

16 - 32 bits

1to 3"

RmRn

0110nnnnnmmmil011

0-Rm - Rn

Rm R

0110nnnnmmmil010

0-RmM-T - Rn,
Borrow - T

[EY

Borrow
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Table2.21 Arithmetic Instructions (cont)

Instruction Instruction Code Operation Cycles T Bit

SUB Rm R 0011nnnnmmm1000 Rn—-Rm - Rn 1 —

SuBC Rm R 0011nnnnmmmil010 Rn—-RmM-T - Rn, 1 Borrow
Borrow - T

SUBV R R 0011nnnnnmmmmil011 Rn-Rm - Rn, 1 Underflow

Underflow - T

Note: * The normal number of execution cycles. The number in parentheses is the number of
execution cycles in the case of contention with preceding or following instructions.

Table2.22 Logic Operation Instructions

Instruction Instruction Code Operation Cycles T Bit
AND Rm R 0010nnnnmmmi001 Rn & Rm - Rn 1 —
AND #i mm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #imm @R0, BR 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm 0110nnnnnmm®111 ~Rm - Rn 1 —
R Rm R 0010nnnnnmmm 1011 Rn|Rm - Rn 1 —
R #i nm RO 11001012iiiiiiii RO | imm - RO 1 —
RB #imm @R, BR 1100122%iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS.B @™ 0100nnnn00011011 If(Rn)is0,1 - T, 4 Test
1 - MSB of (Rn) result
TST Rm R 0010nnnnnmmmiL000 Rn & Rm, if theresultis 1 Test
0,1 -T result
TST #i mm RO 11001000iiiiiiii RO & imm, if the resultis 1 Test
0,1-T result
TST.B #i nm @R0, GBR) 11001100iiiiiiii (RO + GBR) & imm, if the 3 Test
resultis0,1 - T result
XCR Rm R 0010nnnnMmmL010 RNn~Rm - Rn 1 —
XR #i nm RO 11001010iiiiiiii RO ~imm - RO 1 —
XOR B #i nm @RO, BR 110012120iiiiiiii (RO + GBR) " imm — 3 —
(RO + GBR)
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Table2.23 Shift Instructions

Instruction Instruction Code Operation Cycles TBit
ROTL R 0100nnnn00000100 T - Rn - MSB 1 MSB
ROTR R 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnNn00100100 T<Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn T 1 LSB
SHAL R 0100nnnNN00100000 T<«Rn<0 1 MSB
SHAR R 0100nnnNn00100001 MSB - Rn - T 1 LSB
SHL R 0100nnnNn00000000 T-Rn-0 1 MSB
SHR R 0100nnnNN00000001 0-Rn-T 1 LSB
SHL2 R 0100nnnNn00001000 Rn<<2 - Rn 1 —
SHR2 R 0100nnnn00001001 Rn>>2 - Rn 1 —
SHL8 R 0100nnnn00011000 Rn<<8 - Rn 1 —
SHR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 —
SHL16 R 0100nnnn00101000 Rn<<16 - Rn 1 —
SHRI6 R 0100nnnn00101001 Rn>>16 - Rn 1 —
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Table2.24 Branch Instructions

Instruction Instruction Code Operation Cycles T Bit

BF | abel 10001011dddddddd  If T=0, dispx2 + PC - PC, 31" —
if T=1, nop

BF/ S | abel 10001111dddddddd Delayed branch, if T =0, disp x 2 2/1" —
+PC - PC, ifT=1, nop

BT | abel 10001001dddddddd  If T=1, disp x2 + PC - PC, 31" —
if T=0, nop

BT/ S | abel 10001101dddddddd Delayed branch, 2/1" —
if T=1, dispx2+PC - PC,
if T=0, nop

BRA | abel 1010dddddddddddd  Delayed branch, 2 —
disp x2+ PC - PC

BRAF Rm 0000mMmMM00100011 Delayed branch, Rm + PC - PC 2 —

BSR | abel 1011dddddddddddd  Delayed branch, PC - PR, 2 —
disp x2 + PC - PC

BSRF Rm 0000MMMD0000011 Delayed branch, 2 —
PC - PR,Rm+PC - PC

JIWP @ 0100mmm©00101011 Delayed branch, Rm - PC 2 —

JSR @m 0100mmm©00001011  Delayed branch, 2 —
PC - PR,Rm - PC

RTS 0000000000001011  Delayed branch, PR - PC 2 —

Note: * One state when it does not branch.
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Table2.25 System Control Instructions

Instruction Instruction Code Operation Cycles T Bit
QLRVAC 0000000000101000 0 - MACH, MACL 1 —
QLRT 0000000000001000 0T 1 0
LDC Rm SR 0100mmMmM®0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mmm©00011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMmM®0101110 Rm - VBR 1 —
LDC Rm MCD 0100mmMmM®1011110 Rm - MOD 1 —
LDC Rm RE 0100mmm©01111110 Rm - RE 1 —
LDC Rm RS 0100mm©01101110 Rm - RS 1 —
LDC L @Rm SR 0100mmMMO0000111 (Rm) - SR, Rm+4 -~ Rm 3 LSB
LDC L @m, GBR 0100mmr00010111 (Rm) - GBR, Rm+4 - Rm 3 —
LDC L @, VBR 0100mmM00100111 (Rm) - VBR, Rm+4 - Rm 3 —
LDC L @Rm+, MD 0100mm©01010111 (Rm) - MOD, Rm+4 - Rm 3 —
LDC L @m, RE 0100mm01110111 (Rm) - RE, Rm+4 - Rm 3 —
LDC L @, RS 0100mmM01100111 (Rm) - RS, Rm+4 - Rm 3 —
LDRE  @disp, PO  10001110dddddddd  disp x 2 + PC - RE 1 —
LDRS @disp, PO 10001100dddddddd dispx2+PC -~ RS 1 —
LDs Rm MACH 0100nmMmMD0001010 Rm - MACH 1 —
LDS Rm MACL 0100mmMmM®0011010 Rm - MACL 1 —
LDS Rm PR 0100mmm©00101010 Rm - PR 1 —
LDS Rm DSR 0100mm©1101010 Rm - DSR 1 —
LDS Rm A0 0100mmMmM®1111010 Rm - AO 1 —
LDs Rm X0 0100nmm10001010 Rm - X0 1 —
LDS Rm X1 0100mmMm10011010 Rm - X1 1 —
LDsS Rm YO 0100mmMM10101010 Rm - YO 1 —
LDS Rm Y1 0100mmm10111010 Rm - Y1 1 —
LDS. L @m, MACH 0100mmm00000110 (Rm) - MACH, 1 —
Rm+4 - Rm
LDS.L @, MAOL  0100mmn00010110  (Rm) — MACL, 1 —
Rm+4 -~ Rm
LDS. L @+ PR 0100mMmmMm00100110 (Rm) - PR,Rm+4 - Rm 1 —
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Table2.25 System Control Instructions (cont)

Instruction Instruction Code Operation Cycles T Bit
LDS.L  @m+, DSR 0100mmMm©01100110 (Rm) - DSR, Rm+4 - Rm 1 —
LDS.L  @Rm+, A0 0100mmM©O1110110 (Rm) - A0, Rm+4 - Rm 1 —
LDS.L @Rm+, X0 0100mMmMM10000110 (Rm) - X0,Rm+4 - Rm 1 —
LDS. L  @m, X1 0100mmMm10010110 (Rm) - X1, Rm+4 - Rm 1 —
LDS.L @, YO 0100mMmM10100110 (Rm) - YO, Rm+4 - Rm 1 —
LDS.L @Rm+, Y1 0100mmM10110110 (Rm) - Y1,Rm+4 - Rm 1 —
NCP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, 4 LSB

stack area — PC/SR
SETRC Rm 0100mmm00010100 RE-RS operation result 1 —

(repeat status) —» RF1, RFO

RmM[11:0] — RC (SR[27:16])
SETRC #i nm 10000010iiiiiiii RE-RS operation result 1 1

(repeat status) —» RF1, RFO

imm - RC (SR[23:16]), zeros

~ SR[27:24]
SETT 0000000000011000 1-T 1 1
SLEEP 0000000000011011 Sleep 3 —
STC SR Rn 0000nnNNN00000010 SR - Rn 1 —
STC &BR M 0000nNNN00010010 GBR - Rn 1 —
STC VBR Rn 0000nnnNn00100010 VBR - Rn 1 —
STC MDD, Rn 0000nnNnNn01010010 MOD - Rn 1 —
STC RE, R 0000nnnNn01110010 RE - Rn 1 —
STC RS, R1 0000nnNn01100010 RS - Rn 1 —
STICL SR @Rn 0100nnnNn00000011 Rn—4 - Rn, SR - (Rn) 2 —
STC L GBR @R 0100nnnn00010011 Rn—4 - Rn, GBR - (Rn) 2 —
STCL VBR @R 0100nnnn00100011 Rn—4 - Rn, VBR - (Rn) 2 —
STCL MD @Rn 0100nnnn01010011 Rn—4 - Rn, MOD - (Rn) 2 —
STCL RE @Rn 0100nnnn01110011 Rn—4 - Rn, RE - (Rn) 2 —
STCL RS @R 0100nnnn01100011 Rn—4 - Rn, RS - (Rn) 2 —
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Table2.25 System Control Instructions (cont)

Instruction Instruction Code Operation Cycles T Bit
STS MACH, Rn 0000nnNN00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnnn00011010 MACL - Rn 1 —
STS PR Rn 0000nnnNn00101010 PR - Rn 1 —
STS DSR Rn 0000nnnn01101010 DSR - Rn 1 —
STS AD, Rn 0000nnnNn01111010 A0 - Rn 1 —
STS X0, R 0000nnnNn10001010 X0 - Rn 1 —
STS X1, Rn 0000nnnn10011010 X1 - Rn 1 —
STS Y0, Rn 0000nnnn10101010 Y0 - Rn 1 —
STS Y1, R 0000nnNnNn10111010 Y1l - Rn 1 —
STS. L MCH @Rn 0100nnnNn00000010 Rn—4 - Rn, MACH - (Rn) 1 —
STS. L NAQL, @R 0100nnnn00010010 Rn—4 - Rn, MACL - (Rn) 1 —
SIS L PR @R 0100nnnNn00100010 Rn—4 - Rn, PR - (Rn) 1 —
STS. L DSR @Rn 0100nnnn01100010 Rn—4 - Rn, DSR - (Rn) 1 —
STS. L A0, @R 0100nnnn01110010 Rn—4 - Rn, A0 - (Rn) 1 —
STS. L X0, @Rn 0100nnnNn10000010 Rn—4 - Rn, X0 - (Rn) 1 —
STS. L X, @R 0100nnnn10010010 Rn—4 - Rn, X1 - (Rn) 1 —
STS. L Y0, @R 0100nnnNn10100010 Rn—4 - Rn, YO - (Rn) 1 —
SIS L VYl @R 0100nnnn10110010 Rn—4 - Rn, Y1 - (Rn) 1 —
TRAPA  #i nm 1100001%iiiiiiii PC/SR - stack area, (immx 8 —
4+ VBR) - PC
Note: * The number of execution cycles before the chip enters sleep mode.
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Precautions Concer ning the Number of Instruction Execution Cycles: The execution cycles
listed in the tables are minimum values. In practice, the number of execution cycles increases
under such conditions as 1) when the instruction fetch is in contention with a data access, 2) when
the destination register of aload instruction (memory - register) is the same as the register used
by the next instruction, 3) when the branch destination address of a branch instructionisa4n + 2
address.

CPU Instructions That Support DSP Functions: A number of system control instructions have
been added to the CPU core instructions to support DSP functions. The RS, RE and MOD
registers have been added to support repeat control and modulo addressing, and the repeat counter
(RC) has been added to the status register (SR). The LDC and STC instructions have been added
in order to access the aforementioned. The LDS and STS instructions have been added in order to
access the DSP registers DSR, A0, X0, X1, YOand Y 1.

The SETRC instruction has been added to set the repeat counter (RC, bits 27 to 16) and repeat
flags (RF1, RFO, bits 3 and 2) of the SR register. When the SETRC instruction operand is
immediate, the 8-bit immediate datais stored in bits 23 to 16 of the SR register and bits 27 to 24
are cleared to 0. When the operand is aregister, bits 11 to 0 (12 bits) of the register are stored in
bits 27 to 16 of the SR register. Additionally, the status of 1 instruction repeat (00), 2 instruction
repeat (01), 3instruction repeat (11) or 4 instruction or greater repeat (10) is set from the RS and
RE set values.

In addition to the LDC instruction, the LDRS and L DRE instructions have been added for
establishing the repeat start and repeat end addresses in the RS and RE registers.

The added instructions are listed in table 2.26.
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Table2.26 Added CPU Instructions

Instruction Code Operation Cycles T Bit
LDC Rm MDD 0100mmMm©1011110 Rm - MOD 1 —
LDC Rm RE 0100mmM®O1111110 Rm - RE 1 —
LDC Rm RS 0100mMmM®O1101110 Rm - RS 1 —
LDC L @, MCD 0100mmMm©01010111 (Rm) - MOD,Rm+4 - Rm 3 —
LDC L @Rm+, RE 0100mmMmO1110111 (Rm) > RE,Rm+4 - Rm 3 —
LDC L @R+, RS 0100mmMm®O1100111 (Rm) - RS,Rm+4 . Rm 3 —
STC MDD, Rn 0000nnNNN01010010 MOD - Rn 1 —
STC RE, Rn 0000nnnNN01110010 RE - Rn 1 —
STC RS, Rn 0000nnNN01100010 RS - Rn 1 —
STC L MD, @ Rn 0100nnnn01010011 Rn—4 - Rn,MOD - (Rn) 2 —
STC L RE, @R 0100nnnn01110011 Rn—4 - Rn,RE - (Rn) 2 —
STC L RS, @R 0100nnnn01100011 Rn—4 - Rn,RS - (Rn) 2 —
LDS Rm DSR 0100mmMm©1101010 Rm - DSR 1 —
LDS. L @Rmr, DSR 0100nmmM©1100110 (Rm) - DSR,Rm+4 — Rm 1 —
LDS Rm A0 0100mMmM®O1111010 (Rm) - A0 1 —
LDS. L @, AO 0100mmMm©01110110 (Rm) - A0,Rm+4 - Rm 1 —
LDs Rm X0 0100nmmM10001010 (Rm) - X0 1 —
LES. L @Rm+, X0 0100mmMM10000110 (Rm) - X0,Rm+4 . Rm 1 —
LDS Rm X1 0100mmm10011010  (Rm)— X1 1 —
LDS. L @mr, X1 0100nmmM10010110 (Rm) - X1,Rm+4 - Rm 1 —
LDS Rm YO 0100mmM10101010 (Rm)-YO 1 —
LDS. L @, YO 0100mmMmM10100110 (Rm)-YO,Rm+4 - Rm 1 —
LDS Rm Y1l 0100mmM10111010 (Rm)-Y1l 1 —
LES. L @R+, Y1 0100mmMM10110110 (Rm)-Y1,Rm+4 - Rm 1 —
STS DSR R 0000nnnNn01101010 DSR-Rn 1 —
STS. L DSR @Rn 0100nnnn01100010 Rn—4 - Rn,DSR - (Rn) 1 —
STS AO, Rn 0000nnnNn01111010 AO-Rn 1 —
STS. L AD, @Rn 0100nnnn01110010 Rn—4 - Rn,A0 - (Rn) 1 —
STS X0, Rn 0000nnnNN10001010 X0-Rn 1 —
STS. L X0, @R 0100nnnNn10000010 Rn—4 - Rn, X0 - (Rn) 1 —
STS X1, R 0000nnnNn10011010 X1-Rn 1 —
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Table2.26 Added CPU Instructions (cont)

Instruction Code Operation Cycles T Bit
STS. L X1, @R 0100nnnn10010010 Rn—4 - Rn,X1 - (Rn) 1 —
STS Y0, R 0000nnnNn10101010 YO-Rn 1 —
STS. L Y0, @R 0100nnNnn10100010 Rn—4 - Rn,YO - (RN) 1 —
STS Y1, R 0000nnnn10111010 Y1-Rn 1 —
STS. L Y1, @R 0100nnnn10110010 Rn—4 - Rn,Y1 - (Rn) 1 —
SETRC Rm 0100nmmMm00010100 Rm[11:0] - RC (SR[27:16]) 1 —
SETRC # mm 10000010 iiiiiii imm - RC(SR[23:16]), 1 —
0- SR[27:24]

LDRS @disp, PO 10001100dddddddd disp x 2+PC RS 1 —
LDRE @di sp, PO  10001110dddddddd disp x 2+PC - RE 1 —
252 DSP Data Transfer Instruction Set
Table 2.27 lists the DSP data transfer instructions by classification.
Table2.27 Classification of DSP Data Transfer Instructions

Operation No. of
Classification Types Code Function Instructions
Double data 4 NOPX X ' memory no operation 14
j[ransfer. MOVX X memory data transfer
instructions

NOPY Y memory no operation

MOVY Y memory data transfer
Single data 1 MOVS Single data transfer 16
transfer
instructions

Total: 5 Total: 30

The datatransfer instructions are divided into two groups, double data transfers and single data
transfers. Double data transfers can be combined with DSP operation instructions to perform DSP
parallel processing. The parallel processing instructions are 32 hit length, and the double data
transfer instructions are incorporated into their A fields. Double data transfers that are not parallel
processing instructions are 16 bit length, as are the single data transfer instructions.

The X memory and Y memory can be accessed simultaneously in parallel in double data transfers.
Oneinstruction each is designated from among the X and Y memory data accesses. The Ax
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pointer is used to access X memory; the Ay pointer is used to access Y memory. Double data
transfers can only access X, Y memory.

Single data transfers can be accessed from any area. Single data transfers use the Ax pointer and
two other pointers as an As pointer.

Table2.28 Double Data Transfer Instructions (X Memory Data)

Instruction Operation Code Cycles DC Bit
NCPX No Operation 1111000* 0* 0* 00* * 1 —
MOVX. W (AX) ~MSW of Dx,0 - LSW of Dx  111100A*D*0*01** 1 —
@, Dx
MOVX. W (AX) ~MSW of Dx,0 - LSW of 111100A* D 0* 10** 1 —
@x+, Dx Dx,Ax+2 - AX
MOVX. W (Ax) - MSW of Dx,0 - LSW of 111100A*D*0* 11** 1 —
@x+ x, Dx Dx,Ax+Ix - Ax
MOVX. W MSW of Da - (AX) 111100A* D*1*01** 1 —
Da, @x
MOVX. W MSW of Da - (Ax),Ax+2 - AX 111100A* D*1* 10** 1 —
Da, @x+
MOVX. W MSW of Da - (AX),Ax+Ix - Ax 111100A*Dr1*11** 1 —
Da, @X+l x
Table2.29 DoubleData Transfer Instructions (Y Memory Data)
Instruction Operation Code Cycles DC Bit
NCPY No Operation 111100* 0* 0* 0** 00 1 —
MOVY. W (Ay) > MSW of Dy,0 - LSW of Dy  111100* A*D*0**01 1 —
@y, Dy
MOVY. W (Ay) -~MSW of Dy,0 - LSW of Dy, 111100* A*D*0**10 1 —
@y+, Dy Ay+2 - Ay
MOVY. W (Ay) ~MSW of Dy,0 - LSW of Dy, 111100*A*D0**11 1 —
@y+ly, Dy Ay+ly - Ay
MOVY. W MSW of Da - (Ay) 111100* A*DF1**01 1 —
Da, @y
MOVY. W MSW of Da - (Ay),Ay+2 - Ay 111100* A*D1** 10 1 —
Da, @y+
MOVY. W MSW of Da - (Ay),Ay+ly - Ay 111100* A*DF1**11 1 —
Da, @y+ly

93

HITACHI



Table2.30 Single Data Transfer Instructions

Instruction Operation Code Cycles DC Bit

MODVS. W As-2 - As,(As) - MSW of 111101AADDDD0000 1 —

@As, Ds Ds,0 - LSW of Ds

MOVS. W @s, Ds (As) -~MSW of Ds,0 - LSW of 111101AADDDD0100 1 —
Ds

MOVS. W @s+, s (As) - MSW of Ds,0 - LSW of 111101AADDDD1000 1 —
Ds, As+2 - As

MOVS. W (As) -~MSW of Ds,0 - LSW of 111101AADDDD1100 1 —

@s+l x, Ds Ds, As+Ix - As

MDVS. W As-2 - As,MSW of Ds - (As)* 111101AADDDD0001 1 —

Ds, @As

MOVS. W Ds, @s MSW of Ds - (As)* 111101AADDDD0101 1 —

MOVS. WDs, @s+ MSW of Ds - (As)*,As+2 - As 111101AADDDD1001 1 —

MOVS. W MSW of Ds - (As)*,As+ls~As  111101AADDDD1101 1 —

Ds, @s+l s

MDVS. L As—4 - As,(As) -Ds 111101AADDDD0010 1 —

@As, Ds

MO/S. L @s, Ds (As)-Ds 111101AADDDD0110 1 —

MOVS.L @s+ Ds (As)-Ds,As+4 - As 111101AADDDD1010 1 —

MOVS. L (As) - Ds,As+ls - As 111101AADDDD1110 1 —

@s+l s, Ds

MOVS. L Ds, As—4 - As,Ds - (As)* 111101AADDDD0011 1 —

@As

MOVS. L Ds, @s Ds - (As)* 111101AADDDD0111 1 —

MOVS. L Ds, @s+ Ds-(As)*As+4-As 111101AADDDD1011 1 —

MOVS. L Ds - (As)*,As+ls — As 111101AADDDD1111 1 —

Ds, @s+l s

Note: * When guard bit registers AOG and A1G are specified for the source operand Ds, data is
sign-extended before being transferred.
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Table 2.31 shows the correspondence between the DSP data transfer operands and registers. CPU
core registers are used as pointer addresses indicating memory addresses.

Table2.31 Correspondence between DSP Data Transfer Operands and Registers

SH (CPU Core) Registers

R4 R5
Oper- R2 R3 (Ax0) (Ax1) R6
and RO R1 (As2) (As3) (As0) (As0) (Ay0)

R7
(Ayl)

R8
(Ix)
(Is)

R9
(Iy)

AX — — — — Yes Yes —

x(s) — — @— — — — —

Yes

DX - - - = = = =

Ay — — — — — — Yes

Dy — - - - = = =

ba - - - = = = =

As — — Yes Yes Yes Yes —

Ds - - - - - = =

Oper- DSP Registers

and X0 X1 YO Y1 MO M1 A0

AX = = = = = = =

Ix(s)y — — — — — — —

Dx Yes Yes — — — — —

S —

172 —

Dy — — Yes Yes — — —

Da - - = — — — Yes

Yes

AS o= = = = = = =

Ds Yes Yes Yes Yes Yes Yes Yes

Yes

Yes

Yes

Note: Yes indicates that the register can be set.
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253 DSP Operation Instruction Set

DSP operation instructions are digital signal processing instructions processed by the DSP unit.
These instructions use 32-bit instruction codes, and multiple instructions are executed in parallel.
Theinstruction codes are divided into an A field and a B field; parallel datatransfer instructions
are designated in the A field, and single or double data operation instructions are designated in the
B field. Instructions can be independently designated and execution can also be carried out
independently. A parallel datatransfer instruction designated in the A field is exactly the same asa
double data transfer instruction.

The B field data operation instructions are divided into three groups: double data operation
instructions, conditional single data operation instructions, and unconditional single data operation
instructions. Table 2.32 lists the instruction formats of the DSP operation instructions. Each of the
operands can be independently selected from the DSP registers. Table 2.33 shows the
correspondence between the DSP operation instruction operands and registers.

Table2.32 DSP Operation Instruction Formats

Classification Instruction Forms Instruction
Double data operation instructions ALUop. Sx, Sy, Du PADD PMLLS,
(6 operands) MTop. Se, Sf, Dy PSUB PMLS
Conditional single data 3 operands ALWop. Sx, Sy, Dz PADD, PAND, PCR
operation instructions DCT ALUop. S, Sy, Dz PSHA, PSH., PSUB,
oo PXCR
DCF ALWop. Sx, Sy, Dz
2 operands ALUop. Sx, Dz PCCPY, PDEC, PDVSB,
PNEG
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALWop. Dz PR
DCT ALWop. Dz
DCF ALUop. Dz
Unconditional single data 3 operands ALUop. Sx, Sy, Du PADDC, PSUBC, PMULS
operation instructions MTop. Se, Sf, Dy
2 operands ALUop. Sx, Dz POWP, PABS, PRN\D
ALUop. Sy, Dz
ALop. SX, Sy
1 operand ALUop. Dz PSHA #i nm
PSH_ #i mm
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Table2.33 Correspondence between DSP Instruction Operands and Registers

ALU and BPU Instructions Multiplication Instructions
Register Sx Sy Dz Du Se Sf Dg
AO Yes — Yes Yes — — Yes
Al Yes — Yes Yes Yes Yes Yes
MO — Yes Yes — — — Yes
M1 — Yes Yes — — — Yes
X0 Yes — Yes Yes Yes Yes —
X1 Yes — Yes — Yes — —
YO — Yes Yes Yes Yes Yes —
Y1 — Yes Yes — — Yes —

When writing parallel instructions, write the B field instructions first, then write the A field
instructions:

PADD A0, M), AO PMLS X0, YO, M  MWX W @4+, X0 MOVY. W @6+, YO[ ; ]
DCF PINC X1, Al MOVX. W AO, @5+R8 MOVY. WER7+, YO[ ; ]
POWP X1, M MOVX. W @4 [NCPY] [ ;]

Text in brackets ([]) can be omitted. The no operation instructions NOPX and NOPY can be
omitted. Semicolons (;) are used to demarcate instruction lines, but can be omitted. If semicolons
are used, the space after the semicolon can be used for comments.

Theindividual status codes (DC, N, Z, V, GT) of the DSR register are aways updated by
unconditional ALU operation instructions and shift operation instructions. Conditional instructions
do not update the status codes, even if the conditions have been met. Multiplication instructions
aso do not update the status codes. DC hit definitions are determined by the specifications of the
CShbitsin the DSR register.

Table 2.34 lists the DSP operation instructions by classification.
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Table2.34 Classification of DSP I nstructions

Instruction Operation No. of In-
Classification Types Code Function structions
ALU ALU fixed decimal 11 PABS Absolute value 28
arith- point operation operation
metic instructions PADD Addition
opera- — -
tion PADD Addition and signed
instruc- PMULS multiplication
tions PADDC Addition with carry
PCLR Clear
PCMP Compare
PCOPY Copy
PNEG Invert sign
PSUB Subtraction
PSUB Subtraction and signed
PMULS multiplication
PSUBC Subtraction with borrow
ALU integer 2 PDEC Decrement 12
operation
instructions PINC Increment
MSB detection 1 PDMSB MSB detection 6
instruction
Rounding operation 1 PRND Rounding 2
instruction
ALU logical operation 3 PAND Logical AND 9
instructions POR Logical OR
PXOR Logical exclusive OR
Fixed decimal point 1 PMULS Signed multiplication 1
multiplication instruction
Shift Arithmetic shift 1 PSHA Arithmetic shift 4
operation instruction
Logical shift 1 PSHL Logical shift 4
operation instruction
System control instructions 2 PLDS System register load 12
PSTS Store from system
register
Total 23 Total 78
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254

Various Operation Instructions

ALU Arithmetic Operation Instructions: Tables 2.35 to 2.44 list various operation instructions.

Table2.35 ALU Fixed Point Operation I nstructions

Instruction Operation Code Cycles DC Bit
PABS Sx, Dz If Sx=0,Sx - Dz 111210%**xkxkxskx 1 Update
If Sx<0,0— Sx - Dz 10001000xx00zzzz
PABS Sy, Dz If Sy=0,Sy Dz 111210%**xkxkxkx 1 Update
If Sy<0,0-Sy - Dz 1010100000yyzzzz
PADD SXx, Sy, Dz Sx+Sy Dz 11117Q****xkxxkx 1 Update
10110001xxyyzzzz
DCT PADD if DC=1,Sx+Sy Dz if O,nop  111110********=x* 1 —
., Y, D 10110010xxyyzzzz
DCF PADD if DC=0,Sx+Sy -~ Dz if 1,nop  111110********x* 1 —
, 9, D 10110011xxyyzzzz
PADD Sx, Sy, Du Sx+Sy - Du 112100*****kxkskx 1 Update
PMLS Se, Sf,Dg MSW of Se x MSW of 0l1leef f xxyygguu
Sf-Dg
PADDC Sx, Sy, Dz Sx+Sy+DC - Dz 112100*****kxkskx 1 Update
10110000xxyyzzzz
PCLR Dz H'00000000 - Dz 111210%**xkxkxskx 1 Update
100011010000zzzz
DCT POLR Dz if DC=1,H'00000000 - Dz 111210%**xkxkxkx 1 —
if 0,nop 100011100000zzzz
DCF POLR Dz if DC=0,H'00000000 - Dz 111210%****xkxkx 1 —
if 1,nop 100011110000zzzz
POWP Sx, Sy Sx-Sy 111210% ****xkxkx 1 Update
10000100xxyy0000
PCCPY Sx, Dz Sx - Dz 112100*****kxkskx 1 Update
11011001xx00zzzz
PCCPY Sy, Dz Sy-Dz 112100******xkskx 1 Update
1111100100yyzzzz
DCT POCPY if DC=1,Sx - Dz if O,nop 111210%**xkxkxskx 1 —
S, e 11011010xx00z22z
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Table2.35 ALU Fixed Point Operation Instructions (cont)

Instruction Operation Code Cycles DC Bit
DCT POCPY if DC=1,Sy - Dz if O,nop 111210% **xkxkxkx 1 —
S, be 1111101000yyzz22
DCF POCPY if DC=0,Sx - Dz if 1,nop 111210%**x*xkxkx 1 —
, e 11011011xx00z222
DCF POCPY if DC=0,Sy - Dz if 1,nop 111210% **x*xkxkx 1 —
S, D 1111101100yyzzzz
PNEG Sx, Dz 0-Sx - Dz 111210% **x*xkxkx 1 Update
11001001xx00zzzz
PNEG Sy, Dz 0-Sy Dz 112100* ****kxkskx 1 Update
1110100100yyzzzz
DCT PNEG Sx, Dz  if DC=1,0-Sx-Dz 111210% **x*xxwxix 1 —
if 0,nop 11001010xx00zzzz
DCT PNEG Sy, Dz if DC=1,0-Sy -~ Dz 111210% **xkxkxkx 1 —
if 0,nop 1110101000yyzzzz
DCF PNEG Sx, Dz if DC=0,0-Sx - Dz 111210%**x*xkxkx 1 —
if 1,nop 11001011xx00zzzz
DCF PNEG Sy, Dz if DC=0,0-Sy - Dz 111210% **x*xkxkx 1 —
if 1,nop 1110101100yyzzzz
PSUB Sx, Sy, Dz Sx-Sy - Dz 111210% **x*xkxkx 1 Update
10100001xxyyzzzz
DCT PSUB if DC=1,SXx—Sy —~ Dz if O,nop ~ 111110%*****x*xx* 1 —
, 5y, bz 10100010xxyyzzzz
DCF PSUB if DC=0,Sx—Sy - Dz if 1,nop  111110%*****x*xx* 1 —
S, 8y, Dz 10100011xxyyzzzz
PSUB Sx, Sy,bu  Sx-Sy-Du 111210% **xkxkxkx 1 Update
PMLLS Se, Sf,Dg MSW of Se x MSW of 0110eef f xxyygguu
Sf-Dg
PSUBC Sx, Sy, Dz Sx-Sy-DC - Dz 111210%**xkxkxkx 1 Update
10100000xxyyzzzz
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Table2.36 ALU Integer Operation Instructions

Instruction Operation Code Cycles DC Bit

PDEC Sx, Dz MSW of Sx —1 - MSW of 1121010%***xxkkxx 1 Update
Dz, clear LSW of Dz 10001001xx00z2zz

PDEC Sy, Dz MSW of Sy —1 - MSW of 112710****xxkkxx 1 Update
Dz, clear LSW of Dz 1010100100yyzz27

DCT PDEC Sx,Dz If DC=1, MSWof Sx -1 - 111110 **HxH*Hkxx 1 —
I\D/lzs;\?f/(()),fr?ozp; clear LSW of 10001010xx00zzzz

DCT PDEC Sy,Dz If DC=1, MSWofSy-1 - 111110******kkxx 1 —
I\D/lzs;\?f/(()),fr?oz;; clear LSW of 1010101000yyzzzz

DCF PDEC Sx,Dz If DC=0, MSW of Sx -1 - 1121710****xxkkxx 1 —
’I\D"ZS\f‘f’ f,frizp; clear LSW of 10001011xx002227

DCF PDEC Sy, Dz If DC=0, MSW of Sy -1 - 111110***Hx**Hkxx 1 —
'\é'zs‘f\f’ f’fizp; clearLSWof  1010101100yyzz22

PI NC Sx, Dz MSW of Sx +1 - MSW of 111110******kkxx 1 Update
Dz, clear LSW of Dz 10011001xx00zzzz

PINC Sy, Dz MSW of Sy + 1 - MSW of 111110*****Hkkkkx 1 Update
Dz, clear LSW of Dz 1011100100yyzzz7

DCT PINC Sx,Dz IfDC=1, MSWof Sx +1 - 1121710****xxkkxx 1 —
’I\DAZS;\?f/(()),frEJZF; clear LSWof  10011010xx00zzzz

DCT PINC Sy,Dz IfDC=1, MSWofSy+1 - 111110****x**Hkxx 1 —
MSW of Dz, clear LSW of 1011101000yyzz27
Dz; if 0, nop

DCF PINC Sx, Dz If DC=0, MSW of Sx +1 - 111110 *****kkxx 1 —
I\DAZS\:\f/ f,fr?ozp’ clear LSW of 10011011xx00zzzz

DCF PINC Sy,Dz If DC=0, MSW of Sy +1 - 112710****xxkkxx 1 —
’I\D"ZS\f‘f’ f,frizp; clear LSW of 1011101100yyzz27
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Table2.37 MSB Detection I nstructions

Instruction Operation Code Cycles DC Bit

PDVBB Sx, Dz Sx data MSB position - 111210%****x*skx 1 Update
'\D"ZSW of Dz, clear LSWof  10011101xx00z222

PDVSB Sy, Dz Sy data MSB position — 111210Q* ****xkkkx 1 Update
I|\3AZSW of Dz, clear LSW of 1011110100yyzz22

DCT PDVBB If DC=1, Sx data MSB 111210% **x*xkxkx 1 —

S, Dz position — MSW _Of Dz, 10011110xx00zzzz
clear LSW of Dz; if 0, nop

DCT PDVBB If DC=1, Sy data MSB 111210%**xkxkxkx 1 —

S, bz position — MSW of Dz, 1011111000yyzz22
clear LSW of Dz; if 0, nop

DCF PDVBB If DC=0, Sx data MSB 111210% **x*x ks 1 —

, D position — MSW of Dz, 10011111xx00zz2z
clear LSW of Dz; if 1, nop

DCF PDVSB If DC=0, Sy data MSB 111210% **x*xkxkx 1 —

S, D position — MSW of Dz, 1011111100yyzz22
clear LSW of Dz; if 1, nop

Table2.38 Rounding Operation Instructions

Instruction Operation Code Cycles DC Bit

PR\D Sx, Dz Sx+H'00008000 - Dz 111210% **xkxkxkx 1 Update
clear LSW of Dz 10011000xx00zzzz

PR\D Sy, Dz Sy+H'00008000 - Dz 111210%**x*xkxkx 1 Update
clear LSW of Dz 1011100000yyzzzz
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Table2.39 ALU Logical Operation Instructions

Instruction Operation Code Cycles DC Bit

PAND Sx, Sy,Dz Sx & Sy - Dz, clear LSW 111210%**xkxkxskx 1 Update
of Dz 10010101xxyyzzzz

DCT PAND If DC=1, Sx & Sy - Dz, 111210%**xkxkxkx 1 —

S, Sy, Dz clear LSW of Dz; if 0, nop 10010110xxyyzz22

DCF PAND If DC=0, Sx & Sy - Dz, 111210% ****xkxkx 1 —

S, Sy, Dz clear LSW of Dz; if 1, nop 10010111xxyyzz22

PCR Sx, Sy, Dz SX | Sy — Dz, clear LSW of = 11111Q********%* 1 Update
Dz 10110101xxyyzzzz

DCT PCR If DC=1, Sx | Sy - Dz, 111210% ***kxkxsx 1 —

X, Sy, Dz clear LSW of Dz; if 0, nop 10110110xxyyzz22

DCF PCR If DC=0, Sx | Sy - Dz, 111210% **x*xxxsx 1 —

X, Sy, Dz clear LSW of Dz; if 1, nop 10110111xxyyzz22

PXCR S, Sy,Dz Sx” Sy - Dz, clear LSW 111210%**xkxkxkx 1 Update
of Dz 10100101xxyyzzzz

DCT PXCR If DC=1, Sx " Sy - Dz, 111210%**xkxkxkx 1 —

S, Sy, Dz clear LSW of Dz; if 0, nop 10100110xxyyzz22

DCF PXCR If DC=0, Sx " Sy - Dz, 111210%****xkxkx 1 —

S, Sy, Dz clear LSW of Dz; if 1, nop 10100111xxyyzz22

Table2.40 Fixed Point Multiplication I nstructions

Instruction Operation Code Cycles DC Bit

PMLS Se, Sf,Dg MSW of Se x MSW of 111210%****xkxkx 1 —
St-Dg 0100eef f 0000gg00
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Table2.41 Arithmetic Shift Operation Instructions

Instruction Operation Code Cycles DC Bit
PSHA Sx, Sy, Dz if Sy=0,Sx<<Sy - Dz 112100******xxkx 1 Update
if Sy<0,Sx>>Sy - Dz 10010001xxyyzzzz
DCT PSHA if DC=1 & 111170******xxkx 1 —
S, &y, e Sy20,5x<<Sy - Dz 10010010xxyyzzzz
if DC=1 &
Sy<0,Sx>>Sy - Dz
if DC=0,nop
DCF PSHA if DC=0 & 112100Q****xkxxskx 1 —
., Y, D Sy=0,Sx<<Sy- Dz 10010011xxyyzzzz
if DC=0 &
Sy<0,Sx>>Sy - Dz
if DC=1,nop
PSHA #i nm Dz if imm=0,Dz<<imm - Dz 111210%****xkkkx 1 Update
if imm<0,Dz>>imm - Dz 00010iiiiiiizzzz
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Table2.42 Logical Shift Operation Instructions

Instruction

Operation

Code

Cycles

DC Bit

PSH. Sx, Sy, Dz

if Sy=0,Sx<<Sy- Dz, clear

LSW of Dz

if Sy<0,Sx>>Sy - Dz, clear

LSW of Dz

111110**********
10000001xxyyzzzz

Update

ik
<k

if DC=1 &

Sy=0,Sx<<Sy - Dz, clear

LSW of Dz
if DC=1 &

Sy<0,Sx>>Sy - Dz, clear

LSW of Dz
if DC=0,nop

111110**********
10000010xxyyzzzz

®g
9 5
ok

if DC=0 &

Sy=0,Sx<<Sy - Dz, clear

LSW of Dz
if DC=0 &

Sy<0,Sx>>Sy - Dz, clear

LSW of Dz
if DC=1,nop

111110**********
10000011xxyyzzzz

PSHL #i mm Dz

if imm=0,Dz<<imm - Dz,

clear LSW of Dz

if imm<0,Dz>>imm - Dz,

clear LSW of Dz

111110**********

Update
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Table2.43 System Control Instructions

Instruction Operation Code Cycles DC Bit
PLDS Dz —MACH 111110 ***xxxxxx ] —
Ce, MACH 111011010000z222

PLDS Dz MACL 111100 ****xxxxx ] —
Ce, ML 111111010000zz22

DCT PLOS if DC=1,Dz — MACH 111100 ****xkxxx ] —
Dz, MACH if 0,nop 111011100000zzzz

DCT PLDS if DC=1,Dz — MACL 111110 ***xxkxxs ] —
Dz, MACL if 0,nop 1111111000002222

DOF PLDS if DC=0,Dz — MACH 111110 % **xxksxs ] —
De, MACH if 1,nop 1110111100002227

DOF PLDS if DC=0,Dz - MACL 111100 ***xxksxs ] —
D, MAQL if 1,nop 1111111100002227

PSTS MACH - Dz 111110 ***xxxxxx ] —
MACH De 110011010000z222

PSTS MACL . Dz 111110 ***xxxxxx ] —
MACL, De 110111010000z222

DCT PSTS if DC=1,MACH — Dz 111100 ****xkxxx ] —
MACH Dz if 0,nop 110011100000zzzz

DCT PSTS if DC=1,MACL — Dz 111110 ***xxkxxs ] —
MACL, Dz if 0,nop 1101111000002227

DOF PSTS if DC=0,MACH — Dz 111110 ***xxksxs ] —
MACH Ce if 1,nop 1100111100002227

DCF PSTS if DC=0,MACL — Dz 111110 ***xxssxs ] —
MAQL, e if 1,nop 1101111100002227
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When there are no data transfer instructions being processed simultaneously in parallel with DSP

operation instructions, it is possible to either write NOPX, NOPY instructions or to omit the

instructions. The instruction codes are the same regardless of whether the NOPX, NOPY
instructions are written or omitted. Table 2.44 gives some examples of NOPX and NOPY
instruction codes.

Table2.44 NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, A0 MOVX W@+, X0 MOVY. W @R6+R9, YO 1111100000001011
1011000100000111
PADD X0, YO, A0 NOPX MOVY. W @6+R9, YO 1111100000000011
1011000100000111
PADD X0, YO, A0 NCPX NOPY 1111100000000000
1011000100000111
PADD X0, YO, A0 NCPX 1111100000000000
1011000100000111
PADD X0, YO, AO 1111100000000000
1011000100000111
MOVX. W @4+, X0 MOVY. W @6+R9, YO 1111000000001011
MOVX. W @4+, X0 NCPY 1111000000001000
MOVS. W @4+, X0 1111010010001000
NCPX MOVY. W @6+R9, YO 1111000000000011
MOVY. W @6+R9, YO 1111000000000011
NOPX NCPY 1111000000000000
NCP 0000000000001001
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3.1

Section 3 Oscillator Circuits and Operating Modes

Overview

Operation of the on-chip clock pulse generator, and CS0 area bus width specification, are
controlled by the operating mode pins. A crystal resonator or external clock can be selected as the
clock source.

3.2

321

On-Chip Clock Pulse Generator and Operating Modes

Clock Pulse Generator

A block diagram of the on-chip clock pulse generator circuit is shownin figure 3.1.

CAP1

CKIO

CAP2

EXTAL

XTAL

CKPREQ/CKM

MD2

MD1

MDO

CKPACK*

» PLL circuit 1

On/Off

Oscillator PLL circuit 2
x1, X2, x4 |

» (p system clock
DIVE
L 1/1 » EQ
12 External interface
1/4 clock
DIVM
H 1 e
CPU/DSP core
1/4
clock
DIVP
| | 11 > P
1/2 g
Peripheral module
1/4
clock

Clock mode control circuit

Note: See section 22.4.4, Clock Pause Function.

The relationship between the
internal clock frequencies is:
lp= E@=Pao.

Maximum frequencies are:

I, Ep< 60 MHz, P@ < 30 MHz.

Figure3.1 Block Diagram of Clock Pulse Generator Cir cuit
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Pin Configuration: Table 3.1 lists the functions relating to the pins relating to the oscillator
circuit.

Table3.1 Pin Configuration

Pin Name I/O Function

CKIO I/0 External clock input pin or internal clock output pin

XTAL (0] Connects to the crystal resonator

EXTAL I Connects to the crystal resonator or to the external clock input when
using PLL circuit 2

CAP1 I Connects to capacitance for operating PLL circuit 1

CAP2 I Connects to capacitance for operating PLL circuit 2

MDO I The level applied to these pins specifies the clock mode

MD1 I

MD2 I

CKPREQ/CKM | Used as the clock pause request pin, or specifies operation of the crystal
resonator

PLL Circuit 1: PLL circuit 1 eliminates phase differences between external clocks and clocks
supplied internally within the chip. In high-speed operation, the phase difference between the
reference clocks and operating clocksin the chip directly affects the interface margin with
periphera devices. On-chip PLL circuit 1 is provided to eliminate this effect.

PLL Circuit 2: PLL circuit 2 either leaves unchanged, doubles, or quadruples the frequency of
clocks provided from the crystal resonator or the EXTAL pin external clock input for the chip
operating frequency. The frequency modification register sets the clock frequency multiplication
factor.
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322 Clock Operating M ode Settings
Table 3.2 lists the functions and operation of clock modes 0 to 6.
Table3.2 Operating Modes

Clock Mode Function/Operation Clock Source

0 PLL circuits 1 and 2 operate. A clock is output with the same Crystal resonator/
phase (with the same frequency as Eg) as the internal clocks external clock input
(lg, Eg, Pg) from the CKIO pin

PLL circuits 1 and 2 can be switched between the operating
and halted states by means of control bits in the frequency
modification register (FMR). The CKIO pin can also be placed
in the high-impedance state

Normally, mode 0 should be used.

1 PLL circuits 1 and 2 operate. A clock (with the same
frequency as Eg) 1/4 g cycle in advance of the chip's internal
system clock g is output from the CKIO pin.

PLL circuits 1 and 2 can be switched between the operating
and halted states by means of control bits in the frequency
modification register (FMR). The CKIO pin can also be placed
in the high-impedance state. However, clock phase shifting is
not performed when PLL circuit 1 is halted.

Normally, mode 0 should be used.

2 Only PLL circuit 2 operates. The clock from PLL circuit 2 is
output from the CKIO pin (having the same frequency as the
Eg). As PLL circuit 1 does not operate, phases are not
matched in this mode

PLL circuit 2 can be switched between the operating and
halted states by means of a control bit in the frequency
modification register (FMR). The CKIO pin can also be placed
in the high-impedance state

3 Only PLL circuit 2 operates. The CKIO pin is high-impedance

PLL circuit 2 can be switched between the operating and
halted states by means of a control bit in the frequency
modification register (FMR)

4 Only PLL circuit 1 operates. Operate PLL circuit 1 when External clock input
operating with synchronization of the phases of the clock
input from the CKIO pin and the internal clocks (g, Eg, Pg).
PLL circuit 2 does not operate in this mode

PLL circuit 1 can be switched between the operating and
halted states by means of a control bit in the frequency
modification register (FMR)
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Table3.2

Clock Mode

Operating M odes (cont)

Function/Operation Clock Source

5

Only PLL circuit 1 operates. Operate PLL circuit 1 when External clock input
operating with a 1/4 @ cycle lag of the clock input from the

CKIO pin and the internal clocks (lg, Eg, Pg) with respect to

system clock g. PLL circuit 2 does not operate in this mode

PLL circuit 1 can be switched between the operating and
halted states by means of control bits in the frequency
modification register (FMR). However, clock phase shifting is
not performed when PLL circuit 1 is halted.

Normally, mode 4 should be used.

PLL circuits 1 and 2 do not operate. Set this mode when a
clock having a frequency equal to that of clocks the clock
input from the CKIO pin is used

The internal clock frequency can be changed in each clock mode (see section 3.2.5, Operating
Frequency Selection by Register).

In clock modes 4 to 6, the frequency of the clock input from the CKIO pin can be changed, or the
clock can be stopped (see section 22.4.4, Clock Pause Function).

Table 3.3 lists the relationship between pins MD2 to MDO and the clock operating mode. Do not
switch the MD2-MDO pins while they are operating. Switching will cause operating errors.
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Table3.3

Clock Mode Pin Settingsand States

Pin
Clock CKPREQ/
Mode MD2 MD1 MDO CKM EXTAL XTAL CKIO
0 0 0 0 0 Clock input Open Output/high
1 Crystal Crystal impedance
oscillation oscillation
1 0 0 1 0 Clock input Open Output/high
Crystal Crystal impedance
oscillation oscillation
2 0 1 0 0 Clock input Open Output/high
1 Crystal Crystal impedance
oscillation oscillation
3 0 1 1 0 Clock input Open High
Crystal Crystal impedance
oscillation oscillation
4 1 0 * Open Open Clock input
5 1 1 Open Open Clock input
6 1 0 Open Open Clock input

Note: Do not use in combinations other than those listed.
* In clock modes 4, 5, and 6, CKPREQ/CKM functions as the clock pause request pin.
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323 Connecting a Crystal Resonator

Connecting a Crystal Resonator: Figure 3.2 shows an example of crystal resonator connection.
The values of damping resistance R and load capacitances CL 1 and CL 2 should be decided after
investigating the components in collaboration with the manufacturer of the crystal oscillator to be
used. The crystal resonator should be an AT-cut parallel-oscillator type. Place the crystal resonator
and its load capacitors as close as possible to the XTAL and EXTAL pins.

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation.

—¢— High level

CKPREQ/CKM
CKIO Qutput or high
impedance
o
EXTAL _L it /Jr
= CL2
XTAL My I
R P

Notes: 1. The CKIO pin is an output in clock modes 0,1, and 2. In mode 3, it is high impedance.
2. The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal resonator manufacturer.

Figure3.2 Exampleof Crystal Oscillator Connection
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324 External Clock Input
An external clock isinput from the EXTAL pin or the CKIO pin, depending on the clock mode.

Clock Input from EXTAL Pin: This method can be used in clock modes 0, 1, 2, and 3.

S— Ground level
CKPREQ/CKM ﬂ The CKIO pin is an output
in clock modes 0, 1, and 2,
and is high-impedance in
Output or clock mode 3.

CKIO high-impedance

EXTAL |¢— | | | | | | External Clock Input

XTAL Open

Figure 3.3 External Clock Input Method

Clock Input from CKIO Pin: This method can be used in clock modes 4, 5, and 6.

CKPREQ/CKM |l«—— The CKPREQ/CKM pin is the clock
pause request input pin.

CKIO [¢— | | | | | | External Clock Input

EXTAL —— Open

XTAL —— Open

Figure3.4 External Clock Input Method
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325 Operating Frequency Selection by Register

Using the frequency modification register (FMR), it is possible to specify the operating frequency
division ratio for the internal clocks (I¢, E@, Pp). Theinternal clock frequency is determined under
the control of PLL circuits 1 and 2 and dividers DIVM, DIVE, and DIVP.

Frequency Modification Register (FMR): The frequency modification register isinitialized only
by a power-on reset viathe RES pin, and not by an internal reset resulting from WDT overflow.
Itsinitial value depends on the settings of pins MD2-MDO. Table 3.4 shows the relationship
between the MD2-M DO pin combinations and the initial value of the frequency modification
register.

Table3.4 Relationship between Clock Mode Pin Settings and I nitial Value of Frequency
Modification Register

Clock Mode MD2 MD1 MDO Initial Value
Mode 0 0 0 0 H'00

Mode 1 0 0 1

Mode 2 0 1 0 H'40

Mode 3 0 1 1 H'60

Mode 4 1 0 0 H'A6

Mode 5 1 0 1

Mode 6 1 1 0 H'EO

The register configuration is shown in table 3.5.

Table3.5 Register Configuration

Name Abbreviation R/W Initial Value Address
Frequency modification register FMR R/W See table 3.4 H'FFFFFEQ0
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Bit: 7 6 5 4 3 2 1 0

\ PLL2ST \ PLLlST‘ CKIOST \ — \ FR3 \ FR2 \ FR1 \ FRO \
Reset: — — — 0 0 — — 0
RW:  RMW RIW RIW R RIW RIW RIW RIW

Bit 7—PLL2ST: Switching is possiblein modes 0 to 3. In modes 4 to 6, PLL circuit 2 cannot be
used. In these modes, this bit always reads 1.

Bit 7: PLL2ST Description

0 PLL circuit 2 used

1 PLL circuit 2 not used

Bit 6—PLL1ST: Switchingis possiblein modes 0, 1, 4, and 5. In modes 2, 3, and 6, PLL circuit 1
cannot be used. In these modes, this bit always reads 1.

Bit 6: PLL1ST Description

0 PLL circuit 1 is used

1 PLL circuit 1 is not used

Bit 5—CKIOST: Setting is possiblein modes 0 to 3. In modes 4 to 6, the CKIO pinis an input
pin. In these modes, this bit always reads 1.

Bit 5: CKIOST Description

0 The CKIO pin outputs E@

1 The CKIO pin is in the high-impedance state (Do not place CKIO in the high-
impedance state when PLL circuit 1 is operating)

Bit 4—Reserved: This bit always reads 0. The write value should always be 0.

Bits 3to 0—FR3to FRO: Theinternal clock frequency and CKIO output frequency (modes 0-2)
can be set by frequency setting bits FR3—FRO. The values that can be set in bits FR3—FRO depend
on the mode and whether PLL circuit 1 and PLL circuit 2 are operating or halted. The following
tables show the values that can be set in FR3—FRO, and the internal clock and CKIO output
frequency ratios, taking the external input clock frequency as 1.
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¢ ModesOand 1

PLL circuits 1 and 2 operating
EXTAL input or crystal resonator used

FR3 FR2 FR1 FRO ® lo Eo Po CKIO
0 0 0 0 x4 x1 x1 x1 Eg
0 1 0 0 x4 x2 x1 x1 Eo
0 1 0 1 x4 x2 x2 x1 Eo
0 1 1 0 x4 x2 x2 x2 Eg
1 0 0 0 x4 x4 x1 x1 Eo
1 0 0 1 x4 x4 x2 x1 Eo
1 0 1 0 x4 x4 x2 x2 Eg
1 1 0 0 x4 x4 x4 x1 Eo
1 1 1 0 x4 x4 x4 x2 Eo
Note: Do not use combinations other than those shown above.
e ModesOto 3
PLL circuit 1 halted, PLL circuit 2 operating
EXTAL input or crystal resonator used
FR3 FR2 FR1 FRO 0 0 =0 Po CKIO
0 0 0 0 x1 x1 x1 x1 Eo
0 1 0 1 x2 x2 x2 x1 Eo
0 1 1 0 x2 x2 x2 x2 Eo
1 1 0 0 x4 x4 x4 x1 Eo
1 1 1 0 x4 x4 x4 x2 Eo
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Modes 0 and 1
PLL circuit 1 operating, PLL circuit 2 halted
EXTAL input or crystal resonator used

FR3 FR2 FR1 FRO ® o) Eg Po CKIO
0 0 0 x4 x1 x1 x1 Eop
x4 x2 x1 x1 Eo
1 0 0 0 x4 x4 x1 x1 Eo
Note: Do not use combinations other than those shown above.
e Modes4and5
PLL circuit 1 operating, PLL circuit 2 halted
CKIO input
FR3 FR2 FR1 FRO ® o) Eg Po CKIO
0 1 0 1 x2 x1 x1 x1/2 Eop
0 1 1 0 x2 x1 x1 x1 Eo
1 0 0 1 x2 x2 x1 x1/2 Eo
1 0 1 0 x2 x2 x1 x1 Eop

Note: Do not use combinations other than those shown above.
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ModesOto 6

PLL circuits 1 and 2 halted

EXTAL input or crystal resonator used (modes O to 3)
CKIO input (modes 4 to 6)

FR3 FR2 FR1 FRO (0] o Eg Po CKIO
0 0 0 0 x1 x1/4 x1/4 x1/4 x1
0 1 0 0 x1 x1/2 x1/4 x1/4 x1
0 1 0 1 x1 x1/2 x1/2 x1/4 x1
0 1 1 0 x1 x1/2 x1/2 x1/2 x1
1 0 0 0 x1 x1 x1/4 x1/4 x1
1 0 0 1 x1 x1 x1/2 x1/4 x1
1 0 1 0 x1 x1 x1/2 x1/2 x1
1 1 0 0 x1 x1 x1 x1/4 x1
1 1 1 0 x1 x1 x1 x1/2 x1
1 1 1 1 x1 x1 x1 x1 x1

Note: Do not use combinations other than those shown above.

Frequency Change: When PLL circuit 1 or PLL circuit 2 becomes operational after modifying
the frequency modification register (including modification the frequency modification register in
the operating state), access the frequency modification register using the following procedure, and
noting the cautions listed below.

Frequency change procedure

Set the on-chip watchdog timer (WDT) overflow time to secure the PLL circuit oscillation
settling time (CKS[2-0] bitsin WTCSR).

Clear the WT/IT and TME bit to 0 in WTCSR.

Perform aread anywhere in an external memory area 0—4 cache-through area.

Change the frequency modification register to the target frequency, or change the
operating/halted state of the PLL circuits 1 and 2 (the entire chip will stop for a maximum of 5
peripheral module clock (Pg) cycles).

The oscillation circuits operate, and the clock is supplied to the WDT. This clock increments
the WDT.

On WDT overflow, supply of aclock with the frequency set in frequency setting bits FR3-FRO
begins. In this case, the OVF bit in WTSCR and the WOV F bit in RSTCSR are not set, an
interval timer interrupt (1T1) is not requested, and the WDTOVF signal is not asserted.
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Cautions

The read from the external memory space 0—4 cache-through area and the write to the

frequency modification register should be performed in on-chip X/Y memory or cache

memory. After reading from the external memory space 0—4 cache-through area, do not

perform any write operations in external memory spaces 0—4 until the write to the frequency

modification register.

When performing frequency modification in on-chip X/Y memory, place the instruction that

rewrites the frequency modification register at address 4n, and read the frequency modification

register immediately afterwards.

When the program that performs frequency modification is executed in on-chip cache memory,

the following procedure should be used.

O Writesto the frequency modification register should be carried out when the cacheis
disabled.

O Place the frequency modification program in the on-chip cache memory and execute it
using data array read/write space. The frequency modification flowchart is shown in figure
1.

O When the frequency modification program is run, execute an associative purge or forced
purge for entries in the data array used.

O Theinstruction that writes to the frequency modification register must be immediately
followed by at least eight consecutive NOP instructions.

Cache disable

Y

Cache purge

|

Transfer frequency modification
program to data array

v

Execute frequency modification
program in data array read/write space

v

Next program

Figure3.5 Frequency Modification Flowchart

When the write access to the frequency modification register is executed, the WDT starts
automatically.
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¢ Do not turn off the CKI10 output when PLL circuit 1 isin the operating state.
¢ The CKIO output will be unstable until the PLL circuit stabilizes..
e Stop the DMAC before changing the frequency.

If PLL circuit 1 or PLL circuit 2 does not become operational after modifying the frequency
modification register (including modification in the operating state), it means that the above
procedure or cautions have not been properly observed. In this case, the WDT will not operate
even though the frequency modification register is modified.

Frequency modification register setting program (sample)
Executed in on-chip XRAM
; Define constant

DVACR .BEQU H FFFFFFBO
WCSR .BEQU H FFFFFESO
FVR .BEQU H FFFFFESO0
XRAM .EQU  H 1000E000

.ORG  H 00000450

MOV.L #FMR START, RO ;
MOV. L #XRAM RL ;
MOV. L  #FMR END, R3 ;

PROG TRN\S:
MOV.L @0+ R ; Read from main memory
MV.L R, @& ;. Writeto XRAM
ADD #4, RL ; Increment pointer
W/ GT R3, RO ; Determine end of loop
BF PROG TRNS ;
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MOV. L #XRAM RO;
JMP @0;

;  Program transferred to on-chip RAM

MOV. L #DVACR RO;
MOV #0, RL;
MOV. W R1, @0;

M. L #WCSR RO ;
MOV. W #H A51B, RL ; Set = PLL/crystal resonator oscillation stabilization time
MOV. W R1, @0 ;

MOv. L #H 20000000, RO ;
MO/.L @0, RO ; Dummy read from cache-through area
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MOV.L #FMR RO ;

MOV #H OA RL ; SetlgEgPa=4:2:2
BRA FMR W ; Branch to writeto FMR located at 4n boundary
NCP ;

; Place FMR write at 4n, perform FMR read from 4n+2
;  Use .ORG specification to specify address

.ORG H 00000550
FMR'W MWV.B RL, @0 : Writeto FMR
MV.B @0, RL : Read from FMR

MOV. L #NEXT_PROG RO;
IV @;

;  Next program

NEXT_PROG
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Frequency modification register setting program (sample)
Executed in on-chip cache memory

; Define constant

DVACR .EQU  H FFFFFFB0
WICSR .EQU  H FFFFFEB0
FMR _EQU  H FFFFFE90
DIRECT RW .EQU  H Q0000000
R _EQU  H FFFFFE92

.ORG  H 00000450

MOV.L #QOOR RO ; CCR save

MOV.B @0, R14 ;

MOV #0, RL ; Disable setting
MV.B RL, @0 ;

MOV #H 10, RL ; Forced purge setting
MOV.B RL, @0 ;

MOV.L #FMR START, RO ;
MOV.L #D RECT RWRL ;
MV.L #FMREND R

PROG TRN\S:
MO/.L @0+ R ; Read from main memory
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MV.L R, @ ; Writeto data array
ADD #4, RL ; Increment pointer

OW/ GI R3, R0 ; Determine end of loop
BF PROG TRNS ;

M. L #D RECT_RW RO;
JIMP @0,

NCP;

. GONST

;  Program transferred to on-chip cache memory

MOV. L #DVACR RO;
MOV #0, RL;
MOV. W R1, @0;

M. L  #WCSR RO ;
MOV. W #H A51B, RL ; Set = PLL/crystal resonator oscillation stabilization time
MOV. W R1, @0 ;
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MOV. L #H 20000000, RO ;
MV.L @0, R0 ; Dummy read from cache-through area

MOV.L #FMR RO ;
MOV #H 0A RL . SetlgEg.Pa=4:2:2

FMRW MV.B Rl, @0 ; Writeto FMR

NCP ;
NCP ;

; Next program

NEXT_PROG

M. L #OCR RO ; OCR | oad
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MOV.B R4, @0 ;

3.26 Clock M odes and Frequency Ranges

The following table shows the operating modes and the associated frequency ranges for input
clocks.

Clock Input PLL Circuit Internal Clock***®
Input Frequency 0] Eo Po CKIO Output
Mode Pin Range (MHz) PLL1 PLL2 (MHz) (MHz) (MHz) (MHz)
0,1 EXTAL or crystal 8-15 On On 8-60 8-60 8-30 8-60
resonator** off On 8-60 860 830 8-60
On Off 8-60 8-15 8-15 8-15
1-30 Off Off 1-30 1-30 1-30 1-30
2 8-15 Off On 8-60 8-60 8-30 8-60
1-30 Off 1-30 1-30 1-30 1-30
3 8-15 On 8-60 8-60 8-30 —
1-30 Off 1-30 1-30 1-30
4,5 CKIO 16-30 On Off 16-60 16-30 16-30 —
1-30 Off 1-30 1-30 1-30
6 1-30 Off 1-30 1-30 1-30
Notes: 1. When a crystal resonator is used, set the frequency in the range of 8 to 15 MHz.
2. Set the frequency modification register so that the frequency of all internal clocks is 1
MHz or higher.
3. Use internal clock frequencies such that l¢ = E@ = P .
128

HITACHI



3.27 Notes on Board Design

When Using an External Crystal Oscillator: Place the crystal resonator, capacitors CL1 and
CL2, and damping resistor R closeto the EXTAL and XTAL pins. To prevent induction from
interfering with correct oscillation, use a common grounding point for the capacitors connected to
the resonator, and do not locate awiring pattern near these components.

Avoid crossing
signal lines

EXTAL XTAL Reference value:
CL1=22pF
CL2 = 22pF
R=0Q

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal resonator manufacturer.

Figure3.6 Pointsfor Attention when Using Crystal Resonator

Bypass Capacitors: Asfar aspossible, insert alaminated ceramic capacitor of 0.01to 0.1 yFasa
bypass capacitor for each V4/V - pair. Mount the bypass capacitors as close as possible to the LS|
power supply pins, and use components with afrequency characteristic suitable for the LS|
operating frequency, as well as a suitable capacitance value.

Digital system V «/V ¢ pairs: 13-11, 28-26, 36-34, 44-42, 52-50, 60-58, 75-73, 88-86, 101-99,
109-107, 119-117, 127-125, 140-138, 153-151, 168-166, 21-19, 113-111, 157-155, 4,5-3*

PLL system Vs /V pair: 8-6

Note: * Do not connect a bypass capacitor to these pins when performing debugging with an E10
or E10A emulator.
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When Usinga PLL Oscillator Circuit: Keep the wiring short from the PLL Vo and V g
connection pattern to the power supply pins, and make the pattern width large, to minimize the
inductance component. Ground the oscillation stabilization capacitors C1 and C2to Vg (PLL1)
and V¢ (PLL2), respectively. Place C1 and C2 close to the CAPL and CAP2 pins and do not
locate awiring pattern in the vicinity.

Avoid crossing

C1
Vss (PLL) T T T

Vss

signal lines
___________ | Power supply
Ve (PLL) 7: Vee
|
|
CAP1 :
: Reference values
CAP2 : C1 =470 pF
Cc2 | C2 =470 pF
TTT
1
|
|

Figure3.7 Pointsfor Attention when Using PLL Oscillator Circuit

3.3 BusWidth of the CSO Area

Pins MD3 and MD4 are used to specify the bus width of the CSO area. The pin combination and
functions are listed in table 3.6. Do not switch the MD4 and M D3 pins while they are operating.
Switching them will cause operating errors.

Table3.6 BusWidth of the CSO Area

Pin
MD4 MD3 Function
0 0 8-bit bus width selected
0 1 16-bit bus width selected
1 0 32-bit bus width selected
1 1 Setting prohibited
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Section 4 Exception Handling

4.1 Overview

411 Types of Exception Handling and Priority Order

Exception handling is initiated by four sources: resets, address errors, interrupts, and instructions
(table 4.1). When several exception sources occur simultaneously, they are accepted and processed
according to the priority order shown in table 4.1.
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Table4.1

Types of Exception Handling and Priority Order

Exception Source Priority
Reset Power-on reset High
Manual reset 1
Address CPU address error
error DMA address error
Interrupt NMI
User break
Hitachi user debug interface (H-UDI)
External interrupts (IRL1-IRL15, IRQO-IRQ3 (set with IRL3, IRL2, IRLT,
IRLO pins))
On-chip peripheral modules Division unit (DIVU)
Direct memory access controller (DMAC)
Watchdog timer (WDT)
Compare match interrupt (part of the bus
state controller)
Serial communication interface (SCI)
16-bit free-running timer (FRT)
Serial communication interface with FIFO
(SCIF)
16-bit timer pulse unit (TPU)
Serial /0 (SIO)
Instructions Trap instruction (TRAPA)
General illegal instructions (undefined code) !
lllegal slot instructions (undefined code placed directly following a delayed Low
branch instruction™ or instructions that rewrite the PC*2)
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
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Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
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4.1.2 Exception Handling Operations

Exception handling sources are detected, and exception handling started, according to the timing
shownintable 4.2.

Table4.2 Timing of Exception Sour ce Detection and Start of Exception Handling

Exception Source Timing of Source Detection and Start of Handling
Reset Power-on reset Starts when the NMI pin is high and the RES pin changes from
low to high
Manual reset Starts when the NMI pin is low and the RES pin changes from
low to high
Address error Detected when instruction is decoded and starts when the

previous executing instruction finishes executing

Interrupts Detected when instruction is decoded and starts when the
previous executing instruction finishes executing

Instructions  Trap instruction Starts from the execution of a TRAPA instruction

General illegal Starts from the decoding of undefined code anytime except after
instructions a delayed branch instruction (delay slot)

lllegal slot Starts from the decoding of undefined code placed directly
instructions following a delayed branch instruction (delay slot) or of an

instruction that rewrites the PC

When exception handling starts, the CPU operates as follows:

1. Exception handling triggered by reset

Theinitia values of the program counter (PC) and stack pointer (SP) are fetched from the
exception vector table (PC and SP are respectively addresses H'00000000 and H'00000004 for
a power-on reset and addresses H'00000008 and H'0000000C addresses for a manual reset).
See section 4.1.3, Exception Vector Table, for more information. 0 is then written to the vector
base register (VBR) and 1111 iswritten to the interrupt mask bits (13-10) of the status register
(SR). The program begins running from the PC address fetched from the exception vector
table.

2. Exception handling triggered by address errors, interrupts, and instructions
SR and PC are saved to the stack address indicated by R15. For interrupt exception handling,
theinterrupt priority level iswritten to the SR’ sinterrupt mask bits (13-0). For address error
and instruction exception handling, the I3-0 bits are not affected. The start address is then
fetched from the exception vector table and the program begins running from that address.
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413 Exception Vector Table

Before exception handling begins, the exception vector table must be written in memory. The
exception vector table stores the start addresses of exception service routines. (The reset exception
table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. In exception handling, the start address of the
exception service routine is fetched from the exception vector table as indicated by the vector table
address.

Table 4.3 lists the vector numbers and vector table address offsets. Table 4.4 shows vector table
address calculations.

Table4.3 (a) Exception Vector Table

Vector Vector Table Address
Exception Source Number  Offset Vector Address
Power-on reset PC 0 H'00000000-H'00000003 Vector number x 4
SP 1 H'00000004—H'00000007
Manual reset PC 2 H'00000008-H'0000000B
SP 3 H'0000000C—-H'0000000F
General illegal instruction 4 H'00000010-H'00000013 VBR + (vector
(Reserved by system) 5 H'00000014-H'00000017 ~ number x4)
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C-H'0000001F
8 H'00000020-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMA address error 10 H'00000028-H'0000002B
Interrupt NMI 11 H'0000002C—-H'0000002F
User break 12 H'00000030—-H'00000033
H-UDI 13 H'00000034—H'00000037
(Reserved by system) 14 H'00000038-H'0000003B
31 H'0000007C—-H'0000007F
Trap instruction (user vector) 32 H'00000080—-H'00000083
63 H'000000FC-H'000000FF
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Table 4.3 (b) Exception Processing Vector Table (IRQ Mode)

Vector Vector Table Address
Exception Source Number  Offset Vector Addresses
Interrupt IRQO 642 H'00000100-H'00000103
IRQ1 652 H'00000104-H'00000107
IRQ2 66"2 H'00000108—H'0000010B
IRQ3 672 H'0000010C—H'0000010F
On-chip 0 H'00000000-H'00000003
peripheral
module - '
255 H'000003FC-H'000003FF

Table4.3 (c) Exception Processing Vector Table (IRL Mode)

Vector Vector Table Address
Exception Source Number  Offset Vector Addresses
Interrupt IRL1" 64"2 H'00000100-H'00000103 VBR + (vector
IRL2'L 652 H'00000104-H00000107 ~ Number x4)
IRL3"™
IRL4"™ 66" H'00000108-H'0000010B
IRL5™
IRL6" 67" H'0000010C-H'0000010F
IRL7"L
IRL8™ 68"2 H'00000110-H'00000113
IRL9™
IRL10™ 69" H'00000114-H'00000117
IRL11"
IRL12" 702 H'00000118-H'0000011B
IRL13"™
IRL141 7172 H'0000011C-H'0000011F
IRL15™
On-chip 0 H'00000000—H'00000003
peripheral
module*3
255 H'000003FC—H'000003FF
Notes: 1. When 1110 is input to the IRL3, IRL2, IRLT, and IRLO pins, an IRL1 interrupt results.
When 0000 is input, an IRL15 interrupt results.
2. External vector number fetches can be performed without using the auto-vector

numbers in this table.
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3. The vector numbers and vector table address offsets for each on-chip peripheral
module interrupt are given table 5.4, Interrupt Exception Vectors and Priorities, in
section 5, Interrupt Controller.

4. Vector numbers are set in the on-chip vector number register. See section 5.3, Register
Descriptions, in section 5, Interrupt Controller, section 9, Direct Memory Access
Controller, and section 10, Division Unit, for more information.

Table4.4 Calculating Exception Vector Table Addresses

Exception Source Vector Table Address Calculation

Power-on reset (Vector table address) = (vector table address offset)

Manual reset = (vector number) x 4

Other exception handling (Vector table address) = VBR + (vector table address offset)
= VBR + (vector number) x 4

Note: VBR: Vector base register
Vector table address offset: See table 4.3.
Vector number: See table 4.3.

4.2 Resets

421 Types of Resets

Resets have the highest priority of any exception source. There are two types of resets: manual
resets and power-on resets. As table 4.5 shows, both types of resetsinitialize the internal status of
the CPU. In power-on resets, all registers of the on-chip peripheral modules are initialized; in
manual resets, registers of all on-chip peripheral modules except the bus state controller (BSC),
user break controller (UBC), pin function controller (PFC), and frequency modification register
(FMR) areinitialized. (Use the power-on reset when turning the power on.)

Table45 Typesof Resets

Conditions for

Transition to Reset Status Internal Status
Type NMI Pin RES Pin CPU On-Chip Peripheral Modules
Power-on reset  High Low Initialized  Initialized
Manual reset Low Low Initialized  Initialized except for BSC, UBC,

PFC, and frequency modification
register (FMR)
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422 Power-On Reset

When the NMI pin is high and the RES pin is driven low, the device performs a power-on reset.
For areliable reset, the RES pin should be kept low for at least the duration of the oscillation
settling time (when the PLL circuit is halted) or for 20tP,,. (when the PLL circuit is running).
During a power-on reset, the CPU’ sinternal state and al on-chip peripheral module registers are
initialized. See appendix B, Pin States, for the state of individual pinsin the power-on reset state.

In a power-on reset, power-on reset exception handling starts when the NMI pin is kept high and
the RES pinisfirst driven low for aset period of time and then returned to high. The CPU will
then operate as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception vector table.
3. Thevector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

4. The valuesfetched from the exception vector table are set in the PC and SP, and the program
begins executing.

4.2.3 M anual Reset

When the NMI pin islow and the RES pin is driven low, the device executes amanual reset. For a
reliable reset, the RES pin should be kept low for at least 20 clock cycles. During a manual reset,
the CPU’sinterna stateisinitialized. All on-chip peripheral module registers are initialized,
except for the bus state controller (BSC), user break controller (UBC), and pin function controller
(PFC) registers, and the frequency modification register (FMR). When the chip enters the manual
reset state in the middle of a bus cycle, manual reset exception handling does not start until the bus
cycle has ended. Thus, manual resets do not abort bus cycles. See appendix B, Pin States, for the
state of individual pinsin the manual reset state.

In amanual reset, manual reset exception handling starts when the NMI pin is kept low and the
RES pinisfirst kept low for a set period of time and then returned to high. The CPU will then
operate in the same way as for a power-on reset.

4.3 AddressErrors

431 Sourcesof AddressErrors

Address errors occur when instructions are fetched or data read or written, as shown in table 4.6.
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Table 4.6

BusCyclesand AddressErrors

Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Instruction CPU Instruction fetched from even address None (normal)
fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip peripheral ~ None (normal)
module space
Instruction fetched from on-chip peripheral module Address error occurs
space
Data CPU or Word data accessed from even address None (normal)
read/write  DMAC

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword boundary

None (normal)

Longword data accessed from other than a longword
boundary

Address error occurs

Access of cache purge space, address array read/write
space, on-chip peripheral module space, or
synchronous DRAM mode setting space by PC-relative
addressing

Address error occurs

Access of cache purge space, address array read/write
space, data array read/write space, on-chip peripheral
module space, or synchronous DRAM mode setting
space by a TAS.B instruction

Address error occurs

Byte, word, or longword data accessed in on-chip
peripheral module space at addresses H'FFFFFCO0O to
H'FFFFFCFF

None (normal)

Longword data accessed in on-chip peripheral module
space at addresses H'FFFFFEOO to H'FFFFFEFF

Address error occurs

Word or byte data accessed in on-chip peripheral
module space at addresses H'FFFFFEQO to
H'FFFFFEFF

None (normal)

Byte data accessed in on-chip peripheral module
space at addresses H'FFFFFDOO to H'FFFFFDFF or
H'FFFFFFOO0 to H'FFFFFFFF

Address error occurs

Word or longword data accessed in on-chip peripheral
module space at addresses H'FFFFFDOO to
H'FFFFFDFF or H'FFFFFFOO to H'FFFFFFFF

None (normal)

Notes: 1. Address errors do not occur during the synchronous DRAM mode register write cycle.
2. 16-byte DMAC transfers use longword accesses.
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4.3.2 AddressError Exception Handling

When an address error occurs, address error exception handling begins after the end of the bus
cycle in which the error occurred and compl etion of the executing instruction. The CPU operates
asfollows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last instruction executed .

3. The exception service routine start address is fetched from the exception vector table entry that
corresponds to the address error that occurred, and the program starts executing from that
address. The jump that occurs is not a delayed branch.

4.4 Interrupts

441 Interrupt Sources

Table 4.7 shows the sources that initiate interrupt exception handling. These are divided into NMI,
user breaks, H-UDI, IRL, IRQ, and on-chip peripheral modules.

Table4.7 Typesof Interrupt Sources

Type Request Source Number of Sources
NMI NMI pin (external input) 1
User break User break controller 1
H-UDI Hitachi user debug interface (H-UDI) 1
IRL IRL1-IRL15 (external input) 15
IRQ IRQO-IRQ3 (external input) 4
On-chip peripheral module  Direct memory access controller (DMAC) 2
Division unit (DIVU) 1
Serial communication interface (SCI) 4
Free-running timer (FRT) 3
Watchdog timer (WDT) 1
Bus state controller (BSC) 1
Serial 1/0 (SIO) 4
Serial communication interface with FIFO 4

(SCIF)
16-bit timer pulse unit (TPU)

[EnY
w
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Each interrupt source is allocated a different vector number and vector table address offset. See
table 5.4, Interrupt Exception Vectors and Priority Order, in section 5, Interrupt Controller, for
more information.

4.4.2 Interrupt Priority Levels

Theinterrupt priority order is predetermined. When multiple interrupts occur simultaneously, the
interrupt controller (INTC) determines their relative priorities and begins exception handling
accordingly.

The priority order of interrupts is expressed as priority levels 0-16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The user break interrupt priority level is 15 and IRL interrupts have priorities of 1-15.
On-chip peripheral module interrupt priority levels can be set freely using the INTC’ sinterrupt
priority level setting registers A—E (IPRA—-IPRE) as shown in table 4.8. The priority levels that
can be set are 0-15. Level 16 cannot be set. For more information on IPRA—-IPRE, see sections
5.3.1, Interrupt Priority Level Setting Register A (IPRA), to 5.3.5, Interrupt Priority Level Setting
Register E (IPRE).

Table4.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked

User break 15 Fixed priority level

H-UDI 15 Fixed priority level

IRL 1-15 Set with IRL3-IRLO pins

IRQ 0-15 Set with interrupt priority level setting register C
(IPRC)

On-chip peripheral module  0-15 Set with interrupt priority level setting registers A, B,

D, and E (IPRA, IPRB, IPRD, IPRE)
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4.4.3 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask bits (13-10) of the status register (SR).

When an interrupt is accepted, exception handling begins. In interrupt exception handling, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits I3-10. For NMI, however, the priority level is 16, but the value set in
13-10isH'F (level 15). Next, the start address of the exception service routine is fetched from the
exception vector table for the accepted interrupt, that addressis jumped to and execution begins.
For more information about interrupt exception handling, see section 5.4, Interrupt Operation.

4.5 Exceptions Triggered by Instructions

45.1 Instruction-Triggered Exception Types

Exception handling can be triggered by atrap instruction, general illegal instruction or illegal slot
instruction, as shown in table 4.9.

Table4.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment
Trap instruction  TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instruction immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) BRAF

and instructions that rewrite the  |ct1,ctions that rewrite the PC: JMP, JSR,

PC BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF
General illegal Undefined code anywhere —
instruction besides in a delay slot
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452 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception handling starts. The CPU
operates as follows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

3. The exception service routine start address is fetched from the exception vector table entry that
corresponds to the vector number specified by the TRAPA instruction. That address is jumped
to and the program starts executing. The jump that occurs is not a delayed branch.

453 Illegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in adelay
dot. If theinstruction placed in the delay slot is undefined code, illegal slot exception handling
begins when the undefined code is decoded. Illegal slot exception handling is also started when an
instruction that rewrites the program counter (PC) is placed in adelay slot. The exception handling
starts when the instruction is decoded. The CPU handles an illegal slot instruction as follows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the jJump address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The exception service routine start address is fetched from the exception vector table entry that
corresponds to the exception that occurred. That address is jumped to and the program starts
executing. The jump that occursis not a delayed branch.

454 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., inadelay dlot) is decoded, general illegal instruction exception handling starts. The CPU
handles generdl illegal instructions in the same way asillegal slot instructions. Unlike processing
of illegal dot instructions, however, the program counter value saved is the start address of the
undefined code.
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4.6 When Exception Sources Are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-
disabled instruction, it is sometimes not immediately accepted but is stored instead, as described in
table 4.10. When this happens, it will be accepted when an instruction for which exception
acceptance is possible is decoded.

Table4.10 Exception Source Generation Immediately after a Delayed Branch Instruction
or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt

Immediately after a delayed branch instruction*! Not accepted Not accepted
Immediately after an interrupt-disabled instruction™ Accepted Not accepted
A repeat loop comprising up to three instructions (instruction Not accepted Not accepted

fetch cycle not generated)

First instruction or last three instructions in a repeat loop
containing four or more instructions

Fourth from last instruction in a repeat loop containing four  Accepted Not accepted
or more instructions

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF
2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

4.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay slot) is decoded,
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction located immediately after it (delay slot) are always executed consecutively, so no
exception handling occurs between the two.

4.6.2 Immediately after an Interrupt-Disabled Instruction

When an instruction immediately following an interrupt-disabled instruction is decoded, interrupts
are not accepted. Address errors are accepted.
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4.6.3 Instructionsin Repeat L oops

If arepeat loop comprises up to three instructions, neither exceptions nor interrupts are accepted.
If arepeat loop contains four or more instructions, neither exceptions nor interrupts are accepted
during the execution cycle of the first instruction or the last three instructions. If arepeat loop
contains four or more instructions, address errors only are accepted during the execution cycle of
the fourth from last instruction. For more information, see the SH-1/SH-2/SH-DSP Programming
Manual.

A. All interrupts and address errors are accepted.
B. Address errors only are accepted.
C. No interrupts or address errors are accepted.

When RC =1
(1) One instruction (2) Two instructions (3) Three instructions
i 0o A i 0" A i 0" A
?nstr - B fnstr . B ?nstr - B
Start (End):instrl C Start:instrl C Start:instrl C
instr2 End: instr2 instr2
' - A ftshc g ftshc
instr nd: nstr
<A ! - C
instr4 A
(4) Four or more instructions
instro A
instr .
) — A or C(on return frominstr n)
Start:instrl
< A
) . - A
instr n-
st - B
instr n-
st L C
instr n-
End: inst - ¢
nd: instr n
i nst - ©
instr n+
< A
When RC =0

All interrupts and address errors are accepted.

Figure4.1 Interrupt Acceptance Restrictionsin Repeat M ode
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4.7 Stack Status after Exception Handling

The status of the stack after exception handling endsis as shown in table 4.11.

Table4.11 Stack Status after Exception Handling

Type Stack Status

Address error SP - Address of instruction after executed instruction 32 bits
SR 32 bits

Trap instruction SP - Address of instruction after TRAPA instruction 32 bits
SR 32 bits

General illegal instruction SP -  Start address of illegal instruction 32 bits
SR 32 bits

Interrupt SP - Address of instruction after executed instruction 32 hits
SR 32 bits

lllegal slot instruction SP - Jump destination address of delayed branch instruction 32 bits
SR 32 bits

4.8 Usage Notes

4.8.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four, otherwise an address error will
occur when the stack is accessed during exception handling.

4.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four, otherwise an address error
will occur when the vector table is accessed during exception handling.

HITACHI
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483 Address Errors Caused by Stacking of Address Error Exception Handling

If the stack pointer valueis not amultiple of four, an address error will occur during stacking of
the exception handling (interrupts, etc.). Address error exception handling will begin after the
original exception handling ends, but address errors will continue to occur. To ensure that address
error exception handling does not go into an endless loop, no address errors are accepted at that
point. This allows program control to be shifted to the address error exception service routine and
enables error handling to be carried out.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. In stacking of the status register (SR) and program counter (PC), the SP is decremented
by 4 for both, so the value of SP will not be a multiple of four after the stacking either. The
address value output during stacking is the SP value, so the address where the error occurred is
itself output. This means that the write data stacked will be undefined.

484 Manual Reset during Register Access

Do not initiate a manual reset during access of a bus state controller (BSC), user break controller
(UBC), or pin function controller (PFC) register, or the frequency modification register (FMR),
otherwise awrite error may result.
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Section 5 Interrupt Controller (INTC)

51 Overview

Theinterrupt controller (INTC) ascertains the priority order of interrupt sources and controls
interrupt requests to the CPU. The INTC has registers for setting the priority of each interrupt
which allow the user to set the order of priority in which interrupt requests are handled.

511 Features

The INTC has the following features:

Sixteen interrupt priority levels can be set

By setting the five interrupt priority registers, the priorities of on-chip peripheral module
interrupts can be selected at 16 levels for different request sources.

Vector numbers for on-chip peripheral module interrupt can be set

By setting the 22 vector number setting registers, the vector numbers of on-chip peripheral
modul e interrupts can be set to values from 0 to 127 for different request sources.

The IRL interrupt vector number setting method can be selected: Either of two modes can be
selected by aregister setting: auto-vector mode in which vector numbers are determined
internally, and external vector mode in which vector numbers are set externally.

IRQ interrupt settings can be made (low level, rising-, falling-, or both-edge detection)

5.1.2 Block Diagram

Figure 5.1 shows ablock diagram of the INTC.
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Figure5.1 INTC Block Diagram
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513 Pin Configuration

Table 5.1 shows the INTC pin configuration.

Table5.1 Pin Configuration

Name Abbreviation /O  Function

Nonmaskable interrupt input pin NMI | Input of nonmaskable interrupt request
signal

Level request interrupt input pins  IRL3-IRLO | Input of maskable interrupt request
signals

Interrupt acceptance level output  A3-A0 (@) In external vector mode, output an

pins interrupt level signal when an IRL/IRQ
interrupt is accepted

External vector fetch pin IVECF @] Indicates external vector read cycle

External vector number input pins D7-DO | Input external vector number

514 Register Configuration

The INTC has the 32 registers shown in table 5.2. These registers perform various INTC functions
including setting interrupt priority, and controlling external interrupt input signal detection.

Table5.2 Register Configuration
Initial Access
Name Abbr. R/W  Value Address Size
Interrupt priority register setting register A IPRA R/W  H'0000 H'FFFFFEE2 8, 16
Interrupt priority register setting register B IPRB R/W  H'0000 H'FFFFFEGO 8, 16
Interrupt priority register setting register C IPRC R/W  H'0000 H'FFFFFEE6 8, 16
Interrupt priority register setting register D IPRD R/W  H'0000 H'FFFFFE40 8, 16
Interrupt priority register setting register E IPRE R/W  H'0000 H'FFFFFECO 8, 16
Vector number setting register A VCRA R/W  H'0000 H'FFFFFE62 8, 16
Vector number setting register B VCRB R/W  H'0000 H'FFFFFEG64 8, 16
Vector number setting register C VCRC R/W  H'0000 H'FFFFFEG66 8, 16
Vector number setting register D VCRD R/W  H'0000 H'FFFFFEG8 8, 16
Vector number setting register E VCRE R/W  H'0000 H'FFFFFE42 8, 16
Vector number setting register F VCRF R/W  H'0000 H'FFFFFE44 8, 16
Vector number setting register G VCRG R/W  H'0000 H'FFFFFE46 8, 16
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Table5.2

Register Configuration (cont)

Initial Access

Name Abbr. R/W  Value Address Size
Vector number setting register H VCRH R/W  H'0000 H'FFFFFE48 8, 16
Vector number setting register | VCRI R/W  H'0000 H'FFFFFE4A 8, 16
Vector number setting register J VCRJ R/W  H'0000 H'FFFFFE4C 8, 16
Vector number setting register K VCRK R/W  H'0000 H'FFFFFE4E 8, 16
Vector number setting register L VCRL R/W  H'0000 H'FFFFFE 50 8, 16
Vector number setting register M VCRM R/W  H'0000 H'FFFFFE52 8, 16
Vector number setting register N VCRN R/W  H'0000 H'FFFFFE54 8, 16
Vector number setting register O VCRO R/W  H'0000 H'FFFFFE56 8, 16
Vector number setting register P VCRP R/W  H'0000 H'FFFFFEC2 8, 16
Vector number setting register Q VCRQ R/W  H'0000 H'FFFFFEC4 8, 16
Vector number setting register R VCRR R/W  H'0000 H'FFFFFEC6 8, 16
Vector number setting register S VCRS R/W  H'0000 H'FFFFFEC8 8, 16
Vector number setting register T VCRT R/W  H'0000 H'FFFFFECA 8, 16
Vector number setting register U VCRU R/W  H'0000 H'FFFFFECC 8, 16
Vector number setting register WDT VCRWDT R/W  H'0000 H'FFFFFEE4 8, 16
Vector number setting register DIV VCRDIV  R/W  Undefined HFFFFFFOC 32

Vector number setting register DMACO VCRDMAO R/W  Undefined H'FFFFFFAO 32

Vector number setting register DMAC1 VCRDMA1l R/W  Undefined HFFFFFFA8 32

Interrupt control register ICR R/W  H'8000/ H'FFFFFEEO 8,16

H'0000**
IRQ control/status register IRQCSR R/W *? H'FFFFFEE8 8, 16

Notes: 1. The value when the NMI pin is high is H'8000; when the NMI pin is low, it is H'0000.

See sections 9, Direct Memory Access Controller, and 10, Division Unit, for more
information on VCRDIV, VCRDMAO, and VCRDMAL.

2. When pins IRL3—-IRLO are high, bits 7—4 in IRQCSR are set to 1. When pins IRL3—-IRLO
are low, bits 7-4 in IRQCSR are cleared to 0. The initial value of bits other than 7—4 is

0.

5.2 Interrupt Sources

There are five types of interrupt sources: NMI, user breaks, H-UDI, IRL/IRQ and on-chip

peripheral modules. Each interrupt has a priority expressed as a priority level (0 to 16, with O the
lowest and 16 the highest). Giving an interrupt a priority level of 0 masksit.

150

HITACHI



521 NMI Interrupt

The NMI interrupt has priority 16 and is always accepted. Input at the NMI pin is detected by
edge. Use the NMI edge select bit (NMIE) in the interrupt control register (ICR) to select either
therising or falling edge. NMI interrupt exception handling sets the interrupt mask level bits (13—
10) in the status register (SR) to level 15.

522 User Break Interrupt

A user break interrupt has priority level 15 and occurs when the break condition set in the user
break controller (UBC) is satisfied. User break interrupt exception handling sets the interrupt mask
level bits (13-10) in the status register (SR) to level 15. For more information about the user break
interrupt, see section 6, User Break Controller.

5.2.3 H-UDI Interrupt

The H-UDI interrupt has a priority level of 15, and is generated when an H-UDI interrupt
instruction is serially input. H-UDI interrupt exception processing sets the interrupt mask bits (13—
10) in the status register (SR) to level 15. See section 19, Hitachi User Debug Interface, for details
of the H-UDI interrupt.

524 IRL Interrupts

IRL interrupts are requested by input from pins IRL3—IRLO. Fifteen interrupts, IRL15-1RL1, can
be input externally via pins IRL3-IRLO. The priority levels of interrupts IRL15-IRLO are 15-1,
respectively, and their vector numbers are 71-64. Set the vector numbers with the interrupt vector
mode select (VECMD) bit of the interrupt control register (ICR) to enable external input. External
input of vector numbers consists of vector numbers 0—127 from the external vector input pins
(D7-DO0). When an external vector is used, 0 isinput to D7. Internal vectors are called auto-
vectors and vectors input externally are called externa vectors. Table 5.3 lists IRL priority levels
and auto vector numbers.

When an IRL interrupt is accepted in external vector mode, the IRL interrupt level is output from
the interrupt acceptance level output pins (A3-A0). The external vector fetch pin (IVECF) isalso
asserted. The external vector number is read from pins D7-DO0 at thistime.

IRL interrupt exception processing sets the interrupt mask level bits (I3 to 10) in the status register
(SR) to the priority level value of the IRL interrupt that was accepted.
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525 IRQ Interrupts

An IRQ interrupt is requested when the external interrupt vector mode select bit (EXIMD) of the
interrupt control register (ICR) isset to 1. An IRQ interrupt corresponds to input at one of pins
IRL3-IRLO. Low-level sensing or rising/falling/both-edge sensing can be selected independently
for each pin by the IRQ sense select bits (IRQO0S-HRQ31YS) in the IRQ control/status register
(IRQCSR), and a priority level of 0 to 15 can be selected independently for each pin by means of
interrupt priority register C (IPRC). Set the interrupt vector mode select bit (VECMD) of the
interrupt control register (ICR) to enable external input of vector numbers. External vector
numbers are 0 to 127, and are input to the external vector input pins (D7-DO0) during the interrupt
vector fetch bus cycle. When an external vector isused, Oisinput to D7.

When an IRQ interrupt is accepted in external vector mode, the IRQ interrupt priority level is
output from the interrupt acceptance level output pins (A3-AQ). The external vector fetch signal
(IVECF) is also asserted. The external vector number isread from signals D7-DO at thistime.

IRQ interrupt exception processing sets the interrupt mask bits (13-10) in the status register (SR) to
the priority level value of the IRQ interrupt that was accepted.

Table5.3 IRL Interrupt Priority Levelsand Auto-Vector Numbers

Pin Priority Vector
IRL3 IRL2 IRL1 IRLO Level Number
0 0 0 0 15 71
1 14
1 0 13 70
1 12
1 0 0 11 69
1 10
1 0 9 68
1 8
1 0 0 0 7 67
1 6
1 0 5 66
1 4
1 0 0 3 65
1 2
1 0 1 64
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An example of connections for external vector mode interrupts is shown in figure 5.2, and an
example of connections for auto-vector mode interruptsin figure 5.3.

Chip
Priority 4
Interrupt —————» » TRTO.
requests —>5 encoder 7 RLO-IALS
_ ) IRLO-IRL3
Vector number <': A0-A3
genera®’ L IVECF
- RD
UDO—D?
I\
< ) D0-D7

Figure5.2 Example of Connectionsfor External Vector Mode Interrupts

Chip
4
Interrupt ———> Priority R
requests —5> encoder » IRLO-IRL3
—> IRLO-IRL3

Figure5.3 Exampleof Connectionsfor Auto-Vector Mode I nterrupts

Figures 5.4 to 5.7 show the interrupt vector fetch cycle for the external vector mode. During this
cycle, CSO0-CS4 stay high. A24-A4 output undefined values. The WALIT pin is sampled, but
programmable waits are not valid.
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526 On-chip Peripheral Module Interrupts

On-chip peripheral module interrupts are interrupts generated by the following 9 on-chip
peripheral modules:

e Division unit (DIVU)

« Direct memory access controller (DMAC)

e Serial communication interface (SCI)

* Busstate controller (BSC)

e Watchdog timer (WDT)

e Free-running timer (FRT)

e 16-bit timer pulse unit (TPU)

e Serial communication interface with FIFO (SCIF)
e Serid 1/0 (SIO)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers A—E (IPRA—
IPRE). On-chip peripheral module interrupt exception handling sets the interrupt mask level bits
(13-10) in the status register (SR) to the priority level value of the on-chip peripheral module
interrupt that was accepted.

527 Interrupt Exception Vectorsand Priority Order

Table 5.4 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from vector numbers and vector table address offsets. In interrupt
exception handling, the exception service routine start address is fetched from the vector table
entry indicated by the vector table address. See table 4.4, Calculating Exception Vector Table
Addresses, in section 4, Exception Handling, for more information on this calcul ation.

IRL interrupts IRL15-IRL1 have interrupt priority levels of 151, respectively. IRQ interrupt and
on-chip peripheral moduleinterrupt priorities can be set freely between 0 and 15 for each module
by setting interrupt priority registers A—E (IPRA-IPRE). The ranking of interrupt sources for
IPRA—PRE, however, must be the order listed under Priority within IPR Setting Unit in table 5.4
and cannot be changed. A reset assigns priority level 0 to on-chip peripheral module interrupts. If
the same priority level is assigned to two or more interrupt sources and interrupts from those
sources occur simultaneously, their priority order isthe default priority order indicated at the right
intable 5.4.
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Table5.4 (a) Interrupt Exception Vectorsand Priority Order (IRL Mode)

Interrupt Priority
Vectors Priority within
Vector Order IPR
Vector Table (Initial IPR (Bit Setting VCR (Bit Default
Interrupt Source  No. Address  Value) Numbers) Unit Numbers) Priority
NMI 11 VBR + 16 — — — High
User break 12 (vector No. 15 — — — 1
H-UDI 13 x4) 15 — — —
IRL15* 71+ 15 — — —
IRL14** 14 — — —
IRL13** 70*! 13 — — —
IRL12* 12 — — —
IRL11** 69*! 11 — — —
IRL10** 10 — — —
IRL9** 68*! 9 — — —
IRL8** 8 — — —
IRL7** 67+ 7 — — —
IRL6** 6 — — —
IRL5** 66** 5 — — —
IRL4** 4 — — _
IRL3** 65*! 3 — — —
IRL2** 2 — — —
IRL1** 64*! 1 — — —
DIVU OVFI 0-127** 15-0 (0) IPRA High VCRDIV
(15-12) : (6-0)
!
Low
DMACO Transfer 0-127*? 15-0 (0) IPRA High VCRDMAO
end (11-8) ' (6-0)
!
Low
DMAC1 Transfer 0-127*? 15-0 (0) High VCRDMA1
end 1 (6-0)
! !
Low Low
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Table5.4 (a) Interrupt Exception Vectorsand Priority Order (IRL Mode) (cont)

Interrupt Priority
Vectors Priority within
Vector Order IPR
Vector Table (Initial IPR (Bit Setting VCR (Bit Default
Interrupt Source  No. Address  Value) Numbers) Unit Numbers) Priority
WDT ITI 0-127** VBR + 15-0 (0) IPRA High VCRWDT High
(vector No. (7-4) ' (14-8) '
x 4)
!
Low
REF*® CMI 0-127** 15-0 (0) High VCRWDT
R
!
Low
Scl ERI 0-127*? 15-0 (0) IPRB High  VCRA (14-8)
RXI 0-127%2 as-12) VCRA (6-0)
TXI 0-127*? ! VCRB (14-8)
TEI 0-127** Low VCRB (6-0)
FRT IClI 0-127*2 15-0 (0) IPRB High  VCRC (14-8)
ocl 0-127%2 (11-8) t VCRC (6-0)
ovi 0-127** 1 VCRD (14-8)
Low
TPUO  TGIOA  0-127* 15-0(0) IPRD High  VCRE (14-8)
TGIOB  0-127* as-12) VCRE (6-0)
TGIOC  0-127* VCRF (14-8)
TGIOD  0-127*? ! VCRF (6-0)
TCIOV ~ 0-127*? Low VCRG (14-8)
TPUL  TGIIA  0-127* 15-0 (0) IPRD High  VCRH (14-8)
TGIIB  0-127* (11-8) ' VCRH (6-0)
TCIlV  0-127* 1 VCRI (14-8)
TCIlU  0-127* Low VCRI (6-0)
TPU2  TGI2A  0-127* 15-0(0) IPRD High  VCRJ (14-8)
TGI2B  0-127% (7-4) 1 VCRJ (6-0)
TCI2V  0-127* 1 VCRK (14-8) |
TCI2U  0-127+ Low VCRK (6-0) Low
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Table5.4 (a) Interrupt Exception Vectorsand Priority Order (IRL Mode) (cont)

Interrupt Priority
Vectors Priority within
Vector Order IPR
Vector Table (Initial IPR (Bit Setting VCR (Bit Default
Interrupt Source  No. Address  Value) Numbers) Unit Numbers) Priority
SCIF1  ERI1  0-127** VBR+ 15-0 (0) IPRD High  VCRL (14-8) High
RXIL  0-127%2 ivj;’tor No. (3-0) 1 VCRL (6-0) 1
BRIl 0-127** 1 VCRM (14-8)
TXI1 0-127** Low VCRM (6-0)
SCIF2  ERI2  0-127** 15-0 (0) IPRE High  VCRN (14-8)
RXI2  0-127%2 as-12) VCRN (6-0)
BRI2 0-127** 1 VCRO (14-8)
TXI2 0-127*2 Low VCRO (6-0)
SI00 RERIO  0-127+2 15-0 (0) IPRE High  VCRP (14-8)
TERIO  0-127* (11-8) t VCRP (6-0)
RDFI0O  0-127+2 1 VCRQ (14-8)
TDEIO 0-127*2 Low VCRQ (6-0)
Sio1 RERI1  0-127*2 15-0 (0) IPRE High  VCRR (14-8)
TERIL  0-127* (7-4) 1 VCRR (6-0)
RDFI1  0-127*° ! VCRS (14-8)
TDEI1  0-127** Low VCRS (6-0)
SI02 RERI2 0-127*2 15-0 (0) IPRE High  VCRT (14-8)
TERI2  0-127% (3-0) 1 VCRT (6-0)
RDFI2  0-127* 1 VCRU (14-8)
TDEI2  0-127** Low VCRU (6-0) |
Reserved 128-255 — — — — — Low

Notes: 1. An external vector number fetch can be performed without using the auto-vector
numbers shown in this table. The external vector numbers are 0-127.

2. Vector numbers are set in the on-chip vector number register.
REF is the refresh control unit within the bus state controller.
4. Setto IRL1-IRL15 or IRQO-IRQ3 by the EXIMD bit in ICR.

w
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Table5.4 (b) Interrupt Exception Vectorsand Priority Order (IRQ Mode)

Interrupt Priority
Vectors Priority within
Vector Order IPR
Vector Table (Initial IPR (Bit Setting VCR (Bit Default
Interrupt Source  No. Address  Value) Numbers) Unit Numbers) Priority
NMI 11 VBR + 16 — — — High
User break 12 (VZ;:tor No. 15 — — — 1
X
H-UDI 13 15 — — —
IRQO** 64** 15-0 (0) IPRC — —
(15-12)
IRQ1** 65** 15-0 (0) IPRC — —
(11-8)
IRQ2** 66** 15-0 (0) IPRC — —
(7-4)
IRQ3** 67* 15-0 (0) IPRC — —
(3-0)
DIVU OVFI 0-127** 15-0 (0) IPRA High VCRDIV
(15-12) ' (6-0)
!
Low
DMACO Transfer 0-127*? 15-0 (0) IPRA High VCRDMAO
end (11-8) 1 (6-0)
!
Low
DMAC1 Transfer 0-127*? 15-0 (0) High VCRDMAL1
end 1 (6-0)
!
Low
WDT ITI 0-127** 15-0 (0) IPRA High VCRWDT
(7-4) N (14-8)
!
Low
REF* CMI 0-127** 15-0 (0) High VCRWDT
1 (6_0)
! !
Low Low
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Table5.4 (b) Interrupt Exception Vectorsand Priority Order (IRQ Mode) (cont)

Interrupt Priority
Vectors Priority within
Vector Order IPR
Vector Table (Initial IPR (Bit Setting VCR (Bit Default
Interrupt Source  No. Address  Value) Numbers) Unit Numbers) Priority
scl ERI 0-127** VBR+  15-0(0) IPRB High  VCRA (14-8) High
RXI 0127+ (vector No. 1s-12) VCRA (6-0) 1
I o127 Y ! VCRB (14-8)
TEI 0-127%2 Low  VCRB (6-0)
FRT ICI 0-127%2 15-0 (0) IPRB High  VCRC (14-8)
OCIAB 0-127* (11-8) t  VCRC(6-0)
oVl  0-127* . 'VCRD (14-8)
Low
TPUO  TGIOA  0-127%2 15-0 (0) IPRD High  VCRE (14-8)
TGIOB  0-127* as-12) VCRE (6-0)
TGIOC ~ 0-127* VCRF (14-8)
TGIOD  0-127* ! VCRF (6-0)
TCIOV ~ 0-127* Low  VCRG (14-8)
TPUL  TGIIA 0-127* 15-0 (0) IPRD High  VCRH (14-8)
TGIIB  0-127* (11-8) 1 VCRH (6-0)
TCILV  0-127* ! VCRI (14-8)
TCILU  0-127* Low  VCRI (6-0)
TPU2  TGI2A  0-127% 15-0 (0) IPRD High  VCRJ (14-8)
TGI2B  0-127* (7-4) 1 VCRJ (6-0)
TCI2V  0-127% ! VCRK (14-8)
TCI2U  0-127% Low  VCRK (6-0)
SCIFL ERIL  0-127%2 15-0 (0) IPRD High  VCRL (14-8)
RXI1  0-127%2 (3-0) 1 VCRL (6-0)
BRIL  0-127%2 ! VCRM (14-8)
TXIL  0-127* Low  VCRM (6-0)
SCIF2  ERI2  0-127% 15-0 (0) IPRE High  VCRN (14-8)
RXI2  0-127%2 (15-12) 1 VCRN (6-0)
BRI2  0-127%2 ! VCRO (14-8) |
TXI2  0-127% Low  VCRO (6-0) Low
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Table5.4 (b) Interrupt Exception Vectorsand Priority Order (IRQ Mode) (cont)

Interrupt Priority
Vectors Priority within
Vector Order IPR
Vector Table (Initial IPR (Bit Setting VCR (Bit Default
Interrupt Source  No. Address  Value) Numbers) Unit Numbers) Priority
SI00 RERIO 0-127*2 VBR + 15-0 (0) IPRE High  VCRP (14-8) High
TERIO 0-127* (vector No. (11-8) t VCRP (6-0) 1
RDFI0O  0-127*° x4 1 VCRQ (14-8)
TDEIO 0-127*? Low VCRQ (6-0)
sio1 RERI1L  0-127*2 15-0 (0) IPRE High  VCRR (14-8)
TERIL  0-127% (7-4) ' VCRR (6-0)
RDFI1  0-127* 1 VCRS (14-8)
TDEIL  0-127** Low VCRS (6-0)
SI02 RERI2  0-127+* 15-0 (0) IPRE High  VCRT (14-8)
TERI2  0-127* (3-0) ' VCRT (6-0)
RDFI2  0-127*2 ! VCRU (14-8)
TDEI2  0-127** Low VCRU (6-0) |
Reserved 128-255 — — — — — Low
Notes: 1. An external vector number fetch can be performed without using the auto-vector
numbers shown in this table. The external vector numbers are 0-127.
2. Vector numbers are set in the on-chip vector number register.
3. REF is the refresh control unit within the bus state controller.
4. Setto IRL1-IRL15 or IRQO-IRQ3 by the EXIMD bit in ICR.
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53 Register Descriptions

531 Interrupt Priority Level Setting Register A (IPRA)

Interrupt priority level setting register A (IPRA) isa 16-bit read/write register that assigns priority
levels from 0 to 15 to on-chip peripheral module interrupts. IPRA isinitialized to H'0000 by a
reset. It isnot initialized in standby mode. Unless otherwise specified, ‘reset’ refers to both power-
on and manual resets throughout this manual.

Bit: 15 14 13 12 11 10 9 8
Bit name: | DIVU DIVU DIvU DIVU DMAC | DMAC | DMAC | DMAC
IP3 IP2 IP1 IPO IP3 P2 IP1 IPO
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Bit name: WDT WDT WDT WDT — — — —
IP3 P2 IP1 IPO

Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W

Bits 15 to 12—Division Unit (DIVU) Interrupt Priority Level 3to 0 (DIVUIP3-DIVUIPO): These
bits set the division unit (DIVU) interrupt priority level. There are four bits, so levels 0-15 can be
Set.

Bits 11 to 8—DMA Controller Interrupt Priority Level 3 to 0 (DMACIP3-DMACIPO): These bits
set the DMA controller (DMAC) interrupt priority level. There are four bits, so levels 0-15 can be
set. The same leve is set for both two DMAC channels. When interrupts occur simultaneously,
channel 0 has priority.

Bits 7 to 4—Watchdog Timer (WDT) Interrupt Priority Level 3to 0 (WDTIP3-WDTIPQ): These

bits set the watchdog timer (WDT) interrupt priority level and bus state controller (BSC) interrupt
priority level. There are four bits, so levels 0-15 can be set. When WDT and BSC interrupts occur
simultaneously, the WDT interrupt has priority.

Bits 3 to 0—Reserved: These bits aways read 0. The write value should always be 0.
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532 Interrupt Priority Level Setting Register B (IPRB)

Interrupt priority level setting register B (IPRB) is a 16-bit read/write register that assigns priority
levels from O to 15 to on-chip peripheral module interrupts. IPRB isinitialized to H'0000 by a
reset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bit name: \ scliP3 \ scliP2 \ SClIP1 \ SCIIPO \ FRTIPS‘ FRTIP2 \ FRTIPl‘ FRTIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
gitname: | — | — | — | — | — | = | — | — |
Initial value: 0 0 0 0 0 0 0 0

R/W:

Bits 15 to 12—Serial Communication Interface (SCI) Interrupt Priority Level 3to 0 (SCIIP3—
SCIIP0): These bits set the serial communication interface (SCI) interrupt priority level. There are
four bits, so levels 0-15 can be set.

Bits 11 to 8—Free-Running Timer (FRT) Interrupt Priority Level 3 to O (FRTIP3-FRTIPO): These
bits set the free-running timer (FRT) interrupt priority level. There are four bits, so levels 0-15 can
be set.

Bits 7 to 0—Reserved: These bits always read 0. The write value should always be 0.
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533 Interrupt Priority Level Setting Register C (IPRC)

Interrupt priority level setting register C (IPRC) is a 16-bit read/write register that sets the priority
levels (0-15) of IRQO-IRQ3 interrupts. IPRC isinitialized to H'0000 by areset. It is not initialized
in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bit name: \ IRQOIPS‘ IRQOIPZ‘ IRQOIP1 \ IRQOIPO‘ IRQlIP3‘ IRQlIPZ‘ IRQlIPl‘ IRQlIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name: \ IRQZIPS‘ IRQZIPZ‘ IRQ2IP1 \ IRQZIPO‘ IRQSIPS‘ IRQSIPZ‘ IRQSIPl‘ IRQSIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 0~ RQO to IRQ3 Priority Level 3 to 0 (IRQnIP3-IRQNIPO, n = 0-3): These bits set the
IRQO-IRQ3 priority levels. There are four bits for each interrupt, so the value can be set between
0 and 15.
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534 Interrupt Priority Level Setting Register D (IPRD)

Interrupt priority level setting register D (IPRD) is a 16-bit read/write register that sets the priority
levels (0—15) of on-chip peripheral module interrupts. IPRD isinitialized to H'0000 by areset. Itis
not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bit name: ‘TPUOIP3‘TPUOIPZ‘TPUOIPl‘TPUOIPO‘TPUlIPS‘TPUlIP2‘TPU1IP1‘TPUlIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘TPUZIPS‘TPU2IP2‘TPU2IP1‘TPU2IPO‘ SCFlIPS‘SCFlIPZ‘SCFlIPl‘SCFlIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 4—Timer Pulse Unit 0 to 2 (TPUO-TPU2) Interrupt Priority Level 3to 0 (TPUNIP3—
TPUNIPO, n = 0-2): These bits set the timer pulse unit 0 to 2 (TPUO-TPU2) interrupt priority
levels. There are four bits for each interrupt, so the value can be set between 0 and 15.

Bits 3 to 0—Seria Communication Interface with FIFO (SCIF1) Interrupt Priority Level 3to 0
(SCF11P3-SCF11P0): These hits set the serial communication interface with FIFO (SCIF1)
interrupt priority level. There are four hits, so the value can be set between 0 and 15.
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535 Interrupt Priority Level Setting Register E (IPRE)

Interrupt priority level setting register E (IPRE) is a 16-bit read/write register that sets the priority
levels (0-15) of on-chip peripheral moduleinterrupts. IPRE isinitialized to H'0000 by areset. It is
not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bit name: ‘SCFZIPB‘SCFZIPZ‘SCFZIPI‘SCFZIPO‘ SIOOIP3‘ SIOOIPZ‘ SIOOIPl‘ SIOOIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name: \ SIOlIPS‘ SIOlIPZ‘ SIOlIPl‘ SIOlIPO‘ SIOZIPS‘ SIOZIPZ‘ SIOZIPl‘ SIOZIPO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 12—Serial Communication Interface with FIFO (SCIF2) Interrupt Priority Level 3to 0
(SCF2IP3-SCF2IP0): These hits set the serial communication interface with FIFO (SCIF2)
interrupt priority level. There are four bits, so the value can be set between 0 and 15.

Bits 11 to 0—Seria 1/0 0to 2 (SIO0-SI02) Interrupt Priority Level 3to 0 (SIOnIP3-SIOnIPO, n
= 0-2): These bits set the seria 1/0 0to 2 (SIO0-SIO2) interrupt priority levels. There are four
bits for each interrupt, so the value can be set between 0 and 15.

Table 5.5 shows the relationship between on-chip peripheral module interrupts and interrupt
priority level setting registers.

Table5.5 Interrupt Request Sourcesand |PRA-IPRE

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
Interrupt priority level setting DIVU DMACO, WDT, REF Reserved
register A DMAC1

Interrupt priority level setting SCI FRT Reserved Reserved
register B

Interrupt priority level setting IRQO IRQ1 IRQ2 IRQ3
register C

Interrupt priority level setting TPUO TPU1 TPU2 SCIF1
register D

Interrupt priority level setting SCIF2 SI00 SI01 S102
register E
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Astable 5.5 shows, between two and four on-chip peripheral modules are assigned to each
interrupt priority level setting register. Set the priority levels by setting the corresponding 4-bit
groups with values in the range of H'0 (0000) to H'F (1111). H'O isinterrupt priority level O (the
lowest); H'F islevel 15 (the highest). When two on-chip peripheral modules are assigned to the
same bits (DMACO0 and DMAC1, or WDT and DRAM refresh control unit), those two modules
have the same priority. A reset initializes |PRA—PRE to H'0000. They are not initialized in
standby mode.

536 Vector Number Setting Register WDT (VCRWDT)

Vector number setting register WDT (VCRWDT) is a 16-bit read/write register that setsthe WDT
interval interrupt and BSC compare match interrupt vector numbers (0-127). VCRWDT is
initialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | WITV6 | WITV5 | WITV4 | WITV3 | WITV2 | WITV1 | WITVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — | BCMV6| BCMV5 | BCMV4 | BCMV3 | BCMV2 | BCMV1| BCMVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Watchdog Timer (WDT) Interval Interrupt VVector Number 6 to O (WITV6—
WITVO0): These bits set the vector number for the interval interrupt (1T1) of the watchdog timer
(WDT). There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Bus State Controller (BSC) Compare Match Interrupt VVector Number 6 to O
(BCMV6-BCMV0): These hits set the vector number for the compare match interrupt (CMI) of
the bus state controller (BSC). There are seven bits, so the value can be set between 0 and 127.
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537 Vector Number Setting Register A (VCRA)

Vector number setting register A (VCRA) isa 16-bit read/write register that sets the SCI receive-
error interrupt and receive-data-full interrupt vector numbers (0-127). VCRA isinitialized to
H'0000 by areset. It is not initialized in standby mode.

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
| — | SERV6| SERV5 | SERV4| SERV3 | SERV2 | SERV1| SERVO |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
| — | SRXV6| SRXV5 | SRXV4 | SRXV3 | SRXV2 | SRXVL| SRXVO |
0 0 0 0 0 0 0 0
R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should aways be 0.

Bits 14 to 8—Serial Communication Interface (SCI) Receive-Error Interrupt Vector Number 6 to
0 (SERV6-SERV0): These bits set the vector number for the serial communication interface (SCI)
receive-error interrupt (ERI). There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface (SCI) Receive-Data-Full Interrupt Vector Number 6
to 0 (SRXV6-SRXV0): These bits set the vector number for the serial communication interface
(SCI) receive-data-full interrupt (RX1). There are seven hits, so the value can be set between 0 and

127.
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538 Vector Number Setting Register B (VCRB)

Vector number setting register B (VCRB) is a 16-bit read/write register that sets the SCI transmit-
data-empty interrupt and transmit-end interrupt vector numbers (0-127). VCRB isinitialized to
H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | STXV6 | STXV5 | STXV4 | STXV3 | STXV2 | STXV1 | STXVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname:| — | STEV6 | STEV5 | STEV4 | STEV3 | STEV2 | STEV1 | STEVO
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should aways be 0.

Bits 14 to 8—Serial Communication Interface (SCI) Transmit-Data-Empty Interrupt Vector
Number 6 to 0 (STXV6-STXV0): These hits set the vector number for the serial communication
interface (SCI) transmit-data-empty interrupt (TX1). There are seven bits, so the value can be set
between 0 and 127.

Bits 6 to 0—Serial Communication Interface (SCI) Transmit-End Interrupt VVector Number 6 to O
(STEV6-STEVO0): These bits set the vector number for the serial communication interface (SCI)
transmit-end interrupt (TEI). There are seven hits, so the value can be set between 0 and 127.
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5.3.9 Vector Number Setting Register C (VCRC)

Vector number setting register C (VCRC) is a 16-bit read/write register that sets the free-funning
timer (FRT) input-capture interrupt and output-compare interrupt vector numbers (0-127). VCRC
isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | FICV6 | FICV5 | FICV4 | FICV3 | FICV2 | FICVL | FICVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname:| — | FOCV6| FOCV5 | FOCV4| FOCV3 | FOCV2 | FOCV1| FOCVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should aways be 0.

Bits 14 to 8—Free-Running Timer (FRT) Input-Capture Interrupt Vector Number 6 to O (FICV6—
FICV0): These hits set the vector number for the free-running timer (FRT) input-capture interrupt
(ICl). There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Free-Running Timer (FRT) Output-Compare Interrupt Vector Number 6 to 0
(FOCV6-FOCV0): These hits set the vector number for the free-running timer (FRT) output-
compare interrupt (OCI). There are seven bits, so the value can be set between 0 and 127.
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53.10 Vector Number Setting Register D (VCRD)

Vector number setting register D (VCRD) is a 16-bit read/write register that sets the free-running
timer (FRT) overflow interrupt vector number (0-127). VCRD isinitialized to H'0000 by a reset.
Itisnot initialized in standby mode.

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
\ — ‘FOVV6‘ FOVVS‘ FOVV4‘ FOVVS‘ FOWZ‘ FOVVl‘ FOVVO‘
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
- T-T-T-T-T-_
0 0 0 0 0 0 0 0
R R

Bits 15 and 7 to 0—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Free-Running Timer (FRT) Overflow Interrupt Vector Number 6 to O (FOVV 6~
FOVVO0): These bits set the vector number for the free-running timer (FRT) overflow interrupt
(OV1). There are seven bits, so the value can be set between 0 and 127.
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5311 Vector Number Setting Register E (VCRE)

Vector number setting register E (VCRE) is a 16-bit read/write register that sets the timer pulse
unit 0 (TPUO) TGROA and TGROB input capture/compare match interrupt vector numbers (0—
127).

VCRE isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | TGOAV6 TGOAVS5 | TGOAV4| TGOAV3 | TGOAV2 | TGOAV1| TGOAVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | TGOBV6 TGOBV5 | TGOBV4| TGOBV3 | TGOBV2 | TGOBV1| TGOBVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved. These bits aways read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 0 (TPUO) TGROA Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TGOAV6-TGOAV0): These bits set the vector number for the timer pulse unit 0
(TPUQ) TGROA input capture/compare match interrupt. There are seven bits, so the value can be
set between 0 and 127.

Bits 6 to 0—Timer pulse unit 0 (TPUO) TGROB Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TGOBV6-TGOBV0): These bits set the vector number for the timer pulse unit O
(TPUQ) TGROB input capture/compare match interrupt. There are seven hits, so the value can be
set between 0 and 127.
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53.12 Vector Number Setting Register F (VCRF)

Vector number setting register F (VCRF) is a 16-bit read/write register that sets the timer pulse
unit 0 (TPUO) TGROC and TGROD input capture/compare match interrupt vector numbers (0—

127).

VCRFisinitialized to H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — |TGOCV6 TGOCV5| TGOCV4| TGOCV3| TGOCV2| TGOCV1| TGOCVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — | TGODV6 TGODV5| TGODV4| TGODV3| TGODV2| TGODV1| TGODVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 0 (TPUO) TGROC Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TGOCV6-TGOCV0): These hits set the vector number for the timer pulse unit 0
(TPUQ) TGROC input capture/compare match interrupt. There are seven bits, so the value can be
set between 0 and 127.

Bits 6 to 0—Timer pulse unit 0 (TPUO) TGROD Input Capture/Compare Match Interrupt V ector
Number 6 to 0 (TGODV 6-TGODV0): These bits set the vector number for the timer pulse unit O
(TPUQ) TGROD input capture/compare match interrupt. There are seven bits, so the value can be
set between 0 and 127.
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5.3.13 Vector Number Setting Register G (VCRG)

Vector number setting register G (VCRG) is a 16-bit read/write register that sets the timer pulse
unit 0 (TPUQ) TCNTO overflow interrupt vector number (0-127).

VCRG isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
\ — \ TCOWG‘ TCOVVS‘ TCOVV4‘ TCOVVS‘ TCOVVZ‘ TCOWl‘ TCOVVO‘
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
-l -1-1T-71T-7T-=-7T-=-7=1
0 0 0 0 0 0 0 0
R R

Bits 15 and 7 to 0—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 0 (TPUO) TCNTO Overflow Interrupt Vector Number 6 to O
(TCOVV6-TVOVVO0): These bits set the vector number for the timer pulse unit 0 (TPUO) TCNTO
overflow interrupt. There are seven bits, so the value can be set between 0 and 127.
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53.14 Vector Number Setting Register H (VCRH)

Vector number setting register H (VCRH) is a 16-bit read/write register that sets the timer pulse
unit 1 (TPU1) TGR1A and TGR1B input capture/compare match interrupt vector numbers (0—

127).

VCRH isinitialized to H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | TG1AV6 TGIAV5 | TGIAV4| TGIAV3 | TG1AV2 | TG1AVI| TGIAVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — |TG1BV6 TG1BV5 TG1BV4|TG1BV3|TG1BV2 | TG1BV1| TG1BVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 1 (TPU1) TGR1A Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TG1AV6-TG1AV0): These bits set the vector number for the timer pulse unit 1
(TPUL) TGR1A input capture/compare match interrupt. There are seven bits, so the value can be
set between 0 and 127.

Bits 6 to 0—Timer pulse unit 1 (TPU1) TGR1B Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TG1BV6-TG1BV0): These hits set the vector number for the timer pulse unit 1
(TPUL) TGRAB input capture/compare match interrupt. There are seven hits, so the value can be
set between 0 and 127.
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5315 Vector Number Setting Register | (VCRI)

Vector number setting register | (VCRI) isa 16-bit read/write register that sets the timer pulse unit
1 (TPU1) TCNT1 overflow/underflow interrupt vector numbers (0-127).

VCRI isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
Bitname: | — | TCIW6 TCIVV5| TCI1VV4| TCIWV3| TC1WW2| TC1WV1| TCIWO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | TCI1UV6| TC1UV5|TC1UV4| TC1UV3|TC1UV2| TC1UV1| TCIUVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 1 (TPU1) TCNT1 Overflow Interrupt Vector Number 6 to O
(TC1VV6-TC1VVO0): These hits set the vector number for the timer pulse unit 1 (TPUL1) TCNT1
overflow interrupt. There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Timer pulse unit 1 (TPU1) TCNT1 Underflow Interrupt Vector Number 6 to O
(TC1UV6-TC1UVOQ): These bits set the vector number for the timer pulse unit 1 (TPUL1) TCNT1
underflow interrupt. There are seven bits, so the value can be set between 0 and 127.
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5316 Vector Number Setting Register J (VCRJ)

Vector number setting register J (VCRJ) is a 16-bit read/write register that sets the timer pulse unit
2 (TPU2) TGR2A and TGR2B input capture/compare match interrupt vector numbers (0-127).

VCRJisinitialized to H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname: | — | TG2AV6 TG2AV5 | TG2AV4| TG2AV3 | TG2AV2 | TG2AV1| TG2AVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — | TG2BV6| TG2BV5| TG2BV4| TG2BV3| TG2BV2 | TG2BV1| TG2BVO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 2 (TPU2) TGR2A Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TG2AV6-TG2AV0): These bits set the vector number for the timer pulse unit 2
(TPU2) TGR2A input capture/compare match interrupt. There are seven bits, so the value can be
set between 0 and 127.

Bits 6 to 0—Timer pulse unit 2 (TPU2) TGR2B Input Capture/Compare Match Interrupt Vector
Number 6 to 0 (TG2BV6-TG2BV0): These hits set the vector number for the timer pulse unit 2
(TPU2) TGR2B input capture/compare match interrupt. There are seven hits, so the value can be
set between 0 and 127.
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5.3.17 Vector Number Setting Register K (VCRK)

Vector number setting register K (VCRK) is a 16-bit read/write register that sets the timer pulse
unit 2 (TPU2) TCNT2 overflow/underflow interrupt vector numbers (0-127).

VCRK isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
Bitname: | — | TC2WV6 TC2VV5| TC2VV4| TC2WV3| TC2WW2| TC2W1| TC2WO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | TC2UV6| TC2UV5|TC2UV4| TC2UV3| TC2UV2| TC2UV1| TC2UV0 |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Timer pulse unit 2 (TPU2) TCNT2 Overflow Interrupt Vector Number 6 to O
(TC2VV6-TC2VVO0): These hits set the vector number for the timer pulse unit 2 (TPU2) TCNT2
overflow interrupt. There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Timer pulse unit 2 (TPU2) TCNT2 Underflow Interrupt Vector Number 6 to O
(TC2UV6-TC2UV0): These bits set the vector number for the timer pulse unit 2 (TPU2) TCNT2
underflow interrupt. There are seven bits, so the value can be set between 0 and 127.
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5.3.18 Vector Number Setting Register L (VCRL)

Vector number setting register L (VCRL) isa 16-bit read/write register that sets the serial
communication interface with FIFO 1 (SCIF1) receive-error interrupt and receive-data-full/data-
ready interrupt vector numbers (0-127).

VCRL isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — |SER1V6 SER1V5|SER1V4|SER1V3|SER1V2| SER1VI| SER1VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — |SRX1V6 SRX1V5|SRX1V4| SRX1V3|SRX1V2| SRX1V1| SRX1VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial Communication Interface with FIFO 1 (SCIF1) Receive-Error Interrupt
Vector Number 6 to 0 (SER1V6-SER1V0): These bits set the vector number for the serial
communication interface with FIFO 1 (SCIF1) receive-error interrupt. There are seven bits, so the
value can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 1 (SCIF1) Receive-Data-Full/Data-Ready
Interrupt Vector Number 6 to 0 (SRX1V6-SRX1V0): These bits set the vector number for the
serial communication interface with FIFO 1 (SCIF1) receive-data-full/data-ready interrupt. There
are seven bits, so the value can be set between 0 and 127.
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5319 Vector Number Setting Register M (VCRM)

Vector number setting register M (VCRM) is a 16-bit read/write register that sets the seria
communication interface with FIFO 1 (SCIF1) break interrupt and transmit-data-empty interrupt
vector numbers (0-127).

VCRM isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname: | — | SBRIV6 SBRIV5 SBRI1V4|SBR1V3|SBR1V2|SBR1V1|SBRIVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | STX1V6 STX1V5| STX1V4| STX1V3| STX1V2| STX1V1| STX1VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial Communication Interface with FIFO 1 (SCIF1) Break Interrupt Vector
Number 6 to 0 (SBR1V6-SBR1V0): These bits set the vector number for the serial
communication interface with FIFO 1 (SCIF1) break interrupt. There are seven bits, so the value
can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 1 (SCIF1) Transmit-Data- Empty Interrupt
Vector Number 6 to 0 (STE1V6-STE1V0): These hits set the vector number for the serial
communication interface with FIFO 1 (SCIF1) transmit-data-empty interrupt. There are seven bits,
so the value can be set between 0 and 127.
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53.20 Vector Number Setting Register N (VCRN)

Vector number setting register N (VCRN) is a 16-bit read/write register that sets the serial
communication interface with FIFO 2 (SCIF2) receive-error interrupt and receive-data-full/data-
ready interrupt vector numbers (0-127).

VCRN isinitialized to H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — |SER2V6 SER2V5|SER2V4|SER2V3|SER2V2| SER2V1| SER2VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — |SRX2V6 SRX2V5|SRX2V4| SRX2V3| SRX2V2| SRX2V1| SRX2VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial Communication Interface with FIFO 2 (SCIF2) Receive-Error Interrupt
Vector Number 6 to 0 (SER2V6-SER2V0): These bits set the vector number for the serial
communication interface with FIFO 2 (SCIF2) receive-error interrupt. There are seven bits, so the
value can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 2 (SCIF2) Receive-Data-Full/Data-Ready
Interrupt VVector Number 6 to 0 (SRX2V6-SRX2V0): These bits set the vector number for the
serial communication interface with FIFO 2 (SCIF2) receive-data-full/data-ready interrupt. There
are seven bits, so the value can be set between 0 and 127.

182
HITACHI



5321 Vector Number Setting Register O (VCRO)

Vector number setting register O (VCRO) is a 16-bit read/write register that sets the serial
communication interface with FIFO 2 (SCIF2) break interrupt and transmit-data-empty interrupt
vector numbers (0-127).

VCRO isinitialized to H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname: | — | SBR2V6 SBR2V5|SBR2V4|SBR2V3|SBR2V2| SBR2V1| SBR2VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | STX2V6 STX2V5| STX2V4| STX2V3| STX2V2| STX2V1| STX2V0|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial Communication Interface with FIFO 2 (SCIF2) Break Interrupt Vector
Number 6 to 0 (SBR2V6-SBR2V0): These bits set the vector number for the serial
communication interface with FIFO 2 (SCIF2) break interrupt. There are seven bits, so the value
can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 2 (SCIF2) Transmit-Data- Empty Interrupt
Vector Number 6 to 0 (STE2V6-STE2V0): These hits set the vector number for the serial
communication interface with FIFO 2 (SCIF2) transmit-data-empty interrupt. There are seven bits,
so the value can be set between 0 and 127.
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5322 Vector Number Setting Register P (VCRP)

Vector number setting register P (VCRP) is a 16-bit read/write register that setsthe serial /00
(SIO0) receive overrun error interrupt and transmit overrun error interrupt vector numbers (0—

127).

VCRPisinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — |REROV6 REROV5 REROV4 REROV3|REROV2| REROVI| REROVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — | TEROV6 TEROV5| TEROV4| TEROV3| TEROV2| TEROVI| TEROVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial 1/0 0 (SIO0) Receive Overrun Error Interrupt Vector Number 6 to 0
(REROV6-RERQV0): These hits set the vector number for the serial 1/0 0 (SIOQ) receive overrun
error interrupt. There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 0 (SIO0) Transmit Overrun Error Interrupt Vector Number 6 to O
(TEROV6-TEROV0): These hits set the vector number for the seria 1/0 0 (SIO0) transmit overrun
error interrupt. There are seven bits, so the value can be set between 0 and 127.
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5.3.23 Vector Number Setting Register Q (VCRQ)

Vector number setting register Q (VCRQ) is a 16-hit read/write register that sets the serial 1/0 0
(SI00) receive-data-full interrupt and transmit-data-empty interrupt vector numbers (0-127).

VCRQ isinitialized to H'0000 by areset. It is not initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
Bitname: | — |RDFOV6 RDFOV5 | RDFOV4|RDFOV3 | RDFOV2 | RDFOV1| RDFOVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | TDEOV6| TDEOV5| TDEOV4| TDEOV3| TDEOV2| TDEOVI| TDEOVO)
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial 1/0 0 (SIO0) Receive-Data-Full Interrupt VVector Number 6 to 0 (RDFOV6—
RDFOV0): These bits set the vector number for the serial 1/0 0 (SIO0) receive-data-full interrupt.
There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 0 (SIO0) Transmit-Data-Empty Interrupt VVector Number 6 to O (TDEQOV 6—
TDEOQOV0): These hits set the vector number for the serial 1/0 0 (SIO0) transmit-data-empty
interrupt. There are seven bits, so the value can be set between 0 and 127.
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5.3.24 Vector Number Setting Register R (VCRR)

Vector number setting register R (VCRR) is a 16-bit read/write register that sets the serial 1/0 1
(SI0L1) receive overrun error interrupt and transmit overrun error interrupt vector numbers (0—

127).

VCRR isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — |RER1V6 RER1V5 RER1V4 RER1V3|RER1V2| RER1V RER1VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — | TER1V6 TER1V5| TER1V4| TER1V3| TER1V2| TER1V1| TER1VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial 1/0 1 (SIO1) Receive Overrun Error Interrupt Vector Number 6 to O
(RER1V6-RER1VO0): These hits set the vector number for the serial 1/0 1 (SIO1) receive overrun
error interrupt. There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 1 (SIO1) Transmit Overrun Error Interrupt Vector Number 6 to O
(TER1V6-TER1VO0): These hits set the vector number for the seria 1/0 1 (SIO1) transmit overrun
error interrupt. There are seven bits, so the value can be set between 0 and 127.
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5.3.25 Vector Number Setting Register S (VCRS)

Vector number setting register S (VCRS) is a 16-bit read/write register that setsthe serial 1/0 1
(SI01) receive-data-full interrupt and transmit-data-empty interrupt vector numbers (0-127).

VCRSisinitialized to H'0000 by areset. It is not initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
Bitname: | — |RDF1V6 RDF1V5 RDF1V4|RDF1V3|RDF1V2 | RDF1V1| RDF1VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | TDE1V6| TDE1V5| TDE1V4) TDE1V3| TDE1V2 TDE1VI| TDELVO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Seria 1/0 1 (SIO1) Receive-Data-Full Interrupt VVector Number 6 to 0 (RDF1V6—
RDF1V0): These bits set the vector number for the serial 1/0 1 (SIO1) receive-data-full interrupt.
There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 1 (SIO1) Transmit-Data-Empty Interrupt VVector Number 6 to O (TDE1V6—
TDE1V0): These hits set the vector number for the serial 1/0 1 (SIO1) transmit-data-empty
interrupt. There are seven bits, so the value can be set between 0 and 127.
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53.26 Vector Number Setting Register T (VCRT)

Vector number setting register T (VCRT) isa 16-bit read/write register that sets the seria 1/0 2
(SI02) receive overrun error interrupt and transmit overrun error interrupt vector numbers (0—

127).

VCRT isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — |RER2V6 RER2V5 RER2V4 RER2V3|RER2V2| RER2V1| RER2VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bitname: | — | TER2V6 TER2V5| TER2V4| TER2V3| TER2V2| TER2VI| TER2VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 14 to 8—Serial 1/0 2 (SI02) Receive Overrun Error Interrupt Vector Number 6 to O
(RER2V6-RER2V0): These hits set the vector number for the serial 1/0 2 (SIO2) receive overrun
error interrupt. There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 2 (SI02) Transmit Overrun Error Interrupt Vector Number 6 to O
(TER2V6-TER2V0): These hits set the vector number for the seria 1/0 2 (SIO2) transmit overrun
error interrupt. There are seven bits, so the value can be set between 0 and 127.
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5.3.27 Vector Number Setting Register U (VCRU)

Vector number setting register U (VCRU) is a 16-bit read/write register that sets the seria 1/0 2
(S102) receive-data-full interrupt and transmit-data-empty interrupt vector numbers (0-127).

VCRU isinitialized to H'0000 by areset. It isnot initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
Bitname: | — |RDF2V6 RDF2V5 RDF2V4|RDF2V3|RDF2V2 | RDF2V1| RDF2VO|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bitname: | — | TDE2V6| TDE2V5| TDE2v4) TDE2V3| TDE2v2 TDE2V1| TDE2VO)
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bits 15 and 7—Reserved. These bits aways read 0. The write value should always be 0.

Bits 14 to 8—Seria 1/0 2 (SI02) Receive-Data-Full Interrupt VVector Number 6 to 0 (RDF2V6—
RDF2V0): These bits set the vector number for the serial 1/0 2 (SIO2) receive-data-full interrupt.
There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 2 (SI02) Transmit-Data-Empty Interrupt VVector Number 6 to O (TDE2V6—
TDE2V0): These hits set the vector number for the serial 1/0 2 (SIO2) transmit-data-empty
interrupt. There are seven bits, so the value can be set between 0 and 127.

Tables 5.6 and 5.7 show the relationship between on-chip peripheral module interrupts and
interrupt vector number setting registers.
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Table5.6

Register

Bits

Interrupt Request Sour ces and Vector Number Setting Registers (1)

14-8

6-0

Vector number setting register
WDT

Interval interrupt (WDT)

Compare-match interrupt
(BSC)

Vector number setting register A

Receive-error interrupt (SCI)

Receive-data-full interrupt
(SCI)

Vector number setting register B

Transmit-data-empty interrupt
(SCI)

Transmit-end interrupt (SCI)

Vector number setting register C

Input-capture interrupt (FRT)

Output-compare interrupt
(FRT)

Vector number setting register D

Overflow interrupt (FRT)

Reserved

Vector number setting register E

Input capture/compare match

Input capture/compare match

interrupt (TPUO/TGROA) interrupt (TPUO/TGROB)
Vector number setting register F Input capture/compare match  Input capture/compare match
interrupt (TPUO/TGROC) interrupt (TPUO/TGROD)
Vector number setting register G Overflow interrupt Reserved
(TPUO/TCNTO)
Vector number setting register H  Input capture/compare match  Input capture/compare match
interrupt (TPUL/TGR1A) interrupt (TPU1/TGR1B)
Vector number setting register | Overflow interrupt Underflow interrupt
(TPUL/TCNTL) (TPUL/TCNTY)
Vector number setting register J  Input capture/compare match  Input capture/compare match
interrupt (TPU2/TGR2A) interrupt (TPU2/TGR2B)

Vector number setting register K

Overflow interrupt
(TPU2/TCNT2)

Underflow interrupt
(TPU2/TCNT2)

Vector number setting register L

Receive-error interrupt (SCIF1)

Receive-data-full/data-ready
interrupt (SCIF1)

Vector number setting register M

Break interrupt (SCIF1)

Transmit-data-empty interrupt
(SCIF1)

Vector number setting register N

Receive-error interrupt (SCIF2)

Receive-data-full/data-ready
interrupt (SCIF2)

Vector number setting register O

Break interrupt (SCIF2)

Transmit-data-empty interrupt
(SCIF2)

Vector number setting register P

Receive overrun error interrupt
(S100)

Transmit overrun error interrupt
(S100)

Vector number setting register Q

Receive-data-full interrupt
(S100)

Transmit-data-empty interrupt
(S100)
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Table5.6 Interrupt Request Sourcesand Vector Number Setting Registers (1) (cont)

Bits

Register 14-8 6-0

Vector number setting register R Receive overrun error interrupt Transmit overrun error interrupt
(S101) (Slo1)

Vector number setting register S Receive-data-full interrupt Transmit-data-empty interrupt
(sl01) (slo1)

Vector number setting register T Receive overrun error interrupt Transmit overrun error interrupt
(S102) (S102)

Vector number setting register U Receive-data-full interrupt Transmit-data-empty interrupt
(S102) (S102)

Astable 5.6 shows, two on-chip peripheral module interrupts are assigned to each register. Set the
vector numbers by setting the corresponding 7-bit groups (bits 14 to 8 and bits 6 to 0) with values
in the range of H'00 (0000000) to H'7F (1111111). H'00 is vector number O (the lowest); H'7F is
vector number 127 (the highest). The vector table addressis calculated by the following equation.

Vector table address = VBR + (vector number x 4)

A reset initializes a vector number setting register to H'0000. They are not initialized in standby
mode.

Table5.7 Interrupt Request Sourcesand Vector Number Setting Registers (2)

Register Setting Function

Vector number setting register DIV (VCRDIV) Overflow interrupts for division unit

Vector number setting register DMACO Channel 0 transfer end interrupt for DMAC
(VCRDMADO)
Vector number setting register DMAC1 Channel 1 transfer end interrupt for DMAC
(VCRDMAL)

Asshown in table 5.7, the vector number for divider overflow interruptsis set in VCRDIV, and
the vector numbers for direct memory access controller transfer-end interrupts are set in
VCRDMAO and VCRDMA 1. See sections 9, Direct Memory Access Controller, and 10, Division
Unit, for more details.
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5.3.28 Interrupt Control Register (ICR)

ICR isa16-hit register that sets the input signal detection mode of external interrupt input pin
NMI and indicates the input signal level at the NMI pin. It can also specify IRQ or IRL mode by
means of the External Interrupt Vector Mode Select bit. The IRQ/IRL interrupt vector number can
be selected for setting in accordance with either auto vector mode or external vector mode by
means of the Interrupt Vector Mode Select bit. ICR isinitialized to H'8000 or H'0000 by areset. It
isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname: | NMIL | — | — | — | — | — | — | NME |
Initial value: 0/1* 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bit 7 6 5 4 3 2 1 0
Bitname:. — | — | — | — | — | — | EXiMD|VECMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RW

Note: * When NMI input is high: 1; when NMI input is low: O

Bit 15—NMI Input Level (NMIL): Setsthe level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

Bits 14 to 9—Reserved: These hits always read 0. The write value should always be 0.

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt
request signal to the NMI pinis detected.

Bit 8: NMIE Description
0 Interrupt request is detected on falling edge of NMI input (Initial value)
1 Interrupt request is detected on rising edge of NMI input

Bits 7 to 2—Reserved: These bits aways read 0. The write value should always be 0.
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Bit 1—External Interrupt Vector Mode Select (EXIMD): This bit selects IRQ mode or IRL mode.
In IRQ mode, each of signals IRL3 to IRLO functions as a separate interrupt source. In IRL mode,
these signal's can specify interrupt priority levels 1 to 15.

Bit 1: EXIMD Description
0 IRL mode (Initial value)
1 IRQ mode

Bit O—Interrupt Vector Mode Select (VECMD): This bit selects auto-vector mode or external
vector mode for IRL/IRQ interrupt vector number setting. In auto-vector mode, an internally
determined vector number is set. The IRL15 and IRL 14 interrupt vector numbers are set to 71 and
the IRL1 vector number is set to 64. In external vector mode, a value between 0 and 127 can be
input as the vector number from the external vector number input pins (D7-DO0).

Bit 0: VECMD Description
0 Auto vector mode, vector number automatically set internally

(Initial value)
1 External vector mode, vector number set by external input

5329 IRQ Control/Status Register (IRQCSR)

The IRQ control/status register (IRQCSR) is a 16-hit register that sets the IRLO-IRL3 input signal
detection mode, indicates the input signal levels at pins IRLO-IRL3, and also indicates the IRQ
interrupt status. IRQCSR isinitialized by areset. It isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
Bit name: | IRQ31S | IRQ30S| IRQ21S | IRQ20S| IRQ11S | IRQ10S | IRQOLS| IRQOOS |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name: \ IRL3PS‘ IRLZPS‘ IRLlPS‘ IRLOPS‘ IRQ3F \ IRQ2F \ IRQ1F \ IRQOF \
Initial value: 0/1 0/1 0/1 0/1 0 0 0 0
RW: R R R R RIAW) RI(W) RIW) R(W)
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Bits 15 to 8—IRQ Sense Select Bits (IRQ31S-RQO0S): These bits set the IRQ detection mode

for IRL3-IRLO.

Bits 15-8: Bits 15-8:

IRQN1S IRQNOS Description

0 0 Low-level detection (Initial value)
1 Falling-edge detection

1 0 Rising-edge detection
1 Both-edge detection

Note: n=0to 3

Bits 7 to 4—IRL Pin Status Bits (IRL3PS-IRLOPS): These bitsindicate the IRL3—IRLO pin status.
The IRL3-IRLO pin levels can be ascertained by reading these bits. These bits cannot be modified.

Bits 7-4: IRLnPS Description
0 Low level is being input to pin IRLN
1 High level is being input to pin IRLn

Note: n=0to 3

Bits 3 to 0—IRQ3 to IRQO Flags (IRQ3F-IRQOF): These hits indicate the IRQ3-IRQO interrupt

request status.

Bits 3-0:

IRQ3F-IRQOF Detection Setting Description

0 Level detection There is no IRQn interrupt request (Initial value)
[Clearing condition]
When IRLn input is high

Edge detection An IRQn interrupt request has not been detected
(Initial value)

[Clearing conditions]
e When 0 is written to IRQnF after reading IRQnF =1
e When an IRQn interrupt is accepted

1 Level detection There is an IRQn interrupt request

[Setting condition]
When IRLn input is low

Edge detection

An IRQn interrupt request has been detected
[Setting condition]
When an IRLn input edge is detected

Note: n=0to 3
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54 Interrupt Operation

54.1 Interrupt Sequence

The sequence of operationsin interrupt generation is described below and illustrated in figure 5.5.

1
2.

Theinterrupt request sources send interrupt request signals to the interrupt controller.

Theinterrupt controller selects the highest-priority interrupt among the interrupt requests sent,
according to the priority levels set in interrupt priority level setting registers A to E (IPRA—
IPRE). Lower-priority interrupts are held pending. If two or more of these interrupts have the
same priority level or if multiple interrupts occur within a single module, the interrupt with the
highest default priority or the highest priority within its IPR setting unit (asindicated in table
5.4) is selected.

Theinterrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13-10) in the CPU’ s status register (SR). If the request priority level is
equal to or lessthan the level set in 130, the request is held pending. If the request priority
level is higher than the level in bits 1310, the interrupt controller accepts the interrupt and
sends an interrupt request signal to the CPU.

The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception handling.

Status register (SR) and program counter (PC) are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3to 10) in
the status register (SR).

When external vector mode is specified for the IRL/IRQ interrupt, the vector number is read
from the external vector number input pins (D7-DO0).

The CPU reads the start address of the exception service routine from the exception vector
table entry for the accepted interrupt, jumps to that address, and starts executing the program
there. Thisjump is not a delayed branch.
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* A
Program execution
state

Interrupt No

generated?
Yes
NMI? No
Yes
User break? No
es H-UDI No
interrupt?

Yes Level 15

interrupt?

Yes

Yes

A 1I3to 10 <

| Save SR to stack level 14?
v No Yes

| Save PC to stack

Copy accepted
interrupt level to 13-10

v

| Read vector number*

v

Read exception
vector table

v

Branch to exception
service routine
| v

Level 14
interrupt?

Yes ]
interrup

13to 10 <
level 13?

_Yes

1I3to 10 =
level 0?

t?

No

I13-10: Status register interrupt mask bits.

The vector number is only read from an external source when an external vector number is

Note:
specified for the IRL/IRQ interrupt vector number.
Figure5.8 Interrupt Sequence Flowchart
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542 Stack State after Interrupt Exception Handling

The state of the stack after interrupt exception handling is completed is shown in figure 5.9.

Address

4n-8

4n-4

4n

PC 32 hits

<1SP

PC: Start address of return destination instruction (instruction after executing instruction)

Figure5.9 Stack Stateafter Interrupt Exception Handling
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55 Interrupt Response Time

Table 5.8 shows the interrupt response time, which is the time from the occurrence of an interrupt
request until interrupt exception handling starts and fetching of the first instruction of the interrupt

service routine begins.

The response time is shown here as the number of states. The actual response time can be
calculated based on the clock mode and clock frequency used.

Table5.8 Interrupt Response Time
Number of States
Peripheral Module
Item NMI IRL/IRQ A B Notes
Compare identified 2.0 x Icyc 0.5 x Icyc 0.5 x Icyc 1.0 x Pcyc
interrupt priority with SR +1.0xEcyc +1.0xPcyc
mask level + 1.5 x Pcyc
Wait for completion of X (=0) X (= 0) X (= 0) X (= 0) The longest
sequence currently being sequence is for
executed by CPU interrupt or address-
error exception
handling (X = 4.0 x
Icyc+ ml+m2+
m3 + m4). If an
interrupt-making
instruction follows,
however, the time
may be even longer
during repeat
instruction
execution
Time from interrupt 5.0 x Icyc 5.0 x Icyc 5.0 x Icyc 5.0 x Icyc
exception handling (SR +ml+ m2 +ml+m2 +ml+m2 +ml+m2
and PC saves and vector +m3 +m3 +m3 +m3
address fetch) until fetch of
first instruction of exception
service routine starts
Response time Total: X+7.0xlcyc X+55xIcyc X+5.5xIcyc X+ 5.0 xlIcyc
+ml+m2 +1.0xEcyc +1.0xPcyc +1.0xPcyc
+m3 +15xPcyc +ml+m2 +ml+ m2
+ml+ m2 +m3 +m3
+m3
Minimum: 10 11 9.5 9 IgE@Pe=1:1:1
Maximum: 11 +2 (ml 195+2(ml1 135+2(m1 13.0+2(ml1 I@E@Po=1:1/4:1/4
+m2+m3) +m2+m3) +m2+m3) +m2+m3)
+ m4 +m4 +m4 +m4
Note: ml-m4 are the number of states needed for the following memory accesses
m1: SR save (longword write)
m2: PC save (longword write)
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ma3: Vector address read (longword write)

m4: Fetch of first instruction of interrupt service routine
Icyc: g cycle time

Ecyc: E@ cycle time

Pcyc: P@ cycle time

Peripheral modules A: DIVU, DMAC, REF (BSC)
Peripheral modules B: WDT, SCI, FRT, TPU, SCIF, SIO

5.6 Sampling of Pins IRL3-IRL0

Signals on interrupt pins IRL3 to IRLO pass through the noise canceler before being sent by the
interrupt controller to the CPU as interrupt requests, as shown in figure 5.10. The noise canceler
cancels noise that changes in short cycles. The CPU samples the interrupt requests between
executing instructions. During this period, the noise canceler output changes according to the
noise-eliminated pin level, so the pin level must be held until the CPU samplesit. This means that
interrupt sources generally must not be cleared inside interrupt routines.

When an external vector is fetched, the interrupt source can aso be cleared when the external
vector fetch cycle is detected.

Interrupt
IRLO —» > request
IRL1 —»{ Noise > Interrupt
i CPU
IRL2 » canceler > controller
IRL3 ’ > ‘Interrupt
* accepted
1011 for
1 clock
IRL3-IRLO dueto
pin level noise Level 2 interrupt Level 6 interrupt
T @ G 1101 1001
Noise canceler
output Cleared when interrupt is accepted

Interrupt request

to CPU \ Yo

Interrupt acceptance /

signal from CPU / \

X X
X X
1111 X 1101 X 1001
\ X
/

Figure5.10 IRL3-IRLO Pin Sampling
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5.7 Usage Notes
1. Note on module standby execution

Do not execute module standby for modules that have the module standby function when the
possibility remains that an interrupt request may be output.

2. Notes on interrupt source clearing

A. When clearing external interrupt source

If interrupt source clearing is performed by writing to an 10 address (external), the next
instruction will be executed before completion of the write operation because of the write
buffer. To ensure that the write operation is completed before the next instruction is
executed, synchronization is achieved when aread is performed from the same address
following the write.

a. When returning from interrupt handling by means of RTE instruction
When the RTE instruction is used to return from interrupt handling, as shown in figure
5.11, consider the cycles to be inserted between the read instruction for synchronization
and the RTE instruction, according to the set clock ratio (I¢ : E@: Pg) and external bus
cycle.

IRL3—IRLO should be negated at least 0.5 Icyc + 1.0 Ecyc + 1.5 Pcyc before interrupt
acceptance becomes possible.

For example, if clock ratio l@: E@: Ppis4: 2: 2, at least 5.5 Icyc should be inserted.

b. When changing level during interrupt handling
When the SR value is changed by means of an LDC instruction and multiple
implementation of other interruptsis enabled, also, consider the cycles to be inserted
between the synchronization instruction and the LDC instruction as shown in figure
5.12, according to the set clock ratio (1¢ : E@: Pg) and external bus cycle.
IRL3-RLO should be negated at least 0.5 Icyc + 1.0 Ecyc + 1.5 Pcyc before interrupt
acceptance becomes possible.

For example, if clock ratio l@: E@: Ppis4: 2: 2, at least 5.5 Icyc should be inserted.
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| Write completed | | Next interrupt can be accepted

External write
cycle Y
External read
cycle

RTE instruction E
Delay slot instruction EEI

Interrupt return destination instruction F

Interrupt clear instructi0n| D | E | M |

Synchronization instruction | D | E | M | | W|

O
H

\ 0.5lcyc + 1.0Ecyc + 1.5Pcyc

TRL3-IRLO /

F: Instruction fetch ............... Instruction is fetched from memory in which program is stored

D: Instruction decode ........... Fetched instruction is decoded

E: Instruction execution ........ Data operation or address operation is performed in accordance
with result of decoding

M: Memory access ................ Memory data access is performed

W: Write-back ...................e Data read from memory is written to register

Figure5.11 Pipeline Operation when Returning by Means of RTE Instruction

| Write completed | | Next interrupt can be accepted
Interrupt clear instruction | D | E | M | E})/(é(leernal write  /
Externaliread

cycle

Synchronization instruction | D | E | M | | W

LDC instruction EE
Interrupt disable instruction D| E

Normal instruction g”'A

v 0.5lcyc + 1.0Ecyc + 1.:5Pcyc

TRL3-IRLO /

Figure5.12 Pipeline Operation when Interrupts are Enabled by Means of SR Modification

When an interrupt source is cleared by the program, pipeline operation must be considered
to ensure that the same interrupt is not implemented again.
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B. When clearing on-chip interrupt source
When an interrupt source is from an on-chip peripheral module, also, pipeline operation
must be considered to ensure that the same interrupt is not implemented again. An interval
of 0.5 Icyc + 1.0 Pcyc isrequired until an on-chip peripheral module interrupt is identified
by the CPU. Similarly, aninterval of 0.5 Icyc + 1.0 Pcyc is also necessary to report the fact
that an interrupt request is no longer present.

a. When returning from interrupt handling by means of RTE instruction

When the RTE instruction is used to return from interrupt handling, as shown in figure
5.13, consider the cycles to be inserted between the read instruction for synchronization
and the RTE instruction, according to the set clock ratio (1@ : E@: Pg).

The on-chip peripheral interrupt signal should be negated at least 0.5 Icyc + 1.0 Pcyc
before interrupt acceptance becomes possible.

For example, if clock ratio l@: E@: Ppis4: 2: 2, at least 2.5 Icyc should be inserted.

b. When changing level during interrupt handling
When the SR value is changed by means of an LDC instruction and multiple
implementation of other interruptsis enabled, consider the cycles to be inserted
between the synchronization instruction and the LDC instruction as shown in figure
5.14, according to the set clock ratio (1@ : E@: Pg).
The on-chip peripheral interrupt signal should be negated at least 0.5 Icyc + 1.0 Pcyc
before interrupt acceptance becomes possible.

For example, if clock ratio l@: E@: Ppis4: 2: 2, at least 2.5 Icyc should be inserted.

| Write completed | | Next interrupt can be accepted |

Interrupt clear instruction | D | E | M | Vovﬂtgh;ﬁlﬁeilrflg%al
Synchronization instruction | D | E | M | W |r%g§hriﬁir?_e{i?gxal
RTE instruction | D | E | M | M |
Delay slot instruction EEI
Interrupt return destination instruction W"

v 0.5lcyc + 1.0Pcyc
On-chip peripheral interrupt /

Figure5.13 Pipeline Operation when Returning by Means of RTE Instruction
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Interrupt clear instruction

Synchronization instruction

LDC instruction
Interrupt disable instruction

Normal instruction

On-chip peripheral interrupt

| Write completed | | Next interrupt can be acceloted

On-chip peripheral
D] E[M] _lwrite, rﬁnrw) 1FI)cyc _

(DT E M| [w]Qnshi peripheral

[o[E]
[p]€E]

y 0.5lcyc + 1.0Pcyc
<P

/

Figure5.14 Pipeline Operation when Interrupts are Enabled by Means of SR Modification

In the above figure, the stage in which the instruction fetch occurs cannot be specified
because of the mix of DSP instructions in this chip, so instruction fetch F is omitted in
most cases during pipeline operation.
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6.1

Section 6 User Break Controller (UBC)

Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break interrupt is generated according to the conditions of
the bus cycle generated by the CPU and on-chip DMAC.

This function makes it easy to design an effective self-monitoring debugger, enabling the chip to
debug programs without using an in-circuit emulator.

6.1.1

Features

The UBC has the following features:

e Thefollowing break conditions can be set

U
O

O

O

O
U
O
U

Two break channels (channel A, channel B)

User break interrupts can be generated on independent conditions for channels A, and B, or
on sequential conditions (sequential break setting: channel A — Channel B)

Address: 32-bit maskable, individual address setting possible (cache bus (CPU), internal
bus (DMAC), X/Y bus)

Data (channel B only): 32-bit maskable, individual address setting possible (cache bus
(CPU), internal bus (DMAC), X/Y bus)

Bus master: CPU cycle/DMAC cycle
Bus cycle: instruction fetch/data access
Read/write

Operand size: byte/word/longword

« User break interrupt generation on occurrence of break condition
A user-written user break interrupt handling routine can be executed.

« When an instruction fetch cycle is set as a condition, it is possible to select interrupt generation
before instruction execution or interrupt handling generation after instruction execution.

« Multiple-execution specification break (channel B only)
Settable number of executions: Max. 2*% — 1 (4095)
e PC trace function

The branch source/branch destination can be traced when a branch instruction is executed
(max. 4 pairs, 8 addresses)
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6.1.2

Block Diagram

Figure 6.1 shows a block diagram of the UBC.

BARAH ‘ BARAL

11
00

BAMRAH ‘ BAMRAL

Access

|

BBRA

BARBH ‘ BARBL

BAMRBH ‘ BAMRBL

IR

BDRBH ‘ BDRBL

IR

BDMRBH ‘ BDMRBL

BBRB

i

BETR

Address
- Access
1%}
e EINEIRE
EIRE 2118 P Channel A
< ol a <] g o
= < o o =
3 ol =l |® B 3
] © [0} T
2 IS o < e Z Address
(3] o] > 5} = <
[ = < [ Q
o £ X O £
(LI ITTTT]
U U U U U -
Channel B
CPU status signal . Pt
> race
Control

BARAH/L:  Break address register AH/L
BAMRAH/L: Break address mask register AH/L

BBRA:

Break bus cycle register A

BARBH/L:  Break address register BH/L
BAMRBHY/L: Break address mask register BH/L
BDRBH/L:  Break data register BH/L

BBRB:

Break bus cycle register B

BRCR

L———— Internal interrupt signal

BDMRBH/L: Break data mask register BH/L

BRCR: Break control register

BETR: Execution count setting register
BRFR: Branch flag register

BRSR: Branch source register

BRDR: Branch destination register

Module data bus
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6.1.3 Register Configuration

Table 6.1 shows the UBC register configuration.

Table6.1 Register Configuration
Initial
Name Abbr. R/W Value*! Address Access Size™
Break address register AH BARAH R/W H'0000 HFFFFFF40 16 32
Break address register AL BARAL R/W H'0000 HFFFFFF42 16
Break address mask register AH BAMRAH R/W H'0000 HFFFFFF44 16 32
Break address mask register AL BAMRAL R/W H'0000 HFFFFFF46 16
Break bus cycle register A BBRA R/W H'0000 HFFFFFF48 16, 32
Break address register BH BARBH R/W H'0000 HFFFFFF60 16 32
Break address register BL BARBL R/W H'0000 HFFFFFF62 16
Break address mask register BH BAMRBH R/W H'0000 HFFFFFF64 16 32
Break address mask register BL  BAMRBL R/W H'0000 HFFFFFF66 16
Break data register BH BDRBH R/W H'0000 HFFFFFF70 16 32
Break data register BL BDRBL R/W H'0000 HFFFFFF72 16
Break data mask register BH BDMRBH R/W H0000 HFFFFFF74 16 32
Break data mask register BL BDMRBL R/W H'0000 HFFFFFF76 16
Break bus cycle register B BBRB R/W H'0000 HFFFFFF68 16, 32
Break control register BRCR R/W H'0000 HFFFFFF78 16, 32
Execution count setting register BETR R/W H'0000 HFFFFFF4C 16, 32
Branch flag register BRFR R *3 H'FFFFFF50 16, 32
Branch source register BRSR R Unde- H'FFFFFF54 16, 32
fined
Branch destination register BRDR R Unde- H'FFFFFF58 16, 32
fined

Notes: 1.
manual reset.

2. Byte access not permitted.

3. Bits SVF and DVF in BRFR are initialized by a power-on reset, but the other bits in

BRFR are not.

HITACHI

Initialized by a power-on reset. Values held in standby mode. Value undefined after a

207



6.2 Register Descriptions

6.2.1 Break Address Register A (BARA)

BARAH:
Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BAA31‘ BAASO‘ BAA29‘ BAA28‘ BAA27‘ BAA26‘ BAAZS‘ BAA24‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
Bit name:‘ BAAZS‘ BAAZZ‘ BAA21‘ BAAZO‘ BAAlQ‘ BAAlS‘ BAAl?‘ BAAlG‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
BARAL:
Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BAAlS‘ BAA14‘ BAAlS‘ BAA12‘ BAAll‘ BA10 \ BAA9 \ BAAS \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bt 7 6 5 4 3 2 1 0
Bit name:‘ BAA7 \ BAA6 \ BAAS \ BAA4 \ BAA3 \ BAA2 \ BAA1L \ BAAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The two break address registers A—break address register AH (BARAH) and break address
register AL (BARAL)—together form a single group. Both are 16-bit read/write register. BARAH
specifies the upper bits (bits 31 to 16) of the address of the channel A break condition, while
BARAL specifiesthe lower bits (bits 15 to 0). A power-on reset initializes both BARAH and
BARAL to H'0000. Their values are undefined after a manual reset.

BARAH Bits 15 to 0—Break Address A 31 to 16 (BAA31 to BAA16): These bits store the upper
bit values (bits 31 to 16) of the address of the channel A break condition.

BARAL Bits 15 to 0—Break Address A 15to 0 (BAA15 to BAAOQ): These bits store the lower bit
values (bits 15 to 0) of the address of the channel A break condition.
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6.2.2 Break AddressMask Register A (BAMRA)

BAMRAH:
Bitt 15 14 13 12 11 10 9 8
Bit name: \ BAMASl‘ BAMASO‘ BAMAZQ‘ BAMAZB‘ BAMAZ?‘ BAMAZB‘ BAMAZS‘ BAMA24‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: \ BAMA23‘ BAMA22‘ BAMAZl‘ BAMAZO‘ BAMA19‘ BAMA18‘ BAMAl?‘ BAMAlG‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
BAMRAL:
Bitt 15 14 13 12 11 10 9 8
Bit name: ‘BAMAlS‘ BAMA14‘ BAMAlB‘ BAMAlZ‘ BAMAll‘ BAMAlO‘ BAMAQ‘ BAMAS \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
Bit name: \ BAMA7 \ BAMA6‘ BAMAS \ BAMA4‘ BAMA3 \ BAMA2 \ BAMAl‘ BAMAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The two break address mask registers A (BAMRA)—break address mask register AH
(BAMRAH) and break address mask register AL (BAMRAL)—together form a single group.
Both are 16-hit read/write registers. BAMRAH determines which of the bitsin the break address
set in BARAH are masked. BAMRAL determines which of the bitsin the break address set in
BARAL are masked. A power-on reset initializes BAMRAH and BAMRAL to H'0000. Their
values are undefined after amanual reset.

BAMRAH Bits 15 to 0—Break Address Mask A 31 to 16 (BAMA31 to BAMA16): These bits
specify whether bits 31 to 16 (BAA31 to BAA16) of the channel A break address set in BARAH
are masked.

BAMRAL Bits 15 to 0—Break Address Mask A 15to 0 (BAMA15 to BAMAOQ): These bits
specify whether bits 15 to 0 (BAA15 to BAAOQ) of the channel A break address setin BARAL are
masked.
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Bit 31-0: BAMAnN Description

0 Channel A break address BAAnN is included in the break conditions
(Initial value)
1 Channel A break address BAAn is masked and therefore not included

in the break conditions

Note: n=31to0

6.2.3 Break Bus Cycle Register A (BBRA)

Bitt 15 14 13 12 11 10 9 8
Bitname:|  — | — | — | — | — | — | — | —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit 7 6 5 4 3 2 1 0
Bit name:‘ CPA1 \ CPAO \ IDAL \ IDAO \ RWAl‘ RWAO‘ SzZA1 \ SZAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The break bus cycle register A (BBRA) is a 16-hit read/write register that selects the following
four channel A break conditions:

CPU cycle/DMAC cycle
Instruction fetch/data access
Read/write

Operand size

El I

A power-on reset initializes BBRA to H'0000. Its value is undefined after a manual reset.
Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CPA1, CPAOQ): These bits select whether to
break channel A on a CPU and/or DMAC bus cycle. When the DMAC cycle setting is made, on-
chip DMAC cycles are always included in the break conditions.
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Bit 7: CPAl Bit 6: CPAO Description

0 0 No channel A user break interrupt occurs (Initial value)
1 Break only on CPU cycles

1 0 Break only on DMAC cycles
1 Break on both CPU and DMAC cycles

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1, IDAOQ): These bits select whether to
break channel A oninstruction fetch and/or data access cycles.

Bit 5: IDAl Bit 4: IDAO Description

0 0 No channel A user break interrupt occurs (Initial value)
1 Break only on instruction fetch cycles

1 0 Break only on data access cycles
1 Break on both instruction fetch and data access cycles

Bits 3 and 2—Read/Write Select A (RWA1, RWAOQ): These bits select whether to break channel A

on read and/or write cycles.

Bit 3: RWA1 Bit 2: RWAO Description

0 0 No channel A user break interrupt occurs (Initial value)
1 Break only on read cycles

1 0 Break only on write cycles
1 Break on both read and write cycles

Bits 1 and 0—Operand Size Select A (SZA1, SZAO0): These bits select bus cycle operand sizeasa

channel A break condition.

Bit 1: SZA1l Bit 0: SZAO Description

0 0 Operand size is not a break condition (Initial value)
1 Break on byte access

1 0 Break on word access
1 Break on longword access

Note: When breaking on an instruction fetch, set the SZAO bit to 0. All instructions are considered
to be word-size accesses (instruction fetches are always longword). Operand size is word
for instructions or determined by the operand size specified for the CPU/DMAC data
access. It is not determined by the bus width of the space being accessed.
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6.24 Break Address Register B (BARB)

BARBH:

Bit:

Bit name

Initial value:
R/W:

Bit:

Bit name

Initial value:
R/W:

BARBL.:

Bit:

Bit name

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
1| BAB31 | BAB30 | BAB29 | BAB28 | BAB27 | BAB26 | BAB25 | BAB24 |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0
1| BAB23 | BAB22| BAB21 | BAB20 | BABLY | BABIS | BAB17 | BABIG |
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8

1| BABI5 | BAB14| BABI3 | BAB12 | BABLL | BABLO | BABY | BABS |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0

| BAB7 | BAB6 | BABS | BAB4 | BAB3 | BAB2 | BABL | BABO |
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

The two break address registers B (BARB)—»break address register BH (BARBH) and break
address register BL (BARBL)—together form a single group. Both are 16-hit read/write registers.
BARBH stores the upper hits (bits 31 to 16) of the address of the channel B break condition, while
BARBL stores the lower bits (bits 15 to 0). In addition, the address bus connected to X/Y memory

can also be specifi

ed as a break condition by means of XY E bit/XY S bit settings in break bus

cycle register B (BBRB). When XY E = 0, BAB31-BABO specify the address; when XYE = 1, the
upper 16 bits of BARB (bits BAB31-BAB16) specify the X address bus, and the lower 16 bits
(bits BAB15-BABO) specify the Y address bus. A power-on reset initializes both BARBH and
BARBL to H'0000. Their values are undefined after a manual reset.
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« BARB configuration

Upper 16 bits Lower 16 bits
(BAB31-BAB16) (BAB15-BABO0)
XYE =0 Address Upper 16 bits of address bus Lower 16 bits of address bus
XYE =1 X address X address (XAB15-XAB1)* —
(when XYS =0)
Y address — Y address (YAB15-YAB1)*

(when XYS = 1)

Note: * As X/Y bus accesses are always word accesses, the values of XABO and YABO are not
included in the break conditions.

Break AddressMask Register B (BAMRB)

14 13 12 11 10 9 8

Bit name: \ BAMBSl‘ BAMB30‘ BAMBZQ‘ BAMBZS‘ BAMB27‘ BAMBZ6‘ BAMBZ5‘ BAMBZ4‘

0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

6 5 4 3 2 1 0

Bit name: \ BAMBZB‘ BAMBZZ‘ BAMBZl‘ BAMBZO‘ BAMBlQ‘ BAMBlS‘ BAMBl?‘ BAMBl6‘

6.25
BAMRBH:
Bit: 15
Initial value: 0
R/W: R/W
Bit: 7
Initial value: 0
R/W: R/W
BAMRBL:
Bit: 15

0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

14 13 12 11 10 9 8

Bit name: ‘BAMBlS‘ BAMBl4‘ BAMBls‘ BAMBlZ‘ BAMBll‘ BAMBlO‘ BAMBQ‘ BAMBS \

Initial value: 0
R/W: R/W
Bit: 7

0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

6 5 4 3 2 1 0

Bit name: \ BAMB? \ BAMBG‘ BAMBS5 \ BAMB4‘ BAMB3 \ BAMB2 \ BAMBl‘ BAMBO \

Initial value: 0

R/W: R/W

0 0 0 0 0 0 0
R/W R/W RIW R/W R/IW R/W R/W
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The two break address mask registers B (BAMRB)—break address mask register BH (BAMRBH)
and break address mask register BL (BAMRBL)—together form a single group. Both are 16-bit
read/write registers. BAMRBH determines which of the bits in the break address set in BARBH
are masked. BAMRBL determines which of the bits in the break address set in BARBL are
masked. The function of these registersis affected by bits XY E and XY Sin break bus cycle
register B (BBRB) as shown below.

« BAMRB configuration

Upper 16 bits Lower 16 bits
(BAMB31-BAMB16) (BAMB15-BAMBO)
XYE =0 Address Upper 16 bits maskable Lower 16 bits maskable
XYE=1 X address Maskable —
(when XYS =0)
Y address — Maskable
(when XYS =1)
Bit 31-0: BAMBn Description
0 Channel B break address BABn is included in the break conditions
(Initial value)
1 Channel B break address BABnN is masked and therefore not included in

the break conditions

Note: n=31to0
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6.2.6 Break Data Register B (BDRB)

BDRBH:

Bit:

Bit name

Initial value:
R/W:

Bit:

Bit name

Initial value:
R/W:

BDRBL.:

Bit:

Bit name

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

The two break dat

15 14 13 12 11 10 9 8
:\ BDB31 \ BDBSO‘ BDB29 \ BDBZS‘ BDB27 \ BDB26 \ BDB25‘ BDB24 \
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
:\ BDB23 \ BDB22 \ BDB21 \ BDBZO‘ BDB19 \ BDB18 \ BDB17 \ BDB16 \
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8
:\ BDB15 \ BDBl4‘ BDB13 \ BDBlz‘ BDB11 \ BDB10 \ BDB9 \ BDBS \
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
\ BDB7 \ BDB6 \ BDB5 \ BDB4 \ BDB3 \ BDB2 \ BDB1 \ BDBO \
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

aregisters B (BDRB)—break data register BH (BDRBH) and break data register

BL (BDRBL)—together form a single group. Both are 16-bit read/write registers. BDRBH
specifies the upper half (bits 31-16) of the datathat is the break condition for channel B, while

BDRBL specifies
can a'so be specifi

the lower half (bits 15-0). In addition, the data bus connected to X/Y memory
ed as a break condition by means of XY E bit/XY S bit settings in break bus

cycleregister B (BBRB). When XYE = 1, the upper 16 bits of BDRB (bits BDB31-BDB16)
specify the X data bus, and the lower 16 hits (bits BDB15-BDBO0) specify the Y data bus.
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« BDRB configuration

Upper 16 bits Lower 16 bits
(BDB31-BDB16) (BDB15-BDBO0)
XYE =0 Data Upper 16 bits of data bus Lower 16 bits of data bus
XYE=1  Xdata X data (XDB15-XDBO0) —
(when XYS =0)
Y data — Y data (YDB15-YDBO)

(when XYS = 1)

6.2.7 Break Data Mask Register B (BDMRB)

BDMRBH:
Bitt 15 14 13 12 11 10 9 8
Bit name: \ BDMB31‘ BDMBSO‘ BDMBZQ‘ BDMBZS‘ BDMBZ?‘ BDMBZG‘ BDMBZS‘ BDMBZ4‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
Bit name: \ BDMBZS‘ BDMBZZ‘ BDMBZl‘ BDMBZO‘ BDMBlQ‘ BDMBlS‘ BDMBl?‘ BDMBl6‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
BDMRBL:
Bitt 15 14 13 12 11 10 9 8
Bit name: ‘BDMBlS‘BDMBM‘ BDMBl3‘BDMBl2‘ BDMBll‘BDMBlO‘ BDMBQ‘ BDMBS‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bt 7 6 5 4 3 2 1 0
Bit name: \ BDMB7 \ BDMBG‘ BDMBS‘ BDMB4‘ BDMB3‘ BDMB2 \ BDMBl‘ BDMBO‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
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The two break data mask registers B (BDMRB)—bresak data mask register BH (BDMRBH) and
break data mask register BL (BDMRBL)—together form a single group. Both are 16-bit
read/write registers. BDMRBH determines which of the bits in the break address set in BDRBH
are masked. BDMRBL determines which of the bitsin the break address set in BDRBL are
masked. The function of these registersis affected by bits XYE and XY Sin break bus cycle
register B (BBRB) as shown below. A power-on reset initializes BDMRBH and BDMRBL to
H'0000. Their values are undefined after a manual reset.

« BDMRB configuration

Upper 16 bits Lower 16 bits
(BDMB31-BDMB16) (BDMB15-BDMBDO)
XYE=0 Data Upper 16 bits maskable Lower 16 bits maskable
XYE=1 X data Maskable —
(when XYS =0)
Y data — Maskable
(when XYS = 1)
Bit 31-0: BDMBn Description
0 Channel B break address bit BDBn is included in the break condition
1 Channel B break address bit BDBn is masked and therefore not

included in the break condition

n=31to0
Notes: 1. When the data bus value is included in the break conditions, specify the operand size.

2. When byte-size is specified and odd-address data is used as a break condition, set the
value in bits 7 to 0 of BDRB and BDMRB. When even-address data is used as a break
condition, set the value in bits 15 to 8. The unused 8 bits do not affect the break
conditions.

217
HITACHI



6.2.8 Break Bus Cycle Register B (BBRB)

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | — | — | — | — | — | XYE| Xvs |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RW
Bitt 7 6 5 4 3 2 1 0
Bit name: | CPB1 | CPBO | IDB1 | IDBO | RWBL | RWB0 | SZB1 | SZBO |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break bus cycleregister B (BBRB) is a 16-bit read/write register that selects the following five
channel B break conditions:

Internal bus (C bus, | bus)/X memory bus’Y memory bus
CPU cycle/DMAC cycle

Instruction fetch/data access

Read/write

Operand size

o bk~ W DN P

A power-on reset initializes BBRB to H'0000. Its value is undefined after a manual reset.
Bits 15 to 10—Reserved: These bits alwaysread 0. The write value should aways be 0.

Bit 9—X/Y Memory Bus Enable (XY E): Selects whether the X/Y busis used for channel B break
conditions.

Bit 9: XYE Description
0 Cache bus or internal bus is condition for channel B address/data (Initial value)
1 XIY bus is condition for channel B address/data

Bit 8—X Bug/Y Bus Select (XY S): Selects whether the X busor Y busisused for channel B
break conditions. This bit isonly valid when the XYE bit is set to 1.

Bit 8: XYS Description
0 X bus is used for channel B break condition (Initial value)
1 Y bus is used for channel B break condition

Bits 7 to 0 have the same configuration asin BBRA.
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6.2.9 Break Control Register (BRCR)

Bit: 15 14 13 12 11 10 9 8
Bit name: \ CMFCA‘ CMFPA‘ EBBE \ UMD \ PCTE \ PCBA \ — \ —
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name: \ CMFCB‘ CMFPB‘ ETBE \ SEQ \ DBEB \ PCBB \ — \ —
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W

The BRCR register:

1

o~ wDN

Determines whether to use channels A and B as two independent channels or as sequential
conditions.

Selects whether to break before or after instruction execution during the instruction fetch cycle.
Selects whether to include the data bus in channel B comparison conditions.

Selects whether an execution times break is set.

Selects whether a PC trace is executed.

It also has aflag that is set when conditions match. A power-on reset initializes BRCR to H'0000.
Its value is undefined after a manual reset.

Bit 15—CPU Condition-Match Flag A (CMFCA): Set to 1 when CPU bus cycle conditions
included in the break conditions set for channel A are met. Not cleared to O (once set, it must be
cleared by awrite before it can be used again).

Bit 15: CMFCA Description

0

Channel A CPU cycle conditions do not match, no user break interrupt
generated (Initial value)

Channel A CPU cycle conditions have matched, user break interrupt
generated

Bit 14—DMAC Condition-Match Flag A (CMFPA): Set to 1 when DMAC bus cycle conditions
included in the break conditions set for channel A are met. Not cleared to O (once set, it must be
cleared by awrite before it can be used again).
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Bit 14: CMFPA Description

0 Channel A DMAC cycle conditions do not match, no user break
interrupt generated (Initial value)

1 Channel A DMAC cycle conditions have matched, user break interrupt
generated

Bit 13—External Bus Break Enable (EBBE): In the SH7604, this bit monitors the external bus
master’ s address bus when the bus is released, and includes the external bus master’s bus cyclein
the bus cycle select conditions (CPA 1, CPB1). However, this hit is not supported in this chip.

Bit 122—UBC Mode (UMD): In the SH7604, this bit selects SH7000 series-compatible mode or
SH7604 mode as the operating mode. However, this bit is not supported in this chip.

Bit 11—PC Trace Enable (PCTE): Selects whether a PC trace is executed.

Bit 11: PCTE Description
0 PC trace is not executed (Initial value)
1 PC trace is executed

Bit 10—PC Break Select A (PCBA): Selects whether to place the channel A break in the
instruction fetch cycle before or after instruction execution.

Bit 10: PCBA Description

0 Places the channel A instruction fetch cycle break before instruction
execution (Initial value)

1 Places the channel A instruction fetch cycle break after instruction
execution

Bits 9 and 8—Reserved: These bits always read 0. The write value should always be 0.

Bit 7—CPU Condition-Match Flag B (CMFCB): Set to 1 when CPU bus cycle conditions
included in the break conditions set for channel B are met. Not cleared to O (once set, it must be
cleared by awrite before it can be used again).

Bit 7: CMFCB Description

0 Channel B CPU cycle conditions do not match, no user break interrupt
generated (Initial value)

1 Channel B CPU cycle conditions have matched, user break interrupt
generated
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Bit 6—DMAC Condition-Match Flag B (CMFPB): Set to 1 when DMAC bus cycle conditions
included in the break conditions set for channel B are met. Not cleared to 0 (once set, it must be
cleared by awrite before it can be used again).

Bit 6: CMFPB Description

0 Channel B DMAC cycle conditions do not match, no user break
interrupt generated (Initial value)

1 Channel B DMAC cycle conditions have matched, user break interrupt
generated

Bit 5—Execution Times Specification Break Enable (ETBE): Enables the execution times break
conditions (channel B only). When this bit is set to 1, a user break interrupt is requested when the
number of break condition occurrences equals the execution times setting in the execution times
break register (BETR).

Bit 5: ETBE Description
0 Channel B execution times break condition is disabled (Initial value)
1 Channel B execution times break condition is enabled

Bit 4—Sequence Condition Select (SEQ): Selects whether to handle the channel A and B
conditions independently or sequentially.

Bit 4: SEQ Description

0 Channel A and B conditions compared independently (Initial value)

1 Channel A and B conditions compared sequentially (channel A, then
channel B)

Bit 3—Data Break Enable B (DBEB): Selects whether to include data bus conditionsin the
channel B break conditions.

Bit 3: DBEB Description
0 Data bus conditions not included in the channel B conditions
(Initial value)
1 Data bus conditions included in the channel B conditions
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Bit 2—Instruction Break Select B (PCBB): Selects whether to place the channel B instruction
fetch cycle break before or after instruction execution.

Bit 2: PCBB Description

0 Places the channel B instruction fetch cycle break before instruction
execution (Initial value)

1 Places the channel B instruction fetch cycle break after instruction
execution

Bits 1 and 0—Reserved: These bits always read 0. The write value should always be 0.

6.2.10 Execution TimesBreak Register (BETR)

Bit: 15 14 13 12 11 10 9 8
Bit name: ‘ — ‘ — ‘ — ‘ — ‘ ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The execution times break register (BETR) is a 16-bit register that specifies the number of
occurrences of channel B break conditions before a user break interrupt is requested after channel
B execution times break conditions are enabled (by setting bit ETBE in BRCR). The maximum
valueis 2> — 1. A power-on reset initializes BETR to H'0000. BETR is decremented by 1 each
time a channel B break condition is satisfied. After BETR reaches H'0001, an interrupt is
requested when a break condition is satisfied.

Exceptions and interrupts are not accepted for instructions in a repeat |oop comprising up to three
instructions (see section 4.6). BETR is decremented when a break condition is satisfied on the
instruction fetch cycle.

Bits 15 to 12—Reserved: These bits always read 0. The write value should aways be 0.
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6.2.11  Branch Source Register (BRSR)

Bitt 31 30 29 28 27 26 25 24

Bit name:‘ BSASl‘ BSASO‘ BSAZQ‘ BSAZS‘ BSA27‘ BSA26‘ BSAZS‘ BSA24‘
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 23 22 21 20 19 18 17 16

Bit name:‘ BSAZS‘ BSAZZ‘ BSA21‘ BSAZO‘ BSAlQ‘ BSA18‘ BSAl?‘ BSAlG‘

Initial value: * * * * * * * *
R/W: R R R R R R R R
Bit: 15 14 13 12 11 10 9 8

Bit name:\ BSAlS‘ BSA14‘ BSA13\ BSAlZ‘ BSAll‘ BSAlO‘ BSA9 \ BSA8 \

Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0
Bitname:  BSA7 | BSAG6 | BSA5 | BSA4 | BSA3 | BSA2 | BSAL | BSAO |
Initial value: * * * * * * * *
RW: R R R R R R R R

The branch source register (BRSR) comprises a set of four 32-bit read-only registers that store the
last address fetched before the previous branch. These values are used to calcul ate the address of
the last instruction executed before a branch when a PC trace is performed. BRSR has a FIFO
(first-in-first-out) queue structure for PC trace use. The queue shifts on each branch.

BRSR isnot initialized by areset.
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6.2.12 Branch Destination Register (BRDR)

Bitt 31 30 29 28 27 26 25 24

Bit name: | BDA31 | BDA30 | BDA29 | BDA28 | BDA27 | BDA26 | BDA25 | BDA24 |
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16

Bit name: | BDA23 | BDA22 | BDA21 | BDA20 | BDAL9 | BDA18 | BDA17 | BDAIS |
Initial value: ~ * * * * * * . *
RW: R R R R R R R R
Bitt 15 14 13 12 11 10 9 8

Bit name: | BDA15 | BDA14 | BDAL3 | BDA12 | BDALL | BDA10 | BDA9 | BDAS |
Initial value: ~ * * * * * * * *
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0

Bitname:  BDA7 | BDAG6 | BDA5 | BDA4 | BDA3 | BDA2 | BDAL | BDAO |
Initial value: * * * * * * * *
RW: R R R R R R R R

The branch destination register (BRDR) comprises a set of four 32-bit read-only registers that
store branch destination fetch addresses to be used in a PC trace. BRDR has a FIFO (first-in-first-
out) queue structure for PC trace use. The queue shifts on each branch.

BRDR isnot initialized by areset.
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6.2.13 Branch Flag Register (BRFR)

Bitt 15 14 13 12 11 10 8
Bitname:| SVF | PID2 | PID1 | PIDO | — — - | -
Initial value: 0 * * * 0 0 0
RW: R R R R R R R

Bit. 7 6 5 4 3 2 0

Bit name: ‘ DVF ‘ — ‘ — ‘ — ‘ — — — ‘ —
Initial value: 0 0 0 0 0 0 0
RW: R R R R R R

The branch flag register (BRFR) comprises a set of four 16-bit read-only registers that contain
flags indicating whether the address is stored in BRSR and BRDR when a branch is made (branch
instruction, repeat, interrupt, etc.), and three bit pointers indicating the number of cyclesfrom
fetch until execution for the last instruction executed. BRFR has a FIFO (first-in-first-out) queue

structure for PC trace use. The queue shifts on each branch.

A reset initializes bits SVF and DVF but does not initialize bits PID2 to PIDO.

Bit 15—BRSR Verification Flag (SVF): This flag indicates whether BRSR contains an address
and pointer that enable the branch source address to be calculated. SVF is set when abranch

destination address instruction is fetched, and reset when BRSR is read.

Bit 15: SVF Description
0 BRSR value is invalid (Initial value)
1 BRSR value is valid

Bits 14 to 12—PID2 to PIDO: These bits are pointers that indicate the number of the instruction
buffer for the instruction executed immediately before the instruction at which abranch occurred.

Bits 14-12: PID2-PIDO

Description

Even

PID indicates instruction buffer number

Odd

PID+2 indicates instruction buffer number

Bit 7—BRDR Verification Flag (DVF): Thisflag indicates whether BRDR contains the branch
destination address. DVF is set when a branch destination address instruction is fetched, and reset

when BRDR is read.

HITACHI
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Bit 7: DVF Description

0 BRDR value is invalid (Initial value)

1 BRDR value is valid

See the PC Trace section for the method of executing a PC trace using the branch source register
(BRSR), branch destination register (BRDR), and branch flag register (BRFR).

Bits 11 to 8 and 6 to 0—Reserved. These bits aways read 0.
6.3 Operation

6.3.1 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception handling is described
below:

1. Thebreak addresses are set in the break address registers (BARA, BARB), the masked
addresses are set in the break address mask registers (BAMRA, BAMRB), the break datais set
in the break dataregister (BDRB), and the masked datais set in the break data mask register
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA,
BBRB). The three groups of the BBRA and BBRB registers—CPU cycle/DMAC cycle select,
instruction fetch/data access select, and read/write select— are each set. No user break
interrupt will be generated if even one of these groups is set with 00. The conditions are set in
the respective bits of the BRCR register.

2. When the set conditions are satisfied, the UBC sends a user break interrupt request to the
interrupt controller (INTC). When conditions match, the CPU condition match flags (CMFCA,
CMFCB) and DMAC condition match flags (CMFPA, CMFPB) for the respective channels are
Set.

3. Theinterrupt controller checks the user break interrupt’s priority level. The user break
interrupt has priority level 15, so it is accepted only if the interrupt mask level in bits 130 in
the status register (SR) is 14 or lower. When the 13-0 bit level is 15, the user break interrupt
cannot be accepted but it is held pending until user break interrupt exception handling can be
carried out. Section 5, Interrupt Controller, describes the handling of priority levelsin detail.

4. When the priority isfound to permit acceptance of the user break interrupt, the CPU starts user
break interrupt exception handling.

5. The appropriate condition match flag (CMFCA, CMFPA, CMFCB, CMFPB) can be used to
check if the set conditions match or not. The flags are set by the matching of the conditions,
but they are not reset. 0 must first be written to them before they can be used again.

If an execution times break is specified for channel B, CMFCB or CMFPB is set when the
number of executions matches the execution times setting in BETR.
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6.3.2 Break on Instruction Fetch Cycle

1. When CPU/ingtruction fetch/read/word is set in the break bus cycle registers (BBRA/BBRB),
the break condition becomes the CPU’ s instruction fetch cycle. Whether it breaks before or
after the execution of the instruction can then be selected for the appropriate channel with the
PCBA/PCBB hit in the break control register (BRCR).

2. Aninstruction set for a break before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When this kind of break is set for the delay slot of a delayed branch instruction
or an instruction following an interrupt-disabled instruction, such as LDC, the interrupt is
generated prior to execution of the first instruction at which the interrupt is subsequently then
accepted.

3. With the post-execution condition, the instruction for which the break condition isset is
executed and then the interrupt is generated before execution of the next instruction. Aswith
pre-execution breaks, this cannot be used with overrun fetch instructions. When this kind of
break is set for a delayed branch instruction or an interrupt-disabled instruction, such as LDC,
the interrupt is generated before execution of the next instruction at which the interrupt can be
accepted.

4. When an instruction fetch cycle is set for channel B, break dataregister B (BDRB) is ignored.
There isthus no need to set break data for an instruction fetch cycle break.

5. When an instruction fetch cycleis set, set the address for the break as the first address at which
that instruction islocated. A break will not occur if any other addressis set. A break will not
occur if the address of the lower word of a 32-bit instruction is set.

6.3.3 Break on Data Access Cycle

1. Thebuscyclesinwhich CPU data access breaks occur are: memory cycles from instructions,
and stacking and vector reads during exception handling. These breaks cannot be used for
vector fetch cycles of external vector interrupts, or for dummy cyclesin synchronous DRAM
burst write or burst read access.

2. The relationship between the data access cycle address and the comparison condition for
operand size are shown in table 6.2.

Table6.2 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Break address register bits 31-2 compared with address bus bits 31-2
Word Break address register bits 31-1 compared with address bus bits 31-1
Byte Break address register bits 31-0 compared with address bus bits 31-0
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This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met):
Longword access at address H'00001000
Word access at address H'00001002
Byte access at address H'00001003

3. When the datavalue isincluded in the break conditions on channel B:
When the data value is included in the break conditions, specify either longword, word, or byte
as the operand size in the break bus cycle registers (BBRA, BBRB). When data values are
included in break conditions, a break interrupt is generated when the address conditions and
data conditions both match. To specify byte data for this case, set the same datain the two
bytes at bits 15 to 8 and bits 7 to 0 of the break dataregister B (BDRB) and break data mask
register B (BDMRB). When word or byte is set, bits 31 to 16 of BDRB and BDMRB are
ignored.

6.3.4 Program Counter (PC) Values Saved

1. Break on Instruction Fetch (Before Execution): The program counter (PC) value saved to the
stack in user break interrupt exception handling is the address that matches the break condition.
The user break interrupt is generated before the fetched instruction is executed. If a break
condition is set on an instruction that follows an interrupt-disabled instruction, however, the
break occurs before execution of the instruction at which the next interrupt is accepted, so the
PC value saved is the address of the break.

2. Break on Instruction Fetch (After Execution): The program counter (PC) value saved to the
stack in user break interrupt exception handling is the address executed after the one that
matches the break condition. The fetched instruction is executed and the user break interrupt
generated before the next instruction is executed. If a break condition is set on an interrupt-
disabled instruction, the break occurs before execution of the instruction at which the next
interrupt is accepted, so the PC value saved is the address of the break.

3. Break on Data Access (CPU/DMAC): The address saved is the start address of the next
instruction after the last instruction executed before user break exception handling started.
When data access (CPU/DMAC) is set as abreak condition, the place where the break will
occur cannot be specified exactly. The break will occur at an instruction fetched close to where
the data access to receive the break occurs.
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6.3.5 X Memory or Y Memory Bus Cycle Breaks

Break conditionsfor X bus cyclesor Y bus cycles can be specified only for channel B. When
XYEissetto 1in BBRB, break addresses and break data on the X memory or Y memory bus can
be specified. Either the X memory bus or the Y memory bus must be selected by means of the
XY S setting in BBRB. It is not possible to include both X memory and Y memory in the break
conditions at the same time. The break conditions are applied to X memory bus cyclesor Y
memory bus cycles by setting CPU bus master, data access cycle, read or write access, and word
operand size or no operand size specification in bresk bus cycleregister B (BBRB).

When an X memory address is selected as a break condition, specify the X memory addressin the
upper 16 bhits of BARB and BAMRB; when aY memory addressis selected, specify the Y
memory address in the lower 16 bits of BARB and BAMRB. X memory dataor Y memory data
specification for BDRB and BDMRB is carried out in asimilar way.

6.3.6 Sequential Breaks

When the SEQ hit isset to 1 in BRCR, asequential break occurs when achannel B break
condition is satisfied after achannel A break condition has been satisfied. A user break will not be
executed if achannel B break condition is satisfied before a channel A break condition, and a
sequential break will not be executed if channel A and channel B break conditions occur
simultaneously.

However, if the bus cycle conditions for channel A are specified as break before instruction
execution (PCBA = 0in BRCR) and instruction fetch cycles (by BBRA), when channel A and
channel B bus cycle conditions are satisfied, a break is generated and the condition match flag is
setto 1in BRCR.

In asequential break specification, the X busor Y bus can be selected, and an execution times
break condition can also be specified. For example, when an execution times break condition is
specified, the break condition is satisfied when the channel B break condition is met when BETR
= H'0001 after the channel A break condition is met. Since the BETR value is decremented only
by a channel B condition, auser break interrupt isissued after the occurrence of the channel B
condition in the last circuit following the occurrence of the channel A condition.

229
HITACHI



6.3.7 PC Trace

1. A PCtraceis started by setting the PC trace enable bit (PCTE) to 1 in BRCR. When abranch
(branch instruction, repeat, interrupt) occurs, an address that enables the branch source address
to be calculated and the branch destination address are stored in the branch source register
(BRSR) and branch destination register (BRDR). The branch destination instruction fetch
addressis stored in BRDR, while the last instruction fetch address before the branch is stored
in BRSR. The branch flag register (BRFR) holds a pointer that indicates the relationship to the
instruction executed immediately before the branch.

2. The address of the instruction executed immediately before the branch can be calculated from
the address stored in BRSR and the pointer stored in BRFR. If the address stored in BRSR is
BSA, the pointer stored in BRFR is PID, and the address prior to the branchis A, then 1A =
BSA -2 x PID.

With this equation, caution is required in the case where an interrupt (branch) is executed
before the branch destination instruction is executed. In the example in figure 6.2, the address
of instruction “Exec” executed immediately before the branch is calculated using the equation
IA = BSA -2 x PID. However, if branch “branch” has adelay slot and the branch destination
isaddress 4n + 2, branch destination address “ Dest” specified by the branch instruction is
stored in BRSR. Therefore, the equation |A = BSA — 2 x PID does not apply in this case, and
this PID isinvalid. In this case only, BSA is at the 4n + 2 boundary, classified as shown in
table 6.3.

Exec:  branch Dest

Dest: instr; Not executed
Interrupt
Int: interrupt routine

Figure6.2 When Interrupt Occursbefore Branch Instruction is Executed
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Table6.3 BSA Values Stored in Exception Handling befor e Execution of Branch
Destination I nstruction

Branch Destination Branch Source Address Calculable
Branch (Dest) BSA by Means of BRSR and BRFR
Delay 4n 4n Exec =IA=BSA -2 x PID

4n+2 4dn+2 Dest = BSA
No delay 4nor4n+2 4n Exec =IA=BSA -2 x PID

If PID isan odd number, the value incremented by 2 indicates the instruction buffer, but the
equationsin the table do not take this into account. Therefore, the calculation can be performed
using the values of BSA stored in BRSR and PID stored in BRFR.

3. Thelocation indicated by IA, the address prior to the branch, depends on the type of branch.

a. Branchinstruction: Branch instruction address
b. Repeat loop: Second-before-last instruction of the repeat |oop

Repeat _Start: inst (1) e >BRDR

inst (2) ;

inst (n-1) ;----- >Address calculated from BRSR and BRFR
Repeat End: inst (n) ;

c. Interrupt: Instruction executed immediately before the interrupt
The start address of the interrupt routine is stored in BRDR.

In arepeat loop consisting of no more than three instructions, an instruction fetch cycleis not
generated. A PC trace isinvalid, since the branch destination address is unknown.

4. BRSR, BRDR, and BRFR have afour-queue structure. When reading addresses stored in a PC
trace, reads are performed from the head of the queue. BRFR, BRSR, and BRDR areread in
that order. After BRDR is read, the queue shifts by one. BRSR and BRDR should be read by
longword access.
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6.3.8 Example of Use
Break on a CPU Instruction Fetch Bus Cycle:

A. Register settings: BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054
BARB = H'00008010, BAMRB = H'00000006, BBRB = H'0054
BDRB = H'00000000, BDMRB = H'00000000
BRCR = H'0400

Conditions set (channel A/channel B independent mode):
Channel A: Address = H'00000404, address mask H'00000000
Bus cycle = CPU, instruction fetch (after execution), read
(operand size not included in conditions)
Channel B: Address = H'00008010, address mask H'00000006
Data H'00000000, data mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read
(operand size not included in conditions)

A user break will occur after the instruction at address H'00000404 is executed, or a user
break will be generated before the execution of the instruction at address H'00008010—
H'00008016.

B. Register settings: BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056
BARB = H'0003722E, BAMRB = H'00000000, BBRB = H'0056
BDRB = H'00000000, BDMRB = H'00000000
BRCR = H'0010

Conditions set (channel A - channel B sequential mode):

Channel A: Address = H'00037226, address mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read, word
Channel B: Address = H'0003722E, address mask H'00000000

Data H'00000000, data mask H'00000000
Bus cycle = CPU, instruction fetch (before execution), read, word

Theinstruction at address H'00037226 will be executed and then a user break interrupt will
occur before the instruction at address H'0003722E is executed.

C. Register settings:  BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A
BARB = H'00031415, BAMRB = H'00000000, BBRB = H'0054
BDRB = H'00000000, BDMRB = H'00000000
BRCR = H'0000
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Conditions set (channel A/channel B independent mode):

Channdl A:

Channel B:

Address = H'00027128, address mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), write , word
Address = H'00031415, address mask H'00000000

Data H'00000000, data mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), read
(operand size not included in conditions)

A user break interrupt is not generated for channel A since the instruction fetch isnot a
write cycle. A user break interrupt is not generated for channel B because the instruction
fetchisfor an odd address.

Register settings:

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A
BARB = H'0003722E, BAMRB = H'00000000, BBRB = H'0056
BDRB = H'00000000, BDMRB = H'00000000

BRCR = H'0010

Conditions set (channel A - channel B sequential mode):

Channdl A:

Channel B:

Address = H'00037226, address mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), write, word
Address = H'0003722E, address mask H'00000000

Data H'00000000, data mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), read, word

The break for channel A isawrite cycle, so conditions are not satisfied; since the sequence
conditions are not met, no user break interrupt occurs.

Register settings:

BARA = H'00000500/BAMRA = H'00000000/BBRA = H'0057
BARB = H'00001000/BAMRB = H'00000000/BBRB = H'0057
BDRB = H'00000000/BDMRB = H'00000000

BRCR = H'0020/BETR = H'0005

Conditions set (channel A/channel B independent mode):

Channdl A:

Channel B:

Address = H'00000500, address mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), read, longword
Address = H'00001000, address mask H'00000000

Data H'00000000, data mask H'00000000

Bus cycle = CPU, instruction fetch (before execution), read, longword
Execution times setting break enabled (5 times)
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For channel A, auser break interrupt is generated before execution of the instruction at
address H'00000500. For channel B, a user break interrupt is generated after the instruction
at address H'00001000 has been executed 4 times, and before it is executed afifth time.

Break on CPU Data Access Cycle:

A.

234

Register settings:.  BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064
BARB = H'000ABCDE, BAMRB = H'000000FF, BBRB = H'006A
BDRB = H'0000A512, BDMRB = H'00000000
BRCR = H'0008

Conditions set (channel A/channel B independent mode):
Channd A: Address = H'00123456, address mask H'00000000
Bus cycle = CPU, data access, read
(operand size not included in conditions)
Channel B: Address = H'000ABCDE, address mask H'000000FF
Data H'0000A512, data mask H'00000000
Bus cycle = CPU, data access, write, word

For channel A, auser break interrupt occurs when it isread as longword at address
H'00123454, asword at address H'00123456 or as byte at address H'00123456. For channel
B, auser break interrupt occurs when H'A512 is written as word at H'000ABC00—
H'000ABCFE.

Register settings:. BARA = H'01000000/BAMRA = H'00000000/BBRA = H'0066
BARB = H'0000FO00/BAMRB = H'FFFFOO00/BBRB = H'036A
BDRB = H'00004567/BDMRB = H'00000000
BRCR = H'0008

Conditions set (channel A/channel B independent mode):

Channdl A: Address = H'01000000, address mask H'00000000
Bus cycle = CPU, data access, read, word
Channel B: Y address = H'0001F000, address mask H'FFFFO000

Data H'00004567, data mask H'00000000
Bus cycle = CPU, data access, write, word

For channel A, auser break interrupt occursin aword read at address H'01000000. For
channel B, auser break interrupt occurs when H'4567 is written as aword at address
H'0001F000 in Y memory space. X/Y memory space addresses differ according to the mode
setting. See section 7, Bus State Controller (BSC), for details.
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Break on DMAC Data Access Cycle:

6.4

Register settings: BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094
BARB = H'00055555, BAMRB = H'00000000, BBRB = H'00A9
BDRB = H'00007878, BDMRB = H'00000FOF
BRCR = H'0008

Conditions set (channel A/channel B independent mode):
Channel A: Address = H'00314156, address mask H'00000000
Bus cycle = DMA, instruction fetch, read
(operand size not included in conditions)
Channel B: Address = H'00055555, address mask H'00000000
Data H'00007878, data mask H'00000FOF
Bus cycle = DMA, data access, write, byte

For channel A, auser break interrupt does not occur, since no instruction fetch occurs in the
DMAC cycle. For channel B, auser break interrupt occurs when the DMAC writes H'7*
(where* means don’t care) as byte at H'00055555.

Usage Notes

1. Note the following regarding sequential break specifications.
a. When set for a sequential break, conditions match when a match of channel B conditions

occurs some time after the bus cycle in which achannel A match occurs. This means that
the conditions will not be satisfied when set for a bus cycle in which channel A and
channel B occur simultaneously.

Since the CPU uses a pipeline structure, the order of the instruction fetch cycle and
memory cycle isfixed, so sequential conditions will be satisfied when the respective
channel conditions are met in the order the bus cycles occur.

The following must be noted when the channel A bus cycle conditions are specified as pre-
execution break (PCBA = 0in BRCR) and instruction fetch (by BBRA). When the bus
cycle conditions for channel A and channel B match, a break will occur and the BRCR
condition match flag will be set to 1.

2. When register settings are changed, the write values usually become valid after three cycles.
For on-chip memory, instruction fetches get two instructions simultaneously. If a break
condition is set on the fetch of the second of these two instructions but the contents of the UBC
registers are changed so as to alter the break condition immediately after the first of the two
instructions is fetched, a user break interrupt will still occur before the second instruction. To
ensure the timing of the change in the setting, read the register written last asadummy. The
changed settings will be valid thereafter.
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3. When auser break interrupt is generated upon a match of the instruction fetch condition and
the conditions match again in the UBC while the exception handling service routineis
executing, the break will cause exception handling when the interrupt request mask valuein
SR reaches 14 or lower. When masking addresses, when setting instruction fetch and after-
execution as break conditions, and when executing in steps, the UBC’ s exception service
routine should not cause a match of addresses with the UBC.

4. When an instruction during repeat execution, including a repeat instruction, is specified asa
break condition, the following point must be noted.

When an instruction in arepeat loop is specified as a break condition:

A break will not occur during execution of arepeat loop consisting of no more than three
instructions.

When an execution times break is set, an instruction fetch from memory will not be performed
during execution of arepeat loop consisting of no more than three instructions, but when an
instruction set as a break condition is executed, the value in the execution times register
(BETR) is decremented.

5. Do not execute a branch instruction immediately after reading a PC trace register (BRFR,
BRSR, or BRDR).

6. When an execution times break is set and CPU and DMAC bus cycles are set as break
conditions, BETR will only be decremented once if the CPU and DMAC conditions occur
simultaneously.

7. When the emulator is used, the UBC and H-UDI are used by the emulator, and therefore
operation relating to the UBC and H-UDI may differ between the emulator and the actual chip.
If the UBC and H-UDI are not used by the user system, register settings should not be made.
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Section 7 Bus State Controller (BSC)

7.1 Overview

The bus state controller (BSC) manages the address spaces and outputs control signals to allow
optimum memory accesses to the five spaces. This enables memorieslike DRAM, and SDRAM,
and periphera chips, to be linked directly.

711 Features
The BSC has the following features:

e Address space is managed as five spaces
0 Maximum linear 32 Mbytes for each of the address spaces CS0 to C4
O Memory type (DRAM, synchronous DRAM, burst ROM, etc.) can be specified for each
space.
O Buswidth (8, 16, or 32 hits) can be selected for each space.
0 Wait state insertion can be controlled for each space.
O Control signals are output for each space.
e Cache
O Cache areaand cache-through area can be selected by access address.

O Incache access, in the event of a cache access miss 16 bytes are read consecutively in 4-
byte units to fill the cache. Write-through mode is used for writes.

O In cache-through access, access is performed according to access size.
* Refresh

0 Supports CAS-before-RAS refresh (auto-refresh) and self-refresh.

0 Refreshinterval can be set by the refresh counter and clock selection.

O Intensive refreshing by means of refresh count setting (1, 2, 4, 6, or 8)
» Direct interfaceto DRAM

O Row/column address multiplex output.

0 Burst transfer during reads, fast page mode for consecutive accesses.

O TP cycle generation to secure RAS precharge time.

O EDO mode
« Direct interface to synchronous DRAM

0 Row/column address multiplex output.

0 Selection of burst read, single write mode or burst read, burst write mode

O Bank active mode
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¢ Busarbitration

O All resources are shared with the CPU, and use of the bus is granted on reception of a bus
release request from off-chip.

» Refresh counter can be used as an interval timer
O Interrupt request generation on compare match (CMI interrupt request signal).
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712 Block Diagram

Figure 7.1 shows ablock diagram of the BSC.
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Figure7.1 BSC Block Diagram
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713 Pin Configuration
Table 7.1 shows the BSC pin configuration.

Table7.1  Pin Configuration

With Bus

Signal /O Released Description

A24-A0 O Hi-Z Address bus. 32 Mbytes of memory space can be specified with 25
bits

D31-D0 /O Hi-z 32-bit data bus. When reading or writing a 16-bit width area, use
D15-D0; when reading or writing a 8-bit width area, use D7-DO0.
With 8-bit accesses that read or write a 32-bit width area, input and
output the data via the byte position determined by the lower
address bits of the 32-bit bus

BS (0] Hi-Z Indicates start of bus cycle or monitor. With the basic interface
(device interfaces except for DRAM, synchronous DRAM), signal is
asserted for a single clock cycle simultaneous with address output.
The start of the bus cycle can be determined by this signal

S0-CS4 O Hi-Z Chip select. CS3 is not asserted when the CS3 space is DRAM

space

RDWR O Hi-Z Read/write signal. Signal that indicates access cycle direction
(read/write). Connected to WE pin when DRAM/synchronous
DRAM is connected

RAS (0] Hi-Z RAS pin for DRAM/synchronous DRAM

CAS,OE O Hiz Open when using DRAM
Connected to OE pin when using EDO RAM
Connected to CAS pin when using synchronous DRAM

RD (0] Hi-Z Read pulse signal (read data output enable signal). Normally,
connected to the device’s OE pin; when there is an external data
buffer, the read cycle data can only be output when this signal is
low

WAIT I Ignore Hardware wait input

BRLS | | Bus release request input

BGR (0] (0] Bus grant output

CKE (@) (@) Synchronous DRAM clock enable control. Signal for supporting
synchronous DRAM self-refresh

IVECF (0] (0] Interrupt vector fetch

DREQO | | DMA request 0

DACKO (0] (0] DMA acknowledge 0
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Table7.1  Pin Configuration (cont)

With Bus

Signal /O Released Description

DREQ1 I I DMA request 1

DACK1 (0] (0] DMA acknowledge 1

REFOUT O (0] Refresh execution request output when bus is released

DQMUU, O Hi-Z When synchronous DRAM is used, connected to DQM pin for the

WE3 most significant byte (D31-D24). For ordinary space, indicates
writing to the most significant byte (D31-D24)

DQMUL, O Hi-Z When synchronous DRAM is used, connected to DQM pin for the

WE2 second byte (D23-D16). For ordinary space, indicates writing to the
second byte (D23-D16)

DOMLU, O Hi-Z When synchronous DRAM is used, connected to DQM pin for the

WE1 third byte (D15-D8). For ordinary space, indicates writing to the
third byte (D15-D8)

DQMLL, O Hi-Z When synchronous DRAM is used, connected to DQM pin for the
WEO least significant byte (D7-D0). For ordinary space, indicates writing
to the least significant byte (D7-DO0)

CAS3 (0] Hi-Z When DRAM is used, connected to CAS pin for the most significant
byte (D31-D24)

CAS2 (0] Hi-z When DRAM is used, connected to CAS pin for the second byte
(D23-D16)

CAST O Hi-z When DRAM is used, connected to CAS pin for the third byte (D15—
D8)

CASO O Hi-z When DRAM is used, connected to CAS pin for the least significant
byte (D7-D0)

Note: Hi-Z: High impedance

714 Register Configuration

The BSC has seven registers. These registers are used to control wait states, bus width, interfaces
with memories like DRAM, synchronous DRAM, and burst ROM, and DRAM and synchronous
DRAM refreshing. The register configurations are shown in table 7.2.

The size of the registers themselvesis 16 hits. If read as 32 bits, the upper 16 bitsare 0. In order to
prevent writing mistakes, 32-bit writes are accepted only when the value of the upper 16 bits of the
write data is H'A55A; no other writes are performed. Initialize the reserved hits.
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Initialization Procedure: Do not access a space other than CS0 until the settings for the interface
to memory are completed.

Table7.2 Register Configuration

Name Abbr. R/W Initial Value Address*!  Access Size
Bus control register 1 BCR1 R/W H'03FO0 H'FFFFFFEO 16'2, 32
Bus control register 2 BCR2 R/W H'O0OFC H'FFFFFFE4 1672, 32
Bus control register 3 BCR3 R/W H'OF00 H'FFFFFFFC 162, 32
Wait control register 1 WCR1  R/W HAAFF H'FFFFFFE8 1672, 32
Wait control register 2 WCR2 R/W H'000B H'FFFFFFCO 162, 32
Wait control register 3 WCR3 R/W H'0000 H'FFFFFFC4 162, 32
Individual memory control register MCR R/W H'0000 H'FFFFFFEC 16'2, 32
Refresh timer control/status register RTCSR R/W H'0000 H'FFFFFFFO 162, 32
Refresh timer counter RTCNT R/W H'0000 H'FFFFFFF4 162, 32
Refresh time constant register RTCOR R/W H'0000 H'FFFFFFF8 162, 32

Notes: 1. This address is for 32-bit accesses; for 16-bit accesses add 2.
2. 16-bit access is for read only.

7.15 AddressMap

The address map, which has amemory space of 320 Mbytes, is divided into five spaces. The types
and data width of devicesthat can be connected are specified for each space. The overall space
address map is shown in table 7.3. Since the spaces of the cache area and the cache-through area
are actually the same, and the maximum memory space that can be connected is 160 Mbytes. This
means that when address H'20000000 is accessed in a program, the data accessed is actually in
H'00000000.

The chip has 16-kbyte RAM as on-chip memory. The on-chip RAM isdivided into an X area and
aY area, which can be accessed in parallel with the DSP instruction. See the SH-1/SH-2/SH-DSP
Programming Manual for more information.

In areset, the CPU reads theinitial values of the program counter (PC) and the stack pointer (SP)
from the reset vector area, and set the values. In a power-on reset, the PC addressiis set
H'00000000 and the SP address is set H'00000004; in a manual reset, the PC address is set
H'00000008 and the SP address is set H'0000000C.

There are several spaces for cache control. These include the associative purge space for cache
purges, address array read/write space for reading and writing addresses (address tags), and data
array read/write space for forced reads and writes of data arrays.
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Table7.3 AddressMap

Address Space Memory Size
H'00000000-H'01FFFFFF CSO space, cache area Ordinary space or burst 32 Mbytes
ROM
H'02000000-H'03FFFFFF  CS1 space, cache area Ordinary space 32 Mbytes
H'04000000-H'05FFFFFF  CS2 space, cache area Ordinary space or 32 Mbytes
synchronous DRAM**
H'06000000-H'07FFFFFF  CS3 space, cache area Ordinary space, 32 Mbytes
synchronous DRAM, or
DRAM
H'08000000—H'09FFFFFF CS4 space, cache area Ordinary space (I/0 32 Mbytes
device)
H'0A000000-H'OFFFFFFF Reserved
H'10000000-H'1000DFFF Reserved
H'1000EO000-H'1000FFFF  On-chip X RAM area 8 kbytes
H'10010000-H'1001DFFF Reserved
H'1001E000-H'1001FFFF On-chip Y RAM area 8 kbytes
H'10020000-H'1FFFFFFF Reserved
H'20000000-H'21FFFFFF CSO space, cache-through  Ordinary space or burst 32 Mbytes
area ROM
H'22000000-H'23FFFFFF CS1 space, cache-through  Ordinary space 32 Mbytes
area
H'24000000-H'25FFFFFF  CS2 space, cache-through  Ordinary space or 32 Mbytes
area synchronous DRAM
H'26000000-H'27FFFFFF CS3 space, cache-through  Ordinary space, 32 Mbytes
area synchronous DRAM*?, or
DRAM
H'28000000-H'29FFFFFF CS4 space, cache-through  Ordinary space (I/0 32 Mbytes
area device)
H'2A000000-H'3FFFFFFF Reserved
H'40000000-H'49FFFFFF  Associative purge space 160 Mbytes
H'4A000000-H'5FFFFFFF  Reserved
H'60000000-H'7FFFFFFF  Address array, read/write 512 Mbytes
space
H'80000000-H'BFFFFFFF Reserved
H'C0000000-H'CO000FFF Data array, read/write space 4 kbytes
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Table7.3 AddressMap (cont)

Address Space Memory Size

H'C0001000-H'DFFFFFFF Reserved

H'EO000000-H'FFFEFFFF Reserved

H'FFFFO000—H'FFFFOFFF  For setting synchronous 4 kbytes
DRAM mode

H'FFFF1000-H'FFFF7FFF Reserved

H'FFFF8000-H'FFFF8FFF  For setting synchronous 4 kbytes
DRAM mode

H'FFFFOFFF—H FFFFBFFF

H'FFFFCO00—H'FFFFFBFF Reserved

H'FFFFFCO0-H'FFFFFFFF On-chip peripheral modules

Notes: 1. Do not access reserved spaces, as operation cannot be guaranteed.
2. Bank-active mode is supported for CS3 space synchronous DRAM access.

7.2 Register Descriptions

721 Bus Control Register 1 (BCR1)

Bit: 15 14 13 12 11 10 9 8
Bit name: — A4LW1 | AALWO | A2EN BST — AHLW1 | AHLWO
DIAN ROM
Initial value: 0 0 0 0 0 0 1 1
R/W: R R/W R/W R/W R/W R R/W R/W
Bit: 7 6 5 4 3 2 1 0
Bit name: | A1LW1 | A1LWO | AOLW1 | AOLWO | A4EN | DRAM2 | DRAM1| DRAMO
DIAN
Initial value: 1 1 1 1 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Initialize the ENDIAN, BSTROM, and DRAM2-DRAMO hits after a power-on reset, and do not
change their values thereafter. To change other bits by writing to them, write the same value as
they are initialized to. Do not access any space other than CS0 until the register initialization ends.
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Bit 15—Reserved: This bit always reads 0. The write value should always be 0.

Bits 14 and 13—L ong Wait Specification for Area4 (A4LW1, A4LWO): From 3 to 14 wait cycles
are inserted in C4 space accesses when the bits that specify the wait in the wait control register
specify long wait (i.e., are set to 11).

Bit 12—Endian Specification for Area2 (A2ENDIAN): In big-endian format, the MSB of byte
dataisthe lowest byte address and byte data goesin order toward the LSB. For little-endian
format, the LSB of byte datais the lowest byte address and byte data goes in order toward the
MSB. When this bit is 1, the datais rearranged into little-endian format before transfer when the
CS2 space isread or written to. It is used when handling data with little-endian processors.

Bit 12: A2ENDIAN Description
0 Big-endian (Initial value)
1 Little-endian

Bit 11—Area 0 Burst ROM Enable (BSTROM)

Bit 11: BSTROM Description
0 Area 0 is accessed normally (Initial value)
1 Area 0 is accessed as burst ROM

Bit 10—Reserved: This hit always reads 0. The write value should always be 0.

Bits 9 and 8—L ong Wait Specification for Areas 2 and 3 (AHLW1, AHLWO): When the basic
memory interface setting is made for CS2 and CS3, from 3 to 14 wait cycles areinserted in CS2 or
CS3 accesses when the bits specifying the respective area waits in the wait control register
(W21/W20 or W31/W30) are set as long waits (i.e., are set to 11) (seetable 7.4).

Bits 7 and 6—Long Wait Specification for Area1l (A1LW1, A1LWO0): When the basic memory
interface setting is made for CS1, from 3 to 14 wait cycles are inserted in CS1 accesses when the
bits specifying the wait in the wait control register are set aslong wait (i.e., are set to 11) (see table
7.4).

Bits 5 and 4—Long Wait Specification for Area0 (AOLW1, AOLWO0): When the basic memory
interface setting is made for CS0, from 3 to 14 wait cycles are inserted in CS0 accesses when the
bits specifying the wait in the wait control register are set aslong wait (i.e., are set to 11) (see table
7.4).
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Bit 3—Endian Specification for Area4 (A4ENDIAN): In big-endian mode, the most significant
byte (MSB) is the lowest byte address, and byte datais aligned in order toward the least significant
byte (LSB). In little-endian mode, the L SB isthe lowest byte address, and byte datais aligned in
order toward the MSB. When this bit is set to 1, data in read/write accesses to the C$4 space is
rearranged into little endian order before being transferred. Thisis used for data exchange with a
little-endian processor.

Bit 3: A4AENDIAN Description
0 Big endian (Initial value)
1 Little endian

Bits 2 to 0—Enable for DRAM and Other Memory (DRAM2-DRAMOQ)

DRAM2 DRAM1 DRAMO Description

0 0 0 CS2 and CS3 are ordinary spaces (Initial value)
1 CS2 is ordinary space; CS3 is synchronous DRAM space
1 0 CS2 is ordinary space; CS3 is DRAM space
1 Reserved (do not set)
1 0 0 CS2 is synchronous DRAM space, CS3 is ordinary space
1 CS2 and CS3 are synchronous DRAM spaces
1 0 Reserved (do not set)
1 Reserved (do not set)

Table7.4 Wait Values Corresponding to BCR1 and BCR3 Register Settings (All Spaces)

BCR3 BCR1
AnLW2 AnLW1 AnLWO Wait Value
0 0 0 3 cycles inserted
1 4 cycles inserted
1 0 5 cycles inserted
1 6 cycles inserted
1 0 0 8 cycles inserted
1 10 cycles inserted
1 0 12 cycles inserted
1 14 cycles inserted (Initial value)

Note: n: Area number (O to 4)
AHLW?2, AHLW1, and AHLWO are common to CS2 and CS3.
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7.2.2 Bus Control Register 2 (BCR2)
Bit: 15 14 13 12 11 10 9 8
Bit name: \ — \ — \ —_ \ — \ — \ — \ A4SZ1 \ A4SZ0 \
Initial value: 0 0 0 0 0 0 0 0
RIW: RW  RW
Bit: 7 6 5 4 3 2 1 0
Bit name:‘ A3SZ1 \ ASSZO‘ A2571 \ AZSZO‘ A1SZ1 \ A1SZ0 \ — \ — \
Initial value: 1 1 1 1 1 1 0 0
RW: RW RW RW RW RW  RW

Initialize BCR2 after a power-on reset and do not write to it thereafter. When writing to it, write
the same values as those the bits are initialized to. Do not access any space other than CS0 until

the register initialization ends.

Bits 15 to 10—Reserved: These bits always read 0. The write value should always be 0.

Bits 9 and 8—Bus Size Specification for Area4 (CS4) (A4SZ1, A4SZ0)

Bit 9: A4SZ1 Bit 8: A4SZ0 Description

0 0 Longword (32-bit) size (Initial value)
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Longword (32-bit) size

Bits 7 and 6—Bus Size Specification for Area 3 (CS3) (A3SZ1, A3SZ0). Effective only when

ordinary space is set.

Bit 7: A3SZ1 Bit 6: A3SZ0 Description
0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Initial value)
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Bits 5 and 4—Bus Size Specification for Area2 (CS2) (A2SZ1, A2SZ0): Effective only when
ordinary spaceis set.

Bit 5: A2SZ71 Bit 4: A2SZ0 Description

0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Initial value)

Bits 3 and 2—Bus Size Specification for Area 1 (CS1) (A1SZ1, A1SZ0)

Bit 3: A1SZ1 Bit 2: A1SZ0 Description

0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Initial value)

Bits 1 and 0—Reserved: These bits aways read 0. The write value should always be 0.

7.2.3 Bus Control Register 3 (BCR3)

Bitt 15 14 13 12 11 10 9 8
Bitname:|  — | — | — | — | ALW2 | AHLW2 | ALLW2| AOLW2 |
Initial value: 0 0 0 0 1 1 1 1
RW: R R R R RW RW RW  RW
Bitt 7 6 5 4 3 2 1 0
Bit name: | DSWW1 DSWW0|  — — | — |BASEL| EDO | BWE
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R R R RW  RW  RW

Initialize the BASEL, EDO, and BWE bits after a power-on reset and do not write to them
thereafter. To change other bits by writing to them, write the same value as they are initialized to.
Do not access any space other than CS0 until the register initialization ends.

Bits 15 to 12—Reserved bits: These bits always read 0. The write value should always be 0.

Bits 11 to 8—L ong Wait Specification for Areas 0 to 4 (AnLW2): When the basic memory
interface setting is made for CS n, from 3 to 14 wait cycles are inserted in CS n accesses,
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according to the combination with the long wait specification bits (AnLW1 and AnLWO) in
BCR1, when the bits specifying the wait in the wait control register are set aslong wait (i.e., are
set to 11). For abasic description of long waits, see section 7.2.1, Bus Control Register 1 (BCR1).

Bits 7 and 6—DMA Single-Write Wait (DSWW1, DSWWO): These bits determine the number of
wait states inserted between DACK assertion and CA Sn assertion when writing to DRAM or EDO
RAM in DMA single address mode.

Bit 7: DSWW1 Bit6: DSWWO0 Description

0 0 0 waits (Initial value)
1 1 wait

1 0 2 waits
1 Reserved (do not set)

Bits 5 to 3—Reserved bits: These bits aways read 0. The write value should always be 0.

Bit 2—Number of Banks Specification when Using 64M Synchronous DRAM (BASEL): When
64M synchronous DRAM is specified by AMX2-AMXO0 in MCR, the number of banks can be
specified.

Bit 2: BASEL Description

0 4 banks (Initial value)

1 2 banks

Bit 1—EDO Mode Specification (EDO): Enables EDO mode to be specified when DRAM is
specified for CS3 space.

Bit 1. EDO Description
0 High-speed page mode (Initial value)
1 EDO mode

Bit 0—Synchronous DRAM Burst Write Specification (BWE): Enables burst write mode to be
specified when synchronous DRAM is specified for CS2 or CS3 space.

Bit 0: BWE Description
0 Single write mode (Initial value)
1 Burst write mode
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724 Wait Control Register 1 (WCR1)

Bitt 15 14 13 12 11 10 9 8
Bit name:‘ IW31 \ IW30 \ W21 \ IW20 \ W11 \ IW10 \ IWO01 \ IW00 \
Initial value: 1 0 1 0 1 0 1 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bt 7 6 5 4 3 2 1 0
Bitname:‘ w31 \ W30 \ w21 \ W20 \ w1l \ W10 \ Wwo1 \ W00 \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Do not access a space other than CS0 until the settings for register initialization are completed.

Bits 15 to 8—Idles between Cycles for Areas 3 to 0 (IW31-1W00): These bits specify idle cycles
inserted between consecutive accessesto different CS spaces. Idles are used to prevent data
conflict between ROM or the like, which is slow to turn the read buffer off, and fast memories and
I/O interfaces. Even when access isto the same space, idle cycles must be inserted when aread
accessis followed immediately by awrite access. Theidle cyclesto be inserted comply with the
specification for the previously accessed space.

IW31, IW21, IwW11, IW01  IW30, IW20, IW10, IWO0  Description
0 0 No idle cycle

One idle cycle inserted

1
1 0 Two idle cycles inserted  (Initial value)
1

Four idle cycles inserted

Bits 7 to 0—Wait Control for Areas 3 to 0 (W31-W00)

¢ When the CSn space is set as ordinary space, the number of CSn space waits can be specified
with Wn1 and WnO.

W31, W21, wil, woil W30, W20, W10, W00 Description

0 0 External wait input disabled without wait
1 External wait input enabled with one wait

1 0 External wait input enabled with two waits
1 Complies with the long wait specification of

bus control register 1, 3 (BCR1, BCR3).
External wait input is enabled (Initial value)
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¢ When CS3is DRAM, the number of CAS assert cyclesis specified by wait control bits W31
and W30

Bit 7: W31 Bit 6: W30 Description
0 0 1 cycle
1 2 cycles
1 0 3 cycles
1 Reserved (do not set)

When external wait mask bit A3WM in WCR2 is 0 and the number of CAS assert cyclesis set
to 2 or more, external wait input is enabled.

¢ When CS2 or CS3 is synchronous DRAM, CAS latency is specified by wait control bits W31
and W30, and W21 and W20, respectively

W31, w21 W30, W20 Description
0 0 1 cycle
1 2 cycles
1 0 3 cycles
1 4 cycles (Initial value)

With synchronous DRAM, external wait input isignored regardless of any setting.

7.25 Wait Control Register 2 (WCR2)

Bit: 15 14 13 12 11 10 9 8
Bit name: \ A4WD1 \ A4WDO‘ — \ A4WM \ A3WM \ A2WM \ ATWM \ AOWM \
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
Bit name:‘ — \ — \ — \ — \ W41 \ IW40 \ wa1 \ W40 \
Initial value: 0 0 0 0 1 0 1 1
RW: R R R R RW RW RW  RW
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Bits 15 and 14—Number of External Waits Specification for Area4 (AAWD1, A4AWDO0): These
bits specify the number of cycles between acceptance of CS4 space external wait negation and RD
or WEn negation.

Bit 15: A4WD1 Bit 14: A4WDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 4 cycles
1 Reserved (do not set)

Bit 13—Reserved hit. Thisbit always reads 0. The write value should always be 0.

Bits 12 to 8—External Wait Mask Specification for Areas 0 to 4 (AAWM-AOWM): These bits
enable waits to be masked for CS spaces 0 to 4. When a value other than 00 is set in the wait
control bits for CS spaces 0 to 4 (W41-WO00), external wait input can be enabled, but the wait
input can be masked by setting these bitsto 1. With synchronous DRAM, external wait input is
ignored regardless of the settings.

A4WM w41 W40
A3WM W31 W30
A2WM w21 W20
AIWM w11 W10
AOWM wo1l W00 Description
0 0 0 External wait input ignored
1 External wait input enabled
1 0 External wait input enabled
1 External wait input enabled (Initial value)
1 No effect No effect External wait input ignored

Bits 7 to 4—Reserved bits: These bits aways read 0. The write value should always be 0.

Bits 3 and 2—Idles between Cycles for Area4 (IW41, IW40): These bits specify idle cycles
inserted between cyclesin C34 in the sasme way asfor CS0to 3.

Bit 3: 1W41 Bit 2: 1W40 Description

0 0 No idle cycle
1 One idle cycle inserted

1 0 Two idle cycles inserted (Initial value)
1 Four idle cycles inserted
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Bits 1 and 0—Wait Control for Area4 (W41, W40): These bits specify waits for CS4 in the same
way asfor areas O to 3.

Bit 1: W41 Bit 0: W40 Description
0 0 External wait input disabled without wait
1 External wait input enabled with one wait
1 0 External wait input enabled with two waits
1 Complies with the long wait specification of bus control

registers 1 and 3 (BCR1, BCR3). External wait input is
enabled (Initial value)

7.2.6 Wait Control Register 3 (WCR3)

Bitt 15 14 13 12 11 10 9 8
Bitname: | — | — | AASW2 | A4SWI1| AASWO| — | AHWI| A4HWO |
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW  RW  RW R RW  RW
Bit. 7 6 5 4 3 2 1 0
Bit name: | A3SHW1 A3SHWO A2SHW1| A2SHWO ALSHW1| ALSHWO| AOSHW1 AOSHWO)
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—Reserved bits: These bits always read 0. The write value should always be 0.

Bits 13 to 11—CS4 Address/CS4 to RD/WEn Assertion (A4SW2-A4SWO0): These bits specify the
number of cycles from address/CS4 output to RD/WEn assertion for the CS4 space.

Bit 13: A4SW2 Bit 12: A4SW1 Bit 11: A4SWO0 Description

0 0 0 0.5 cycles (Initial value)
1 1.5 cycle
1 0 3.5 cycles
1 5.5 cycles
1 0 0 7.5 cycles
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)
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Bit 10—Reserved hit: This bit always reads 0. The write value should always be 0.

Bits 9 and 8—Area 4 RD/WEn Negation to Address/CS4 Hold (A4HW1, A4HWO): These bits
specify the number of cycles from RD/WEn negation to address/CS4 hold for the CS4 space.

Bit 9: A4HW1 Bit 8: A4HWO Description

0 0 0.5 cycle, CS4 hold cycle = 0 cycles (Initial value)
1 1.5 cycle, CS4 hold cycle = 1 cycle

1 0 3.5 cycle, CS4 hold cycle = 3 cycles
1 5.5 cycle, CS4 hold cycle = 5 cycles

Bits 7 to 0—Area 3 to 0 CSn Assert Period Extension (A3SHW1-A0SHWO): These bits specify
the number of cycles from address/CSn output to RD/WEn assertion and from RD/WEn negation
to address/CSn hold for areas 3to 0.

A3SHW1 A3SHWO

A2SHW1 A2SHWO

A1SHW1 A1SHWO

AOSHW1 AOSHWO Description

0 0 0.5 cycle, CSn hold cycle = 0 cycles (Initial value)
1 1.5 cycle, CSn hold cycle = 1 cycle

1 0 2.5 cycle, CSn hold cycle = 2 cycles
1 Reserved (do not set)

Note: n=0to 3

7.2.7 Individual Memory Control Register (MCR)

Bitt 15 14 13 12 11 10 9 8
Bit name:‘ TRPO \ RCDO \ TRWLO‘ TRASl‘ TRASO \ BE \ RASD \ TRWLl‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
Bit name:‘ AMX2 \ sz \ AMX1 \ AMXO \ RFSH ‘RMODE‘ TRP1 \ RCD1 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The TRP1-TRPO, RCD1-RCDO, TRWL1-TRWLO, TRASI-TRASO, BE, RASD, AMX2-AMXO0
and SZ hits are initialized after a power-on reset. Do not write to them thereafter. When writing to
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them, write the same values as they are initialized to. Do not access CS2 or CS3 until register
initialization is completed.

Bits 1 and 15—RAS Precharge Time (TRP1, TRP0): When DRAM is connected, specifiesthe
minimum number of cycles after RAS is negated before the next assert. When synchronous
DRAM is connected, specifies the minimum number of cycles after precharge until a bank active
command is output. See section 7.5, Synchronous DRAM Interface, for details.

Bit 1: TRP1 Bit 15: TRPO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 0 and 14—RAS-CAS Delay (RCD1, RCDO0): When DRAM is connected, specifiesthe
number of cycles after RAS is asserted before CAS is asserted. When synchronous DRAM is
connected, specifies the number of cycles after abank active (ACTV) command isissued until a
read or write command (READ, READA, WRIT, WRITA) isissued.

Bit 0: RCD1 Bit 14: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 Reserved (do not set)

Bits 8 and 13—Write-Precharge Delay (TRWL 1, TRWLO0): When the synchronous DRAM is not
in the bank active mode, this bit specifies the number of cycles after the write cycle before the
start-up of the auto-precharge. Based on this number of cycles, the timing at which the next active
command can be issued is cal culated within the bus controller. In bank active mode, this bit
specifies the number of cycles before the precharge command is issued after the write command is
issued. This bit isignored when memory other than synchronous DRAM is connected.

Bit 8: TRWL1 Bit 13: TRWLO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 Reserved (do not set)
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Bits 12 and 11—CAS-Before-RAS Refresh RAS Assert Time (TRASL, TRASO): These bits
specify the RAS assertion width when DRAM is connected.

Bit 12: TRAS1 Bit 11: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles

After an auto-refresh command isissued, a bank active command is not issued for TRAS cycles,
regardless of the TRP bit setting. For synchronous DRAM, thereis no RAS assertion period, but
thereis alimit for the time from the issue of arefresh command until the next access. Thisvalueis
set to observe this limit. Commands are not issued for TRAS cycles when self-refresh is cleared.

Bit 12: TRAS1 Bit 11: TRASO Description

0 0 3 cycles (Initial value)
1 4 cycles

1 0 6 cycles
1 9 cycles

Bit 10—Burst Enable (BE)

Bit 10: BE Description
0 Burst disabled (Initial value)
1 High-speed page mode during DRAM and EDO interfacing is enabled.

Burst access conditions are as follows:

» Longword access, cache fill access, or DMAC 16-byte transfer, with 16-bit
bus width

» Cache fill access or DMAC 16-byte transfer, with 32-bit bus width

During synchronous DRAM access, burst operation is always enabled
regardless of this bit
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Bit 9—Bank Active Mode (RASD)

Bit 9: RASD Description

0 For DRAM, RAS is negated after access ends (normal operation)

For synchronous DRAM, a read or write is performed using auto-precharge
mode. The next access always starts with a bank active command
(Initial value)

1 For DRAM, after access ends RAS down mode is entered in which RAS is left
asserted. When using this mode with an external device connected which
performs writes other than to DRAM, see section 7.6.5, Burst Access

For synchronous DRAM, access ends in the bank active state. This is only
valid for area 3. When area 2 is synchronous DRAM, the mode is always auto-
precharge

Bits 7, 5, and 4—Address Multiplex (AMX2-AMXO0)
e For DRAM interface

Bit 7: AMX2 Bit 5: AMX1 Bit 4: AMXO0 Description

0 0 0 8-bit column address DRAM
1 9-bit column address DRAM
1 0 10-bit column address DRAM
1 11-bit column address DRAM
1 0 0 Reserved (do not set)
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)

257
HITACHI



¢ For synchronous DRAM interface

Bit 7: AMX2 Bit 5: AMX1 Bit 4: AMXO0 Description

0 0 0 16-Mbit DRAM (1M x 16 bits)
1 16-Mbit DRAM (2M x 8 bits)**
1 0 16-Mbit DRAM (4M x 4 bits)**
1 4-Mbit DRAM (256k x 16 bits)
1 0 0 64-Mbit DRAM (4M x 16 bits)*?
1 64-Mbit DRAM (8M x 8 bits)**
1 0 Reserved (do not set)

1 2-Mbit DRAM (128k x 16 bits)

Notes: 1. Reserved. Do not set when SZ bit in MCR is 0 (16-bit bus width).

2. With the EB000 emulator and debug chip, this setting is reserved and must not be set
when the SZ bit in MCR is 0 (16-bit bus width).

Bit 6—Memory Data Size (SZ): For synchronous DRAM and DRAM space, the data bus width of
BCR2 isignored in favor of the specification of this bit.

Bit 6: SZ Description
0 Word (16 bits) (Initial value)
1 Longword (32 bits)

Bit 3—Refresh Control (RFSH): This bit determines whether or not the refresh operation of
DRAM/synchronous DRAM is performed.

Bit 3: RFSH Description
0 No refresh (Initial value)
1 Refresh

Bit 2—Refresh Mode (RMODE): When the RFSH bit is 1, this bit selects normal refresh or self-
refresh. When the RFSH bit is 0, do not set thisbit to 1. When the RFSH bit is 1, self-refresh
mode is entered immediately after the RMODE hit is set to 1. When the RFSH bit is 1 and this bit
is0, a CAS-before-RA S refresh or auto-refresh is performed at the interval set in the 8-bit interval
timer. When arefresh request occurs during an external area access, the refresh is performed after
the access cycle is completed. When set for self-refresh, self-refresh mode is entered immediately
unless the chip isin the middle of a synchronous DRAM area access, in which case self-refresh
mode is entered when the access ends. Refresh requests from the interval timer are ignored during
self-refresh.
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Bit 2: RMODE Description
0 Normal refresh (Initial value)

1 Self-refresh

7.2.8 Refresh Timer Control/Status Register (RTCSR)

Bitt 15 14 13 12 11 10 9 8
S I N B N R
Initial value: 0 0 0 0 0 0 0 0

R/W:

Bitt 7 6 5 4 3 2 1 0
Bitname:‘ CMF \ CMIE‘ CKS2 \ CKSl‘ CKSO0 \ RRCZ‘ RRCl‘ RRCO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

Bit 7—Compare Match Flag (CMF): This status flag, which indicates that the values of RTCNT
and RTCOR match, is set/cleared under the following conditions:

Bit 7: CMF Description
0 RTCNT and RTCOR match

Clear condition: After RTCSR is read when CMF is 1, 0 is written in CMF
1 RTCNT and RTCOR do not match

Set condition: RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request caused
by the CMF hit of RTCSR when CMF isset to 1.

Bit 6: CMIE Description
0 Interrupt request caused by CMF is disabled (Initial value)
1 Interrupt request caused by CMF is enabled
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Bits 5 to 3—Clock Select Bits (CKS2—-CK S0)

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKSO Description

0 0 Count-up disabled (Initial value)

P4

P/16

P@/64

P@/256

P@/1024

P@/2048

I
o
PRl O|lFr | O|FRr|O|F|O

P@/4096

Bits 2 to 0—Refresh Count (RRC2—RRCO0): These hits specify the number of consecutive
refreshes to be performed when the refresh timer counter (RTCNT) and refresh time constant
register (RTCOR) values match and arefresh request is issued.

Bit 2: RRC2 Bit 1: RRC1 Bit 0: RRCO Description

0 0 0 1 refresh (Initial value)
1 2 refreshes
1 0 4 refreshes
1 6 refreshes
1 0 0 8 refreshes
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)
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7.29 Refresh Timer Counter (RTCNT)

Bit: 15 14 13 12 11 10 9 8

Bit name: ‘ — — — — — — — ‘ — ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The 8-bit counter RTCNT counts up with input clocks. The clock select bit of RTCSR selects an
input clock. RTCNT values can aways be read/written by the CPU. When RTCNT matches
RTCOR, RTCNT iscleared. Returnsto O after it counts up to 255.

Bits 15 to 8—Reserved: These bits always read 0. The write value should aways be 0.

7.210 Refresh Time Constant Register (RTCOR)
Bit: 15 14 13 12 11 10 9 8
Bit name: ‘ — — — — — — — ‘ — ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R
Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-hit read/write register. The values of RTCOR and RTCNT are constantly
compared. When the values correspond, the compare match flag (CMF) in RTCSR is set and
RTCNT iscleared to 0. When the refresh bit (RFSH) in the individual memory control register
(MCR) isset to 1, arefresh request signa occurs. The refresh request signal is held until refresh
operation is actually performed. If the refresh request is not processed before the next match, the

previous request becomes ineffective.
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When the CMIE bit in RTCSR is set to 1, an interrupt request is sent to the controller by this
match signal. Theinterrupt request is output continuously until the CMF bit in RTCSR is cleared.
When the CMF bit clears, it only affects the interrupt; the refresh request is not cleared by this
operation. When arefresh is performed and refresh requests are counted using interrupts, arefresh
can be set simultaneously with the interval timer interrupt.

Bits 15 to 8—Reserved: These hits always read 0. The write value should always be 0.
7.3 Access Size and Data Alignment

731 Connection to Ordinary Devices

Byte, word, and longword are supported as access units. Data is aligned based on the data width of
the device. Therefore, reading longword data from a byte-width device requires four read
operations. The bus state controller automatically converts data alignment and data length between
interfaces. An 8-bit, 16-bit, or 32-bit external device data width can be connected by using the
mode pins for the CSO space, or by setting BCR2 for the CS1-CS4 spaces. However, the data
width of devices connected to the respective spaces is specified statically, and the data width
cannot be changed for each access cycle. Figures 7.2 to 7.4 show the relationship between device
data widths and access units.

32-bit external device (ordinary)

D31 D23 D15 D7 DO

A24-A0 } . . . | Data input/output pin

000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 15 8,7 0 Word read/write of address 0
000002 15 8,7 0 Word read/write of address 2
000000 31 24 23 16 , 15 8,7 0 Longword read/write of address 0

Figure7.2 32-Bit External Devicesand Their Access Units
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16-bit external device (ordinary)

A24-A0 =D15 ,D7 D0= Data input/output pin

000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 15 0 Word read/write of address 0
000002 15 0 Word read/write of address 2
000000 31 16

000002 15 0/ Longword read/write of address 0

Figure7.3 16-Bit External Devicesand Their Access Units

8-bit external device (ordinary)

A24-A0 |D7—DO| Data input/output pin

000000 7 0 Byte read/write of address 0

000001 7 0 Byte read/write of address 1

000002 7 0  Byte read/write of address 2

000003 7 0 Byte read/write of address 3

000000 15 8

000001 7 0 ) Word read/write of address 0
000002 15 8

000003 7 0 ) Word read/write of address 2

000000 31 24
000001 23 16
000002 15 8
000003 7 0 / Longword read/write of address O

Figure7.4 8-Bit External Devicesand Their Access Units

7.3.2 Connection to Little-Endian Devices

The chip provides a conversion function in CS2, C$4 space for connection to and to maintain data
compatibility with devices that use little-endian format (in which the LSB isthe O position in the
byte data lineup). When the endian specification bit of BCR1 isset to 1, CS2, C4 spaceislittle-
endian. The relationship between device data width and access unit for little-endian format is
shown in figures 7.5, 7.6, and 7.7. When sharing memory or the like with alittle-endian bus
master, the SH7612 connects D31-D24 to the least significant byte (LSB) of the other bus master
and D7-D0 to the most significant byte (MSB), when the bus width is 32 bits. When the width is
16 bits, the SH7612 connects D15-D8 to the least significant byte of the other bus master and D7—
DO to the most significant byte. Figure 7.8 shows an example of connection to a 16-bit external
device.
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Only data conversion is supported by this function. For this reason, be careful not to place
program code or constants in the CS2, CS4 space. When this function is used, make sure that the
access unit isthe same for writing and reading. For example, data written by longword access
should be read by longword access. If the read access unit is different from the write access unit,
an incorrect value will be read.

32-bit external device (little-endian)

A24-A0 :D31 ,D23 ,D15 ,D7 DO: Data input/output pin

000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 7 0,15 8 Word read/write of address 0
000002 7 0,15 8 Word read/write of address 2
oooooo 7 0,15 8,23 16, 31 24 Longword read/write of address O

Figure7.5 32-Bit External Devicesand Their Access Units

16-bit external device (little-endian)

D15 D7 DO

A24-A0 | r | Data input/output pin
000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 7 0,15 8 Word read/write of address 0
000002 7 0,15 8 Word read/write of address 2
000000 7 0,15 8

000002 23 16 , 31 24 /) Longword read/write of address 0

Figure7.6 16-Bit External Devicesand Their Access Units
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8-bit external device (little-endian)

A24-A0 M Data input/output pin

000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 7 0 .

000001 15 8 ) Word read/write of address 0
000002 7 0 .

000003 15 8 ) Word read/write of address 2
000000 7 0

000001 15

000002 ﬂ Longword read/write of address 0

000003 31 24

Figure7.7 8-Bit External Devicesand Their Access Units

Chip Little-endian device
Al16 Al5
Al AO
CSn cs
RD IOR
DQMLU/WET TOWH
DQMLL/WEO TOWL
D1_5
D8
D7
DO

Figure 7.8 Example of Connection to a 16-bit External Device
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74 Accessing Ordinary Space

7.4.1 Basic Timing

A strobe signal is output by ordinary space accesses of CS0—CS4 spaces to provide primarily for
SRAM direct connections. Figure 7.8 shows the basic timing of ordinary space accesses. Ordinary
accesses without waits end in 2 cycles. The BS signal is asserted for 1 cycle to indicate the start of
the bus cycle. The CSn signal is negated by the fall of clock T2 to ensure the negate period. The
negate period isthus half a cycle when accessed at the minimum pitch.

The access sizeis not specified during aread. The correct access start address will be output to the
L SB of the address, but since no access size is specified, the read will always be 32 bits for 32-bit
devices and 16 bits for 16-bit devices. For writes, only the WE signal of the byte that will be
written is asserted. For 32-bit devices, WE3 specifies writing to a 4n address and WEO specifies
writing to a4n+3 address. For 16-bit devices, WEI specifies writing to a 2n address and WEO
specifies writing to a 2n+1 address. For 8-bit devices, only WEQ is used.

When data buses are provided with buffers, the RD signal must be used for data output in the read
direction. When RD/WR signals do not perform accesses, the chip stays in read status, so thereis
adanger of conflicts occurring with output when thisis used to control the external data buffer.
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Read

Write

| | :
|
|

|

!
A24-A0 ! X

|

|

RD/WR

3

D31-D0

3

|

|

|

! I

| !

D31-DO —'—<| :
|

L

|

DACKn* \

Note: * DACK waveform when active-low is specified.

Figure7.9 Basic Timing of Ordinary Space Access

When making aword or longword access with an 8-bit bus width, or alongword access with a 16-
bit bus width, the bus state controller performs multiple accesses.

When clock ratio 19 : Egis other than 1 : 1, the basic timing shown in figure 7.9 is repeated, but
when clock ratio 1g: E@is1: 1, burst access with no CSn negate period is performed as shown in

figure 7.10.
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CKIO
A24-A0
n
RD/WR
DACKn*
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(Clock Ratiol@: E@

Note: * DACKn waveform when active-low is specified.
Figure7.10 Timing of Longword Accessin Ordinary Space Using 16-Bit Bus Width

Figure 7.11 shows an example of 32-bit datawidth SRAM connection, figure 7.12 an example of
16-bit data width SRAM connection, and figure 7.13 an example of 8-bit data width SRAM

connection.
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Chip

A18
A2
CSn

RD

D31

D24
DQMUU/WE3
D23

D16
DOMUL/WE2
D15

D8
DOMLU/WET
D7

DO
DOMLL/WED

128 k x 8-bit
SRAM

Al16

AO

Cs

OE

/107

1100

WE

Al16

A0

cs
OE

1107

100

WE

Al16

A0

cs

OE

/107

100

WE

Al16

AO

cs
OE

/107

1/00

WE

Figure7.11 Example of 32-Bit Data Width SRAM Connection
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128 k x 8-bit

Chip SRAM
Al7 Al6
AL AQ
Csn cs
RD OE
D15 1107
D8 ety
DQMLU/WET WE
D7
DO
DQMLL/WEO A:16
AO
cs
OE
1107
/00
WE

Figure7.12 Example of 16-Bit Data Width SRAM Connection

_ 128 k x 8-hit
Chip SRAM
A16 Al6
AQ AQ
CSn cs
RD OE
D7 1107
DO 1100
DQMLL/WEO WE

Figure7.13 Example of 8-Bit Data Width SRAM Connection
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7.4.2 Wait State Control

The number of wait states inserted into ordinary space access states can be controlled using the
WCR1, WCR2, BCR1 and BCR3 register settings. When the Wn1 and WnO wait specification bits
in WCR1, WCR2 for the given CS space are 01 or 10, software waits are inserted according to the
wait specification. When Wn1l and WnO are 11, wait cycles are inserted according to the long wait
specification bit AnLW in BCR1, BCR3. The long wait specification in BCR1, BCR3 can be
made independently for CS0, CS1 and CS4 spaces, but the same value must be specified for CS2
and CS3 spaces. All WCR1 specifications are independent. By means of WCR1, WCR2, BCR1,
and BCR3, aTw cycleisinserted as await cycle aslong as the number of specified cycles at the
wait timing for ordinary access space shown in figure 7.14. The names of the control bits that
specify Tw for each CS space are shown in table 7.5.

w
|

T\

- |
[Eny
—

A24-A0 | X X:
oS [
X

|
|
|
I
RD/WR X
|
|
|
|

3

|
|
/ |
Read : i
D31-D0 ! (:::)—}—
I I
wen 1\ [
Write i !
D31-D0 —H |
|
|
|
|

|
| |
| |
DACKn* AN l
T t

Note: * DACKn waveform when active—low is specified.

Figure7.14 Wait Timing of Ordinary Space Access (Software Wait Only)
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Table7.5 CSn Spacesand Tw Specification Bits

BCR3 BCR1 WCR1 WCR2 Tw
Cso AOLW2  AOLW1  AOLWO WO01 WO00 — —_ 0-14
Cs1 AlLW2  AlLW1  AlLWO W11 w10 — — 0-14
CS2 AHLW2  AHLW1 AHLWO W21 w20 — — 0-14
CSs3 AHLW2  AHLW1 AHLWO W31 W30 — —_ 0-14
Cs4 A4LW2  A4LW1  A4WO — — w41 W40 0-14

When await is specified by software using WCR1 and WCR2 (Wn1, WnO0), and the external wait
mask bit (AnWM) iscleared to 0 in WCR2, the wait input WAIT signal from outside is sampled.
Figure 7.15 shows WAIT signal sampling. A 2-cycle wait is specified as a software wait. The
sampling is performed when the Tw state shiftsto the T2 state, so thereis no effect even when the
WAIT signal isasserted in the T1 cycle or the first Tw cycle. The WAIT signal is sampled at the
clock fall.
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Wait states
from WAIT

signal input

CKIO
A24-A0

Note: * DACKn waveform when active—low is specified.

Figure7.15 Wait State Timing of Ordinary Space Access

(Wait Statesfrom WAIT Signal)
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For the CSO—CS3 spaces, CS, RD, and WEn are negated for one cycle after negation of the

external wait signal is accepted, as shown in figure 7.15. For the CS4 space, the number of cycles

before CS, RD, and WEn are negated after acceptance of external wait negation can be set as 1, 2,

or 4 by means of bits A4WD1 and A4WDO in WCR. Figure 7.16 shows an example.

Specified by A4WD1 and

A4WDO in WCR2

=01)

(A4WD1, AAWDO

—
......... S N V\\L ]
_—1
_—]
SIS IRHIES EINS
_—]
_—1
/48U T A A I AN A AR L A HANN E B P I I B
_—1
* ......................................... B
]
200 S O VU I RN AV NN A D — | ______|
mﬁ-d\m .................................... P---1----——+
NS SN NG N U, I SN N [ —— A —— A I —— - NII IIIIIIIII
#-- ...................................... S
- ||_|\||

CKIO

DACKn*

Note: * DACKn waveform when active-low is specified.

Figure7.16 Wait State Timing of Ordinary Space in C34 Space
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743  CS Assertion Period Extension

Idle cycles can be inserted to prevent extension of the RD or WEn assertion period beyond the
length of the CSn assertion period by setting control bitsin WCR3. This allows for flexible
interfacing to external circuit. Thetiming is shown in figure 7.17. Th and Tf cycles are added
respectively before and after the ordinary cycle. Signals other than RD and WEn are asserted in
this cycle, but RD and WEn are not. In addition, data is extended up to the Tf cycle, which is
effective for devices with slow write operations.

! Th ! T1 ! T2 ! Tf !
D-:-( >l >:

>
| | | |
CKIO _/_\ / \ | I
| | | | | | | | | |
| | | | | | | | | |
pavess YT TN
| | | | | | | | | |
N —
N U G S S v
| | | | | | | | | |
BS U N e ———
P\ r/o | | | | | |
| | | | | | | |
g, — |
RD | | | | | | | | | |
| | | | | | | |
Read B N O = A
| Dam I I I I I S I I
| | | | | | | | |
- | | | | | | | | |
_ [ [ [ [ | | [ [ [
W N A
e T | —h_
Data | ! ! ! ! . ! !>_}_
i i i i i i
| | | | | | |
| | | | | |
[ [ [ [ [ [
| | | | |
| | | | | |
| | | | | |
| | | | |
| | | | |

q

Note: * DACKn waveform when active-low is specified.

Figure7.17 CS Assertion Period Extension Function
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For the CS0—C$4 spaces, For spaces CS0—CS4, Th and Tf can be set as follows.

Th Tf WCRS3
CS0—3 0—2 ANSHW1, AnSHWO (Th = Tf) n =0—3
cs4 0—7 0—5 Th: A4SW2—0

T A4HW1—0

75 Synchronous DRAM Interface

751 Synchronous DRAM Direct Connection

Seven kinds of synchronous DRAM can be connected: 2-Mbit (128k x 16), 4-Mbit (256k x 16),
16-Mbit (1M x 16, 2M x 8, and 4M x 4), and 64-Mbit (4M x 16 and 8M x 8). This chip supports
64-Mbit synchronous DRAMs internally divided into two or four banks, and other synchronous
DRAMSsinternaly divided into two banks. Since synchronous DRAM can be selected by the CS
signal, CS2 and CS3 spaces can be connected using acommon RAS or other control signal. When
the enable bits for DRAM and other memory (DRAM2-DRAMO) in BCR1 are set to 001, CS2 is
ordinary space and CS3 is synchronous DRAM space. When the DRAM2-0 bits are set to 100,
CS2 is synchronous DRAM space and CS3 is ordinary space. When the bits are set to 101, both
CS2 and CS3 are synchronous DRAM spaces.

Supported synchronous DRAM operating modes are burst read/single write mode (initial setting)
and burst read/burst write mode. The burst length depends on the data bus width, comprising 8
bursts for a 16-bit width, and 4 bursts for a 32-bit width. The data bus width is specified by the SZ
bit in MCR. Burst operation is always performed, so the burst enable (BE) bitin MCR isignored.
Switching to burst write mode is performed by means of the BWE bit in BCR3.

Control signals for directly connecting synchronous DRAM arethe RAS, CAS/OE, RD/WR, CS2
or CS3, DQMUU, DQMUL, DQMLU, DQMLL, and CKE signals. Signals other than CS2 and
CS3 are common to every area, and signals other than CKE are valid and fetched only when CS2
or CS3 istrue. Therefore, synchronous DRAM can be connected in parallel in multiple areas.
CKE is negated (to the low level) only when a self-refresh is performed; otherwiseit is always
asserted (to the high level).

Commands can be specified for synchronous DRAM using the RAS, CAS/OE, RD/WR, and
certain address signals. These commands are NOP, auto-refresh (REF), self-refresh (SELF), all-
bank precharge (PALL), specific bank precharge (PRE), row address strobe/bank active (ACTV),
read (READ), read with precharge (READA), write (WRIT), write with precharge (WRITA), and
mode register write (MRS).

Bytes are specified using DQMUU, DQMUL, DQMLU, and DQMLL. Theread/writeis
performed on the byte whose DQM is low. For 32-bit data, DQMUU specifies 4n address access
and DQMLL specifies 4n + 3 address access. For 16-bit data, only DQMLU and DQMLL are
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used. Figure 7.18 shows an example in which a 32-bit connection uses a 256k x 16 bit
synchronous DRAM. Figure 7.19 shows an example with a 16-bit connection.

256 k x 16-bit
synchronous
Chip DRAM
Al1l A9
A2 A0
CKIO CLK
CKE CKE
CSn cs
RAS RAS
CAS/OE CAS
RD/WR WE
D31 1/015
D16 1/00
DQMUU/WE3 DQMU
DOMUL/WE2 DQML
D15
DO A:9
DQMLU/WET A.O
DQMLL/WEO CLK
CKE
Ccs
RAS
CAS
WE
11015
1100
DQMU
DQML

Figure7.18 Synchronous DRAM 32-bit Device Connection
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256 k x 16-bit

synchronous
Chip DRAM
A10 A9
Al A0
CKIO CLK
CKE CKE
CSn Ccs
RAS RAS
CAS/OE CAS
RD/WR WE
D15 11015
DO 1100
DQMLU/WET DQMU
DQMLL/WEO DQML

Figure7.19 Synchronous DRAM 16-bit Device Connection

752 Address Multiplexing

Addresses are multiplexed according to the MCR’ s address multiplex specification bits AMX2—
AMXO0 and size specification bit SZ so that synchronous DRAMs can be connected to the SH7612
directly without an external multiplex circuit. Table 7.6 shows the relationship between the
multiplex specification bits and bit output to the address pins.

A24-A16 always output the original value regardless of multiplexing.

When SZ = 0, the data width on the synchronous DRAM sideis 16 bits and the LSB of the
device' s address pins (AQ) specifies word address. The AO pin of the synchronous DRAM isthus
connected to the A1 pin of the SH7612, the rest of the connection proceeding in the same order,
beginning with the A1 pin to the A2 pin.

When SZ = 1, the data width on the synchronous DRAM sideis 32 bits and the LSB of the
device' s address pins (AQ) specifieslongword address. The AO pin of the synchronous DRAM is
thus connected to the A2 pin of the SH7612, the rest of the connection proceeding in the same
order, beginning with the A1 pin to the A3 pin.
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Table7.6 SZ and AMX Bitsand Address Multiplex Output

Setting External Address Pins

Output

SZ AMX2 AMX1 AMXO0 Timing A1-A8 A9 A10 All Al12 Al13 Al14 Ail5

1 0 0 0 Column Al1-A8 A9 Al10 A1l L/H?T A212 A14 A15
address
Row A9-Al6 Al7 A18 Al19 A20 A2172 A22 A23
address

1 0 0 1 Column Al1-A8 A9 Al10 A1l L/H1 A222 A14 A15
address
Row A10-A17 A18 A19 A20 A21 A222 A23 A24
address

1 0 1 0 Column Al1-A8 A9 Al10 A1l L/H?1 A232 A14 Al15
address
Row Al1-A18 A19 A20 A21 A22 A232 A24 A25
address

1 0 1 1 Column Al1-A8 A9 L/HT A192 Al2 Al13 Al4 A15
address
Row A9-Al6 Al7 A18 Al192 A20 A21 A22 A23
address

1 1 0 0 Column Al1-A8 A9 Al10 A1l L/H?T A13 A22"3 A237
address
Row A9-Al6 Al7 A18 Al19 A20 A21 A22" A237
address

1 1 0 1 Column Al1-A8 A9 Al10 A1l L/H?T A13 A233 A247
address
Row Al10-A17 A18 A19 A20 A21 A22 A23% A24*7
address

1 1 1 1 Column Al1-A8 A9 L/H A182 Al2 Al13 Al4 Al15
address
Row A9-Al6 Al7 Al7 Al1872 A20 A21 A22 A23
address

0 O 0 0 Column Al1-A8 A9 A10 L/H?T A20? A13 Al14 A15
address
Row A9-Al6 Al7 A18 Al9 A2072 A21 A22 A23
address
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Table7.6 SZ and AMX Bitsand Address Multiplex Output (cont)

Setting External Address Pins

Output

SZ AMX2 AMX1 AMX0 Timing A1-A8 A9 Al10 A1l Al12 Al13 Al4 Al5

0 1 0 0 Column Al1-A8 A9 A10 LHT A12 A21% A222 Al15
address
Row A9-Al6 Al7 A18 Al19 A20 A21"3 A222 A23
address

0 0 1 1 Column Al1-A8 L/H?T A182 A11 Al12 Al3 Al4 Al5
address
Row A9-Al6 Al7 A182 A19 A20 A21 A22 A23
address

0 1 1 1 Column Al1-A8 L/H?T A172 A11 Al12 Al13 Al4 Al5
address
Row A9-Al6 Al6 A172 A19 A20 A21 A22 A23
address

Notes: AMX2-AMXO setting 110 is reserved and must not be used. When SZ = 0, AMX2-AMX0
settings 001, 010, and 101 are also reserved and must not be used.

1. L/His a bit used to specify commands. It is fixed at L or H according to the access
mode.

2. Bank address specification.
3. Bank address specification when using four banks.

7.5.3 Burst Reads

Figure 7.20 shows the timing chart for burst reads. In the following example, 2 synchronous
DRAMSs of 256k x 16 hits are connected, the data width is 32 bits and the burst length is 4. After a
Tr cycle that performs ACTV command output, a READA command isissued in the Tc cycle,
read datais accepted in cycles Td1 to Td4, and the end of the read sequence is waited for in the
Tdecycle. OneTdecycleisissuedwhenlg: Eg# 1: 1, andtwo cycleswhen lg: Eg=1:1. Tap
isacyclefor waiting for the completion of the auto-precharge based on the READA command
within the synchronous DRAM. During this period, no new access commands are issued to the
same bank. Accesses of the other bank of the synchronous DRAM by another CS space are
possible. Depending on the TRP1, TRPO specification in MCR, the chip determines the number of
Tap cycles and does not issue a command to the same bank during that period.

Figure 7.20 shows an example of the basic cycle. Because a slower synchronous DRAM is
connected, setting WCR1 and MCR hits can extend the cycle. The number of cyclesfrom the
ACTV command output cycle Tr to the READA command output cycle Tc can be specified by
bits RCD1 and RCDO in MCR. 00 specifies 1 cycle, 01 specifies 2 cycles, and 10 specifies 3
cycles. For 2 or 3 cycles, aNOP command issue cycle Trw for the synchronous DRAM isinserted
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between the Tr cycle and the Tc cycle. The number of cycles between the READA command
output cycle Tc and the initial read data fetch cycle Td1 can be specified between 1 cycleand 4
cycles using the W21/W20 and W31/W30 bitsin WCR1. The number of cycles at thistime
corresponds to the number of CAS latency cycles of the synchronous DRAM. When 2 cycles or
more, a NOP command issue cycle Tw isinserted between the Tc cycle and the Td1 cycle. The
number of cyclesin the precharge completion waiting cycle Tap is specified by bits TRP1 and
TRPO in MCR. When CAS latency is 1, a Tap cycle comprising the number of cycles specified by
TRP1 and TRPO is generated. When the CAS latency is 2 or more, a Tap cycle equal to the TRP
specification — 1 is generated. During the Tap cycle, no commands other than NOP are issued to
the same bank. Figure 7.20 shows an example of burst read timing when RCD1/RCDO0 is 01,
W31/W30is01, and TRPY/TRPO is01.

When the datawidth is 16 bits, 8 burst cycles are required for a 16-byte data transfer. The data
fetch cycle goesfrom Td1 to Td8.

Synchronous DRAM CAS latency is up to 3 cycles, but the CAS latency of the bus state controller
can be specified up to 4. Thisis so that circuits containing latches can be installed between
synchronous DRAMs and the chip.
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In the event of access to a different CS space or to a different bank in the same
Figure7.20 Basic Burst Read Timing (Auto-Precharge)

synchronous DRAM, the next access begins from this cycle.

2.
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Notes: 1. DACKn waveform when active-low is specified.
2. Inthe event of access to a different CS space or to a different bank in the same
synchronous DRAM, the next access begins from this cycle.

Figure7.21 Burst Read Wait Specification Timing (Auto-Precharge)

75.4 Single Reads

When acache areais accessed and there is a cache miss, the cachefill cycleis performed in 16-
byte units. This means that all the dataread in the burst read is valid. On the other hand, when a
cache-through area is accessed the required data is a maximum length of 32 bits, and the
remaining 12 bytes are wasted. The same kind of wasted data accessis produced when
synchronous DRAM is specified as the source in aDMA transfer by the DMAC and the transfer
unit is other than 16 bytes. Figure 7.22 shows the timing of a single address read. Because the
synchronous DRAM is set to the burst read mode, the read data output continues after the required
dataisreceived. To avoid data conflict, an empty read cycleis performed from Td2 to Td4 after
the required datais read in Td1 and the device waits for the end of synchronous DRAM operation.

When the datawidth is 16 bits, the number of burst transfers during aread is 8. Dataiis fetched in
cache-through and other DMA read cycles only inthe Td1 and Td2 cycles (of the 8 cycles from
Td1 to Td8) for longword accesses, and only in the Td1 cycle for word or byte accesses.
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The read sequence ends with the Tde cycle. Thereisone Tde cyclewhen Ig:Eg # 1:1, and there
aretwo cycleswhen |g:Eg = 1:1.

Empty cycles tend to increase the memory access time, lower the program execution speed, and
lower the DMA transfer speed, so it isimportant to avoid accessing unnecessary cache-through
areas and to use data structures that enable 16-byte unit transfers by placing data on 16-byte
boundaries when performing DMA transfers that specify synchronous DRAM as the source.

In the Tap cycle, anew access command cannot be issued for the same bank. However, accessis
possible to adifferent CS space or to adifferent bank in the same synchronous DRAM.
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Notes: 1. DACKn waveform when active-low is specified.
2. Inthe event of access to a different CS space or to a different bank in the same synchronous
DRAM, the next access begins from this cycle.

Figure7.22 Single Read Timing (Auto-Precharge)
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755 Single Writes

Synchronous DRAM writes are executed as single writes or burst writes according to the
specification by the BWE bit in BCR3. Figure 7.23 shows the basic timing chart for single write
accesses. After the ACTV command Tr, aWRITA command isissued in Tc to perform an auto-
precharge. In the write cycle, the write data is output simultaneously with the write command.
When writing with an auto-precharge, the bank is precharged after the completion of the write
command within the synchronous DRAM, so no command can be issued to that bank until the
precharge is completed. For that reason, besides a Tap cycle to wait for the precharge during read
accesses, a Trwl cycleis added to wait until the precharge is started, and the issuing of any new
commands to the same bank is delayed during this period. However, accessis possibleto a
different CS space or to a different bank in the same synchronous DRAM. The number of cycles
in the Trw1 cycle can be specified using the TRWL1 and TRWLO bitsin MCR.

The specification in bits TRWL1 and TRWLO is the number of cyclesfrom Tc to Tap. Therefore,
when TRWL1—TRWLO = 00, the number of Trwl cyclesisO.
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Notes: 1. DACKn waveform when active-low is specified.

In the event of access to a different CS space or to a different bank

2.

in the same synchronous DRAM, the next access begins from this cycle.

Figure7.23 Basic Single Write Cycle Timing (Auto-Prechar ge)
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7.5.6 Burst Write Mode

Burst write mode can be selected by setting the BWE bit to 1 in BCR3. The basic timing chart for
burst write access is shown in figure 7.24. This example assumes a 32-bit bus width and a burst
length of 4. In the burst write cycle, the WRITA command that performs auto-precharge isissued
in Tcl following the ACTV command Tr cycle. Thefirst 4 bytes of write data are output
simultaneously with the WRITA command in Tc, and the remaining 12 bytes of data are output
consecutively in Tc2, Tc3, and Tc4. In awrite with auto-precharge, as with asingle write, when
the same bank is accessed, a Trw1 cycle that provides the waiting time until precharge is started is
inserted after output of the write data, followed by a Tap cycle for the precharge wait in awrite
access. Accessispossibleto adifferent CS space or to adifferent bank in the same synchronous
DRAM. The Trw1 and Tap cycles can be set respectively in MCR by bits TRWL 1 and TRWLO,
and bits TRP1 and TRPO.

The specification in bits TRWL1 and TRWLO is the number of cyclesfrom Tc4 to Tap.
Therefore, when TRWL1—TRWLO = 00, the number of Trwl cyclesisO.

When asingle write is performed in burst write mode, the synchronous DRAM setting isfor a
burst length of 4. After dataiswrittenin Tcl, empty writes are performed in Tc2, Tc3, and Tc4 by
driving the DQMxx signal high.

These empty cycles increase the memory access time and tend to reduce program execution speed
and DMA transfer speed. Therefore, unnecessary cache-through area accesses should be avoided,
and copy-back should be selected for the cache setting. Also, in DMA transfer, it isimportant to
use a data structure that allows transfer in 16-bit units.

When clock ratio |g:E@ = 1:1, adummy cycle isinserted after Tc4.
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In the event of access to a different CS space or to a different bank in the same synchronous
DRAM, the next access begins from this cycle.
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Figure7.24 Basic Burst Write Timing (Auto
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757 Bank Active Function

A synchronous DRAM bank function is used to support high-speed accesses of the same row
address. When the RASD hit in MCR is set to 1, read/write accesses are performed using
commands without auto-precharge (READ, WRIT). In this case, even when the accessis
completed, no precharge is performed. When accessing the same row address in the same bank, a
READ or WRIT command can be called immediately without calling an ACTV command, just
like the RAS down mode of the DRAM'’ s high-speed page mode. Synchronous DRAM is divided
into two banks, so one row address in each can stay active. When the next accessis to a different
row address, a PRE command is called first to precharge the bank, and access is performed by an
ACTV command and READ or WRIT command in order, after the precharge is completed. With
successive accesses to different row addresses, the precharge is performed after the access request
occurs, so the accesstimeislonger. When writing, performing an auto-precharge means that no
command can be called for tRWL + tAP cycles after aWRITA command is called. When the bank
active modeis used, READ or WRIT commands can be issued consecutively if the row addressis
the same. This shortens the number of cycles by tRWL + tAP for each write. The number of cycles
between the issue of the precharge command and the row address strobe command is determined
by the TRP1, TRPO in MCR.

Whether execution is faster when the bank active mode is used or when basic accessisused is
determined by the proportion of accesses to the same row address (P1) and the average number of
cycles from the end of one access to the next access (tA). When tA islonger than tAP, the delay
waiting for the precharge during aread becomesinvisible. If tA islonger than tRWL + tAP, the
delay waiting for the precharge also becomesinvisible during writes. The difference between the
bank active mode and basic access speeds in these cases is the number of cycles between the start
of access and the issue of the read/write command: (tRP + tRCD) x (1 — P1) and tRCD,
respectively.

The time that abank can be kept active, tRAS, islimited. When the period will be provided by
program execution, and it is not assured that another row address will be accessed without a hit to
the cache, the synchronous DRAM must be set to auto-refresh and the refresh cycle must be set to
the maximum value tRAS or less. This enables the limit on the maximum active period for each
bank to be ensured. When auto-refresh is not being used, some measure must be taken in the
program to ensure that the bank does not stay active for longer than the prescribed period.

Figure 7.25 shows a burst read cycle that is not an auto-precharge cycle, figure 7.26 shows a burst
read cycle to a same row address, figure 7.27 shows a burst read cycle to different row addresses,
figure 7.28 shows a write cycle without auto-precharge, figure 7.29 shows awrite cycleto a same
row address, and figure 7.30 shows a write cycle to different row addresses.

Infigure 7.26, a cycle that does nothing, Tnop, is inserted before the Tc cycle that issues the
READ command. Synchronous DRAMs have a 2 cycle latency during reads for the DQMxx
signals that specify bytes. If the Tc cycleis performed immediately without inserting a Tnop
cycle, the DQMxx signal for the Td1 cycle data output cannot be specified. Thisiswhy the Tnop
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cycleisinserted. When the CAS latency is 2 or more, however, the Tnop cycleis not inserted so
that timing requirements will be met even when aDQMxx signd is set after the Tc cycle.

When the bank active mode is set, the access will start with figure 7.25 or figure 7.28 and repeat
figure 7.26 or figure 7.29 for aslong as the same row address continues to be accessed when only
accesses to the respective banks of the CS3 space are considered. Accessesto other CS spaces
during this period do not affect this operation. When an access occurs to a different row address
while the bank is active, figure 7.27 or figure 7.30 will be substituted for figures 7.26 and 7.29
after thisis detected. Both banks will become inactive even in the bank active mode after the
refresh cycle ends or after the busis released by bus arbitration.

, Tr . Tc ., Tdl ,  Td2 ,  Td3 _, Td4 Tde
| | | | | | | :

o AV VT
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o DO ATy
e DO
Gl T N O O O O U
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Note: * DACKn waveform when active-low is specified.

Figure7.25 Burst Read Timing (No Precharge)
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Note: * DACKn waveform when active-low is specified.

Figure7.26 Burst Read Timing (Bank Active, Same Row Address)
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Figure7.27 Burst Read Timing (Bank Active, Different Row Addresses)

Note: * DACKn waveform when active-low is specified.
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Figure7.28 Single Write Mode Timing (No Precharge)
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Note: * DACKn waveform when active-low is specified.
Figure7.29 Single Write Mode Timing (Bank Active, Same Row Address)
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Note: * DACKn waveform when active-low is specified.

Figure7.30 Single Write Mode Timing (Bank Active, Different Row Addresses)
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7.5.8 Refreshes

The bus state controller is equipped with a function to control refreshes of synchronous DRAM.
Auto-refreshes can be performed by setting the RMODE hit to 0 and the RFSH bit to 1 in MCR.
Consecutive refreshes can a so be generated by setting the RRC2-RRCO bitsin RTCSR. When the
synchronous DRAM is not accessed for along period of time, set the RFSH bit and RMODE bit
both to 1 to generate self-refresh mode, which uses low power consumption to retain data.

Auto-Refresh: The number of refreshes set in the RRC2-RRCO bitsin RTCSR are performed at
the interval determined by the input clock selected by the CKS2—CK S0 bitsin RTCSR and the
value set in RTCOR. Set the CKS2—CK SO bits and RTCOR so that the refresh interval
specifications of the synchronous DRAM being used are satisfied. First , set RTCOR, RTCNT,
and the RMODE and RFSH bitsin MCR, then set the CKS2-CK S0 and RRC2-RRCO hitsin
RTCSR. When aclock is selected with the CKS2—-CK S0 bits, RTCNT starts counting up from the
value at that time. The RTCNT value is constantly compared to the RTCOR value, and when the
two values match, a refresh request is made, and the number of auto-refreshes set in RRC2-RRCO
are performed. RTCNT is cleared to O at that time and the count up starts again. Figure 7.30 shows
the timing for the auto-refresh cycle.

First, aPALL command isissued during the Tp cycle to change al the banks from active to
precharge states. Then number of idle cycles equal to one less than the value set in TRP1 and
TRPO areinserted, and a REF command isissued in the Trr cycle. After the Trr cycle, no new
commands are output for the number of cycles specified in the TRAS bit in MCR. The TRAS bit
must be set to satisfy the refresh cycle time specifications (active/active command delay time) of
the synchronous DRAM. When the set value of the TRP1 and TRPO bitsin MCR is 2 or more, an
NOP cycleisinserted between the Tp cycle and Trr cycle.

During amanual reset, no refresh request isissued, since thereisno RTCNT count-up. To perform
arefresh properly, make the manual reset period shorter than the refresh cycle interval and set
RTCNT to (RTCOR — 1) so that the refresh is performed immediately after the manual reset is
cleared.
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Figure7.31 Auto-Refresh Timing

Self-Refreshes: The self-refresh mode is atype of standby mode that produces refresh timing and
refresh addresses within the synchronous DRAM. It is started up by setting the RMODE and
RFSH bitsto 1. The synchronous DRAM isin self-refresh mode when the CKE signal level is
low. During the self-refresh, the synchronous DRAM cannot be accessed. Also, bus arbitration is
not performed in the self-refresh state. To clear the self-refresh, set the RMODE hit to 0. After
self-refresh mode s cleared, issuing of commandsis prohibited for the number of cycles specified
in the TRAS1 and TRASO bitsin MCR. Figure 7.32 shows the self-refresh timing. Settings must
be made so that self-refresh clearing and data retention are performed correctly, and auto-
refreshing is performed without delay at the correct intervals. When self-refresh mode is entered
while the synchronous DRAM is set for auto-refresh or when leaving the standby mode with a
manual reset or NMI, auto-refresh can be re-started if RFSH is 1 and RMODE is 0 when the self-
refresh modeis cleared. When time is required between clearing the self-refresh mode and starting
the auto-refresh mode, this time must be reflected in the initial RTCNT setting. When the RTCNT
valueis set to RTCOR — 1, the refresh can be started immediately.

If the standby function of the chip is used to enter the standby mode after the self-refresh mode is
set, the self-refresh state continues; the self-refresh state will also be maintained after returning
from a standby using an NMI. A manual reset cannot be used to exit the self-refresh state either.

During a power-on reset, the bus state controller register isinitialized, so the self-refresh state is
ended.
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Refresh Requests and Bus Cycle Requests. When a refresh request occurs while abus cycleis
executing, the refresh will not be executed until the bus cycle is completed. When a refresh request
occurs while the bus is released using the bus arbitration function, the refresh will not be executed
until the bus is recaptured. In the SH7612, the REFOUT pinis provided to send asignal

requesting the bus right during the wait for refreshing to be executed. REFOUT is asserted until
the busis acquired. If RTCNT and RTCOR match and a new refresh request occurs while waiting
for the refresh to execute, the previous refresh request is erased. To make sure the refresh executes
properly, be sure that the bus cycle and bus capture do not exceed the refresh interval.

If a bus arbitration request occurs during a self-refresh, the busis not released until the self-refresh
is cleared.
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Figure7.32 Sdf-Refresh Timing
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75.9 Power-On Sequence

To use synchronous DRAM, the mode must first be set after the power isturned on. To properly

initialize the synchronous DRAM, the synchronous DRAM maode register must be written to after
the registers of the bus state controller have first been set. The synchronous DRAM mode register
is set using a combination of the CS2 or CS3 signal and theRAS, CAS/OE, and RD/WR signals.

They fetch the value of the address signal at that time. If the value to be set is X, the bus state
controller operates by writing to address X + H'FFFF0000 or X + H'FFFF8000 from the CPU,
which allows the value X to be written to the synchronous DRAM mode register. Whether X +
H'FFFF0000 or X + H'FFFF8000 is used depends on the specifications of the synchronous

DRAM. Useavaluein therange H'000 to H'FFF for X. Dataisignored at thistime, but the mode
iswritten using word as the size.

Write any datain word size to the following addresses to select the burst read single write

supported by the chip, a CAS latency of 1 to 3, a sequential wrap type, and a burst length of 8 or 4

(depending on whether the width is 16 bits or 32 bits).

* Burst Read/Single Write

For 16 bits:

For 32 bits:

To set burst read, burst write, CAS latency 1 to 3, wrap-type sequential, and burst length 8 or 4
(depending on whether the width is 16 bits or 32 bits), arbitrary data is written to the following

CASlatency 1
CAS latency 2
CASlatency 3

CASlatency 1
CASlatency 2
CASlatency 3

addresses, using the word size.

¢ Burst Read/Burst Write

16-bit width:

32-bit width:

Figure 7.33 shows the mode register setting timing.

CASlatency 1
CAS latency 2
CASlatency 3

CASlatency 1
CASlatency 2
CASlatency 3

H'FFFF0426
H'FFFF0446
H'FFFF0466

H'FFFF0848
H'FFFF0888
H'FFFFO8C8

H'FFFF0026
H'FFFF0046
H'FFFF0066

H'FFFF0048
H'FFFF0088
H'FFFFO0C8

HITACHI

(H'FFFF8426)
(H'FFFF8446)
(H'FFFF8466)

(H'FFFF8848)
(H'FFFF8888)
(H'FFFF88C8)

(H'FFFF8026)
(H'FFFF8046)
(H'FFFF8066)

(H'FFFF8048)
(H'FFFF8088)
(H'FFFF80C8)
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Writing to address X + H'FFFF0000 or X + H'FFFF8000 first issues an all-bank precharge
command (PALL), then issues eight dummy auto-refresh commands (REF) required for the

synchronous DRAM power-on sequence. Lastly, a mode register write command (MRS) isissued.

Threeidle cycles are inserted between the all-bank precharge command and the first auto-refresh
command, and eight idle cycles between auto-refresh commands, and between the eighth auto-

refresh command and the mode register write command, regardless of the MCR setting.

After writing to the synchronous DRAM mode register, perform a dummy read to each

synchronous DRAM bank before starting normal access. Thiswill initialize the SH7612's internal

address comparator.

Synchronous DRAM requires afixed idle time after powering on before the all-bank precharge
command is issued. Refer to the synchronous DRAM manual for the necessary idle time. When
the pulse width of the reset signal islonger than the idle time, the mode register may be set

immediately without problem. However, careis required if the pulse width of the reset signal is

shorter than the idle time.

Tmw

Trc

Trr Trc

Trc

Tpw Tpw Tpw  Trr  Trc

Tp

CKIO

A24-Al11

Al10

Figure 7.33 Synchronous DRAM Mode Write Timing
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7.6 DRAM Interface

7.6.1 DRAM Direct Connection

When the DRAM and other memory enable bits (DRAM2-DRAMO) in BCR1 are set to 010, the
CS3 space becomes DRAM space, and a DRAM interface function can be used to directly connect
DRAM.

The data width of an interface can be 16 or 32 bits (figures 7.34 and 7.35). Two-CAS 16-bit
DRAM s can be connected, since CAS is used to control byte access. The RAS, CAS3, CAS2,
CAS1, CAS0, and RD/WR signals are used to connect the DRAM. When the data width is 16 bits,
CAS3, and CAS2 are not used. In addition to ordinary read and write access, burst access using
high-speed page mode is also supported.

256Kk x 16-bit
Chip DRAM
A10 A8
A2 AO
RAS RAS
- OE
RD/WR WE
D31 /015
D16 | 1100
CAS3 UCAS
CAS2 LCAS
D15
DO A8
CAS1 : :
CAS0 AO
RAS
OE
WE
1015
1100
UCAS
LCAS

777

Figure7.34 Example of DRAM Connection (32-Bit Data Width)
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Chip

A9

Al

RAS

RD/WR
D15

DO
CAS1
CASO

256k x 16-bit
DRAM

A8

AO

RAS

OE

WE

1015
1100

UCAS
LCAS

Figure7.35 Example of DRAM Connection (16-Bit Data Width)

7.6.2 Address Multiplexing

When the CS3 spaceis set to DRAM, addresses are always multiplexed. This alows DRAMSs that
require multiplexing of row and column addresses to be connected directly without additional
address multiplexing circuits. There are four ways of multiplexing, which can be selected using
the AMX1-AMXO bitsin MCR. Table 7.7 illustrates the rel ationship between the AMX1-AMXO0
bits and address multiplexing. Address multiplexing is performed on address output pins A15-A1.
The original addresses are output to pins A24-A16. During DRAM accesses, AMX2 is reserved,
sosetittoO.

Table7.7 Relationship between AM X1-AM X0 and Address M ultiplexing
No. of Column Row Column

AMX1 AMXO0 Address Bits Address Output Address Output
0 0 8 bits A23-A9 Al5-Al
1 9 bits A24-A10 Al5-Al
1 0 10 bits A24-A11*! Al15-Al
1 11 bits A24-A12** Al5-Al

Notes: 1. Address output pin A15 is high.
2. Address output pins A15 and Al14 are high.
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Basic Timing

7.6.3

The basic timing of aDRAM accessis 3 cycles. Figure 7.36 shows the basic DRAM access

timing. Tp isthe precharge cycle, Tr isthe RAS assert cycle, Tcl isthe CAS assert cycle, and Tc2

isthe read data fetch cycle. When accesses are consecutive, the Tp cycle of the next access

overlaps the Tc2 cycle of the previous access, so accesses can be performed in aminimum of 3

cycles each.

CKIO

A24-A16

Read

Write

Note: * DACKn waveform when active-low is specified.

Figure7.36 Basic Access Timing
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7.6.4 Wait State Control

When the clock frequency israised, 1 cycle may not always be sufficient for al statesto end, asin
basic access. Setting bitsin WCR1, WCR2 and MCR enables the state to be lengthened. Figure
7.37 shows an example of lengthening a state using settings.

The Tp cycle (which ensures a sufficient RAS precharge time) can be extended from 1 cycleto 4
cycles by insertion of a Tpw cycle by means of the TRP1, TRPO bit in MCR. The number of
cycles between RAS assert and CAS assert can be extended from 1 cycle to 3 cycles by inserting a
Trw cycle by means of the RCD1, RCDO bit in MCR. The number of cycles from CAS assert to
the end of access can be extended from 1 cycle to 3 cycles by setting the W31/W30 bitsin WCRL1.
When external wait mask bit ABWM in WCR2 is cleared to 0 and bits W31 and W30 in WCR1
are set to avalue other than 00, the external wait pinis also sampled, so the number of cycles can
be further increased. When bit ABWM in WCR2 is set to 1, external wait input isignored
regardless of the setting of W31 and W30 in WCR1. Figure 7.38 shows the timing of wait state
control using the WAIT pin.

In either case, when consecutive accesses occur, the Tp cycle access overlaps the Tc2 cycle of the
prewous access. In DRAM access, BS is not asserted, and so RAS, CASn, RD, etc., should be
used for WAIT pin control.
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Note: * DACKn waveform when active-low is specified

Figure7.37 Wait State Timing
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Note: * DACKn waveform when active-low is specified

Figure7.38 External Wait State Timing

Burst Access

7.6.5

In addition to the ordinary mode of DRAM access, in which row addresses are output at every

access and data is then accessed, DRAM also has a high-speed page mode for use when

continuously accessing the same row that enables fast access of data by changing only the column

the burst enable bit (BE) in MCR. Figure 7.39 shows the timing of burst access in high-speed page

address after the row addressis output. Select ordinary access or high-speed page mode by setting
mode. When performing burst access, cycles can be inserted using the wait state control function.
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function is used and the BE bitin MCR is set to 1, setting the MCR’s RASD hit (which specifies
CKIO

An address comparator is provided to detect matches of row addressesin burst mode. When this
RAS down mode) to 1 places the SH7612 in RAS down mode, which leaves the RAS signal

asserted. The accesstiming in RAS down mode is shown in figures 7.40 and 7.41. When RAS
down mode is used, the refresh cycle must be less than the maximum DRAM RAS assert time

tRAS when the refresh cycleislonger than the tRAS maximum.
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Figure7.40 RASDown Mode Same Row Access Timing
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Figure7.41 RASDown Mode Different Row Access Timing

EDO Mode

7.6.6

In addition to the kind of DRAM in which datais output to the data bus only while the CASn

while both RAS and OE are asserted, once the CASn signal is asserted data is output to the data

bus until CASn is next asserted, even though CASn is negated during thistime.

signal is asserted in a dataread cycle, thereis another kind provided with an EDO mode in which,
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The EDO mode bit (EDO) in MCR allows selection of ordinary access/high-speed page mode
burst access or ordinary access/burst access using EDO mode. Since OE control is performed in
EDO mode DRAM access, the CAS and OE pins of the SH7612 must be connected to the OE pin

of the DRAM.

Ordinary accessin EDO mode is shown in figure 7.44, and burst accessin figure 7.45.

In EDO mode, in order to extend the timing for data output to the data busin aread cycle until the
next assertion of CASn, the DRAM access time can be increased by delaying the data latch timing

by 1/2 cycle, making it at the rise of the CKIO clock.

256 k x 16-bit
Chip DRAM
A10 A8
A2 AO
RAS RAS

OE
RD/WR WE
D31 V015
D16 1100
CAS3 UCAS
CAS2 [CAS
D15
DO A8
CAS1 :
CASO AO
CAS/OE
S
OE
WE
V015
1100
UCAS
[CAS

Figure7.42 Example of EDO DRAM Connection (32-Bit Data Width)
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256 k x 16-bit

Chip DRAM
A_9 A_8
A1 A0
RAS RAS
OE
RD/WR WE
D15 I/QlS
DO 100
CAS1 UCAS
CASO LCAS
CAS/OE
Figure7.43 Exampleof EDO DRAM Connection (16-Bit Data Width)
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Figure7.44 DRAM EDO Mode Ordinary Access Timing
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01 and RASD = 1.

The DMA single transfer mode read cycle is the same asa CPU or DMA dual transfer mode read

cycle.

HITACHI

Figure7.45 DRAM EDO ModeBurst Access Timing
between DACKn assertion and CASn assertion in awritein DMA single address transfer mode.

DRAM Single Transfer

Note: * DACKn waveform when active-low is specified
Inserting wait states allows the data setup time for external device memory. Figure 7.46 shows the

Wait states equivalent to the value set in bits DSWW1 and DSWWO0 in BCR3 can be inserted

write cycle timing in DMA single transfer mode when DSWW1/DSWWO0

7.6.7
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Note: * DACKn waveform when active-low is specified

Figure7.46 DMA Single Transfer Mode Write Cycle Timing
(RAS Down Mode, Same Row Address)

7.6.8 Refreshing

The bus state controller includes a function for controlling DRAM refreshing. Distributed
refreshing using a CAS-before-RAS refresh cycle can be performed by clearing the RMODE bit to
0 and setting the RFSH bit to 1 in MCR. Consecutive refreshes can be generated by setting bits
RRC2-RRCO0 in RTCSR. If DRAM is not accessed for along period, self-refresh mode, which
uses little power consumption for data retention, can be activated by setting both the RMODE and
RFSH bitsto 1.

CAS-Before-RAS Refreshing: Refreshing is performed at intervals determined by the input clock
selected by bits CKS2-CK S0 in RTCSR, and the value set in RTCOR. The RTCOR value and the
value of bits CKS2-CK S0 in RTCSR should be set so asto satisfy the refresh interval
specification for the DRAM used. First make the settings for RTCOR, RTCNT, and the RMODE
and RFSH hitsin MCR, then make the CKS2—CK SO and RRC2-RRCO settings in RTCSR. When
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the clock is selected by CKS2—-CK S0, RTCNT starts counting up from the value at that time. The
RTCNT valueis constantly compared with the RTCOR value, and when the two values match, a
refresh request is generated and the number of CAS-before-RAS refreshes set in bits RRC2—RRCO
are performed. At the same time, RTCNT is cleared to zero and the count-up is restarted. Figure
7.47 shows the CAS-before-RAS refresh cycle timing.

The number of RAS assert cyclesin the refresh cycleis specified by bits TRASL and TRASO in
MCR. Aswith ordinary accesses, the specification of the RAS precharge time in the refresh cycle
follows the setting of bits TRP1 and TRPO in MCR.

I I I !
4—,—»!4—,—»:4—,—»:4—,—»:4—,—»'
I I

CKIO / ‘i IJI/_E\ /_\:\_/ ‘i\ /%I

RAS i 7 \
CASn i / \
RD/WR /

L

Figure7.47 DRAM CAS-before-RAS Refresh Cycle Timing

Self-Refreshing: A self-refresh is started by setting both the RMODE bit and the RFSH bit to 1.
During the self-refresh, DRAM cannot be accessed. Also, bus arbitration is not performed in the
self-refresh state. Self-refreshing is cleared by clearing the RMODE bit to 0. Self-refresh timing is
shown in figure 7.48. Settings must be made so that self-refresh clearing and data retention are
performed correctly, and CAS-before-RAS refreshing isimmediately performed at the correct
intervals. When self-refreshing is started from the state in which CAS-before-RAS refreshing is
set, or when exiting standby mode by means of amanual reset or NMI, auto-refreshing is restarted
if RFSH isset to 1 and RMODE is cleared to O when self-refresh mode is cleared. If the transition
from clearing of self-refresh mode to starting auto-refresh takes time, this time should be taken
into consideration when setting theinitial value of RTCNT. When the RTCNT valueis set to
RTCOR-1, the refresh can be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby stateis
entered using the chip’s standby function. The self-refresh state is also maintained even after
recovery from standby mode by means of NMI input.
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In the case of a power-on reset, the bus state controller’ s registers areinitialized, and therefore the
self-refresh state is cleared.

Figure7.48 DRAM Sdf-Refresh Cycle Timing

7.6.9 Power-On Sequence

When DRAM is used after the power isturned on, there is a requirement for awaiting period
during which accesses cannot be performed (100 ps or 200 ps minimum) followed by at least the
prescribed number of dummy CAS-before-RAS refresh cycles (usually 8). The bus state controller
(BSC) does not perform any special operations for the power-on reset, so the required power-on
sequence must be implemented by the initialization program executed after a power-on reset.

7.7 Burst ROM Interface

Set the BSTROM hit in BCR1 to set the CS0 space for connection to burst ROM. The burst ROM
interface is used to permit fast access to ROMs that have the nibble access function. Figure 7.50
shows the timing of nibble accesses to burst ROM. Set for two wait cycles. The accessis basically
the same as an ordinary access, but when the first cycle ends, only the address is changed. The
CS0 signal is not negated, enabling the next access to be conducted without the T1 cycle required
for ordinary space access. From the second time on, the T1 cycleis omitted, so accessis 1 cycle
faster than ordinary accesses. Currently, the nibble access can only be used on 4-address ROM.
This function can only be utilized for word or longword reads to 8-bit ROM and longword reads to
16-bit ROM. Mask ROMs have slow access speeds and require 4 instruction fetches for 8-bit
widths and 16 accesses for cache filling. Limited support of nibble access was thus added to
alleviate this problem. When connecting to an 8-bit width ROM, a maximum of 4 consecutive
accesses are performed; when connecting to a 16-bit width ROM, a maximum of 2 consecutive
accesses are performed. Figure 7.49 shows the relationship between data width and access size.
For cache filling and DMAC 16-byte transfers, longword accesses are repeated 4 times.
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When one or more wait states are set for aburst ROM access, the WAIT pin is sampled. When the
burst ROM is set and 0 specified for waits, there are 2 access cycles from the second time on.
Figure 7.51 shows the timing.

m w | T2 | Tw | T2 | Tw | T2 | Tw | T2 |
8-bit bus-width longword access

T w | T2 | Tw | T2 |

8-bit bus-width word access

m w | T2 |

8-bit bus-width byte access

m w | T2 | Tw | T2 |

16-bit bus-width longword access
T Tw | T2 |

16-bit bus-width word access
T Tw | T2

16-bit bus-width byte access
T Tw | T2 |

32-bit bus-width longword access
T Tw | T2 |

32-bit bus-width word access
T Tw | T2

32-bit bus-width byte access

Figure7.49 DataWidth and Burst ROM Access (1 Wait State)
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CKIO

Note: * DACKn waveform when active-low is specified.

Figure7.50 Burst ROM Nibble Access (2 Wait States)

CKIO

Note: * DACKn waveform when active-low is specified.

Figure7.51 Burst ROM Nibble Access (No Wait States)
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7.8 I dles between Cycles

Because operating frequencies have become high, when aread from a slow device is completed,
data buffers may not go off in time to prevent data conflicts with the next access. This lowers
devicerdiability and causes errors. To prevent this, afunction has been added to avoid data
conflicts that memorizes the space and read/write state of the preceding access and inserts an idle
cyclein the access cycle for those cases in which problems are found to occur when the next
access starts up. The BSC checks whether await is to be inserted in two cases: if aread cycleis
followed immediately by aread accessto adifferent CS space, and if aread accessis followed
immediately by awrite from the chip. When the chip is writing continuously, the data direction is
aways from the chip to other memory, and there are no particular problems. Neither is there any
particular problem if the following read access isto the same CS space, since datais output from
the same data buffer. The number of idle cycles to be inserted into the access cycle when reading
from another CS space, or performing awrite, after aread from the CS3 space, is specified by the
IW31 and IW30 bitsin WCRL. Likewise, IW21 and IW20 specify the number of idle cycles after
CS2 reads, IW11 and IW10 specify the number after CS1 reads, and IWO01 and IWO0O specify the
number after CS0 reads. From 0, 1, 2, or 4 cycles can be specified. When there is already a gap
between accesses, the number of empty cycles is subtracted from the number of idle cycles before
insertion. When awrite cycleis performed immediately after aread access, 1 idle cycleisinserted
even when O is specified for waits between access cycles.

When the chip shiftsto aread cycle immediately after awrite, the write data becomes high
impedance when the clock rises, but the RD signal, which indicates read cycle data output enable,
is not asserted until the clock falls. Theresult is that no idles are inserted into the cycle.

When bus arbitration is being performed, an empty cycleisinserted for arbitration, so nois
inserted between cycles.
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Figure7.52 ldlesbetween Cycles

7.9 Bus Arbitration

The chip has a bus arbitration function that, when a bus release request is received from an
external device, releases the bus to that device after the bus cycle being executed is completed.

The chip keeps the bus under normal conditions and permits other devicesto use the bus by
releasing it when they request its use.

In the following explanation, external devices requesting the bus are called slaves.

The chip has two internal bus masters, the CPU and the DMAC. When synchronous DRAM or
DRAM is connected and refresh control is performed, the refresh request becomes a third master.
In addition to these, there are al so bus requests from external devices. The priority for bus requests
when they occur simultaneously is, highest to lowest, refresh requests, bus requests from external
devices, DMAC and CPU.

When a bus request from the CPU is pending, the CPU has priority.
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When the bus is being passed between dave and master, all bus control signals are negated before
the busis released to prevent erroneous operation of the connected devices. When the busis
transferred, also, the bus control signals begin bus driving from the negated state. The master and
slave passing the bus between them drive the same signal values, so output buffer conflict is
avoided. A pull-up resistanceis required for the bus control signals to prevent malfunction caused
by external noise when they are at high impedance.

Bus permission is granted at the end of the bus cycle. When the bus is requested, the busis
released immediately if thereis no ongoing bus cycle. If there is a current bus cycle, the bus is not
released until the bus cycle ends. Even when a bus cycle does not appear to be in progress when
viewed from off-chip, it is not possible to determine immediately whether the bus has been
released by looking at CSn or other control signals, since a bus cycle (such as wait insertion
between access cycles) may have been started internally. The bus cannot be released during burst
transfers for cache filling or 16-byte DMAC block transfers. Likewise, the bus cannot be released
between the read and write cycles of a TAS instruction. Arbitration is also not performed between
multiple bus cycles produced by a data width smaller than the access size, such as alongword
access to an 8-hit data width memory. Bus arbitration is not performed in the self-refresh statein
synchronous DRAM and the DRAM interface. Bus arbitration is performed between external
vector fetch, PC save, and SR save cycles during interrupt handling, which are all independent
accesses.

Because the CPU is connected to cache memory by a dedicated internal bus, cache memory can be
read even when the busis being used by another bus master on the chip or externally. When
writing from the CPU, an external write cycle is produced. Since the internal bus that connects the
CPU, DMAC, and on-chip peripheral modules can operate in parallel to the external bus, both read
and write accesses from the CPU to on-chip peripheral modules and from the DMAC to on-chip
peripheral modules are possible even if the external busis not held.

7.9.1 Master Mode

The chip keeps the bus unless it receives a bus request. When a bus release request (BRLS)
assertion (low level) is received from an external device, buses are released and a bus grant (BGR)
is asserted (low level) as soon as the bus cycle being executed is completed. When it receives a
negated (high level) BRLS signal, indicating that the lave has released the bus, it negates the
BGR (to high level) and begins using the bus. When the busiis released, all output and /O signals
related to the bus interface are changed to high impedance, except for the CKE signal for the
synchronous DRAM interface, the BGR signal for bus arbitration, and DMA transfer control
signals DACKO and DACK 1.
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When DRAM has finished precharging, the busisreleased. With synchronous DRAM, too, the
busis released after issuing an all-banks precharge command for the active bank, and after issuing
an NOP command in other cases.

The specific bus release sequenceis as follows. First, the address bus and data bus become high
impedance synchronously with arise of the clock. Half a cycle later, the bus use enable signal is
asserted synchronously with afall of the clock. Thereafter the bus control signals (BS, CSn, RAS,
CAS, WEn, RD, RD/WR) become high impedance at arise of the clock. These bus control signals
are driven high at least 2 cycles before they become high impedance. However, when the clock
ratiois l@:E@=1:1, the CS signa setting in the synchronous DRAM space changes from low level
to high impedance because the bus is released after an NOP command is issued. Sampling for bus
request signals occurs at the clock fall.

The sequence when the bus is taken back from the slave is as follows. When the negation of BRLS
is detected at a clock fall, high-level driving of the bus control signals starts half acycle later. The
bus use enable signal is then negated at the next clock fall. The address bus and data bus are driven
starting at the next clock rise. The bus control signals are asserted and the bus cycle actually starts
from the same clock rise at which the address and data signals are driven, at the earliest. Figure
7.52 shows the timing of bus arbitration.

When DRAM or synchronous DRAM is accessed on the slave side, the design must provide for
the bus to be released after completion of precharging for DRAM or synchronous DRAM on the
saveside.

To reduce the overhead due to arbitration with a user-designed slave, a number of consecutive bus
accesses may be attempted. In this case, to insure dependabl e refreshing, the design must provide
for the slave to release the bus before it has held it for a period exceeding the refresh cycle. The
SH7612 is provided with the REFOUT pin to send asignal requesting the bus while refresh
execution is being kept waiting. REFOUT is asserted while refresh execution is being kept waiting
until the busis acquired. When the external slave device receives this signal and rel eases the bus,
the busis returned to the chip and refreshing can be executed.
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Figure7.53 BusArbitration
7.10 Additional Items

7.10.1 Resets

The bus state controller is completely initialized only in a power-on reset. All signals are
immediately negated, regardless of whether or not the chip isin the middle of abus cycle. Signal
negation is simultaneous with turning the output buffer off. All control registers areinitialized. In
standby mode, sleep mode, and a manual reset, no bus state controller control registers are
initialized. When amanual reset is performed, the currently executing bus cycle only is compl eted,
and then the chip waits for an access. When a cachefilling or 16-byte DMAC transfer is
executing, the CPU or DMAC that is the bus master ends the access in alongword unit, since the
access request is canceled by the manual reset. This means that when a manual reset is executed
during a cache filling, the cache contents can no longer be guaranteed. During a manual reset, the
RTCNT does not count up, so no refresh request is generated, and arefresh cycle is not initiated.
To preserve the data of the DRAM and synchronous DRAM, the pulse width of the manual reset
must be shorter than the refresh interval. Master mode chips do not accept arbitration requests
even when amanual reset signal is asserted. If the BRLS signal is continuously asserted, the bus
release state is maintained.

7.10.2 AccessasViewed from CPU or DMAC

The chipisinternally divided into three buses: cache, internal, and peripheral. The CPU and cache
memory are connected to the cache bus, the DMAC and bus state controller are connected to the
internal bus, and the low-speed peripheral devices and mode registers are connected to the
peripheral bus. On-chip memory other than cache memory and the user break controller are
connected to both the cache bus and the internal bus. The internal bus can be accessed from the
cache bus, but not the other way around. The peripheral bus can be accessed from the internal bus,
but not the other way around. This results in the following.
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The DMAC can access on-chip memory other than cache memory, but cannot access cache
memory. When the DMAC causes a write to external memory, the external memory contents and
the cache contents may be different. When external memory contents are rewritten by aDMA
transfer, the cache memory must be purged by software if there is a possibility that the data for
that address is present in the cache.

When the CPU starts aread access, if the accessisto a cache area, a cache search isfirst
performed. This takes one cycle. If there is datain the cache, it fetches it and completes the access.
If there isno datain the cache, a cachefilling is performed viathe internal bus, so four
consecutive longword reads occur. For misses that occur when byte or word operands are accessed
or branches occur to odd word boundaries (4n + 2 addresses), the filling is always performed by
longword accesses on the chip-external interface. In the cache-through area, the accessisto the
actual access address. When the access is an instruction fetch, the access size is always longword.

For cache-through areas and on-chip peripheral module read cycles, after an extracycleis added
to determine the cycle, the read cycleis started through the internal bus. Read datais sent to the
CPU through the cache bus.

When write cycles access the cache area, the cache is searched. When the data of the relevant
addressisfound, it iswritten here. The actual write occursin parallel to thisviathe internal bus.
When the right to use the internal busis held, the CPU is notified that the write is completed
without waiting for the end of the actual off-chip write. When the right to use the internal busis
not held, aswhen it is being used by the DMAC or the like, thereis await until the bus is acquired
before the CPU is notified of completion.

Accesses to cache-through areas and on-chip peripheral modules work the same as in the cache
area, except for the cache search and write.

Because the bus state controller has one level of write buffer, the interna bus can be used for
another access even when the chip-external bus cycle has not ended. After awrite has been
performed to |ow-speed memory off the chip, performing aread or write with an on-chip
peripheral module enables an access to the on-chip peripheral module without having to wait for
the completion of the write to low-speed memory.

During reads, the CPU aways has to wait for the end of the operation. To immediately continue
processing after checking that the write to the device of actual data has ended, perform a dummy
read access to the same address consecutively to check that the write has ended.

The bus state controller’ s write buffer functions in the same way during accesses from the DMAC.
A dual-address DMA transfer thus startsin the next read cycle without waiting for the end of the
write cycle. When both the source address and destination address of the DMA are external spaces
to the chip, however, it must wait until the completion of the previous write cycle before starting
the next read cycle.
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7.10.3 On-Chip Peripheral Module Access

When accessing peripheral module registers, the number of access cycles depends on the register.

Peripheral Module Register Address Cycles

H'FFFFFCOO to H'FFFFFCFF 3—4 Pg cycles*
H'FFFFFEOQO to H'FFFFFEFF 4—5 Pg cycles*
H'FFFFFFOO0 to H'FFFFFFFF 2—3 Ig cycles*

Note: * Pg: Peripheral module clock
lg: CPU/DSP core clock

7.104 Noteson Memory Accesswhen Usingthe DMAC
Caution on use of synchronous DRAM single write mode when clock ratio lg:Eg = 1:1

Conditions: Clock ratio |g:Eg = 1:1 (la: CPU clock, Ea: external memory clock (CK10))
Synchronous DRAM single write mode
DMAC dual addresstransfer
Read from synchronous DRAM immediately after write to synchronous DRAM (see
table 7.8)

Table7.8  Access Sequence

Write to Synchronous DRAM Read from Synchronous DRAM
CPU DMA
DMA CPU
DMA DMA

Note: The bug does not occur when a read is performed by the CPU immediately after a write,
because the accesses are not consecutive internally.

Problem: When a synchronous DRAM read accessis performed, the SH7612 drives the data bus.

Remedy: When accessing synchronous DRAM using the DMAC in dual address mode with clock
ratio |g:Eg = 1:1, the synchronous DRAM should be used in burst write mode.

Note on writing to normal space immediately after a synchronous DRAM write when clock
ratiolgEg=1:1

Conditions: Clock ratio Ig:Eg = 1:1 (1a: CPU clock, Eg: external memory clock (CK10))
Write to normal space immediately after write to synchronous DRAM (see table 7.9)
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Table7.9  Access Sequence

Write to Synchronous DRAM Write to Normal Space
CPU DMA
DMA CPU
DMA DMA

Note: The bug does not occur when a write is performed by the CPU immediately after a write,
because the accesses are not consecutive internally.

Problem: When awrite to normal spaceis performed, the data busis not driven in the first cycle
(figures 7.54 to 7.56).

Normal space,

Synchronous DRAM write access | write access

Tr Tcl Tc2 Tc3 Tc4 T1 T2
CKIO
CS2orCS3 | !
RAS : |
CAS 1 1 1
RD/WR 3 ‘ ‘

DQMN/WEn ™~ | |_| ,7

CSn

D31 to DO

Data is not driven in the first cycle of

the normal space access, as indicated
by the dotted line.

Figure7.54 Normal Space Access (No Wait)
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Normal space

Synchronous DRAM write access write access

Tr Tcl Tc2 Tec3 Tch T1 Tw T2

CKIO

CS2 or CS3
o |
RD/WR ] | T

S——— M B

CSn

X T —

D31 to DO

Data is not driven in the first cycle of
the normal space access, as indicated
by the dotted line.

Figure7.55 Normal Space Access (One Wait)
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. i Normal space
' Synchronous DRAM write access ! write access
|

Tr Tcl Tc2 Tc3 Tcd | Th Tl T2

e |
we |
o |
- ——1

DQMn/WEn }

Data is not driven in the first cycle of
the normal space access, as indicated
by the dotted line.

Figure7.56 Normal Space Access (One Setup Wait Cycle)

Remedy: When the above conditions apply, in order to secure the normal space write data setup
time, either increase the normal space wait by one cycle, or increase the number of
cycles from address and CSn output to RD and WEn assertion by one.

Note on synchronous DRAM bank-active mode

Conditions. Synchronous DRAM bank-active mode
Synchronous DRAM access by DMAC
Consecutive accesses to synchronous DRAM (seetable 7.10)
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Table7.10 Access Sequence

Access to Synchronous DRAM Access to SDRAM
CPU DMA
DMA CPU
DMA DMA

Note: The bug does not occur with consecutive accesses by the CPU, because the accesses are
not consecutive internally.

Problem: The second synchronous DRAM access is ot performed correctly.

Remedy: Do not use bank-active mode when accessing synchronous DRAM using the DMAC.
Note on EDO accessin DMAC single addr ess mode

Conditions:

« DMAC operating mode

0 Single address transfer mode

0 Transfer from memory to device with DACK (AM: CHRCO, CHRC1 hit 8 = 1)
e BSC setting

0 EDO RASdown mode

0 W31—W30=00

Problem: Although RAS down mode is set, RAS is negated for one cycle. The next access to EDO
may not be performed correctly.

Remedy: When performing transfer from memory to a device with DACK (AM: CHRCO, CHRC1
bit 8 = 1) for EDO in DMAC single address transfer mode, either do not use RAS down
mode, or else set bits W31—W230 to a value other than 00.

Note on normal space accessimmediately after a synchronous DRAM write: The
DQMn/WEn signal negation for a synchronous DRAM write and the CSn assertion for an
immediately following normal space access occur at the same rising edge of CKIO (figures 7.57
and 7.58). The access sequences when a synchronous DRAM write and normal space access are
consecutive are shown in table 7.11.
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Table7.11 Access Sequence

Write to Synchronous DRAM Access to Normal Space
CPU DMA
DMA CPU
DMA DMA

Note: When a write is performed by the CPU immediately after a write, the accesses are not
consecutive internally.

| ) . Normal space
. Synchronous DRAM write access | access
| |
| !
| |

Tr Tcl Tc2 Tc3 Tca T1

CAS

RD/WR

DQMn/WEn

CSn

Figure7.57 Normal Space Access after Synchronous DRAM Write (Burst Write M ode)
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Synchronous  Normal space
' DRAM write | write access
| access :

Tr Tc T1
CKIO

CS2 or CS3

CAS

RD/WR |

DQMn/WEn |

CSn

Figure7.58 Normal Space Access after Synchronous DRAM Write (Single Write M ode)

Note on DACK output when synchronous DRAM is accessed in DMAC single address mode:
In the case of consecutive accesses to synchronous DRAM by the DMAC, DACK is not negated
in the Trwl and Tap cycles.

Note on BSC register accesswhen usingthe DMAC

Conditions: DMAC dual-address transfer
Read from the BSC register by the CPU immediately after awrite to the DMAC

Note: The bug does not occur when aread is performed by the CPU immediately
after awrite, because the accesses are not consecutive internally.

Problem: ThisL Sl then drivesfalse datain the write cycle of the DMAC.

Remedy: When using the DMAC in dual-address mode, read the BSC register after disabling
DMA transfer (DE bit (bit 0) = 0 in the DMAOR register of the DMAC).
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7.10.5 Additional Note
Noteon clock ratio |@:Eg = 1:1, 8-bit buswidth, and external wait input

Conditions: Clock ratio lg:Eg = 1:1 (1. CPU clock, E@: external memory clock (CK10))
8-hit external bus width
0.5 address hold cycle (AnSHW1, AnSHWO = 00, A4HW1, A4HWO = 00)
External wait input

Problem: When an external wait isinserted in the fourth burst transfer, CSn negation is delayed by
1.5 cycles. BS is asserted for one cycle, one-half cycle after RD or WEn negation (figure

7.59).

Remedy: When using an 8-bit bus width with clock ratio |@:Eg = 1:1, one or more hold waits
should be set.
Specifically, set AnNSHW1, AnSHWO > 00 and A4HW1, A4HWO > 00 for the relevant
space.
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Figure7.59 External Wait Input
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Note on synchronous DRAM: consecutive access to synchronous DRAM

Note: CSn or DACKn might not be negated in the consecutive access to the synchronous
DRAM. Thisisthe case, for example, when different banks are accessed consecutively.
The end of a given DRAM-access operation thus cannot be detected by the negation of
CSn or DACKN.

Remedy: In designing an external device for the synchronous DRAM interface, be sure to include
CSn, RAS, CAS, and RD/WR in estimates of timing sequences for synchronous DRAM
access.

Noteon clock ratio I ¢:E¢@=1:1, synchronous DRAM burst write mode

Conditions. Clock ratio [@:E@=1:1 (I¢: CPU clock, E@: external memory clock (CKI10))
Synchronous DRAM burst write mode
Synchronous DRAM write access

Problem: An NOP cycleisinserted after the Tc4 cycle when writing to synchronous DRAM
(figure 7.60).

NOP cycle is
Synchronous DRAM write access  inserted at 1:1

L Tr Tcl Tc2 Tc3 Tca | |

CAS

]

S -
=
| | 1T
\

DQMn/WEn

CSn

I Note that DQMn/WEn
T~ is asserted during

D31-DO X X X > : a 16-byte transfer.
DACKn |
Note that DACKn
Note: DACKn is active-low. is asserted.

Figure7.60 NOP Cycle Immediately after the Synchronous DRAM Write Access

334
HITACHI




Note on RAS precharge period when using DRAM interface

The set value for the RAS precharge period when using the DRAM interface may differ from the
specification (table 7.12).

Table7.12 RASPrecharge Period Specification and Actual Values

TRP1 TRPO Specification Actual Value
0 0 1 cycle 1 cycle

1 2 cycle 2 cycle
1 0 3 cycle 2 cycle

1 4 cycle 3 cycle

Solution: Do not set a RAS precharge period or more than 2 cycles for the DRAM interface.
Note on bus release sequence

e Bus-release operations when synchronous DRAM is enabled

When synchronous DRAM is enabled, an NOP command should be issued before the busis
released so that the synchronous DRAM access signals can recover. When this NOP command
isissued, the CS signals (CS2, CS3) for the synchronous DRAM are able to return to their low
states before the busiis released.

Conditions: Synchronous DRAM enabled The setting of bits 2 to 0 in the BCR1 register is
either of below:

DRAM[2:0] = 001, 100, 101.
Clock ratio lg:Ep=1:1

i I I NOP | Bus-released state |
| : : command :< |
CKIO | I / : | |
R N A A
' ' ' ' [ [
I ER R AR N
L " I Hi I

_ T f | Hi-Z
ososs | ) ) N l
| ' . ' : i
! ' | | | |
! ' ' | | |
o i i \ I ! !
BGR | | |

I I I |

| | | | | |
| ! ! ! | |

Figure7.61 Bus Release Operation when Synchronous DRAM is Enabled

335
HITACHI




e Operation of bus release while the manual reset signal is asserted
While the manual reset signal is asserted (RES = low, NMI = low), a bus arbitration request
(BRLS input) will not be accepted. While the BRLS signal continues to be asserted, the bus-
release state remains in place (BGR signal is asserted).
When the BRLS signal goes high thus negating the bus-rel ease state while the manual reset
signal is being asserted, use of the bus restarts (BGR signal is negated).
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Section 8 Cache

8.1 I ntroduction

This chip incorporates 4 kbytes of four-way, mixed instruction/data type cache memory. This
memory can also be used as 2-kbyte RAM and 2 kbyte mixed instruction/data type cache memory
by making a setting in the cache control register (CCR) (two-way cache mode). CCR can specify
that either instructions or data do not use cache.

Each line of cache memory consists of 16 bytes. Cache memory is always updated in line units.
Four 32-bit accesses are required to update a line. Since the number of entriesis 64, the six bits
(A9to A4) in each address determine the entry. A four-way set associative configuration is used,
so up to four different instructions/data can be stored in the cache even when entry addresses
match. To efficiently use four ways having the same entry address, replacement is provided based
on apseudo-LRU (least-recently used) replacement algorithm.

The cache configuration is shown in figure 8.1, and addresses in figure 8.2.

Cache address array Cache data array

Cache Cache
address bus data bus
Way 0
A Way 1
LRU Tag : — Way 2
information | | address | — |V Data (16 bytesfline) m Way 3

b u
| | | |
| | 1

64 Lo

. | |

entries | : |
b
| | |
| | |
| | |
v ]
[ [ T 1 B
[ [ T 1
I [ T 1
Tag address Internal Internal
match signal address bus data bus
V: Valid bit

Figure8.1 Cache Configuration
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31 28 9 3 0

3T 19T 6T4T

Address

Access space Tag address Entry address
specification address Byte address
in line
Figure8.2 Address
8.11 Register Configuration
Table 8.1 shows the cache register configuration.
Table8.1 Register Configuration
Name Abbrev. R/W Initial Value Address
Cache control register CCR R/W H'00 H'FFFFFE92

8.2 Register Description

821 Cache Control Register (CCR)

The cache controal register (CCR) is used for cache control. CCR must be set and the cache must
beinitialized before use. CCR isinitialized to H'00 by a power-on reset or manual reset.

Bitt 7 6 5 4 3 2 1 0
Bitname: W1 | wo | — | cP | TW | oD | ID | CE |
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R RW RW RW RW RW

Bits 7 and 6—Way Specification Bit (W1, WO0): W1 and WO specify the way when an address
array is directly accessed by address specification.

Bit 7: W1 Bit 6: WO Description

0 0 Way 0 (Initial value)
1 Way 1

1 0 Way 2
1 Way 3
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Bit 5—Reserved: This bit always reads 0. The write value should always be 0.

Bit 4—Cache Purge Bit (CP): When 1 iswritten to the CP bit, all cache entries and the valid bits,
and LRU information of all ways areinitialized to 0. After initialization is completed, the CP bit
revertsto 0. The CP bit always reads 0.

Bit 4: CP Description
0 Normal operation (Initial value)
1 Cache purge

Note: Always read O.

Bit 3—Two-Way Mode (TW): TW isthe two-way mode bit. The cache operates as afour-way set
associative cache when TW is 0 and as atwo-way set associative cache and 2-kbyte RAM when
TW is 1. In the two-way mode, ways 2 and 3 are cache and ways 0 and 1 are RAM. Ways O and 1
areread or written by direct access of the data array according to address space specification.

Bit 3: TW Description
0 Four-way mode (Initial value)
1 Two-way mode

Bit 2—Data Replacement Disable Bit (OD): OD isthe bit for disabling data replacement. When
thisbit is 1, data fetched from external memory is not written to the cache even if there is a cache
miss. Cache datais, however, read or updated during cache hits. OD isvalid only when CE is 1.

Bit 2: OD Description
0 Normal operation (Initial value)
1 Data not replaced even when cache miss occurs in data access

Bit 1—Instruction Replacement Disable Bit (ID): ID isthe bit for disabling instruction
replacement. When this bit is 1, an instruction fetched from external memory is not written to the
cache even if there is a cache miss. Cache datais, however, read or updated during cache hits. ID
isvalid only when CE is 1.

Bit1: ID Description
0 Normal operation (Initial value)
1 Data not replaced even when cache miss occurs in instruction fetch
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Bit 0—Cache Enable Bit (CE): CE is the cache enable bit. Cache can be used when CE isset to 1.

Bit 0: CE Description
0 Cache disabled (Initial value)
1 Cache enabled

8.3 Address Space and the Cache

The address space is divided into six partitions. The cache access operation is specified by
addresses. Table 8.2 lists the partitions and their cache operations. For more information on
address spaces, see section 7, Bus State Controller. Note that the spaces of the cache area and
cache-through area are the same.

Table8.2 Address Space and Cache Operation

Addresses

A31-A28 Partition Cache Operation

0000 Cache area Cache is used when the CE bitin CCRis 1

0001* On-chip memory area Cache is not used

001* Cache-through area Cache is not used

010* Associative purge area Cache line of the specified address is purged
(disabled)

011* Address array read/write area Cache address array is accessed directly

110* Data array read/write area Cache data array is accessed directly

111* Synchronous DRAM mode setting area Cache is not used

and on-chip peripheral module area

Note: * A28 has no effect.
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84 Cache Operation

8.4.1 Cache Reads

This section describes cache operation when the cache is enabled and datais read from the CPU.
One of the 64 entriesis selected by the entry address part of the address output from the CPU on
the cache address bus. The tag addresses of ways 0 through 3 are compared to the tag address parts
of the addresses output from the CPU. When there is away for which the tag address matches, this
is called a cache hit (when any one of the way tag addresses and the tag address of the address
output from the CPU match). In proper use, the tag addresses of each way differ from each other,
and the tag address of only one way will match. When none of the way tag addresses match, it is
called a cache miss. Tag addresses of entries with valid bits of O will not match in any case.

When a cache hit occurs, datais read from the data array of the way that was matched according to
the entry address, the byte address within the line, and the access data size, and is sent to the CPU.
The address output on the cache address bus is calculated in the CPU’ s instruction execution phase
and the results of the read are written during the CPU’ s write-back stage. The cache address bus
and cache data bus both operate as pipelines in concert with the CPU’ s pipeline structure. From
address comparison to data read requires 1 cycle; since the address and data operate as a pipeline,
consecutive reads can be performed at each cycle with no waits (figure 8.3).

N N NN

CPU pipeline stage | EX MA WB
EX MA

EX

Cache address bus <Address A><Address B>
— —

Cache tag comparison

Cache data bus <Address A><Address B>

e e
Data array read

EX: Instruction execution
MA: Memory access
WB: Write-back

Figure8.3 Read Accessin Case of a Cache Hit
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When a cache miss occurs, the way for replacement is determined using the LRU information, and
the read address from the CPU iswritten in the address array for that way. Simultaneoudly, the
valid bit is set to 1. Since the 16 bytes of data for replacing the data array are simultaneously read,
the address on the cache address bus is output to the internal address bus and 4 longwords are read
consecutively. The access order is such that, for the address output to the internal address, the byte
address within the line is sequentially incremented by 4, so that the longword that contains the
address to be read from the cache comes last. The read data on the internal data bus iswritten
sequentially to the cache data array. One cycle after the last datais written to the cache data array,
it is also output to the cache data bus and the read datais sent to the CPU.

Theinterna address bus and internal data bus also function as pipelines, just like the cache bus
(figure 8.4).

AWAWAWal /At It I\ i

CPU

pipeline EX MA ws
stage
EX MA
Cache 7/
address <Address A>< << Address B << << >
bus ) )
// // // //

Cache tag comparison
Cache
data bus Data array write Address A

Internal

AddressA AddressA AddressA ddressA

address
bus
Internal ddress A Address A Address A
data bus \+4 N +8 \+12 Address A
/ / / /

EX: Instruction execution
MA: Memory access
WB: Write-back

Figure8.4 Read Accessin Case of a Cache Miss
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8.4.2 Write Access

Write-Through Mode: Writing to external memory is performed regardless of whether or not
thereis a cache hit. The write address output to the cache address busis used for comparison to the
tag address of the cache's address array. |f they match, the write data output to the cache data bus
in the following cycle is written to the cache data array. If they do not match, nothing is written to
the cache data array. The write address is output to the internal address bus 1 cycle later than the
cache address bus. The write datais similarly output to the internal databus 1 cycle later than the
cache data bus. The CPU waits until the writes on the internal buses are completed (figure 8.5).

VNS A

L EX MA

CPU pipeline
stage EX MA

Cache <Address A><Address B >

address bus
E—
Cache tag comparison
Cache <Address A 55 ><Address B
data bus

Data array wrlte

Internal Address A {(Address B
address bus

Internal BAddressA >
data bus

EX: Instruction execution
MA: Memory access

Figure85 Write Access (Write-Through)
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8.4.3 Cache-Through Access

When reading or writing a cache-through area, the cache is not accessed. Instead, the cache
address value is output to the internal address bus. For read operations, the read data output to the
internal data busis fetched and output to the cache data bus, as shown in figure 8.6. The read of
the cache-through areais only performed on the address in question. For write operations, the
write data on the cache data bus is output to the internal data bus. Writes on the cache through area
are compared to the address tag; except for the fact that nothing is written to the data array, the
operation is the same as the write shown in figure 8.5.

e Ve

CPU
pipeline stage EX '\é'Q \|</|VAB
h g4
Cache (Address AX Address B ) )

address bus
e ress

addrtlegtse[)nuasI T
d;;e;)n&agl @@

EX: Instruction execution
MA: Memory access
WB: Write-back

Figure8.6 Reading Cache-Through Areas

8.4.4 TheTASInstruction

The TAS instruction reads data from memory, comparesit to 0, reflects the result in the T bit of
the status register, and sets the most significant bit to 1. It is an instruction that writes to the same
address. Accesses to the cache area are handled in the same way as ordinary data accesses.

8.45 Pseudo-L RU and Cache Replacement

When a cache miss occurs during a read, the data of the missed addressisread from 1 line (16
bytes) of memory and replaced. It is therefore necessary to decide which of the four waysisto be
replaced. It can generally be expected that away that has been infrequently used recently is also
unlikely to be used next. This algorithm for replacing ways s called the least recently used
replacement algorithm, or LRU. The hardware to implement it, however, is complex. For that
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reason, this cache uses a pseudo-L RU replacement algorithm that keeps track of the order of way
access and replaces the ol dest way.

Six bits of data are used as the LRU information. The bitsindicate the access order for 2 ways, as
shown in figure 8.7. When the valueis 1, access occurred in the direction of the appropriate arrow
in the figure. The direction of the arrow can be determined by reading the bit. Access to the way to
which all the arrows are pointing is the oldest, and that way becomes subject to replacement. The
access order isrecorded in the LRU information bits, so the LRU information is rewritten when a
cache hit occurs during aread, when a cache hit occurs during awrite, and when replacement
occurs after a cache miss. Table 8.3 shows the rewrite values; table 8.4 shows how the way to be
replaced is selected.

After acache purge by means of the CP bit in CCR, all the LRU information is zeroized, so the
initial order of useisway 3 - way 2 -~ way 1 - way 0. Thereafter, the way is selected according
to the order of accessin the program. Since the replacement will not be correct if the LRU gets an
inappropriate value, the address array write function can be used to rewrite. When thisis done, be
sure not to write a value other than 0 as the LRU information.

When the OD hit or ID bit in CCR is 1, cache replacement is not performed even if a cache miss
occurs during data read or instruction fetch. Instead of replacing, the missed address datais read
and directly transferred to the CPU.

The two-way mode of the cache set by CCR’s TW bit can only be implemented by replacing ways
2 and 3. Comparisons of address array tag addresses are carried out on all four ways even in two-
way mode, so the valid bits of ways 1 and 0 must be cleared to 0 before beginning operation in
two-way mode.

Writing for the tag address and valid bit for cache replacement does not wait for the read from
memory to be completed. If amemory accessis aborted due to a reset, etc., during replacement,
there will be a discrepancy between the cache contents and memory contents, so a purge must be
performed.

Figure8.7 LRU Information and Access Sequence
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Table8.3 LRU Information after Update

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Way 0 0 0 0 — — —
Way 1 1 — — 0 0 —
Way 2 — 1 — 1 — 0
Way 3 — — 1 — 1
Note: —: Holds the value before update.

Table8.4  Selection Conditionsfor Replaced Way

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Way 0 1 1 1 — — —
Way 1 0 — — 1 1 —
Way 2 — 0 — 0 —
Way 3 — — 0 — 0 0
Note: —: Don't care.

8.4.6 Cache I nitialization

Purges of the entire cache area can only be carried out by writing 1 to the CP bit in CCR. Writing
1to the CP bit initializes the valid bit of the address array, and all bits of the LRU information, to
0. Cache purges are completed in 1 cycle, but additional timeis required for writing to CCR.
Alwaysinitialize the valid bit and LRU before enabling the cache.

When the cache is enabled, instructions are read from the cache even during writing to CCR. This
means that the prefetched instructions are read from the cache. To do a proper purge, write 0 to
CCR'’s CE hit, then disable the cache and purge. Since CCR'’s CE hit is cleared to 0 by a power-on
reset or manual reset, the cache can be purged immediately by areset.

8.4.7 Associative Purges

Associative purges invalidate 1 line (16 bytes) corresponding to specific address contents when
the contents are in the cache.

When the contents of a shared address are rewritten by one CPU in a multiprocessor configuration,
that address must be invalidated in the cache of the other CPU if it is present there.

When writing to or reading the address obtained by adding H'40000000 to the address to be
purged, the valid bit of the entry storing the address prior to addition are initialized to O.
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16 bytes are purged in each write, so a purge of 256 bytes of consecutive areas can be
accomplished in 16 writes. Access sizes when associative purges are performed should be
longword. A purge of 1 linerequires 2 cycles.

Associative purge:

31 28 9 3 0
Entry
Address | 010 Tag address address | —
3 19 6 4

Figure 8.8 Associative Purge Access

848 Data Array Access

The cache data array can be read or written directly viathe data array read/write area. Byte, word,
or longword access can be used on the data array. Data array accesses are completed in 1 cycle for
aread and 2 cycles for awrite. Since only the cache bus is used, the operation can proceed in
parallel even when another master, such asthe DMAC, is using the bus. The data array of way O is
mapped on H'C0000000 to H'CO0003FF, way 1 on H'C0000400 to H'CO0007FF, way 2 on
H'C0000800 to H'CO000BFF and way 3 on H'C0000C00 to H'CO000FFF. When the two-way
mode is being used, the area H'C0000000 to H'CO0007FF is accessed as 2 kbytes of on-chip

RAM. When the cache is disabled, the area H'C0000000 to H'CO000FFF can be used as 4 kbytes
of on-chip RAM.

When the contents of the way being used as cache are rewritten using a data array access, the
contents of external memory and cache will not match, so this operation should be avoided.

Data array read/write:

31 28 9 3 0
Entry

Address | 110 Tag address w address BA

3 19 6 4

31 0
Data De:lta :
32

BA: Byte address within line W: Way specification

Figure8.9 DataArray Access
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8.4.9 Address Array Access

The address array of the cache can be accessed so that the contents fetched to the cache can be
checked for purposes of program debugging or the like. The address array is mapped on
H'60000000 to H'600003FF. Since all of the ways are mapped to the same addresses, ways are
selected by rewriting the W1 and WO bitsin CCR. The address array can only be accessed in
longwords.

When the address array is read, the tag address, LRU information, and valid bit are output as data.
When the address array is written to, the tag address, and valid bit are written from the cache
address bus. The write address must therefore be cal culated before the write is performed. LRU
information is written from the cache data bus, but 0 must always be written to prevent
malfunctions.

Address array read:

31 28 9 3 O
Entry
Address | 011 — address | —
3 19 6 4
31 28 9 3210
LRU
Data | — Tag address information| | V| —
3 19 6 112
Address array write:
31 28 9 3210
Entry
Address | 011 Tag address address | |V|—
3 19 6 112
31 9 3 0
LRU
Data — information| —
22 6 4
V: Valid bit

Figure8.10 AddressArray Access
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85 Cache Use

85.1 Initialization

Cache memory isnot initialized in areset. Therefore, the cache must be initialized by software
before use. The cacheisinitialized by zeroizing all address array valid bits and LRU information.
The address array write function can be used to initialize each line, but it is simpler to initialize it
once by writing 1 to the CP bit in CCR. Figure 8.11 shows how to initialize the cache.

MV. W #H FE92, RL
MV.B @, RO ;
AND #H FE, RO

MWV.B #RO, @l ; Cachedisable
CR #H 10, RO
MV.B RO, @1 ; Cachepurge

R #H 01, RO

MV.B RO, RL . Cacheenable

Figure8.11 Cachelnitialization

85.2 Purge of Specific Lines

There is no snoop function (for monitoring data rewrites), so specific lines of cache must be
purged when the contents of cache memory and external memory differ as aresult of an operation.
For instance, when a DMA transfer is performed to the cache area, cache lines corresponding to
the rewritten address area must be purged. All entries of the cache can be purged by setting the CP
bitin CCR to 1. However, it is efficient to purge only specific linesif only alimited number of
entries are to be purged.

An associative purgeis used to purge specific lines. Since cache lines are 16 bytes long, purges are
performed in a 16-byte units. The four ways are checked simultaneously, and only lines holding
data corresponding to specified addresses are purged. When addresses do not match, the data at
the specified address is not fetched to the cache, so no purge occurs.
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;  Purging 32 bytes from address R3

MOV, L #H 40000000, RO
XCOR Rl, RL

MOV, L Rl, @RO, R3)
ADD #16, R3

MOV, L Rl, @RO, R3)

Figure8.12 Purging Specific Addresses

When it is troublesome to purge the cache after every DMA transfer, it is recommended that the
OD bit in CCR be set to 1 in advance. When the OD bit is 1, the cache operates as cache memory
only for instructions. However, when datais aready fetched into cache memory, specific lines of
cache memory must be purged for DMA transfers.

85.3 Cache Data Coherency

The cache memory does not have a snoop function. This means that when data is shared with a
bus master other than the CPU, software must be used to ensure the coherency of data. For this
purpose, the cache-through area can be used, or a cache purge can be performed with program
logic.

When the cache-through areais to be used, the data shared by the bus mastersis placed in the
cache-through area. This makesit easy to maintain data coherency, since access of the cache-
through area does not fetch data into the cache. When the shared data is accessed repeatedly and
the frequency of datarewritesislow, alower access speed can adversely affect performance.

To purge the cache using program logic, the data updates are detected by the program flow and the
cache isthen purged. For example, if the program inputs data from a disk, whenever reading of a
unit (such as a sector) is completed, the buffer address used for reading or the entire cacheis
purged, thereby maintaining coherency. When datais to be exchanged between two processors,
only flags that provide mutual notification of completion of data preparation or completion of a
fetch are placed in the cache-through area. The data actually to be transferred is placed in the
cache area and the cache is purged before the first data read to maintain the coherency of the data.
When semaphores are used as the means of communication, data coherency can be maintained
even when the cache is not purged by utilizing the TAS instruction. Direct external access must
always be used for a TAS instruction read.

When the update unit is small, specific addresses can be purged, so only the relevant addresses are
purged. When the update unit is larger, it is faster to purge the entire cache rather than purging all
the addressesin order, and then read the data that previously existed in the cache again from
external memory.
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854 Two-Way Cache Mode

The 4-kbyte cache can be used as 2-kbyte RAM and 2-kbyte mixed instruction/data cache memory
by setting the TW hit in CCR to 1. Ways 2 and 3 become cache, and ways 0 and 1 become RAM.

Initialization is performed by writing 1 to the CP bit in CCR, in the same way as with 4 ways. The
valid bit, and LRU bits are cleared to O.

When LRU information isinitialized to zero, theinitial order of useisway 3 - way 2. Thereafter,
way 3 or way 2 is selected for replacement in accordance with the LRU information. The
conditions for updating the LRU information are the same as for four-way mode, except that the
number of waysistwo.

When designated as 2-kbyte RAM, ways 0 and 1 are accessed by data array access. Figure 8.13
shows the address mapping.

H'00000000

H'C0000000
Way 0

H'CO0003FF
H'C0000400

Way 1
H'CO0007FF

H'FFFFFFFF

Figure8.13 Address Mapping of 2-kbyte RAM in the Two-Way Mode
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8.6 Usage Notes

8.6.1 Standby

Disable the cache before entering the standby mode for power-down operation. After returning
from standby, initialize the cache before use.

8.6.2 Cache Control Register

Changing the contents of CCR also changes cache operation. The chip makes full use of pipeline
operations, so it is difficult to synchronize access. For this reason, change the contents of the cache
control register simultaneously when disabling the cache or after the cache is disabled. After
changing the CCR contents, perform a CCR read.

8.6.3 Cachelnitialization

The program that initializes the cache must not be located in the cache.

352
HITACHI



Section 9 Direct Memory Access Controller (DMAC)

9.1 Overview

A two-channel direct memory access controller (DMAC) isincluded on-chip. The DMAC can be
used in place of the CPU to perform high-speed data transfers between externa devices equipped
with DACK (transfer request acknowledge signal), external memories, on-chip memory, and
memory-mapped external devices. Using the DMAC reduces the burden on the CPU and increases
the operating efficiency of the chip asawhole.

911 Features

The DMAC hasthe following features:

Two channels
Address space: Architecturally 4 Gbytes

Choice of datatransfer unit: Byte, word (2-byte), longword (4-byte) or 16-byte unit (In a 16-
byte transfer, four longword reads are executed, followed by four longword writes.)

Maximum of 16,777,216 (16M) transfers

In the event of a cache hit, CPU instruction processing and DMA operation can be executed in
parallel

Single address mode transfers: Either the transfer source or transfer destination (periphera
device) isaccessed by aDACK signal (selectable) while the other is accessed by address. One
transfer unit of datais transferred in one bus cycle.

Possible transfer devices: External devices with DACK and memory-mapped external devices
(including external memory)

Dual address mode transfer: Both the transfer source and transfer destination are accessed by
address. One transfer unit of dataistransferred in two bus cycles.

Possible transfer devices:

Two external memories

External memory and memory-mapped external device
Two memory-mapped external devices

On-chip memory and memory-mapped external device
Two on-chip memories

On-chip memory and external memory

Transfer requests

O External request: from the DREQ pins. Edge or level detection, and active-low or active-
high mode, can be specified for DREQ.

0 On-chip peripheral module requests: 16-bit timer pulse unit (TPU)

Oo0Oo0oogogo
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O Auto-request: the transfer request is generated automatically within the DMAC
¢ Choice of bus mode

O Cycle steal mode

0 Burst mode
e Choice of channel priority order

0 Fixed mode

0 Round robin mode
« Aninterrupt request can be sent to the CPU on completion of data transfer

354
HITACHI



9.1.2 Block Diagram

Figure 9.1 shows the DMAC block diagram.

DMAOR:
SARnN:
DARnN:
TCRn:

CHCRn:
VCRDMAnN:
DEIn:

TGI:

n:

On-chip | —
memory N\——
______________________________ .
| |
| |
On-chip 4 ol | I
peripheral % 3 ! . |
module = T| I
) o - |
IR Exae
3] gl ! ] I
o | Iteration TCRn |<> :
! control ol!
DRE

on | =1
| ol
| Register 3!
TGI ! control CHCRn el
L |

|
| i Q!
| s |
: | Start-up [« g
|
DACKn : control 1 :IDM AOR : |
DEIn , i !
| |
| |
External | Request |
ROM D : priority :
= I I control |
xternal D | |
RAM T Interrupt |
4 | control VCRDMANK |
External I/O = | :
(memory OE : |
mapped) g | :
i ) :
External I/O | | Bus interface !
with K . .
acknowledge) ! !
| |
Bus controller e :
DMAC

DMA operation register

DMA source address register

DMA destination address register

DMA transfer count register

DMA channel control register

DMA vector number register

DMA transfer end interrupt request to CPU
Interrupt transfer request from TPU

0,1

Figure9.1 DMAC Block Diagram
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9.13 Pin Configuration
Table 9.1 shows the DMAC pin configuration.

Table9.1 Pin Configuration

Channel Name Symbol /O Function

0 DMA transfer request DREQO | DMA transfer request input from external
device to channel 0

DMA transfer request DACKO O  DMA transfer request acknowledge output
acknowledge from channel O to external device

1 DMA transfer request DREQ1 | DMA transfer request input from external
device to channel 1

DMA transfer request DACK1 O  DMA transfer request acknowledge output
acknowledge from channel 1 to external device

9.14 Register Configuration

Table 9.2 summarizes the DMAC registers. The DMAC has atotal of 13 registers. Each channel
has six control registers. One control register is shared by both channels.
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Table9.2 Register Configuration

Initial Access
Channel Name Abbr. R/W  Value Address Size™
0 DMA source address register 0 SARO R/W Undefined H'FFFFFF80 32
DMA destination address DARO R/W Undefined H'FFFFFF84 32
register 0
DMA transfer count register 0  TCRO R/W Undefined H'FFFFFF88 32
DMA channel control register 0 CHCRO  R/(W)" H'00000000 HFFFFFF8C 32
DMA vector number register 0 VCRDMAOR/W Undefined H'FFFFFFAO0 32
DMA request/response DRCRO R/W  H'00 H'FFFFFE71 8"
selection control register 0
1 DMA source address register 1 SAR1 R/W Undefined H'FFFFFF90 32
DMA destination address DAR1 R/W Undefined H'FFFFFF94 32
register 1
DMA transfer count register 1 ~ TCR1 R/W Undefined H'FFFFFF98 32
DMA channel control register 1 CHCR1  R/(W)'l H'00000000 H'FFFFFF9C 32
DMA vector number register 1  VCRDMALR/(W) Undefined H'FFFFFFA8 32
DMA request/response DRCR1 R/(W) H00 HFFFFFE72 8'3

selection control register 1

All DMA operation register

DMAOR  R/(W)"2 H'00000000 H'FFFFFFBO 32

Notes: 1. Only O can be written to bit 1 of CHCRO and CHCR1, after reading 1, to clear the flags.
2. Only 0 can be written to bits 1 and 2 of the DMAOR, after reading 1, to clear the flags.
3. Access DRCRO and DRCRL1 in byte units. Access all other registers in longword units.

9.2 Register Descriptions

921 DMA Source Address Registers0 and 1 (SARO, SAR1)

Bit: 31 30 29

Bit name: ‘ ‘ ‘ ‘

Initial value: — — _
R/W: R/W R/W R/W

R/W R/W R/W

DMA source address registers 0 and 1 (SARO and SARL1) are 32-hit read/write registers that
specify the source address of a DMA transfer. During a DMA transfer, these registers indicate the
next source address. (In single-address mode, SAR isignored in transfers from external devices
with DACK to memory-mapped external devices or external memory). In 16-byte unit transfers,
aways set the value of the source address to a 16-byte boundary (16n address). Operation results

HITACHI

357



cannot be guaranteed if other values are used. Values are retained in areset, in standby mode, and
when the module standby function is used.

9.2.2 DMA Destination Address Registers0and 1 (DARO, DAR1)

Bit: 31 30 29 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W ... R/W R/W R/W R/W

DMA destination address registers 0 and 1 (DARO and DARLY) are 32-bit read/write registers that
specify the destination address of a DMA transfer. During a DMA transfer, these registers indicate
the next destination address. (In single-address mode, DAR isignored in transfers from memory-
mapped external devices or external memory to external devices with DACK). Values are retained
in areset, in standby mode, and when the module standby function is used.

When performing 16-byte-unit transfer, a 16-byte boundary (address 16n) value must be set for
the destination address.

9.23 DMA Transfer Count Registers0and 1 (TCRO, TCR1)

Bit: 31 30 29 28 27 26 25 24
Bit name: — — — — — — — —
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 23 22 21 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W . R/W R/W R/W R/W

DMA transfer count registers 0 and 1 (TCRO and TCR1) are 32-bit read/write registers that
specify the DMA transfer count. The lower 24 of the 32 bits are valid. The value is written as 32
bits, including the upper eight bits. The number of transfersis 1 when the setting is H'00000001,
16,777,215 when the setting is H'O0FFFFFF and 16, 777,216 (the maximum) when H'00000000 is
set. During a DMA transfer, these registers indicate the remaining transfer count.
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If the amount of transfer data is n bytes, the number of transfers should be set as follows.

Transfer Unit Set Number of Transfers
Byte n

Word n/2

Longword n/4

16 bytes n/4

Set the initial value as the write value in the upper eight bits. These bits alwaysread 0. Vaues are
retained in areset, in standby mode, and when the modul e standby function is used.

9.24 DMA Channel Control Registers0and 1 (CHCRO, CHCR1)

Bitt 31 30 29 19 18 17 16
Bitname:| — | — | — -1 =-1T-1-1
Initial value: 0 0 0 0 0 0 0

R/W:

Bitt 15 14 13 12 11 10 9 8
Bitname:‘ DM1 \ DMO \ SM1 \ SMO \ TS1 \ TS0 \ AR \ AM \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
Bit name: | AL \ DS \ DL \ B \ TA \ IE \ TE \ DE \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/(W)* R/W
Note: Only 0 can be written, to clear the flag.

DMA channel control registers 0 and 1 (CHCRO and CHCRL1) are 32-hit read/write registers that
control the DMA transfer mode. They also indicate the DMA transfer status. Only the lower 16 of
the 32 bits are valid. They should be read and written as 32-bit values, including the upper 16 bits.
Write the initial values to the upper 16 bits. These bits always read 0. The registers are initialized
to H'00000000 by areset and in standby mode. Values are retained during a module standby.

Bits 15 and 14—Destination Address Mode Bits 1, 0 (DM1, DMOQ): Select whether the DMA
destination address is incremented, decremented or |eft fixed (in single address mode, DM 1 and
DMO areignored when transfers are made from a memory-mapped external device, or external
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memory to an external device with DACK). DM1 and DMO areinitialized to 00 by areset and in
standby mode. Vaues are retained during a module standby.

Bit 15: DM1 Bit 14: DMO Description
0 0 Fixed destination address (Initial value)
1 Destination address is incremented (+1 for byte transfer size,

+2 for word transfer size, +4 for longword transfer size, +16
for 16-byte transfer size)

1 0 Destination address is decremented (-1 for byte transfer size,
-2 for word transfer size, —4 for longword transfer size, —16
for 16-byte transfer size)

1 Reserved (setting prohibited)

Bits 13 and 12—Source Address Mode Bits 1, 0 (SM 1, SM0): Select whether the DMA source
addressisincremented, decremented or left fixed. (In single address mode, SM1 and SMO are
ignored when transfers are made from an external device with DACK to a memory-mapped
external device, or external memory.) For a 16-byte transfer, the address isincremented by +16
regardless of the SM1 and SMO values. SM1 and SMO are initialized to 00 by areset and in
standby mode. Vaues are retained during a module standby.

Bit 13: SM1 Bit 12: SMO Description
0 0 Fixed source address (+16 for 16-byte transfer size)
(Initial value)
1 Source address is incremented (+1 for byte transfer size, +2

for word transfer size, +4 for longword transfer size, +16 for
16-byte transfer size)

1 0 Source address is decremented (-1 for byte transfer size, -2
for word transfer size, —4 for longword transfer size, +16 for
16-byte transfer size)

1 Reserved (setting prohibited)

Bits 11 and 10—Transfer Size Bits (TS1, TS0): Select the DMA transfer size. TS1 and TS0 are
initialized to 00 by areset and in standby mode. Values are retained during a modul e standby.

Bit 11: TS1 Bit 10: TSO Description

0 0 Byte unit (initial value)
1 Word (2-byte) unit

1 0 Longword (4-byte) unit
1 16-byte unit (4 longword transfers)
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Bit 9—Auto Request Mode Bit (AR): Selects either auto-request mode (in which transfer requests
are generated automatically within the DMAC) or amode using external requests or requests from
on-chip peripheral modules. The AR bit isinitialized to 0 by areset and in standby mode. Itsvalue
is retained during a module standby.

Bit 9: AR Description
0 External/on-chip peripheral module request mode (Initial value)
1 Auto-request mode

Bit 8—Acknowledge/Transfer Mode Bit (AM): In dual address mode, this bit selects whether the
DACK signal isoutput during the data read cycle or write cycle. In single-address mode, it selects
whether to transfer data from memory to device or from device to memory. The AM bit is
initialized to 0 by areset and in standby mode. Its value is retained during a module standby.

Bit 8: AM Description

0 DACK output in read cycle (dual address mode)/transfer from memory
to device (single address mode) (Initial value)

1 DACK output in write cycle (dual address mode)/transfer from device to

memory (single address mode)

Bit 7—Acknowledge Level Bit (AL): Selects whether the DACK signal is an active-high signal or
an active-low signal. The AL bit isinitialized to 0 by areset and in standby mode. Itsvalueis
retained during a module standby.

Bit 7: AL Description
0 DACK is an active-low signal (Initial value)
1 DACK is an active-high signal

Bit 6—DREQ Select Bit (DS): Selects the DREQ input detection used. The DS bit isinitialized to
0 by areset and in standby mode. Its value is retained during a module standby.

Bit 6: DS Description
0 Detected by level (Initial value)
1 Detected by edge
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Bit 5—DREQ Level Bit (DL): Selectsthe DREQ input detection level. The DL bit isinitialized to
0 by areset and in standby mode. Its value is retained during a modul e standby.

Bit 5: DL Description

0 When DS is 0, DREQ is detected by low level; when DS is 1, DREQ is
detected at falling edge (Initial value)

1 When DS is 0, DREQ is detected by high level; when DS is 1, DREQ is

detected at rising edge

Bit 4—Transfer Bus Mode Bit (TB): Selects the bus mode for DMA transfers. The TB bit is
initialized to 0 by areset and in standby mode. Its value is retained during a modul e standby.

Bit4: TB Description
0 Cycle-steal mode* (Initial value)
1 Burst mode

Note: * For 16-byte transfer in dual address mode, a burst-style operation is used.

Bit 3—Transfer Address Mode Bit (TA): Selects the DMA transfer address mode. The TA bit is
initialized to O by areset and in standby mode. Its value is retained during a module standby.

Bit 3: TA Description
0 Dual address mode (Initial value)
1 Single address mode

Bit 2—Interrupt Enable Bit (IE): Determines whether or not to request a CPU interrupt at the end
of aDMA transfer. When the |E bit is set to 1, an interrupt (DEI) request is sent to the CPU when
the TE bitisset. The IE bit isinitialized to 0 by areset and in standby mode. Its valueis retained

during a modul e standby.

Bit 2: IE Description
0 Interrupt request disabled (Initial value)
1 Interrupt request enabled

Bit 1—Transfer-End Flag Bit (TE): Indicates that the transfer has ended. When the value in the
DMA transfer count register (TCR) becomes 0, the DMA transfer ends normally and the TE bit is
setto 1. When TCRisnot 0, the TE bit is not set if the transfer ends because of an NMI interrupt
or DMA address error, or because the DME bit in the DMA operation register (DMAOR) or the
DE bit was cleared. To clear the TE bit, read 1 from it and then write 0. When the TE bit is set,
setting the DE bit to 1 will not enable atransfer. The TE bit isinitialized to O by areset and in
standby mode. Its value is retained during a module standby.
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Bit 1: TE Description

0 DMA has not ended or was aborted (Initial value)
Cleared by reading 1 from the TE bit and then writing O

1 DMA has ended normally (by TCR = 0)

Bit 0—DMA Enable Bit (DE): Enables or disables DMA transfers. In auto-request mode, the
transfer starts when this bit or the DME bitin DMAOR isset to 1. The NMIF and AE bitsin
DMAOR and the TE bit must be al set to 0. In external request mode or on-chip peripheral
module request mode, the transfer begins when the DMA transfer request is received from the
relevant device or on-chip peripheral module, provided this bit and the DME bit are set to 1. As
with the auto-request mode, the TE bit and the NMIF and AE bitsin DMAOR must all be set to 0.
The transfer can be stopped by clearing this bit to 0. The DE bit isinitialized to 0 by areset and in
standby mode. Its value is retained during a module standby.

Bit 0: DE Description
0 DMA transfer disabled (Initial value)
1 DMA transfer enabled

9.25 DMA Vector Number RegistersOand 1 (VCRDMAO, VCRDMA1)

Bitt 31 30 29 11 10 9 8
Bitname:‘ — ‘ — ‘ — ‘ ‘ — ‘ — ‘ — ‘ — ‘
Initial value: 0 0 0 0 0 0 0

R/W:

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ VC7 \ VC6 \ VC5 \ VC4 \ VC3 \ VC2 \ vCl \ VCO \

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

DMA vector number registers 0 and 1 (VCRDMAO, VCRDMA 1) are 32-hit read/write registers
that set the DMAC transfer-end interrupt vector number. Only the lower eight bits of the 32 are
valid. They are written as 32-bit values, including the upper 24 bits. Write the initial values to the
upper 24 bits. These bitsreturn 0 if read. Values are retained in areset, in standby mode, and when
the module standby function is used.

Bits 31 to 8—Reserved: These bits always read 0. The write value should always be 0.

Bits 7 to 0—Vector Number Bits 7-0 (VC7-VCO0): Set the interrupt vector numbers at the end of a
DMAC transfer. Interrupt vector numbers of 0-127 can be set. When a transfer-end interrupt

HITACHI

363



occurs, the vector number is fetched and control is transferred to the specified interrupt handling
routine. The VC7-VCO bits retain their valuesin areset and in standby mode. As the maximum
vector number is 127, 0 must always be written to VC7.

9.2.6 DMA Request/Response Selection Control Registers0and 1 (DRCRO0, DRCR1)

Bitt 7 6 5 4 3 2 1 0
Bitname:| — | — | — | RS4 | RS3 | RS2 | RSL | RSO |
Initial value: 0 0 0 0 0 0 0 0

RW: R R R RW RW RW RW RW

DMA request/response selection control registers 0 and 1 (DRCRO, DRCRL1) are 8-bit read/write
registers that set the DMAC transfer request source. They are written as 8-bit values. They are
initialized to H'00 by areset, but retain their values in standby mode and a module standby.

Bits 7 to 5—Reserved: These bits always read 0. The write value should always be 0.

Bits 4 to 0—Resource Select Bits 4 to 0 (RS4-RS0): Specify which transfer request to input to the
DMAC. Changing the transfer request source must be done when the DMA enable bit (DE) is 0.
The RS$4-RS0 hits are initialized to 00 by areset.

Bit4: Bit3: Bit2: Bitl: BitO:
RS4 RS3 RS2 RS1 RSO Description

0 0 0 0 0 DREQ (external request) (Initial value)
0 1 1 0 0 TPU TGIOA (on-chip TPU input capture channel 0A
interrupt request)*
1 TPU TGIOB (on-chip TPU input capture channel 0B
interrupt request)*
1 0 TPU TGIOC (on-chip TPU input capture channel 0C
interrupt request)*
1 TPU TGIOD (on-chip TPU input capture channel 0D

interrupt request)*

Note: * When a transfer request is generated by an on-chip module, select cycle-steal as the bus
mode, dual transfer as the transfer mode, and falling edge detection for the DREQ setting.
Do not use settings other than those shown above.
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9.2.7 DMA Operation Register (DMAOR)

Bit: 31 30 29 11 10 9 8
Bitname:‘ — ‘ — ‘ — ‘ ‘ — ‘ — ‘ — ‘ — ‘
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
Bitname:  — | — | — | — | PR | AE | NMIF | DME |
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R RW  RI(W)* R/(W)* RMW

Note: * Only O can be written, to clear the flag.

The DMA operation register (DMAOR) is a 32-bit read/write register that controlsthe DMA
transfer mode. It also indicates the DMA transfer status. Only the lower four of the 32 bits are
valid. DMAOR is written as a 32-bit value, including the upper 28 bits. Write the initial valuesto
the upper 28 hits. These bits always read 0. DMAOR isinitialized to H'00000000 by areset and in
standby mode. It retains its value when the modul e standby function is used.

Bits 31 to 4—Reserved: These bits always read 0. The write value should always be 0.

Bit 3—Priority Mode Bit (PR): Specifies whether afixed channel priority order or round-robin
mode is to be used there are simultaneous transfer requests for multiple channels. It isinitialized to
0 by areset and in standby mode. It retains its value when the modul e standby function is used.

Bit 3: PR Description
0 Fixed priority (channel 0 > channel 1) (Initial value)
1 Round-robin (Top priority shifts to bottom after each transfer. The

priority for the first DMA transfer after a reset is channel 1 > channel 0)

Bit 2—Address Error Flag Bit (AE): Thisflag indicates that an address error has occurred in the
DMAC. When the AE bit isset to 1, DMA transfer cannot be enabled even if the DE bit in the
DMA channel control register (CHCR) isset to 1. To clear the AE hit, read 1 from it and then
write 0. Operation is performed up to the DMAC transfer being executed when the address error
occurred. AE isinitialized to O by areset and in standby mode. It retains its value when the
module standby function is used.
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Bit 2: AE Description

0 No DMAC address error (Initial value)
To clear the AE bit, read 1 from it and then write 0
1 Address error by DMAC

Bit 1—NMI Flag Bit (NMIF): Thisflag indicates that an NMI interrupt has occurred. When the
NMIF bit isset to 1, DMA transfer cannot be enabled even if the DE bit in the DMA channel
control register (CHCR) and the DME bit are set to 1. To clear the NMIF bit, read 1 from it and
then write 0. Operation is completed up to the end of the DMAC transfer being executed when
NMI was input. When the NMI interrupt isinput while the DMAC is not operating, the NMIF bit
issetto 1. The NMIF bit isinitialized to O by areset or in the standby mode. It retainsits value
when the module standby function is used.

Bit 1: NMIF Description

0 No NMIF interrupt (Initial value)
To clear the NMIF bit, read 1 from it and then write O

1 NMIF interrupt has occurred

Bit 0—DMA Master Enable Bit (DME): Enables or disables DMA transfers on all channels. A
DMA transfer becomes enabled when the DE bit in the CHCR and the DME bit are set to 1. For
thisto be effective, the TE bit in CHCR and the NMIF and AE bits must al be 0. When the DME
bitis cleared, al channel DMA transfers are aborted. DME isinitialized to O by areset and in
standby mode. It retains its value when the module standby function is used.

Bit 0: DME Description

0 DMA transfers disabled on all channels (Initial value)
1 DMA transfers enabled on all channels
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9.3 Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority; when the transfer-end conditions are satisfied, it ends the transfer.
Transfers can be requested in three modes: auto-request, external request, and on-chip module
reguest. A transfer can be in either single address mode or dual address mode. The bus mode can
be either burst or cycle-steal.

9.3.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (TCR), DMA channel control registers (CHCR), DMA vector number
registers (VCRDMA), DMA request/response selection control registers (DRCR), and DMA
operation register (DMAOR) areinitialized (initializing sets each register so that ultimately the
condition (DE=1,DME =1, TE=0, NMIF =0, AE = 0) is satisfied), the DMAC transfers data
according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME=1, TE=0, NMIF=0, AE=0)

2. When atransfer request occurs and transfer is enabled, the DMAC transfers 1 transfer unit of
data. (In auto-request mode, the transfer begins automatically after register initialization. The
TCR value will be decremented by 1.) The actua transfer flows vary depending on the address
mode and bus mode.

3. When the specified number of transfers have been completed (when TCR reaches 0), the
transfer ends normaly. If the |IE bit in CHCR is set to 1 at thistime, a DEI interrupt request is
sent to the CPU.

4. When an address error occurs in the DMAC or an NMI interrupt is generated, the transfer is
aborted. Transfers are a so aborted when the DE bit in CHCR or the DME bitin DMAOR is
changed to 0.

Figure 9.2 shows a flowchart illustrating this procedure.
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Notes: 1.

G

Initial settings
(SAR, DAR, TCR, CHCR,
VCRDMA, DRCR, DMAOR)

<

DME = 1 and NMIF,

transfer request been

2%l
generated? Bus

*3 mode, transfer

Yes],
< request mode, DREQ detec-
< tion method?
Transfer
TCR-1 - TCR,

SAR, and DAR updated

16-byte transfer
in progress?

NMIF =1,
orAE=1,0or DE=0,
or DME
=0?

DEI interrupt request
(when IE = 1)

Yes
< Transfer aborted >

NMIF =1, or
AE =1, or DE=0, or

No

< End transfer > < End normally >

In auto-request mode, the transfer will start when the NMIF, AE, and TE bits are all 0
and the DE and DME bits are then set to 1.

In burst mode, DREQ = level detection (external request), or cycle-steal mode.

In burst mode, DREQ = edge detection (external request), or auto-request mode in
burst mode.

16-byte transfer cycle in progress.

End of a 16-byte transfer cycle.
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9.3.2 DMA Transfer Requests

DMA transfer requests are usually generated in either the data transfer source or destination, but
they can also be generated by devices that are neither the source nor the destination. Transfers can
be requested in three modes:. auto-request, external request, and on-chip peripheral module
reguest. The request mode is selected with the AR bit in DMA channel control registers0 and 1
(CHCRO, CHCR1) and the RSO, RS1, RS2, RS3 and R4 hits in DMA request/response selection
control registers 0 and 1 (DRCRO, DRCR1).

Table9.3 Sdectingthe DMA Transfer Request Using the AR and RS Bits

CHCR DRCR
AR RS4 RS3 RS2 RS1 RSO RequestMode Resource Selection
0 0 0 0 0 0 External request DREQ
0 0 1 0 0 On-chip peripheral TPU TGIOA
module request
1 TPU TGIOB
1 0 TPU TGIOC
1 TPU TGIOD
1 * * * * * Auto-request mode

Note: * Don't care

Auto-Request Mode: When there is no transfer request signal from an external source (asin a
memory-to-memory transfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bitsin CHCRO and CHCR1 and the DME bit in
the DMA operation register (DMAOR) are set to 1, the transfer begins (so long as the TE bitsin
CHCRO and CHCR1 and the NMIF and AE bitsin DMAOR are dl 0).

External Reguest Mode: In this mode atransfer is started by atransfer request signal (DREQ)
from an external device. Choose one of the modes shown in table 9.4 according to the application
system. When DMA transfer isenabled (DE=1, DME =1, TE=0, NMIF =0, AE = 0), atransfer
is performed upon input of a DREQ signal.
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Table9.4  Selecting External Request Modeswith the TA and AM Bits

CHCR

Transfer
TA AM Address Mode  Acknowledge Mode Source Destination
0 0 Dual address DACK output in read Any* Any*
mode cycle
1 Dual address DACK output in write Any* Any*
mode cycle
1 0 Single address Data transferred from External memory or External device
mode memory to device memory-mapped with DACK
external device
1 Single address Data transferred from External device External memory or
mode device to memory with DACK memory-mapped

external device

Note: External memory, memory-mapped external device.

Choose to detect DREQ either by the falling edge or by level using the DS and DL bitsin CHCRO
and CHCR1 (DS=0islevel detection, DS= 1 is edge detection; DL = 0 isactive-low, DL = 1is
active-high). The source of the transfer request does not have to be the data transfer source or
destination.

Table9.5 Sdecting the External Request Signal with the DS and DL Bits

CHCR
DS DL External Request

Level (active-low)

0

1 Level (active-high)
1 0 Edge (falling)

1 Edge (rising)

On-Chip Module Request Mode: In this mode, transfers are started by the transfer request signal
(interrupt request signal) of an on-chip peripheral module. Transfer request signalsinclude
interrupts from the TPU (table 9.6). If DMA transfer isenabled (DE =1, DME =1, TE=0, NMIF
=0, AE =0), DMA transfer starts upon the input of atransfer request signal.
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Table9.6  Selecting On-Chip Peripheral Module Request M ode with the AR and RS Bits

DMA
DMA Transfer Transfer Transfer*
Request Request Transfer* Destina- Bus DREQ
AR RS4 RS3 RS2 RS1 RSO Source Signal Source tion Mode  Setting
0 0 1 1 0 0 TPU channel  TGIOA Any Any Cycle- Edge,
0A steal active-low
1 TPU channel  TGIOB Any Any Cycle- Edge,
0B steal active-low
1 0 TPU channel  TGIOC Any Any Cycle- Edge,
oc steal active-low
1 TPU channel  TGIOD Any Any Cycle- Edge,
oD steal active-low

Note: * Do not perform transfers between on-chip peripheral modules.

For outputting transfer request from the TPU, the corresponding interrupt enable bits must be set
to output the interrupt signals. Note that transfer request signals from on-chip peripheral modules
(interrupt request signals) are sent not just to the DMAC but to the CPU as well. When an on-chip
peripheral module is specified as the transfer request source, set the priority level valuesin the
interrupt priority level registers (IPRC-HPRE) of the interrupt controller (INTC) at or below the
levels set in the 1310 bits of the CPU’ s status register so that the CPU does not accept the
interrupt request signal.

With the DMA transfer request signalsin table 9.6, when DMA transfer is performed aDMA
transfer request (interrupt request) from any module will be cleared at the first transfer.

9.3.3 Channel Priorities

When the DMAC receives simultaneous transfer requests on two channels, it selects a channel
according to a predetermined priority order. There is a choice of two priority modes, fixed or
round-robin. The mode is selected by the priority bit, PR, in the DMA operation register
(DMAOR).

Fixed Priority Mode: In this mode, the relative channel priority levels are fixed. When PR is set
to 0, channel 0 has higher priority than channel 1. Figure 9.3 shows an example of atransfer in
burst mode.
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DREQO

DREQ1
Channel 0 Channel 0 Channel 1
B destination destination destination
us
Channel 0 Channel 0 Channel 1
source source source

Figure9.3 Fixed Mode Burst DMA Transfer (Dual Address, Active-Low DREQ Level)

In cycle-steal mode, once a channel 0 request is accepted, channel 1 requests are a so accepted
until the next request is accepted, which makes more effective use of the bus cycle. If requests
come simultaneously for channel 0 and channel 1 when DMA operation is starting, the first is
transmitted with channel 0, and thereafter channel 1 and channel O transfers are performed
aternately.

DREQO
DREQ1
Channel 0 Channel 1 Channel 0
source source source
;CL:: Xcru Xcpu Xcpu X X Xeru X X Xeru X X
Channel 0 Channel 1
destination destination

Figure9.4 Fixed Mode Cycle-Steal DMA Transfer
(Dual Address, Active-Low DREQ Level)

Round-Robin Mode: Switches the priority of channel 0 and channel 1, shifting their ability to
receive transfer requests. Each time one transfer ends on one channel, the priority shiftsto the
other channel. The channel on which the transfer just finished is assigned low priority. After reset,
channel 1 has higher priority than channel 0.

Figure 9.5 shows how the priority changes when channel 0 and channel 1 transfers are requested
simultaneously and another channel 0 transfer is requested after the first two transfers end. The
DMAC operates as follows:

1. Transfer requests are generated simultaneously to channels 1 and 0.

2. Channel 1 hasthe higher priority, so the channel 1 transfer beginsfirst (channel 0 waits for
transfer).

3. When the channel 1 transfer ends, channel 1 becomes the lower-priority channel.
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The channel 0 transfer begins.

A channel O transfer is requested.
The channel 0 transfer begins.

© N o O oA

remains the same.

When the channel 0 transfer ends, channel 0 becomes the lower-priority channel.

When the channel 0 transfer ends, channel 0 is already the lower-priority channel, so the order

Transfer requests| | Waiting channel | |DMAC operation|

1. Requests occur

inchannels A
Oand 1

None

6. Request occurs —

in channel 0

None

. Channel 0

. Channel 0

| Channel priority order

2. Channel 1
<+
transfer starts 1>0
l Priority
. Channel 1 changes 0>1
transfer ends
. Channel 0 /
transfer starts
l Priority
. Channel 0 changes 1>0

transfer ends

Mting for
transfer request

l Priority
does not change

transfer starts

1>0
transfer ends

Figure9.5 Channel Priority in Round-Robin Mode

9.34 DMA Transfer Types

It can operate in single address mode or dual address mode, as defined by how many bus cycles

the DMAC takes to access the transfer source and transfer destination. The actual transfer
operation timing varies with the DMAC bus mode used: cycle-steal mode or burst mode. The

DMAC supports all the transfers shown in table 9.7.

HITACHI

373




Table9.7 Supported DMA Transfers

Destination

External Device External Memory-Mapped On-Chip Memory
Source with DACK Memory External Device
External device with Not available Single Single Not available
DACK
External memory Single Dual Dual Dual
Memory-mapped Single Dual Dual Dual
external device
On-chip memory Not available Dual Dual Dual

Single: Single address mode
Dual:  Dual address mode

Address Modes;

e Single Address Mode

In single address mode, both the transfer source and destination are external; one (selectable) is
accessed by a DACK signal while the other is accessed by address. In this mode, the DMAC
performs the DMA transfer in one bus cycle by simultaneously outputting a transfer request
acknowledge DACK signal to one external device to accessit, while outputting an address to
the other end of the transfer. Figure 9.6 shows an example of atransfer between external
memory and external device with DACK. That dataiswritten in external memory in the same
bus cycle while the external device outputs data to the data bus.

External address bus External data bus

Chip ™ [
External
DMAC | memory
— || E
| '
2 :
External device
with DACK
—~J U 'y
DACK
DREQ

----»: Data flow

Figure9.6 DataFlow in Single Address Mode
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Two types of transfers are possible in single address mode: 1) transfers between external
devices with DACK and memory-mapped external devices; and 2) transfers between external
deviceswith DACK and external memory. For both of them, transfer must be requested by the
external regquest signal (DREQ). Figure 9.7 shows the DMA transfer timing for single address
mode.

CKIO
Address output to external
A24-A0 X X - g

memory space
CS \ /

WE \ - Wirite strobe signal to external
memory space

< > Data output from external
— -
D31-D0 device with DACK
DACK \ / -«—— DACK signal (active low) to external
device with DACK
BS \ /

a. External device with DACK to external memory space

CKIO

A24-A0 X >< < Address output to external
memory space
cs -/ _
Read strobe signal to external
RD \ memory space

: Data output from external
-
D31-DO memory space
DACK \ / - DACK signal (active low) to external
device with DACK
BS \ /

b. External memory space to external device with DACK

Figure9.7 DMA Transfer Timingin Single Address Mode
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¢ Dua Address Mode

In dual address mode, both the transfer source and destination are accessed (selectable) by
address. The source and destination can be located externally or internally. The DMAC
accesses the source in the read cycle and the destination in the write cycle, so the transfer is
performed in two separate bus cycles. The transfer dataistemporarily stored in the DMAC.
Figure 9.8 shows an example of atransfer between two external memoriesin which datais
read from one external memory in the read cycle and written to the other external memory in
the following write cycle.

External data bus

Chip ™1,

Jo L=/ External
DMAC "- C memory

— External

— memory

TN

----- » : Data flow
1: Read cycle
2: Write cycle

Figure9.8 DataFlow in Dual AddressMode

In dual address mode transfers, external memory and memory-mapped external devices can be
mixed without restriction. Specificaly, this enables transfers between the following:

External memory and external memory.

External memory and memory-mapped external devices.
Memory-mapped external devices and memory-mapped external devices.
On-chip memory and on-chip memory.

On-chip memory and memory-mapped external devices.

On-chip memory and external memory.

o 0k wbdPE

Transfer requests can be auto-request, external requests, or on-chip peripheral module requests.
(seetable 9.6). Dual address mode outputs DACK in either the read cycle or write cycle.
CHCR controls the cycle in which DACK is output.
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Figure 9.9 shows the DMA transfer timing in dual address mode.

CKIO

Address output to
A24-A0 >< >< external memory space
Cs
Read strobe signal to
== -
RD external memory space

Write strobe signal to

WE -~/ ~%— external memory space

>< I/O data of external
] —
memory space

-a— DMAC acknowledge signal
DACK (active-low)

B\ N/

Figure9.9 DMA Transfer Timingin Dual Address Mode
(External Memory Space — External Memory Space, DACK Output in Read Cycle)

Bus Modes: There are two bus modes: cycle-steal and burst. Select the mode with the TB bitsin
CHCRO and CHCR1.

Cycle-Steal Mode

In cycle-steal mode, the busright is given to another bus master each time the DMAC
completes one transfer. When ancther transfer request occurs, the bus right is retrieved from
the other bus master and another transfer is performed for one transfer unit. When that transfer
ends, the bus right is passed to the other bus master. This is repeated until the transfer end
conditions are satisfied. (in the case of 16-byte transfer in dual address mode, the DMAC
continues to hold the bus)

Cycle-steal mode can be used with all categories of transfer destination, transfer source, and
transfer request source. (with the exception of transfers between on-chip peripheral modules)
The CPU may take the bus twice when an acknowledge signal is output during the write cycle
or in single address mode. Figure 9.10 shows an example of DMA transfer timing in cycle-
steal mode (dual address mode, DREQ level detection).
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DREQ _\ /

Bus right returned to CPU

/_/H
C}I,BCL:Z ><CPU >< CPU><CPU ><DMAC><DMAC>< CPU><DMAC><DMAC>< CPU ><

Read Write Read Write

Figure9.10 DMA Transfer Timing in Cycle-Steal Mode
(Dual Address Mode, DREQ Level Detection)

Burst Mode

In burst mode, once the DMAC gets the bus, the transfer continues until the transfer end
condition is satisfied. When external request mode is used with level detection of the DREQ
pin, however, negating DREQ will pass the bus to the other bus master after completion of the
bus cycle of the DMAC that currently has an acknowledged request, even if the transfer end
conditions have not been satisfied. When the transfer request source is an on-chip peripheral
module, however, cycle-steal mode is always used.

Figure 9.11 shows an example of DMA transfer timing in burst mode (single address mode,
DREQ level detection).

DREQ _\ /

;le: ><CPU X cpu X cpu XomacXpmacXomacXpmacx cpu X cpu X CPU><

Figure9.11 DMA Transfer Timingin Burst Mode (Single Address Mode, DREQ L evel
Detection)

Refreshes cannot be performed during a burst transfer, so ensure that the number of transfers
satisfies the refresh request period when a memory requiring refreshing is used.

Relationship of Request Modes and Bus Modes by DMA Transfer Category: Table 9.8 shows
the relationship between request modes, bus modes, etc., by DMA transfer category.
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Table9.8 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Transfer
Address Request Bus Size
Mode Transfer Category Mode Mode (Bytes)
Single External device with DACK and external memory  External B/C 1/2/4/16
External device with DACK and memory-mapped External B/C 1/2/4/16
external device
Dual External memory and external memory All B/C 1/2/4/16
External memory and memory-mapped external All B/C 1/2/4/16
device
Memory-mapped external device and memory- All B/C 1/2/4/16
mapped external device
On-chip memory and on-chip memory Auto B/C 1/2/4/16
On-chip memory and memory-mapped external ~ All'l B/C 1/2/14/16
device
On-chip memory and external memory All2 B/C 1/2/4/16

B: Burst, C: Cycle-steal

Notes: 1. In transfer from on-chip memory to a memory-mapped external device, set DACK for
write-time output.

In transfer from a memory-mapped external device to on-chip memory, set DACK for
read-time output.

2. In transfer from on-chip memory to external memory, set DACK for write-time output.
In transfer from external memory to on-chip memory, set DACK for read-time output.

Bus Mode and Channel Priority: When agiven channel (1) istransferring in burst mode and
thereis atransfer request to a channel (0) with a higher priority, the transfer of the channel with
higher priority (0) will begin immediately. When channel 0 is also operating in the burst mode, the
channel 1 transfer will continue as soon as the channel 0 transfer has completely finished. When
channel 0isin cycle-steal mode, channel 1 will begin operating again after channel 0 completes
the transfer of one transfer unit, but the bus will then switch between the two in the order channel
1, channel 0, channel 1, channel 0. Since channel 1 isin burst mode, it will not give the bus to the
CPU. If the channel in cycle-steal modeis using external requests, burst mode channel transfer
may be executed twice in succession. This exampleisillustrated in Figure 9.12.
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Bus CPU DMAC \V DMAC \ DMAC \ DMAC Yy DMAC \\ DMAC \| DMAC CPU
state chl chl ch0 chl chO chl chl

. ch0 |, chl |, chO >

>4 >4

DMAC chl DMAC chl and chO DMAC chl
CPU Burst mode Cycle-steal Burst mode CPU

A
4
A
A
A
A
A
y

Note: When priority order is channel 0 > channel 1, channel 1 is set to burst mode and
channel O to cycle-steal mode, and channels 0 and 1 are both set to auto-request mode

Figure9.12 Bus Status when Multiple Channels are Operating

9.35 Number of Bus Cycles

The number of statesin the bus cycle when the DMAC is the bus master is controlled by the bus
state controller (BSC) just asit is when the CPU is the bus master. For details, see section 7, Bus
State Controller (BSC).

9.3.6 DMA Transfer Reguest Acknowledge Signal Output Timing

DMA transfer request acknowledge signal DACKn is output synchronous to the DMAC address
output specified by the channel control register AM bit. Normally, the acknowledge signal
becomes valid when DMA address output begins, and becomesinvalid 0.5 cycles before the
address output ends. (See figure 9.13.) The output timing of the acknowledge signal varies with
the settings of the connected memory space. The output timing of acknowledge signalsin the
memory spacesis shown in figure 9.13.

N AVAVAVA AN

DACK

0.5 cycles

Addressbus X CPU DMAC

Figure9.13 Example of DACK Output Timing
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Acknowledge Signal Output when External Memory Is Set as Ordinary M emory Space:
The timing at which the acknowledge signal is output isthe same in the DMA read and write
cycles specified by the AM bit (figures 9.14 and 9.15). When DMA address output begins, the
acknowledge signal becomes valid; 0.5 cycles before address output ends, it becomesinvalid. If a
wait isinserted in this period and address output is extended, the acknowledge signal is also
extended.

T1 Tw T

N AVAY VAV AVAVAVAVAVAY AVAVAVAN
DACK —\__

0.5 cycles
DMAC |nvalid DMAC
Address read write  write
oo X__cpu X X cpu DMAC read
Basic timing 1 wait inserted

Figure9.14 DACK Output in Ordinary Space Accesses (AM = 0)

DMAC |nvalid DMAC Invalid
Add read write  write write
ress -
e K ¥ cru  { DMACread DMAC write
Basic timing 1 wait inserted

Figure9.15 DACK Output in Ordinary Space Accesses (AM = 1)

In alongword access of a 16-bit external device (figure 9.16) or an 8-bit external device (figure
9.17), or aword access of an 8-bit external device (figure 9.18), the lower and upper addresses are
output 2 and 4 timesin each DMAC access in order to align the data. For all of these addresses,
the acknowledge signal becomes valid simultaneous with the start of output and the signal
becomesinvalid 0.5 cycles before the address output ends. When multiple addresses are output in
asingle access to align data for synchronous DRAM, DRAM, or burst ROM, an acknowledge
signal is output to those addresses as well.
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Clock _/_\_/_\_/

DACK

"\ O\

N\ N\

*1

Invalid

*2 write

Address CPUH

DMAC read H

DMAC read L X

DMAC write

bus

Notes: 1. H: MSB side
2. L:LSB side

Basic timing

Figure9.16 DACK Output in Ordinary Space Accesses

(AM =0, Longword Accessto 16-Bit External Device)

Clock /AN /N /S S\ S \S S\
DACK \_J \_ \_ \

DMAC DMAC DMAC DMAC

Address read HH read HL read LH read LL

bus >< CPU
Basic timing
Figure9.17 DACK Output in Ordinary Space Accesses
(AM =0, Longword Accessto 8-Bit External Device)

DACK \
Invalid
write
Address -
bus >< CPU DMAC read H X DMAC read L>< DMAC write
Basic timing

Figure9.18 DACK Output in Ordinary Space Accesses
(AM =0, Word Access to 8-Bit External Device)
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Acknowledge Signal Output when External Memory Is Set as Synchronous DRAM: When
external memory is set as synchronous DRAM, DACK output becomes valid simultaneously with
the start of the DMA address, and becomes invalid when the address output ends.

When external memory is set as synchronous DRAM auto-precharge and AM = 0, the
acknowledge signal is output across the row address, read command, wait and read address of the
DMAC read (figure 9.19). Since the synchronous DRAM read has only burst mode, during a
single read an invalid address is output; the acknowledge signal, however, is output on the same
timing (figure 9.20). At thistime, the acknowledge signal is extended until the write addressis
output after the invalid read. When AM = 1, the acknowledge signal is output across the row
address and column address of the DMAC write (figure 9.21).

SAWAWRWAWAWERWEAWEAWIEW

DACK
Read —
command
Row
address
Address
bus >< CPU >< >< Read 1 A\ Read 2 A Read 3 )\ Read 4

A
\ 4

DMAC read (basic timing)

Figure9.19 DACK Output in Synchronous DRAM Burst Read
(Auto-Precharge, AM =0)

DACK
Read
command
Row Row Column
Address address address address
bus >< CPU X XRead Invalid read X ><
) DMAC read "~ DMACwrite
(basic timing) (basic timing)

Figure9.20 DACK Output in Synchronous DRAM Single Read
(Auto-Precharge, AM =0)
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cos \_/ N/ \/ S\

DACK

N
Row Column
address address
Address ><
bus

< »

DMAC write (basic timing)

Figure9.21 DACK Output in Synchronous DRAM Write
(Auto-Precharge, AM = 1)

When external memory is set as bank active synchronous DRAM, during a burst read the
acknowledge signal is output across the read command, wait and read address when the row
address is the same as the previous address output (figure 9.22). When the row addressis different
from the previous address, the acknowledge signal is output across the precharge, row address,
read command, wait and read address (figure 9.23).

Clock f\_/_\_/_\_/—\_/_\_/_\_/_\_/_x

DACK
Read
command
Address
bus >< CPU >< Read 1 X Read 2 X Read 3X Read 4

A

DMAC read (basic timing)

Figure9.22 DACK Output in Synchronous DRAM Burst Read
(Bank Active, Same Row Address, AM =0)
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DACK

Pre- Row Read
charge address command

Address
bus ><

CPU

>< >< ><Read 1

Read 2 Read 3 XRead 4

DMAC read
(basic timing)

Figure9.23 DACK Output in Synchronous DRAM Burst Read
(Bank Active, Different Row Address, AM =0)

When external memory is set as bank active synchronous DRAM, during a single read the
acknowledge signal is output across the read command, wait and read address when the row

address is the same as the previous address output (figure 9.24). When the row address is different

from the previous address, the acknowledge signal is output across the precharge, row address,
read command, wait and read address (figure 9.25). Since the synchronous DRAM read has only
burst mode, during asingle read an invalid address is output; the acknowledge signal is output on

the same timing. At this time, the acknowledge signal is extended until the write addressis output

after theinvalid read.

DACK

Address
bus

o

Read Row Column
command address address
CPU X Read Invalid read X X ><

A

»< »

DMAC read (basic timing)

DMAC write (basic timing)

HITACHI

Figure9.24 DACK Output in Synchronous DRAM Single Read
(Bank Active, Same Row Address, AM =0)




DACK Row
address
Pre- Read Row Column
Add charge command Read address address
ress -

bus >< CPU X X X Invalid read X X

) DMAC read ""DMAC write

(basic timing) (basic timing)

Figure9.25 DACK Output in Synchronous DRAM Single Read
(Bank Active, Different Row Address, AM =0)

When external memory is set as bank active synchronous DRAM, during a write the acknowledge
signal is output across the wait and column address when the row address is the same as the
previous address output (figure 9.26). When the row addressis different from the previous

address, the acknowledge signal is output across the precharge, row address, wait and column
address (figure 9.27).

Clock _\_/—\_/_\_/_\

DACK
Column
Address address
bus
>
DMAC write

(basic timing)

Figure9.26 DACK Output in Synchronous DRAM Write
(Bank Active, Same Row Address, AM =1)
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VAW AWAWAW RN

DACK

Row  Column
Precharge address address

e A X

DMAC write
(basic timing)

A
v

Figure9.27 DACK Output in Synchronous DRAM Write
(Bank Active, Different Row Address, AM = 1)

SDRAM one-cycle write

When aone-cycle writeis performed to synchronous DRAM, the DACK signal is
synchronized with the rising edge of the clock. A request by the request signal is accepted
while the clock is high during DACK output.

Transfer Width : Byte/Word/Longword Transfer
Transfer bus mode : Burst mode

Transfer addressmode  : Single mode

DREQ Detection Method : Level Detection

DACK output timing : Write DACK

Buscycle : Basic bus cycle
Clock
Bus cycle X CPU CPU XDMACXDMACXDMACXDI\AAACXDI\/%AC
) 7
Blind /
DREQ  / //'“/50”5 2
1st acceptance, 3rd ac- th ac- Ttha
2nd acceptance ceptance ,,. - ceptance gy oo Ceptance Tttt
ceptance Ceptance
DACK
DACK1 DACK3 DACK5
DACK2 DACKA4

Figure9.28 SDRAM One-Cycle Write Timing
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Acknowledge Signal Output when External Memory Is Set as DRAM: When external memory
isset as DRAM and arow address is output during aread or write, the acknowledge signal is
output across the row address and column address (figures 9.29-9.31).

DACK \;

Row
Precharge |address

Address >< ><
bus ><Co|umn address

< »
<«

DMAC read or write
(basic timing)

Figure9.29 DACK Output in Normal DRAM Accesses (AM =0or 1)

DACK T\

Column
address
Address
bus
+“—>

DMAC read or write
(basic timing)

Figure9.30 DACK Output in DRAM Burst Accesses
(Same Row Address, AM =0or 1)
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DACK / \;

Pre- Row
charge |address

><Co|umn address><

Address
bus ><

DMAC read or write
(basic timing)

Figure9.31 DACK Output in DRAM Burst Accesses
(Different Row Address, AM =0or 1)

Acknowledge Signal Output When External Memory Is Set as Burst ROM: When externa
memory is set as burst ROM, the acknowledge signal is output synchronous to the DMAC address
(no dual writes allowed) (figure 9.32).

DACK \_ \

Address
bus

DMAC cycle DMAC cycle ><

< >
P >

DMAC (1 wait state)

A

Figure9.32 DACK Output in Nibble Accesses of Burst ROM

9.3.7 DREQ Pin Input Detection Timing

In external request mode, DREQ pin signals are usually detected at the falling edge of the clock
pulse (CKIO). When arequest is detected, aDMAC bus cycleis produced four cycles later at the
earliest and a DMA transfer performed. After the request is detected, the timing of the next input
detection varies with the bus mode, address mode, DREQ input detection, and the memory
connected.

DREQ Pin Input Detection Timing in Cycle-Steal Mode: In cycle-steal mode, once arequest is
detected from the DREQ pin, the request signal is not detected until DACK signal output in the
next external bus cycle. In cycle-steal mode, request detection is performed from DACK signal
output until arequest is detected.
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In the case of abus mode change or 16-byte transfer, the first DACK signal is the request
acceptance start signal.

Once arequest has been accepted, it cannot be canceled midway.

The timing from the detection of arequest until the next time requests are detectable is shown
below.

¢ Cycle-Steal Mode Edge Detection

Transfer Width : Byte/Word/Longword
Transfer bus mode : Cycle-steal mode
Transfer addressmode  : Dual/single mode

DREQ Detection Method : Edge Detection

DACK output timing : Read DACK /write DACK
Buscycle : Basic buscycle

Clock
Bus cycle CPU X DMAC XCPU
DREQ Blind zone”/ | \
1st 2nd
acceptance acceptance
DACK

[\

I Requests acceptable

Figure9.33 DREQ Pin Input Detection Timing in Cycle-Steal M ode with Edge Detection
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Clock

Bus cycle >< CPU/v CPU >< DmACX DI\/II_AC ><:

. LSS
DREQ | Biindzone’
1st \ 2nd

acceptance acceptance

DACK
DACK DACK
H L

Figure9.34 When al6-Bit External Deviceis Connected (Edge Detection)

Bus cycle CPU CPU X DMAC X DMAC X DMAC X DMAC ><
DREQ Biind oﬁé// Bfind zone
1st 2nd

acceptance acceptance

Y oack o pac

DACK DACK DACK DACK

DACK

Figure9.35 When an 8-Bit External Device is Connected (Edge Detection)
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¢ Cycle-Steal Mode Edge Detection—16-Bit Transfer

With 16-byte transfer, the first request signal is the first transfer request, and the second
transfer request is accepted when the next request signal is accepted. The third and fourth
requests are accepted in the same way. If DREQ isinput continuously, the bus is not passed to
the CPU.

Transfer Width : 16-Byte Transfer

Transfer bus mode : Cycle-steal mode
Transfer addressmode  : Dual/single mode
DREQ Detection Method : Edge Detection

DACK output timing : Read DACK /write DACK
Buscycle : Basic bus cycle
Clock w
Bus cycle cpu CPU XDMAC*lXDMAC*ZXDMAC*3X DMAC*4 X DMA
oreq T Bindlponel | ki e s
1st 2nd

acceptance/ acceptance

DACK

o

DACK*1 DACK*2 DACK*3 DACK*4

Note: * nis the nth 16-byte transfer.

Figure9.36 DREQ Pin Input Detection Timing in Cycle-Steal Mode with Edge Detection
(16-Byte Transfer Setting)
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e Cycle-Steal Mode Level Detection
In level detection mode, too, a request cannot be canceled once accepted.

Transfer Width : Byte/Word/Longword
Transfer bus mode : Cycle-steal mode
Transfer addressmode  : Dual/single mode

DREQ Detection Method : Level Detection

DACK output timing : Read DACK /write DACK
Buscycle : Basic bus cycle

Clock

Buscycle X | CPU CcPU DMAC! X CPU
DREQ _/ | /Biind zone’/”””” 1 Blind zone’
1st 2nd5
acceptance acceptance

DACK \
— R

I Requests acceptable

Figure9.37 DREQ Pin Input Detection Timingin Cycle-Steal M ode with Level Detection
(Byte/Word/Longword Setting)

Clock

Bus cycle >< CP:U CPU >< D“{'ﬁCX DMAC ><:

\

G-----

A

DREQ | |//Bindzone”” Biind zone
1st’ 2nd
acceptance accepltance

DACK

H L

Figure9.38 When a 16-Bit External Deviceis Connected (L evel Detection)
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Clock

Bus cycle  X_CPU )(/ePU Y PHAC X PHEC X OYAS)(PYES

G--e-

DREQ //Blind zone /. Blind zone
2nd
acceptance

DACK VRV ERYVAR YR

DACK DACK DACK DACK !
HH HL LH LL

Figure9.39 When an 8-Bit External Device is Connected (L evel Detection)

¢ Cycle-Steal Mode Level Detection—16-Byte Transfer

With 16-byte transfer, the first request signal is the first transfer request, and the second
transfer request is accepted when the next request signal is accepted. The third and fourth
requests are accepted in the same way. If DREQ isinput continuously, the bus is not passed to
the CPU.

Transfer Width : 16-Byte Transfer
Transfer bus mode : Cycle-steal mode
Transfer addressmode  : Dual/single mode

DREQ Detection Method : Level Detection

DACK output timing : Read DACK /write DACK
Buscycle : Basic buscycle
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Clock

Bus Cycle >< CP:U CPU XDMA(::*lXDMAC*ZXDMAC*SXDMAC*4 DMA

i

DREQ | Blindzone //Blind zone 7
1st’ 2nd

acceptance acceptance

.....6)......

DACK

N

DACK*L DACK*2 DACK*3 DACK*4

Note: * nis the nth 16-byte transfer.

Figure9.40 DREQ Pin Input Detection Timing in Cycle-Steal Mode with L evel Detection
(16-Byte Transfer Setting)

DREQ Pin Input Detection Timing in Burst Mode: In burst mode, the request detection timing
isdifferent for edge detection and level detection of DREQ inpuit.

With edge detection of DREQ input, once arequest is detected, DMA transfer continues until the
transfer end condition is satisfied, regardless of the state of the DREQ pin. Request detection is not
performed during this time. When the transfer start conditions are fulfilled after the end of
transfer, request detection is performed again every cycle.

With level detection of DREQ input, if arequest for the same channel is detected in the following
reguest detection cycle, that channel will continue to operate, but if arequest is not input, a bus
cycle for another channel or another bus master will be executed.
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e Burst Mode Level Detection—Byte/Word/Longword Size

Transfer Width : Byte/Word/Longword
Transfer bus mode : Burst mode

Transfer addressmode  : Dual/single mode

DREQ Detection Method : Level Detection

DACK output timing : Read DACK /write DACK
Buscycle : Basic bus cycle

Clock

Buscycle X i CPU CPU DMAC! X DMAC!
DREQ _/ ¥ Bindzone”)  iBindzone. |
1st acceptance, 3rd : 4th ¢

2nd acceptance acceptance acceptance

DACK §\¥4/ N\
[ ' '

Figure9.41 DREQ Pin Input Detection Timing in Burst Mode with Level Detection
(Byte/Word/Longword Setting)

With level detection in burst mode, two transfers are performed on the first acceptance of the
request signal, and the third transfer request signal is accepted by the first DACK signal.
Subsequently, the fourth and fifth transfer requests are accepted in turn. However, if TCR =1,
the operation ends after one transfer on acceptance of the first request.
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Burst Mode Level Detection—16-Byte Transfer

With 16-byte transfer, the first request signal is the first transfer request, and the second
transfer request is accepted when the next request signal is accepted. The third and fourth
requests are accepted in the same way.

Transfer Width : 16-Byte Transfer
Transfer bus mode : Burst mode

Transfer addressmode  : Dual/single mode

DREQ Detection Method : Level Detection

DACK output timing : Read DACK/write DACK
Buscycle : Basic buscycle

Clock

Bus cycle ><CP:U CPU DMA¢*1><DMAC*2><DMAC*3><DMAC*4><EMA(§:*1

'

'

'

'
o
g

e -----

T . o
DREQ /i Blind zone”” //Bindzone”” 7
: 2nd 3rd

acceptance acceptance

DACK

DACK*1 DACK*2 DACK*3 DACK* DACK*1

Note: * nis the nth 16-byte transfer.

Figure9.42 DREQ Pin Input Detection Timing in Burst Mode with Level Detection
(16-Byte Transfer Setting)
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9.3.8 DMA Transfer End

The DMA transfer ending conditions vary when channels end individually and when both
channels end together.

Conditionsfor Channels Ending Individually: When either of the following conditions is met,
the transfer will end in the relevant channel only:

The DMA transfer count register (TCR) value becomes 0.
The DMA enable bit (DE) of the DMA channel control register (CHCR) is cleared to O.

e Transfer end when TCR=0
When the TCR value becomes 0, the DMA transfer for that channel ends and the transfer-end
flag bit (TE) isset in CHCR. If the |E (interrupt enable) bit has already been set, aDMAC
interrupt (DEI) request is sent to the CPU. For 16-byte transfer, set the number of transfers x 4.

¢ Transfer end when DE = 0in CHCR

When the DMA enable bit (DE) in CHCR is cleared, DMA transfers in the affected channel
are halted. The TE bit is not set when this happens.

Conditionsfor Both Channels Ending Simultaneously: Transfers on both channels end when
either of the following conditions is met:

The NMIF (NMI flag) bit or AE (address error flag) bitin DMAOR isset to 1.
The DMA master enable (DME) bit is cleared to 0 in DMAOR.

e Transfer end when NMIF=1or AE=1in DMAOR
When an NMI interrupt or DMAC address error occurs and the NMIF or AE bitissetto 1in
DMAOR, al channels stop their transfers. The DMA source address register (SAR),
destination address register (DAR), and transfer count register (TCR) are all updated by the
transfer immediately preceding the halt. When this transfer is the final transfer, TE = 1 and the
transfer ends. To resume transfer after NM1 interrupt exception handling or address error
exception handling, clear the appropriate flag bit. When the DE bit isthen set to 1, the transfer
on that channel will restart. To avoid this, keep its DE bit at 0. In dual address mode, DMA
transfer will be halted after the completion of the following write cycle even when the address
error occursin theinitial read cycle. SAR, DAR and TCR are updated by the final transfer.

¢ Transfer end when DME =0in DMAOR

Clearing the DME bit in DMAOR forcibly aborts the transfers on both channels at the end of
the current bus cycle. When the transfer is the final transfer, TE = 1 and the transfer ends.

398
HITACHI



9.4  Usage Notes

9.4.1 DMAC-Related Notes

1. DMA request/response selection control registers 0 and 1 (DRCR0 and DRCR1) should be
accessed in bytes. All other registers should be accessed in longword units.

2. Beforerewriting aregister in the DMAC, first clear the DE bit to 0 in the CHCR register for
the specified channel, or clear the DME bit in DMAOR to 0.

3. When the DMAC is not operating, the NMIF bit in DMAOR is set even when an NM|
interrupt isinput.

4. The DMAC cannot access the cache memory.

5. Set to standby mode after the DME bit in DMAOR isset to O.

6. When performing a frequency modification, the DME bit in DMAOR should first be cleared to
0.

7 Do not perform on-chip peripheral module transfers by means of the DMAC. Specificaly, do
not access DMAC addresses H'FFFF FOO00 to H'FFFF FCFF or H'FFFF FEOO to H'FFFF FEFF.

8. Do not access the cache (address array, data array, associative purge area).

9. Note that when level detection of the request signal is used in single address mode, the request
signal may be detected before DACK is output.

10. When Eg exceeds 30 MHz, do not use transfer involving DACK output on ordinary space for
word or longword access with an 8-bit bus width, or longword access with a 16-bit bus width.

11. In 16-byte transfer with cycle-steal mode and external request DREQ edge detection set, do not
input a new edge in the blind zone.

12. When DMA transfer is performed in response to a DMA transfer request signal from a
peripheral module, if clearing of the DMA transfer request signal from the peripheral module
by the DMA transfer is not completed before the next transfer request signal from that module,
subsequent DMA transfers may not be possible.

13. The following restrictions apply when using dual address mode for 16-byte transfer in cycle-
steal mode:

a. When auto-request is set, the operation is the same as for burst transfer.

b. When external request level detection is set, the operation is the same as for burst transfer.

c. When externa request DREQ edge detection is set, if DREQ isinput continuously the
DMAC continues to operate without insertion of a CPU cycle. (However, a CPU cycle
will begin if thereis no request from DREQ.)

14. Notesaand b below apply in the case of DMAC burst transfer with external requests and

level detection. To prevent these problems, CHCR should be cleared before enabling DMA.
The clearing sequence is as follows:

Step 1: Read CHCR (read TE = 1)
Step 2: Clear CHCR to O (write TE = 0, DE = 0, disabling DMA)
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Step 3: Set CHCR again (leaving DE = 0)
Step 4: Set DE = 1in CHCR (enabling DMA)

a TheDREQ level is sampled even when DMA isdisabled (DE = 0 or DME = 0).
Therefore, depending on the DMA settings and DREQ input, DMA transfer may be
initiated when DMA is enabled even though there is no DREQ input (figures 9.43 and

9.44).
. DREQ level detection
DREQ level detection DREQ level detection DREQ high level detection
DREQ low level detection B&i%g‘{%‘lézve' detection pMA enabled
; DMA disabled 1, » (DE=1and DME =1)
DMA settings (DE = 0 or DME = 0) (DE = 0 or DME = 0) tSr;arlgfcéfrDMA
DREQinput T
(low level) O

Sampling — DREQ at inactive level

Figure9.43 Initiation of DMA Transfer (1)

b. If DREQ isactive when the last transfer is performed in burst transfer, DMA transfer will
start when DMA is next enabled, even if DREQ isinactive (figure 9.44).

DMA enabled
Last transfer in burst transfer (DE=1,DME=1,TCR>0
(TCR=0) TE=0,NMIF=0, AE=0)
| DMA transferl DMA transferl DMA transfer

DREQ P

DREQ low level detection

Figure9.44 Initiation of DMA Transfer (2)

15.In DMAC cycle-steal mode with 16-byte length, dual address transfer, external request, and
level detection, overrun 2 occursif DREQ is negated in a cyclein which DACK is not output
(figure 9.45).
When halting the DMAC by negation of the external request signal with the above settings,
negate the external request in acycle in which DACK is asserted.
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Figure9.45 When DMAC isHalted by Negation of External Request Signal
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16. Notes aand b below apply when using DMAC with simultaneous execution of channels 0 and
1in single address, and burst mode.

a. When overrun 2 occurs in round-robin mode, a problem will arise on channel 0 (CHO) and
channel 1 (CH1). The conditions and problem on the channel 0 side are given under
Conditions 1 (table 9.9) and Problem 1 (figure 9.46), and those on the channel 1 side are
given under Conditions 2 (table 9.10) and Problem 2 (figure 9.47).

e Conditions 1

Table9.9 (1) Settings 1 under which Overrun 2 Occurson Channel 0

Address Transfer* Transfer DREQ Detection Transfer
Channel Mode Size Request  Mode Bus Mode Direction
CHO Single B, W, L External Level Burst Device -~ Memory
request Memory - Device
CH1 Single B,W,L All settings Edge, level Burst, Device - Memory
cycle-steal
Note: * B: Byte (8 bits)
W: Word (16 bits)
L: Long word (32 hits)

Table 9.9 (2) Settings 2 under which Overrun 2 Occurson Channel 0

Address Transfer* Transfer DREQ Detection Transfer
Channel Mode Size Request  Mode Bus Mode Direction
CHO Single B, W, L External Level Burst Device -~ Memory
request Memory — Device
CH1 Dual B, W, L All settings Edge, level Burst, —
cycle-steal
Note: * B: Byte (8 bits)
W: Word (16 bits)
L: Long word (32 bits)
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Problem 1: When DREQQO is negated immediately before transfer on CH1 is halted, the

overrun on the CHO side might become 2

uonebsu 0OIHA 3y
10} Z unusAQ

uonebsu 0OIHYA 8y
10} UN.LIBAO [eWION

uonebsu TOIYA 8y
10} UNLIBAO [eWION

"MOJ-9ANE Bk T'003HAd PUE T'0MOVA :910

/ 103y
paley sI THD UO Jajsuel) aloaq
Aldreipawwi uonebau 0OIHA
/ 0034
/ . / IOV
L/ / \ 0MOV
OHO OHO THO OHO X THO e
OHD OHD THO 0HO X THO ssalpp
/N /S \_/ \_/  onm

(10U 01 I0d)
2 UnL3BA0 OHD

T UNLBAO OHD

T UNLBAO THD

Figure9.46 Problem 1: Situation in which Overrun 2 Occurson CHO

in Round-Robin Mode
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+ Conditions 2

Table9.10 (1) Settings 1 under which Overrun 2 Occurson Channel 1

Address Transfer* Transfer DREQ Detection Transfer
Channel Mode Size Request  Mode Bus Mode Direction
CHO Single B, W, L All settings Edge, level Burst, Device - Memory
cycle-steal
CH1 Single B,W,L External Level Burst Device - Memory
request

Memory - Device

Note: * B: Byte (8 bits)
W: Word (16 hits)
L: Long word (32 bits)

Table9.10 (2) Settings 2 under which Overrun 2 Occurson Channel 1

Address Transfer* Transfer DREQ Detection Transfer
Channel Mode Size Request  Mode Bus Mode  Direction
CHO Dual B, W, L All settings Edge, level Burst, —
cycle-steal
CH1 Single B, W, L External Level Burst Device -~ Memory
request

Memory - Device

Note: * B: Byte (8 bits)
W: Word (16 bits)
L: Long word (32 hits)
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Problem 2: When DREQL1 is negated immediately before transfer on CHO is halted, the

overrun on the CH1 side might become 2

"Mo|-aA10e aJe T ‘003¥d pue T ‘'0MOvaA 310

paley
SI OHD Uo Jajsuen

Z Unuano THD

uonebau TOIHA aur uonebau TOIHA sy uonebau odIHQ sy | 210489 AjBrelpawiw
10} Z UnudnQ 10} UNJIBAO [eWION 10} UNJIBAO [eWION uonebsu TOIHA
o—/ O3
/- 003y
— / (- OV
/ . / 0MOV
THO THO 0HO THO X 0HO ele
THO THO X OHO THO X 0HO ssalpp
O\ /S S /S on
(810u 01 Ju10d) T UNLIBAC THD T UNLIBAO OHD

Figure9.47 Problem 2: Situation in which Overrun 2 Occurson CH1

in Round-Robin M ode
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b. When overrun 2 occursin fixed priority mode, a problem will arise on channel 1 (CH1),
but not on channel 0. The conditions and the resulting problem are given under Conditions
3 (table 9.11) and Problems 3 (figure 9.48).

e Conditions 3

Table9.11 (1) Settings 1 under which Overrun 2 Occurson Channel 1

Address Transfer* Transfer DREQ Detection Transfer
Channel Mode Size Request  Mode Bus Mode Direction
CHO Single B, W, L All settings Edge, level Cycle-steal Device - Memory
CH1 Single B, W, L External Level Burst Device -~ Memory
request Memory — Device
Note: * B: Byte (8 bits)
W: Word (16 bits)
L: Long word (32 hits)

Table9.11 (2) Settings 2 under which Overrun 2 Occurson Channel 1

Address Transfer* Transfer DREQ Detection Transfer
Channel Mode Size Request  Mode Bus Mode Direction
CHO Dual B, W, L All settings Edge, level Cycle-steal —
CH1 Single B, W, L External Level Burst Device -~ Memory
request Memory - Device
Note: * B: Byte (8 bits)
W: Word (16 bits)
L: Long word (32 bits)
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Problem 3: When DREQL1 is negated immediately before transfer CHO is halted, the

overrun at the CH1 side might become 2
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10} Z unudBAQ
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Figure9.48 Problem 3: Situation in which Overrun 2 Occurson CH1

in Fixed Priority Mode
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To avoid the above problems, be sure to restrict operation in either of the ways listed below.

Only use one channel at atime

Use dual-address mode on both channels (0 and 1).

Put DREQ detection mode in edge mode on both channels (0 and 1).
Use cycle-steal mode on both channels (0 and 1).

> w DN

17. Notes below apply when using DMAC with simultaneous execution on channels 0 and 1 and a
combination of bus modes during externally requested transfer.

When the DMAC is used with the following settings, DMA transfer starts despite DRQ being

negated.

a.  When problems occur in round-robin mode, they will arise on the channel 0 (CHO) and
channel 1 (CH1). The conditions and problem on the channel 0 side are given under
Conditions 1 (table 9.12) and Problem 1 (figure 9.49), and those on the channel 1 side are

given under Conditions 2 (table 9.13) and Problem 2 (figure 9.50).
e Conditions 1

Table9.12 Settings under which a Problem Occurson Channel O

Channel  Transfer Size*  Transfer Request DREQ Detection Mode  Bus Mode

CHO B, W, L, 16B External request Edge, level Cycle-steal

CH1 B, W, L, 16B External request Level Burst

Note: * B: Byte (8 hits)
W:  Word (16 bits)
L: Long word (32 bits)
16B: Four long word (128 bits)

408
HITACHI



Problem 1: When transfer on CHO is halted by the negation of DREQO immediately after
transfer on CH1 is halted by the negation of DREQL, transfer on CHO is carried out despite
the negation of DREQO. Transfer on CHO continues until the transfer count reaches 0.

CPU
CPU

X
X
Start for transfer on CHO
(Present Note)

CHO
CHO

CPU
CPU

))
)
)
(
)

CPU%:X
CPU%:X
((

,—_ P
[=} o
I I
o
M
~
I T
) o B )
2
°
5
~ P 2
13
C :
<4
Il - @©
I I —
O O S
(o4
]
a4
o
°
C
<
-
=}
X
Q
<
[a)
g
S]

C X

cHo X
ACKO /
ACKL T\
REQ1 /

ddress
REQO

©)
¥

ata

Figure9.49 Problem 1: Situation in which a Problem Occurson CHO
in Round-Robin Mode
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» Conditions 2

Table9.13 Settingsin which a Problem 2 Occurson Channedl 1

Channel Transfer Size*  Transfer Request = DREQ Detection Mode  Bus Mode
CHO B, W, L, 16B External request Level Burst
CH1 B, W, L, 16B External request Edge, level Cycle-steal

Note: * B: Byte (8 hits)
W:  Word (16 bits)
L: Long word (32 bits)
16B: Four long word (128 bits)
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Problem 2: When transfer on CH1 is halted by the negation of DREQ1 immediately after
transfer on CH1 is halted by the negation of DREQO, transfer on CH1 is carried out despite
the negation of DREQL. Transfer on CH1 continues until the transfer count in TCR1

CPU
CPU

X

X
Start for transfer on CH1
(Present Note)

CH1
CH1

CPU
CPU

)

CcPU)\ )
cpy )

X
X

CH1
CH1

CHO
CHO

0

C
CHO

Note: DACKO, 1 and DREQO, 1 are active-low.

CHI )

[ X
DACKO ™\
DREQO — /

DACK1 /

DREQ1

reaches 0.
T T
<] <
~ ~~
~— ~— [
T
—
I
(@]
<
(@]

Address
Data

Figure9.50 Problem 2: Situation in which a Problem Occurson CH1
in Round-Robin Mode
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When a problem occurs in fixed priority mode, it will arise on channel 1, and not on
channel 0. The conditions and the resulting problem are given under Conditions 3 (tables
9.14) and Problem 3 (figure 9.51).

Conditions 3

Table9.14 Setting under which a Problem 3 Occurson Channel 1

Channel  Transfer Size*  Transfer Request DREQ Detection Mode  Bus Mode
CHO B, W, L, 16B External request Level Burst
CH1 B, W, L, 16B External request Edge, level Cycle-steal
Note: * B: Byte (8 hits)

W:  Word (16 bits)

L: Long word (32 bits)

16B: Four long word (128 bits)
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Problem 3: When transfer on CH1 is halted by the negation of DREQ1 immediately after
transfer on CHO is halted by the negation of DREQO, transfer on CH1 is carried out despite
the negation of DREQL. Transfer on CH1 continues until the transfer count in TCR1
reaches 0.

CPU
CPU

X

X
Start for transfer on CH1
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Figure9.51 Problem 3: Situation in which a Problem Occurson CH1
in Fixed-Priority Mode
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To avoid the above problem, be sure to restrict operation in either of the ways listed below.

1. Only use one channel at atime.
2. Do not use external requests for transfer when both channels0 and 1 arein use.

3. Set the edge mode for both channels when both channels 0 and 1 are in use and transfer by
external request occurs.

4. Usethe same bus mode (cycle-steal and burst) when both channels0 and 1 arein use.

9.4.2 Notes on Memory Accesswhen Usingthe DMAC
Note on synchronous DRAM single write mode when clock ratio lg.Eg=1:1

Conditions: Clock ratio lg:Eg = 1:1 (1. CPU clock, E@: external memory clock (CK10))
Synchronous DRAM single write mode
DMA transfer (both in dual address mode and single address mode)
Read from synchronous DRAM immediately after write to synchronous DRAM (see
table 9.15)

Table9.15 Access Sequence

Write to Synchronous DRAM Read from Synchronous DRAM
CPU DMA
DMA CPU
DMA DMA

Note: The bug does not occur when a read is performed by the CPU immediately after a write,
because the accesses are not consecutive internally.

Problem: When a synchronous DRAM read access is performed, the SH7612 drives the data bus.

Remedy: When accessing synchronous DRAM using the DMAC in dual address mode with clock
ratio |g:Eg = 1:1, the synchronous DRAM should be used in burst write mode.

Note on writing to normal space immediately after a synchronous DRAM write when clock
ratiolgEg=1:1

Conditions. Clock ratio lg:E@ = 1:1 (Ia: CPU clock, Ea: external memory clock (CK10))
Write to normal space immediately after write to synchronous DRAM (see table 9.16)
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Table9.16 Access Sequence

Write to Synchronous DRAM Write to Normal Space
CPU DMA
DMA CPU
DMA DMA

Note: The bug does not occur when a write is performed by the CPU immediately after a write,
because the accesses are not consecutive internally.

Problem: When awrite to normal space is performed, the data busis not driven in the first cycle
(figures 9.52 t0 9.54).

Normal space

Synchronous DRAM write access write access

Tr Tcl Tc2 Tc3 Tc4 T1 T2

ol || L] L] L] L] L]
CS2 or CS3 | |
s
RD/W—E— | 3

D31 to DO

P
>

KX

It

Data is not driven in the first cycle of
the normal space access, as indicated
by the dotted line.

Figure9.52 Normal Space Access (No Wait)
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3 1 Normal space
1 Synchronous DRAM write access ! write access !
; i i

CS2 or CS3 3
o |
o
—— —

DQMn/WEn |_|

CSn

D31 to DO

Data is not driven in the first cycle of
the normal space access, as indicated
by the dotted line.

Figure9.53 Normal Space Access (One Wait)
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| . Normal space |
1 Synchronous DRAM write access ' write access !
| | |

Tr Tcl Tc2 Tc3 Tc4 Th T1 T2
CS20rCS3
w ]
rRoWR | ] | —
DOMNWER | |
R

Data is not driven in the first cycle of
the normal space access, as indicated
by the dotted line.

Figure9.54 Normal Space Access (One Setup Wait Cycle)

Remedy: When the above conditions apply, in order to secure the normal space write data setup
time, either increase the normal space wait by one cycle, or increase the number of
cycles from address and CSn output to RD and WEn assertion by one.

Note on synchronous DRAM bank-active mode

Conditions: Synchronous DRAM bank-active mode
Synchronous DRAM access by DMAC
Consecutive accesses to synchronous DRAM (seetable 9.17)
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Table9.17 Access Sequence

Accsss to Synchronous DRAM Access to Synchronous DRAM
CPU DMA
DMA CPU
DMA DMA

Note: The bug does not occur with consecutive accesses by the CPU, because the accesses are
not consecutive internally.

Problem: The second synchronous DRAM access is not performed correctly.

Remedy: Do not use bank-active mode when accessing synchronous DRAM using the DMAC.
EDO access bug occurring in DMAC single address mode

Conditions:

« DMAC operating mode

0 Single address transfer mode

0 Transfer from memory to device with DACK (AM: CHRCO, CHRC1 hit 8 = 1)
e BSC setting

0 EDO RASdown mode

0 W31—W30=00

Problem: Although RAS down mode is set, RAS is negated for one cycle. The next access to
EDO may not be performed correctly.

Remedy: When performing transfer from memory to adevice with DACK (AM: CHRCO, CHRC1
bit 8 = 1) for EDO in DMAC single address transfer mode, either do not use RAS down
mode, or else set bits W31—Wa30 to a value other than 00.

Note on normal space accessimmediately after a synchronous DRAM write: The
DQMn/WEn signal negation for a synchronous DRAM write and the CSn assertion for an
immediately following normal space access occur at the same rising edge of CKIO (figures 9.55
and 9.56). The access sequences when a synchronous DRAM write and normal space access are
consecutive are shown in table 9.18.
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Table9.18 Access Sequence

Write to Synchronous DRAM Normal Space Access
CPU DMA
DMA CPU
DMA DMA

Note: When a write is performed by the CPU immediately after a write, the accesses are not
consecutive internally.

Normal space
access

i Synchronous DRAM write access

Tr Tel Tc2 Te3 Tcd @ Tl

CAS

RD/WR

L
1]

DQMn/WEn

CSn

Figure9.55 Normal Space Access after Synchronous DRAM Write (Burst Write M ode)
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Synchronous

' DRAM write | Normal space
| access | access
DTr Te ! Tel

CKIO

CS2 or CS3

CAS

RD/WR |

DQMn/WEn |

CSn

Figure9.56 Normal Space Access after Synchronous DRAM Write (Single Write M ode)

Note on DACK output when synchronous DRAM is accessed in DMAC single address mode:
In the case of consecutive accesses to synchronous DRAM by the DMAC, DACK is not negated
inthe Trwl and Tap cycles.

Note on BSC register accesswhileusingthe DMAC

Conditions: DMAC dual-address transfer
Read from the BSC register by the CPU immediately after awrite to the DMAC

Note: The bug does not occur when aread is performed by the CPU immediately after awrite,
because the accesses are not consecutive internally.

Problem: This LSl then drives false datain the write cycle of the DMAC.

Remedy: When using the DMAC in dual-address mode, read the BSC register after disabling
DMA transfer (DE bit (bit 0) = 0 in the DMAOR register of the DMAC).
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Section 10 Division Unit (DIVU)

10.1 Overview

The division unit (DIVU) divides 64 bits by 32 bits and 32 bits by 32 bits. The results are
expressed as a 32-bit quotient and a 32-bit remainder. When the operation produces an overflow,
an interrupt can be generated as specified.

10.1.1 Features

The DIVU hasthe following features:

Signed division of 64 bits by 32 bits and 32 bits by 32 bits operations
32-hit quotient, 32-bit remainder

Operation execution in 39 cycles

Overflow interrupt enable/disable control

Instructions that do not access the division unit can be processed in parallel even during
execution of division processing
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the DIV U.

DVSR:
DVDNT:
DVDNTH:
DVDNTL:
DVCR:
VCRDIV:

—— Internal interrupt signal

Divisor register

Dividend register L for 32-bit division
Dividend register H

Dividend register L

Division control register

Vector number setting register DIV

Bus
interface
DVSR
Division DVDNT
oper-
. (2]
ation 2
circuit DVDNTH ©
©
©
DVDNTL 2
©
(=]
v s
Division DVCR
control
circuit >| VCRDIV i(

Internal data bus )
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Figure10.1 DIVU Block Diagram
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10.1.3 Register Configuration
Table 10.1 shows the register configuration of the DIV U.

Table10.1 Register Configuration

Register Abbr. R/W  Initial Value Address Access Size™l
Divisor register DVSR R/W Undefined H'FFFFFFOO 32

Dividend register L for 32-bit DVDNT R/W Undefined H'FFFFFFO4 32
division

Division control register DVCR R/W H'00000000 H'FFFFFF08 16, 32

Vector number setting register VCRDIV  R/W  Undefined? H'FFFFFFOC 16, 32
DIV

Dividend register H DVDNTH R/W Undefined H'FFFFFF10 32

Dividend register L DVDNTL R/W Undefined H'FFFFFF14 32

Notes: 1. Accesses to the division unit are read and written in 32-bit units. DVCR and VCRDIV
permit 16 and 32-bit accesses. When registers other than DVCR and VCRDIV are
accessed with word accesses, undefined values are read or written.

2. The initial value of VCRDIV is H'0000**** (asterisks represent undefined values).

10.2  Register Descriptions

10.21 Divisor Register (DVSR)

Bit: 31 30 29 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W .. R/W R/W R/W R/W

The divisor register (DV SR) is a 32-bit read/write register in which the divisor for the operation is
written. Its value is undefined after a power-on reset or manual reset, in standby mode, and when
the module standby function is used.

10.2.2 Dividend Register L for 32-Bit Division (DVDNT)

Bit: 31 30 29 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W .. R/W R/W R/W R/W
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The dividend register L for 32-bit division (DVDNT) is a 32-bit read/write register in which the
32-bit dividend used for 32-bit + 32-bit division operations is written. When 32-bit + 32-hit
division isrun, the value set as the dividend is lost and the quotient written at the end of division.
When this register is written to, the same value is written in the DVDNTL register. The MSB
written is sign-extended in the DVDNTH register. Writing to this register starts the 32-bit + 32-bit
division operation. Its value is undefined after a power-on reset or manual reset, in standby mode,
and when the module standby function is used.

10.2.3 Division Control Register (DVCR)

Bit: 31 30 29 3 2 1 0
Bitname:  — | — | — | .. | — | — |OVFE| OVF |
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W

The division control register (DVCR) is a 32-bit read/write register, but is also 16-bit accessible. It
controls enabling/disabling of the overflow or underflow interrupt. Thisregister isinitialized to
H'00000000 by a power-on reset or manual reset. Its value is undefined in standby mode and when
the modul e standby function is used.

Bits 31 to 2—Reserved: These bits always read 0. The write value should always be 0.

Bit 1—OVF Interrupt Enable (OVFIE): Selects enabling or disabling of the OVF interrupt request
(OVFI) upon overflow.

Bit 1: OVFIE Description
0 Interrupt request (OVFI) caused by OVF disabled (Initial value)
1 Interrupt request (OVFI) caused by OVF enabled

Note: Always set the OVFIE bit before starting the operation whenever executing interrupt
handling for overflows.

Bit 0—Overflow Flag (OVF): Flag indicating an overflow has occurred.

Bit 0: OVF Description

0 No overflow has occurred (Initial value)
1 Overflow has occurred
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10.2.4  Vector Number Setting Register DIV (VCRDIV)

Bit: 31 30 29 19 18 17 16
Bit name: ‘ — ‘ — ‘ — ‘ ‘ — ‘ — ‘ — ‘ — ‘
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 15 14 13 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W .. R/W R/W R/W R/W

Vector number setting register DIV (VCRDIV) is a 32-bit read/write register, but is also 16-bit
accessible. The destination vector number is setin VCRDIV when an interrupt occursin the
division unit due to an overflow or underflow. Values can be set in the 16 bits from bit 15 to bit O,
but only the last 7 bits (bits 6-0) are valid. Always set 0 for the 9 bits from bit 15 to bit 7. Itsvalue
is undefined after a power-on reset or manual reset, in standby mode, and when the module
standby function is used.

Bits 31 to 7—Reserved: These bits always read 0. The write value should always be 0.

Bits 6 to O—Interrupt Vector Number: Sets the interrupt destination vector number. Only the 7 bits
6-0 are valid (as the vector number).

1025 Dividend Register H (DVDNTH)

Bit: 31 30 39 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W . R/W R/W R/W R/W

Dividend register H (DVDNTH) is a 32-hit read/write register in which the upper 32 bits of the
dividend used for 64 bit + 32 bit division operations are written. When adivision operation is
executed, the value set as the dividend is lost and the remainder written here at the end of the
operation. Theinitial value of DVDNTH is undefined, and its value is also undefined after a
power-on reset or manua reset, in standby mode, and during in module standby. When the
DVDNT register is set with adividend value, the previous DVDNTH value is lost and the MSB of
the DVDNT register is extended to al bitsin the DVDNTH register.
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10.2.6  Dividend Register L (DVDNTL)

Bit: 31 30 39 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: — — — — — — —
R/W: R/W R/W R/W ... R/W R/W R/W R/W

Dividend register L (DVDNTL) isa 32-bit read/write register in which the lower 32 bits of the
dividend used for 64-bit + 32-bit division operations are written. When avalue is set in this
register, the 64-bit + 32-bit division operation begins. The value written in the DVDNT register
for 32-bit + 32-bit division is also set in this register. When a 64-bit + 32-bit division operation is
executed, the value set as the dividend is lost and the quotient written here at the end of the
operation. The contents of this register are undefined after a power-on reset or manual reset, in
standby mode, and during module standby.

10.3  Operation

10.3.1 64-Bit + 32-Bit Operations
64-bit + 32-bit operations work as follows:

1. The 32-bit divisor is set in the divisor register (DV SR).

2. The 64-hit dividend is set in dividend registersH and L (DVDNTH and DVDNTL). First set
the valuein DVDNTH. When avalue iswritten to DVDNTL, the 64-bit + 32-bit operation
begins.

3. Thisunit finishes asingle operation in 39 cycles (starting from the setting of the valuein
DVDNTL). When an overflow occurs, however, the operation endsin 6 cycles. See section
10.3.3, Handling of Overflows, for more information. Note that operation is signed.

4. After the operation, the 32-bit remainder iswritten to DVDNTH and the 32-bit quotient is
written to DVDNTL.

10.3.2  32-Bit + 32-Bit Operations
32-bit + 32-hit operations work as follows:

1. The 32-bit divisor is set in the divisor register (DV SR).

2. The 32-bit dividend is set in dividend register L (DVDNT) for 32-bit division. When avalueis
written to DVDNT, the 32-bit + 32-bit operation begins.

3. Thisunit finishes asingle operation in 39 cycles (starting from the setting of the valuein
DVDNT). When an overflow occurs, however, the operation endsin 6 cycles. See section
10.3.3, Handling of Overflows, for more information. Note that the operation is signed.
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4. After the operation, the 32-bit remainder iswritten to DVDNTH and the 32-bit quotient is
written to DVDNT.

10.3.3 Handling of Overflows

When the results of operations exceed the ranges expressed as signed 32 bits (when, in division
between two negative numbers, the quotient is the maximum value and aremainder (negative
number) is generated, or, in division of a positive number by a negative number, the quotient is the
maximum value) or when the divisor is 0, an overflow will result.

When an overflow occurs, the OVF hit is set and an overflow interrupt is generated if interrupt
generation is enabled (the OVFIE bit in DVCR is 1). The operation will then end with the result
after 6 cycles of operation stored in the DVDNTH and DVDNTL registers. If interrupt generation
isdisabled (the OVFIE bit is 0), the operation will end with the operation result at 6 cycles set in
DVDNTH and the maximum value H'7FFFFFFF or minimum value H'80000000 set in DVDNTL.
In the SH7612, the maximum value results when a positive quotient overflows; the minimum
value results when a negative quotient overflows. The first three cycles of the 6 cycles executed
when an overflow occurs are used for flag setting within the division unit and the next three for
division.

10.4  Usage Notes

1041  Access

All accesses to the division unit except DVCR and VCRDIV must be 32-bit reads or writes. Word
accesses to registers other than DVCR and VCRDIV result in reading or writing of undefined
values. In the division unit, aread instruction is extended for one cycleimmediately after an
instruction that writes to aregister, even if the register isthe same, to ensure that the value written
isaccurately set in the destination register in the division unit.

When aread or write instruction is issued while the division unit is operating, the read or write
instruction is continuously extended until the operation ends. This means that instructions that do
not access the division unit can be parallel-processed. When an instruction is executed that writes
to any register of the division unit immediately following an instruction that writes to the division
start-up registers (DVDNTL or DVDNT), the correct value may not be set in the start-up register.
Specify an instruction other than one that writesto adivision unit register for the instruction
immediately following instruction that writes to a start-up register.

Because of the above restrictions, efficient processing can be achieved by executing instructions
that do not access the division unit for 39 cycles after starting the operation, then issuing aread
instruction after the 39th cycle.
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104.2

Overflow Flag

When an overflow occurs, the overflow flag (OVF) is set and is not automatically reset. When
OVF is set, the operation is not affected. When necessary, clear it before the operation. The states
of registers when overflow occurs are shown in table 10.2.

Table 10.2 Overflow Processing

Register Overflow Interrupt Enabled Overflow Interrupt Disabled

DVSR Holds the value written Holds the value written

DVDNT Holds the results of operations until The maximum value is set for overflow to
overflow generation is detected* the plus side, or the minimum value for

overflow to the minus side

DVCR The OVF bit is set The OVF bit is set

VCRDIV Holds the value written Holds the value written

DVDNTH Holds the results of operations until Holds the results of operations until
overflow generation is detected* overflow generation is detected *

DVDNTL Holds the results of operations until The maximum value is set for overflow to

overflow generation is detected*

the plus side, or the minimum value for
overflow to the minus side

Note: * In division processing, the intermediate operation result is written for cycles up to detection
of overflow generation.
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Section 11  16-Bit Free-Running Timer (FRT)

11.1 Overview

A single-channel, 16-bit free-running timer (FRT) isincluded on-chip. The FRT is based on a
16-bit free-running counter (FRC) and can output two types of independent waveforms. The FRT
can aso measure the width of input pulses and the cycle of external clocks.

1111  Features

The FRT has the following features:

Choice of four counter input clocks

The counter input clock can be selected from three internal clocks (P@/8, P@/32, P@/128) and
an external clock (enabling external event counting).

Two independent comparators

Two waveform outputs can be generated.

Input capture

Choice of rising edge or falling edge

Counter clear specification

The counter value can be cleared by compare match A.
Four interrupt sources

Two compare match sources, one input capture source, and one overflow source can issue
requests independently.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the FRT.

Internal clock

P@8
— P@/32
FTCl— P@128
A
Clock select Clock OCRA (H/L)
Compare
T match A U
< Comparator A
FTOA «— m
< Overflow v
FTOB “ FRC (H/L)
Clear ———
—>
FTl < Comparator B
Compare
match B m
Control
logic OCRB (H/L)
—
Capture FICR (HIL)
FTCSR
TIER
TCR
TOCR
L —c
L——» OCIA | Interrupt

— 0V

—— OCIB ( signals

OCRA,B: Output compare registers A,B (16 bits)
FRC: Free-running counter (16 bits)
FICR: Input capture register (16 bits)
FTCSR: Free-running timer control/status register (8 bits)
TIER: Timer interrupt enable register (8 bits)
TCR: Timer control register (8 bits)
TOCR: Timer output compare control register (8 bits)

Internal
° data bus
s £
Jai
£
(2]
=}
m
Module
data bus

Figure11.1 FRT Block Diagram
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11.1.3  Pin Configuration

Table 11.1 lists FRT 1/O pins and their functions.

Table11.1 Pin Configuration

Channel Pin 110 Function

Counter clock input pin FTCI | FRC counter clock input pin
Output compare A output pin FTOA O Output pin for output compare A
Output compare B output pin FTOB @) Output pin for output compare B
Input capture input pin FTI | Input pin for input capture

1114 Register Configuration

Table 11.2 shows the FRT register configuration.

Table11.2 Register Configuration

Register Abbreviation RIW {Ehaé Address
Timer interrupt enable register TIER R/W H'01 HFFFFFE10
Free-running timer control/status register FTCSR R/(W)*l  HO00  HFFFFFE11
Free-running counter H FRC H R/W H'00 HFFFFFE12
Free-running counter L FRC L R/W H'00 HFFFFFE13
Output compare register A H OCRAH R/W HFF  HFFFFFE14*2
Output compare register A L OCRAL R/W H'FF HFFFFFE15*2
Output compare register B H OCRBH R/W HFF  HFFFFFE14*2
Output compare register B L OCRB L R/W HFF  HFFFFFE15*2
Timer control register TCR R/W H'00  HFFFFFE16
Timer output compare control register TOCR R/W HEO HFFFFFE17
Input capture register H FICRH R H'00 HFFFFFE18
Input capture register L FICRL R H'00  HFFFFFE19

Notes: 1.

clear flags. Bit 0 can be read or written.

2. OCRA and OCRB have the same address. The OCRS bit in TOCR is used to switch

between them.

3. Use byte-size access for all registers.

HITACHI

Bits 7 to 1 are read-only. The only value that can be written is a 0, which is used to
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11.2  Register Descriptions

11.21  Free-Running Counter (FRC)

Bit: 15 14 13 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W ... R/W R/W R/W R/W

FRC is a 16-bit read/write register. It increments upon input of aclock. The input clock can be
selected using clock select bits 1 and 0 (CKS1, CKS0) in TCR. FRC can be cleared upon compare
match A.

When FRC overflows (H'FFFF — H'0000), the overflow flag (OVF) in FTCSRisset to 1. FRC
can be read or written to by the CPU, but because it is 16 bits long, data transfers involving the
CPU are performed via atemporary register (TEMP). See section 11.3, CPU Interface, for more
detailed information.

FRC isinitialized to H'0000 by areset, in standby mode, and when the module standby function is
used.

11.2.2  Output Compare Registers A and B (OCRA and OCRB)

Bit: 15 14 13 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W . R/W R/W R/W R/W

OCR is composed of two 16-bit read/write registers (OCRA and OCRB). The contents of OCR are
always compared to the FRC value. When the two values are the same, the output compare flags
in FTCSR (OCFA and OCFB) are set to 1.

When the OCR and FRC values are the same (compare match), the output level values set in the
output level bits (OLVLA and OLVLB) are output to the output compare pins (FTOA and FTOB).
After areset, FTOA and FTOB output O until the first compare match occurs.

Because OCR is a 16-bit register, data transfers involving the CPU are performed via a temporary
register (TEMP). See section 11.3, CPU Interface, for more detailed information.

OCRisinitialized to H'FFFF by areset, in standby mode, and when the module standby function
isused.
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11.2.3 Input Capture Register (FICR)

Bit: 15 14 13 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0
R/W:

FICR isa16-bit read-only register. When arising edge or falling edge of the input capture signal
(FTI pin) is detected, the current FRC valueistransferred to FICR. At the same time, the input
capture flag (ICF) in FTCSR is set to 1. The edge of the input signal can be selected using the
input edge select bit (IEDG) in TCR.

Because FICR is a 16-hit register, data transfers involving the CPU are performed via a temporary
register (TEMP). See Section 11.3, CPU Interface, for more detailed information.

FICR isinitialized to H'0000 by areset, in standby mode, and when the modul e standby function
isused.

11.24 Timer Interrupt Enable Register (TIER)

Bitt 7 6 5 4 3 2 1 0

Bitname:  ICE | — | — | — | OCIAE| OCIBE | OVIE | — |
Initial value: 0 0 0 0 0 0 0 1
RW:  R/W — — — RW RW RW  —

TIER is an 8-bit read/write register that controls enabling of all interrupt requests. TIER is
initialized to H'01 by areset, in standby mode, and when the modul e standby function is used.

Bit 7—Input Capture Interrupt Enable (ICIE): Selects enabling/disabling of the ICI interrupt
reguest when the input capture flag (ICF) in FTCSR isset to 1.

Bit 7: ICIE Description
0 Interrupt request (ICI) caused by ICF disabled (Initial value)
1 Interrupt request (ICI) caused by ICF enabled

Bits 6 to 4—Reserved: These bits aways read 0. The write value should always be 0.
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Bit 3—Output Compare Interrupt A Enable (OCIAE): Selects enabling/disabling of the OCIA
interrupt request when the output compare flag A (OCFA) in FTCSR is set to 1.

Bit 3: OCIAE Description
0 Interrupt request (OCIA) caused by OCFA disabled (Initial value)
1 Interrupt request (OCIA) caused by OCFA enabled

Bit 2—Output Compare Interrupt B Enable (OCIBE): Selects enabling/disabling of the OCIB
interrupt request when the output compare flag B (OCFB) in FTCSR is set to 1.

Bit 2: OCIBE Description
0 Interrupt request (OCIB) caused by OCFB disabled (Initial value)
1 Interrupt request (OCIB) caused by OCFB enabled

Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects enabling/disabling of the OV I interrupt
request when the overflow flag (OVF) in FTCSR is set to 1.

Bit 1: OVIE Description
0 Interrupt request (OVI) caused by OVF disabled (initial value)
1 Interrupt request (OVI) caused by OVF enabled

Bit 0—Reserved: This bit always reads 1. The write value should always be 1.

11.25 Free-Running Timer Control/Status Register (FTCSR)

Bitt 7 6 5 4 3 2 1 0

Bitname:| ICF | — | — | — | OCFA | OCFB | OVF | CCLRA|
Initial value: 0 0 0 0 0 0 0 0
RW: RIW)*  — — —  RIW)* RIW)* R(W)* RMW

Note: * For bits 7, and 3 to 1, the only value that can be written is O (to clear the flags).

FTCSR isan 8-hit register that selects counter clearing and controls interrupt request signals.
FTCSRisinitialized to H'00 by areset, in standby mode, and when the module standby function is
used. See section 11.4, Operation, for the timing.

Bit 7—Input Capture Flag (ICF): Status flag that indicates that the FRC value has been sent to
FICR by the input capture signal. Thisflag is cleared by software and set by hardware. It cannot
be set by software.
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Bit 7: ICF Description

0 Clear conditions: When ICF is read while set to 1, and then 0 is written
to it (Initial value)
1 Set conditions: When the FRC value is sent to FICR by the input

capture signal

Bits 6 to 4—Reserved: These bits aways read 0. The write value should always be 0.

Bit 3—Output Compare Flag A (OCFA): Status flag that indicates when the values of the FRC
and OCRA match. Thisflagis cleared by software and set by hardware. It cannot be set by
software.

Bit 3: OCFA Description

0 Clear conditions: When OCFA is read while set to 1, and then O is
written to it (Initial value)

1 Set conditions: When the FRC value becomes equal to OCRA

Bit 2—Output Compare Flag B (OCFB): Status flag that indicates when the values of FRC and
OCRB match. Thisflag is cleared by software and set by hardware. It cannot be set by software.

Bit 2: OCFB Description

0 Clear conditions: When OCFB is read while set to 1, and then 0 is
written to it (Initial value)

1 Set conditions: When the FRC value becomes equal to OCRB

Bit 1—Timer Overflow Flag (OVF): Status flag that indicates when FRC overflows (from H'FFFF
to H'0000). Thisflag is cleared by software and set by hardware. It cannot be set by software.

Bit 1: OVF Description

0 Clear conditions: When OVF is read while set to 1, and then O is
written to it (Initial value)

1 Set conditions: When the FRC value changes from H'FFFF to H'0000

Bit 0—Counter Clear A (CCLRA): Selects whether or not to clear FRC on compare match A
(signd indicating match of FRC and OCRA).

Bit 0: CCLRA Description
0 FRC clear disabled (Initial value)
1 FRC cleared on compare match A
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11.26 Timer Control Register (TCR)

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ IEDG \ — \ — \ — \ — \ — \ CKS1 \ CKSO0 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TCRisan 8-bit read/write register that selects the input edge for input capture and selects the
input clock for FRC. TCRisinitialized to H'00 by areset, in standby mode, and when the module
standby function is used.

Bit 7—Input Edge Select (IEDG): Selects whether to capture the input capture input (FT1) on the
falling edge or rising edge.

Bit 7: IEDG Description
0 Input captured on falling edge (Initial value)
1 Input captured on rising edge

Bits 6 to 2—Reserved: These bits aways read 0. The write value should always be 0.

Bits 1 and 0—Clock Select (CKS1, CKS0): These bits select whether to use an external clock or
one of threeinternal clocks for input to FRC. The external clock is counted at the rising edge.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Internal clock: count at P¢/8 (Initial value)
1 Internal clock: count at P¢/32

1 0 Internal clock: count at P@/128
1 External clock: count at rising edge
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11.2.7 Timer Output Compare Control Register (TOCR)

Bit. 7 6 5 4 3 2 1 0
Bitname: | — | — | — | OCRS| — | — |OLVLA|OLVLB|
Initial value: 1 1 1 0 0 0 0 0
RIW:  — — _ RW RW RW RW RW

TOCR is an 8-bit read/write register that selects the output level for output compare and controls
switching between access of output compare registers A and B. TOCR isinitialized to H'EO by a
reset, in standby mode, and when the module standby function is used.

Bits 7 to 5—Reserved: These bits aways read 1. The write value should always be 1.

Bit 4—Output Compare Register Select (OCRS): OCRA and OCRB share the same address. The
OCRS bit controls which register is selected when reading/writing to this address. It does not
affect the operation of OCRA and OCRB.

Bit 4: OCRS Description
0 OCRA register selected (Initial value)
1 OCRSB register selected

Bits 3 and 2—Reserved: These bits always read 0. The write value should always be 0.

Bit 1—Output Level A (OLVLA): Selectsthe level output to the output compare A output pin
upon compare match A (signal indicating match of FRC and OCRA).

Bit 1: OLVLA Description
0 0 output on compare match A (Initial value)
1 1 output on compare match A

Bit 0—Output Level B (OLVLB): Selects the level output to the output compare B output pin
upon compare match B (signal indicating match of FRC and OCRB).

Bit 0: OLVLB Description
0 0 output on compare match B (Initial value)
1 1 output on compare match B
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11.3 CPU Interface

FRC, OCRA, OCRB, and FICR are 16-hit registers. The data bus width between the CPU and
FRT, however, is only 8 bits. Access of these three types of registers from the CPU therefore
needs to be performed via an 8-bit temporary register called TEMP.

The following describes how these registers are read from and written to:

e Writing to 16-bit Registers
The upper byte is written, which results in the upper byte of data being stored in TEMP. The
lower byteis then written, which resultsin 16 bits of data being written to the register when
combined with the upper byte valuein TEMP.

* Reading from 16-bit Registers
The upper byte of datais read, which results in the upper byte value being transferred to the
CPU. The lower byte value is transferred to TEMP. The lower byte is then read, which results
in the lower byte value in TEMP being sent to the CPU.

When registers of these three types are accessed, two byte accesses should always be performed,
first to the upper byte, then the lower byte. If only the upper byte or lower byte is accessed, the
datawill not be transferred properly.

Figure 11.2 and 11.3 show the flow of datawhen FRC is accessed. Other registers function in the
same way. When reading OCRA and OCRB, however, both upper and lower-byte datais
transferred directly to the CPU without passing through TEMP.
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(Write to upper byte)

(A e B et
upper 4mmm) Bus interface
byte

Data bus within module

TEMP
(H'AA)
FRCH FRCL
« ) « )
(Write to lower byte)
P . .
(,_535; Data bus within module
lower “ Bus interface
byte
TEMP
(H'AA)
FRCH FRCL
(HAA) (H'55)

Figure11.2 FRC Access Operation (CPU WritesH'AA55 to FRC)
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(Read from upper byte)

CPU

(HAA) 4P| Bus interface
upper
byte

Data bus within module

(Read from lower byte)

CPU

(H'55) _
lower ” Bus interface
byte

Data bus within module

TEMP
(H'AA)

iy

ﬁ

FRC H
()

FRC L
C )

Figure11.3 FRC Access Operation (CPU Reads H'AA55 from FRC)
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114  Operation

1141 FRC Count Timing

The FRC increments on clock input (internal or external).

Internal Clock Operation: Set the CKS1 and CKS0 hitsin TCR to select which of the three
internal clocks created by dividing system clock Po (P@/8, P@/32, P@/128) is used. Figure 11.4
shows the timing.

o ] LI LU LTI LI L

(¢
| )

Internal clock —I\ |\

(‘ ))
FRC input ,—l
clock «

(¢
U U

(C (C

FRC N-1 X 7 N o X N+1
P2 U

Figure11.4 Count Timing (Internal Clock Operation)

External Clock Operation: Set the CKS1 and CKSO bhitsin TCR to select the external clock.
External clock pulses are counted on the rising edge. Figures 11.5 shows the timing.

o [ L L LI L LT LT L

(¢

External clock S
input pin « | I_

D]

FRC input

clock « «
PJ D)

(¢ (

FRC N)) X N+1))

Figure11.5 Count Timing (External Clock Operation)
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114.2

Output Timing for Output Compare

When a compare match occurs, the output level set in the OLVL bit in TOCR is output from the
output compare output pins (FTOA, FTOB). Figure 11.6 shows the timing for output of output

compare A.

o MNP LT L

FRC

N

X

N+1

2 U
(¢

N

X N+1

(¢
U )

(¢

OCRA

(¢
U )7

(¢

Compare
match A

[

(¢
) ))

(C (C

signal

))
*Clear*

OLVLA

Output
compare A

(¢ ((

]

output pin
FTOA

) ))

Note: * | Indicates instruction execution by software

1143

Figure11.6 Output Timing for Output Compare A

FRC Clear Timing

FRC can be cleared on compare match A. Figure 11.7 shows the timing.

Po |

Compare
match A
signal \
FRC N H'0000
Figure11.7 CompareMatch A Clear Timing
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11.4.4  Input Capturelnput Timing

Either the rising edge or falling edge can be selected for input capture input using the IEDG bit in
TCR. Figure 11.8 shows the timing when therising edge is selected (IEDG = 1).

o | K |

Input capture

input pin c \‘
))

Input capture

signal («
g ))

Figure11.8 Input Capture Signal Timing (Normal)

When the input capture signal isinput when FICR isread (upper-byte read), the input capture
signal isdelayed by one cycle of Pg. Figure 11.9 shows the timing.

FICR upper-byte read cycle

| ™ |

Input capture

input pin «
)) \\AF\(
Input capture rmm = —L
signal « |

Figure11.9 Input Capture Signal Timing (Input Capture Input when FICR isRead)
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1145 Input CaptureFlag (ICF) Setting Timing

Input capture input sets the input capture flag (ICF) to 1 and simultaneously transfers the FRC
value to FICR. Figure 11.10 shows the timing.

o | L

Input capture

signal \

ICF

FRC \ \ N

FICR X N

Figure11.10 ICF Setting Timing

1146  Output Compare Flag (OCFA, OCFB) Setting Timing

The compare match signal output (when OCRA or OCRB matches the FRC value) sets output
compare flag OCFA or OCFB to 1. The compare match signal is generated in the last state in
which the values matched (at the timing for updating the count value that matched the FRC). After
OCRA or OCRB matches the FRC, no compare match is generated until the next increment
occurs. Figure 11.11 shows the timing for setting OCFA and OCFB.
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o | L

FRC N X N+1

OCRA, OCRB N

Compare match

signal \

OCFA, OCFB

Figure11.11 OCF Setting Timing

1147 Timer Overflow Flag (OVF) Setting Timing

FRC overflow (from H'FFFF to H'0000) sets the timer overflow flag (OVF) to 1. Figure 11.12
shows the timing.

Po

FRC H'FFFF >< H'0000

Overflow
signal

N\

OVF

Figure11.12 OVF Setting Timing
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11.5 Interrupt Sources

There are four FRT interrupt sources of three types (ICI, OCIA/OCIB, and OVI). Table 11.3 lists
the interrupt sources and their priorities after areset is cleared. The interrupt enable bitsin TIER
are used to enable or disable the interrupt bits. Each interrupt request is sent to the interrupt
controller independently. See section 4, Exception Handling, for more information about priorities
and the relationship to interrupts other than those of the FRT.

Table11.3 FRT Interrupt Sourcesand Priorities

Interrupt Source Description Priority
ICI Interrupt by ICF High
OCIA, OCIB Interrupt by OCFA or OCFB I

ovi Interrupt by OVF Low

11.6 Exampleof FRT Use

Figure 11.13 shows an example in which pulses with a 50% duty factor and arbitrary phase
relationship are output. The procedure is as follows:

1. Setthe CCLRA bitin FTCSRto 1.
2. The OLVLA and OLVLB bhits areinverted by software whenever a compare match occurs.

FRC Counter clear

OCRA -—>

OCRB ---

H'0000 ---

FTOA

FTOB

Figure11.13 Example of Pulse Output
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11.7  Usage Notes

Note that the following contention and operations occur when the FRT is operating:

11.7.1  Contention between FRC Write and Clear

When a counter clear signal is generated with the timing shown in figure 11.14 during the write
cyclefor the lower byte of FRC, writing does not occur to the FRC, and the FRC clear takes
priority.

FRC lower-byte write cycle

o | | ] L L L
Address X FRC address ><
Internal write —\—,7
signal
Counter clear
signal

FRC N >< H'0000

Figure11.14 Contention between FRC Writeand Clear

11.7.2  Contention between FRC Write and I ncrement

When an increment occurs with the timing shown in figure 11.15 during the write cycle for the
lower byte of FRC, no increment is performed and the counter write takes priority.
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FRC lower-byte write cycle

o | L] L] L L
Address 3< FRC address ><
Internal write
signal
FRC input ,—\
clock

FRC N ><4M

Write data

Figure11.15 Contention between FRC Writeand I ncrement

11.7.3  Contention between OCR Write and Compare Match

When a compare match occurs with the timing shown in figure 11.16, during the write cycle for
the lower byte of OCRA or OCRB, the OCR write takes priority and the compare match signa is

disabled.
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FRC lower-byte write cycle

I T I R O R

Address X OCR address ><
Internal write
signal

FRC N >< N+1
OCR N >< -« M
Write data
Compare match P i *
signal ' '
Disabled

Figure11.16 Contention between OCR and Compare Match

11.7.4  Internal Clock Switching and Counter Operation

FRC will sometimes begin incrementing because of the timing of switching between internal
clocks. Table 11.4 shows the relationship between internal clock switching timing (CKS1 and
CK S0 bit rewrites) and FRC operation.

When an internal clock is used, the FRC clock is generated when the falling edge of an internal
clock (created by dividing the system clock (Pg)) is detected. When a clock is switched to high
before the switching and to low after switching, as shown in case 3 in table 11.4, the switchover is
considered afalling edge and an FRC clock pulse is generated, causing FRC to increment. FRC
may also increment when switching between an internal clock and an external clock.
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Table11.4 Internal Clock Switching and FRC Operation

Timing of Rewrite of
No. CKS1 and CKSO Bits FRC Operation

1 Low-to-low switch

|
Clock before }
switching }
Clock after —\
switching

FRC clock |_|

FRC N >Q N+1 X

2 Low-to-high switch
|
Clock before i
switching K |
Clock after —\
switching / |
FRC clock |_| |_|

FRC N >< N+1 >€ N+ 2 X

|
Rewrite of CKS bit
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Table11.4 Internal Clock Switching and FRC Operation (cont)

Timing of Rewrite of
No. CKS1 and CKSO Bits FRC Operation

3 High-to-low switch
|
|
Clock before m
switching !
|
Clock after —\ |
switching i | \—
/ |
FRC clock |_| m
|
FRC N >< N+1 | >< N+ 2 X
4 High-to-high switch
|
Clock before :
switching }
|
Clock after —\
switching / |
FRC clock |_| |_|
FRC N >< N+1 N+2 | X

Rewrite of CKS bit
Note: Because the switchover is considered a falling edge, FRC starts counting up.

]

11.75 Timer Output (FTOA, FTOB)

During a power-on reset, the timer outputs (FTOA, FTOB) will be unreliable until the oscillation
stabilizes. Theinitial valueis output after the oscillation settling time has el apsed.
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Section 12 Watchdog Timer (WDT)

121 Overview

A single-channel watchdog timer (WDT) is provided on-chip for monitoring system operations. If
a system becomes uncontrolled and the timer counter overflows without being rewritten correctly
by the CPU, an overflow signal (WDTOVF) is output externally. The WDT can simultaneously
generate an internal reset signal for the entire chip.

When this watchdog function is not needed, the WDT can be used as an interval timer. In the
interval timer operation, an interval timer interrupt is generated at each counter overflow. The
WNDT is also used when recovering from standby mode, in modifying a clock frequency, and in
clock pause mode.

1211  Features
The WDT includes the following features.

» Can be switched between watchdog timer mode and interval timer mode.

«  WDTOVF output in watchdog timer mode
The WDTOVF signal is output externally when the counter overflows, and a simultaneous
internal reset of the chip can also be selected (either a power-on reset or manual reset can be
specified).

e Interrupt generation in interval timer mode
An interval timer interrupt is generated when the counter overflows.

« Used when standby mode s cleared or the clock frequency is changed, and in clock pause
mode.

e Choice of eight counter input clocks
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12.1.2 Block Diagram

Figure 12.1 shows a block diagram of the WDT.

<

|
I : ~Overflow -« @4 i
(Interrupt < Interrupt «— @128 !
request signal) || control 14— « @256 !
! |
l Clock | Clock [¢— #5312
| select [|[¢— 91024 !
| y «— Q2048 |
W TAN |
WDTOVF *H  pecet «— 08192 |
Internal | control «— @/16384 !
reset signal* I
T o e
! |
|
: . :
I v | 9
'l RSTCSR WTCNT WTCSR [P
| oo oofwiose ] |
e ) ) 2
| Bus L|E
i< Module bus >\ interface 1 >
|
! |
: |

@. See figure 3.1, Block Diagram of Clock Pulse Generator Circuit.

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter
RSTCSR: Reset control/status register

Note: The internal reset signal can be generated by a register setting. The type of reset can be
selected (power-on or manual reset).

Figure12.1 WDT Block Diagram

12.1.3 Pin Configuration
Table 12.1 shows the pin configuration.

Table12.1 Pin Configuration

Pin Abbreviation /O Function

Watchdog timer overflow WDTOVF (0] Outputs the counter overflow signal in
watchdog timer mode
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12.1.4 Register Configuration

Table 12.2 summarizes the three WDT registers. They are used to select the clock, switch the
WDT mode, and control the reset signal.

Table12.2 Register Configuration

Address
Name Abbreviation R/W Initial Value ~ Write™ Read*?2
Watchdog timer WTCSR R/(W)*3 H'18 H'FFFFFES8O0 H'FFFFFE80
control/status register
Watchdog timer WTCNT R/W H'00 H'FFFFFES80 H'FFFFFES81
counter
Reset control/status RSTCSR RI(W)*3  H'1F H'FFFFFE82 H'FFFFFE83
register

Notes: 1. Write by word access. It cannot be written by byte or longword access.
2. Read by byte access. The correct value cannot be read by word or longword access.
3. Only 0 can be written in bit 7 to clear the flag.

122  Register Descriptions

1221 Watchdog Timer Counter (WTCNT)

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | ] | | | |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

WTCNT isan 8-bit read/write register. The method of writing to WTCNT differs from that of
most other registersto prevent inadvertent rewriting. See section 12.2.4, Notes on Register Access,
for details. When the timer enable bit (TME) in the watchdog timer control/status register
(WTCSR) is set to 1, the watchdog timer counter starts counting pulses of an internal clock source
selected by clock select bits 2 to 0 (CKS2 to CKS0) in WTCSR. When the value of WTCNT
overflows (changes from H'FF to H'00), awatchdog timer overflow signal (WDTOVF) or interval
timer interrupt (1T1) is generated, depending on the mode selected in the WT/IT bit in WTCSR.
WTCNT isinitialized to H'00 by areset and when the TME bhit is cleared to 0. It isnot initialized
in standby mode, when the clock frequency is changed, or in clock pause mode.
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12.2.2 Watchdog Timer Control/Status Register (WTCSR)

Bitt 7 6 5 4 3 2 1 0
Bitname:| OVF | WT/T| TME | — | — | CKS2 | CKSL | CKsO
Initial value: 0 0 0 1 1 0 0 0
RW: RIW)* RW  RW R R RW  RW  RW

Note: * Only O can be written in bit 7, to clear the flag.

The watchdog timer control/status register (WTCSR) is an 8-bit read/write register. The method of
writing to WTCSR differs from that of most other registersto prevent inadvertent rewriting. See
section 12.2.4, Notes on Register Access, for details. Its functions include selecting the timer
mode and clock source. Bits 7 to 5 are initialized to 000 by areset, in standby mode and in clock
pause mode. Bits 2 to O are initialized to 000 by areset, but are not initialized in standby mode,
when the clock frequency is changed, or in clock pause mode.

Bit 7—Overflow Flag (OVF): Indicates that WTCNT has overflowed from H'FF to H'00 in
interval timer mode. It is not set in watchdog timer mode.

Bit 7: OVF Description

0 No overflow of WTCNT in interval timer mode (Initial value)
Cleared by reading OVF, then writing 0 in OVF

1 WTCNT overflow in interval timer mode

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or
interval timer. When WTCNT overflows, the WDT either generates an interval timer interrupt
(ITI) or generates a WDTOVF signal, depending on the mode sel ected.

Bit 6: WTAT Description

0 Interval timer mode: interval timer interrupt (IT1) request to the CPU
when WTCNT overflows (Initial value)

1 Watchdog timer mode: WDTOVF signal output externally when WTCNT

overflows. Section 12.2.3, Reset Control/Status Register (RSTCSR),
describes in detail what happens when WTCNT overflows in watchdog
timer mode
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Bit 5—Timer Enable (TME): Enables or disables the timer.

Bit 5: TME Description
0 Timer disabled: WTCNT is initialized to H'00 and count-up stops

(Initial value)
1 Timer enabled: WTCNT starts counting. A WDTOVF signal or interrupt

is generated when WTCNT overflows

Bits 4 and 3—Reserved: These bits alwaysread 1. The write value should always be 1.

Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS0): These hits select one of eight internal clock
sources for input to WTCNT. The clock signals are obtained by dividing the frequency of the
system clock (¢).

Description
Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKSO0 Clock Source Overflow Interval* (¢ = 60 MHz)
0 0 0 @4 (Initial value)  17.0 us
1 @128 544 ps
1 0 @256 1.1ms
1 @512 2.2ms
1 0 0 ©1024 4.4 ms
1 ©/2048 8.7 ms
1 0 /8192 34.8 ms
1 (/16384 69.6 ms

Note: * The overflow interval listed is the time from when the WTCNT begins counting at H'00 until
an overflow occurs.

12.2.3 Reset Control/Status Register (RSTCSR)

Bit.t 7 6 5 4 3 2 1 0

Bitname: | WOVF | RSTE | RSTS | — | — | — | — | — |
Initial value: 0 0 0 1 1 1 1 1
RW: RIW)* RW  RW R R R R R

Note: * Only O can be written in bit 7, to clear the flag.

RSTCSR is an 8-hit read/write register that controls output of the reset signal generated by
watchdog timer counter (WTCNT) overflow and selectsthe internal reset signal type. The method
of writing to RSTCSR differs from that of most other registersto prevent inadvertent rewriting.
See section 12.2.4, Notes on Register Access, for details. RSTCR isinitialized to H'1F by input of
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areset signal from the RES pin, but is not initialized by the internal reset signal generated by
overflow of the WDT. Itisinitialized to H'1F in standby mode, when the clock frequency is
changed, and in clock pause mode.

Bit 7—Watchdog Timer Overflow Flag (WOVF): Indicates that WTCNT has overflowed (from
H'FF to H'00) in watchdog timer mode. It is not set in interval timer mode.

Bit 7: WOVF Description
0 No WTCNT overflow in watchdog timer mode (Initial value)
Cleared by reading WOVF, then writing 0 in WOVF

1 Set by WTCNT overflow in watchdog timer mode

Bit 6—Reset Enable (RSTE): Selects whether to reset the chip internally if WTCNT overflowsin
watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when WTCNT overflows (Initial value)
LSI not reset internally, but WTCNT and WTCSR reset within WDT

1 Reset when WTCNT overflows

Bit 5—Reset Select (RSTS): Selects the type of internal reset generated if WTCNT overflowsin
watchdog timer mode.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

Bits 4 to 0—Reserved: These bits awaysread as 1. The write value should always be 1.

1224  Noteson Register Access

The watchdog timer’' sWTCNT, WTCSR, and RSTCSR registers differ from other registersin that
they are more difficult to write. The procedures for writing and reading these registers are given
below.

Writingto WTCNT and WTCSR: These registers must be written by aword transfer
instruction. They cannot be written by byte or longword transfer instructions. WTCNT and
WTCSR both have the same write address. The write data must be contained in the lower byte of
the written word. The upper byte must be H'5A (for WTCNT) or H'A5 (for WTCSR) (figure 12.2).
Thistransfers the write data from the lower byte to WTCNT or WTCSR.
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Writing to WTCNT

15 87 0
Address: H'FFFFFESO | H'5A | Write data |
Writing to WTCSR

15 87 0
Address: HFFFFFESO | H'A5 | Write data |

Figure12.2 Writingto WTCNT and WTCSR

Writing to RSTCSR: RSTCSR must be written by aword access to address H'FFFFFES2. It

cannot be written by byte or longword transfer instructions. Procedures for writing 0 in WOVF
(bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are different, as shown in figure 12.3. To
write 0 in the WOV F bit, the write data must be H'A5 in the upper byte and H'00 in the lower byte.
This clears the WOVF bit to 0. The RSTE and RSTS bits are not affected. To write to the RSTE
and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data. The values

of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits, respectively. The
WOVF bit is not affected.

Writing O to the WOVF bit

15 87 0
Address: H'FFFFFES2 \ H'A5 \ H'00 \
Writing to the RSTE and RSTS bits

15 87 0
Address: H'FFFFFES?2 \ H'5A \ Write data \

Figure12.3 Writingto RSTCSR

Reading from WTCNT, WTCSR, and RSTCSR: WTCNT, WTCSR, and RSTCSR are read
like other registers. Use byte transfer instructions. The read addresses are H'FFFFFESO for
WTCSR, H'FFFFFE8L for WTCNT, and H'FFFFFE83 for RSTCSR.

HITACHI

459




123  Operation

12.3.1 Operation in Watchdog Timer Mode

To use the WDT as awatchdog timer, set the WT/IT and TME bitsin WTCSR to 1. Software
must prevent WTCNT overflow by rewriting the WTCNT value (normally by writing H'00) before
overflow occurs. Thus, WTCNT will not overflow while the system is operating normally, but if
WTCNT failsto be rewritten and overflows occur due to a system crash or the like, aWDTOVF
signal isoutput (figure 12.4). The WDTOVF signal can be used to reset the system. The
WDTOVF signal is output for 512 ¢ clock cycles.

If the RSTE bitin RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneously with the WDTOVF signal when WTCNT overflows. Either a power-on reset or a
manual reset can be selected by the RSTS bit. The internal reset signal is output for 2048 ¢ clock
cycles.

If areset dueto the input signal from the RES pin and areset due to WDT overflow occur
simultaneously, the RES reset takes priority and the WOVF bit in RSTCSR is cleared to 0.
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WTCNT value
A Overflow
D i

1 N
AL S N l AN A Time

WTAT =1  H'00 written WOVF =1 WT/IT =1 H'00 written

TME =1 in WTCNT TME=1 inWTCNT
WDTOVF and

internal reset generated

v

d—>»
]

512 @clocks

WDTOVF
signal

Internal
reset
signal*

< »

2048 @ clocks

WT/IT: Timer mode select bit
TME: Timer enable bit

Note: Internal reset signal is generated only when the RSTE bit is set to 1.

Figure12.4 Operation in Watchdog Timer Mode
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12.3.2 Operationin Interval Timer Mode

To usethe WDT asan interval timer, clear WT/IT to 0 and set TME to 1in WTCSR. Aninterval
timer interrupt (ITI) is generated each time the watchdog timer counter (WTCNT) overflows. This
function can be used to generate interval timer interrupts at regular intervals (figure 12.5).

WTCNT value

- A Overflow Overflow Overflow Overflow

H00 T ¢ ¢ ¢ ¢ Time
WT/AT =0 ITI ITI ITI ITI
TME =1

ITI: Interval timer interrupt request generation

Figure12.5 Operation in Interval Timer Mode

12.3.3  Operation when Standby Modeis Cleared

The watchdog timer has a special function to clear standby mode with an NMI interrupt. When
using standby mode, set the WDT as described below.

Transition to Standby Mode: The TME bit in WTCSR must be cleared to 0 to stop the watchdog
timer counter before it enters standby mode. The chip cannot enter standby mode while the TME
bit is set to 1. Set bits CKS2 to CKS0 in WTCSR so that the counter overflow interval is equal to
or longer than the oscillation settling time. See section 23, Electrical Characteristics, for the
oscillation settling time.

Recovery from Standby M ode: When an NMI request signal is received in standby maode the
clock oscillator starts running and the watchdog timer starts counting at the rate selected by bits
CKS2 to CK SO before standby mode was entered. When WTCNT overflows (changes from H'FF
to H'00) the system clock (@) is presumed to be stable and usable; clock signals are supplied to the
entire chip and standby mode ends.

For details on standby mode, see section 22, Power Down Modes.
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12.3.4  Timing of Overflow Flag (OVF) Setting

Ininterval timer mode, when WTCNT overflows, the OVF flagin WTCSR is set to 1 and an
interval timer interrupt (1T1) isrequested (figure 12.6).

WTCNT \ H'FF>< H'00

!

Overflow signal
(internal signal) i

OVF |
(C
))

Figure12.6 Timing of OVF Setting

12.35 Timing of Watchdog Timer Overflow Flag (WOVF) Setting

When WTCNT overflows the WOVF flag in RSTCSR is set to 1 and aWDTOVF signal is outpuit.
When the RSTE bit isset to 1, WTCNT overflow enables an internal reset signal to be generated
for the entire chip (figure 12.7).

_

WTCNT \ H'FF>< H'00

Overflow signal

(internal signal) —_ S

WOVF

(¢
))

Figure12.7 Timing of WOVF Setting
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12.4  Usage Notes

1241 Contention between WTCNT Writeand Increment

If a count-up pulse is generated at the timing shown in figure 12.8 during a watchdog timer
counter (WTCNT) write cycle, the write takes priority and the timer counter is not incremented
(figure 12.8).

Address >< WTCNT address ><
Internal write
signal
WTCNT input
clock
WTCNT N >< « M

Counter write data

Figure 12.8 Contention between WTCNT Writeand I ncrement

12.4.2 Changing CKS2 to CK S0 Bit Values

If the values of bits CKS2 to CKS0 are altered while the WDT is running, the count may
increment incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) before
changing the values of bits CKS2 to CKS0.

12.4.3  Switching between Watchdog Timer Mode and Interval Timer Mode

The WDT may not operate correctly if it is switched between watchdog timer mode and interval
timer mode whileit is running.

To ensure correct operation, always stop the watchdog timer (by clearing the TME bit to 0) before
switching between watchdog timer mode and interval timer mode.
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1244  System Reset with WDTOVF

If aWDTOVF signal isinput to the RES pin, the device cannot initialize correctly. Avoid logical
input of the WDTOVF output signal to the RES input pin. To reset the entire system with the
WDTOVF signal, use the circuit shown in figure 12.9.

Chip
Reset input »—O RES
Reset signal to
entire system WDTOVF

Figure12.9 Example of Circuit for System Reset with WDTOVF Signal

1245 Internal Reset in Watchdog Timer Mode

If the RSTE bit is cleared to 0 in watchdog timer mode, the chip will not reset internally when a
WTCNT overflow occurs, but WTCNT and WTCSR in the WDT will reset.
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Section 13  Serial Communication Interface (SCI)

13.1 Overview

An on-chip serial communication interface (SCI) is provided that supports both asynchronous and
clocked synchronous serial communication. It also has a multiprocessor communication function
for serial communication among two or more processors.

A smart card interface is supported. This comprises smart card interface serial communication
functions conforming to ISO/IEC 7816-3 (Identification Card). For details, see section 14, Smart
Card Interface.

13.1.1 Features
The SCI has the following features.

» Choice of asynchronous or clock synchronous as the serial communication mode

Asynchronous mode:

0 Serial data communication is synchronized by the start-stop method in character units. The
SCI can communicate with a Universal Asynchronous Receiver/Transmitter (UART), an
Asynchronous Communication Interface Adapter (ACIA), or any other chip that employsa
standard asynchronous serial communication. (It can also communicate with two or more
other processors using the multiprocessor communication function.) There are twelve
selectable serial datatransfer formats.

Data length: seven or eight bits

Stop bit length: one or two bits

Parity: even, odd, or none

Multiprocessor hit: one or none

Receive error detection: parity, overrun, and framing errors

OoOooogodg

Clocked synchronous mode:

0 Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a clocked synchronous communication function. Thereis one serial
data transfer format.

O Datalength: eight bits

0 Receive error detection: overrun errors

¢ Full-duplex communication: Transmission and reception are independent, so the SCI can
transmit and receive simultaneously. Double buffering permits continuous data transfer in both
the transmit and receive directions.
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¢ On-chip baud-rate generator: Software selectable bit rates
e Internal or external transmit/receive clock source. Baud rate generator (internal) or SCK pin
(external)
e Four types of interrupts. Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently.

13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

Internal

Module data bus

data bus

SSR |

| ROR | | TDR | BRR —
m SCR < P
|
RxD—»[ | RSR |[| TSR SMR Baudrate |¢ | pg4
'y Transmit/ generator | byls
| receive «— @
! control «—— P@/64
TxD = - 1A A !
i Parlty generation t Clock !
SCK < Parity check External clock i
i i TEI
I Ly TXI
! i RXI|
I > ERI
e SCl---======—-~
RSR: Receive shift register SMR: Serial mode register

RDR: Receive data register SCR: Serial control register

TSR: Transmit shift register SSR: Serial status register

TDR: Transmit data register BRR: Bit rate register
Figure13.1 SCI Block Diagram
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13.1.3 Pin Configuration
Table 13.1 shows the SCI pins configuration.

Table13.1 Pin Configuration

Pin Name Abbreviation Input/Output Function

Serial clock pin SCK Input/output Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output

13.1.4 Register Configuration

Table 13.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or clock synchronous), specify the data format and bit rate, and control the
transmitter and receiver sections.

Table13.2 Register Configuration

Name Abbreviation R/W Initial Value Address Access size
Serial mode register SMR R/W H'00 H'FFFFFEOO 8
Bit rate register BRR R/W H'FF H'FFFFFEO1 8
Serial control register SCR R/W H'00 H'FFFFFEO2 8
Transmit data register TDR R/W H'FF H'FFFFFEO3 8
Serial status register SSR R/(W)" H'84 H'FFFFFEO4 8
Receive data register RDR R H'00 H'FFFFFEOS 8

Note: * The only value that can be written is a 0 to clear the flags.
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13.2 Register Descriptions

13.21 Receive Shift Register (RSR)

Bit: 7 6 5 4 3 2 1 0

Bnnamew ‘ ‘ ‘ ‘ ‘ ‘

RIW:  — — — — — — — —

The receive shift register (RSR) is an 8-bit register that receives serial data. Data input at the RxD
pinisloaded into RSR in the order received, LSB (bit O) first, converting the datato parallel form.
When one byte has been received, it is automatically transferred to RDR. The CPU cannot read or
writeto RSR directly.

13.2.2 Receive Data Register (RDR)

Bit: 7 6 5 4 3 2 1 0
Bhnamew ‘ ‘ ‘ ‘ ‘ ‘
Initial value: 0 0 0 0 0 0 0 0
R/W:

The receive data register (RDR) is an 8-bit register that stores seria receive data. The SCI

compl etes the reception of one byte of serial data by moving the received data from the receive
shift register (RSR) into RDR for storage. RSR is then ready to receive the next data. This double
buffering allows the SCI to receive data continuously.

The CPU can read but not write to RDR. RDR isinitialized to H'00 by areset and in standby and
modul e standby mode.

13.23 Transmit Shift Register (TSR)

Bit: 7 6 5 4 3 2 1 0

Bnnamew ‘ ‘ ‘ ‘ ‘ ‘

RIW:  — — — — — — — —

The transmit shift register (TSR) is an 8-bit register that transmits serial data. The SCI loads
transmit data from the transmit data register (TDR) into TSR, then transmits the data serially from
the TxD pin, LSB (bit O) first. After transmitting one data byte, the SCI automatically loads the
next transmit data from TDR into TSR and starts transmitting again. If the TDRE bitin SSRis 1,
however, the SCI does not |oad the TDR contents into TSR. The CPU cannot read or writeto TSR
directly.

470
HITACHI



13.2.4  Transmit Data Register (TDR)

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | ] | | | |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The transmit data register (TDR) is an 8-bit register that stores data for seria transmission. When
the SCI detects that the transmit shift register (TSR) is empty, it moves transmit data written in
TDR into TSR and starts serial transmission. Continuous serial transmission is possible by writing
the next transmit datain TDR during seria transmission from TSR.

The CPU can always read and writeto TDR. TDR isinitialized to H'FF by areset and in standby
and module standby mode.

13.25 Serial Mode Register (SMR)

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ C/A \ CHR \ PE \ O/E \ STOP \ MP \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
The serial mode register (SMR) is an 8-hit register that specifies the SCI seria transfer format and
selects the clock source for the baud rate generator.

The CPU can always read and writeto SMR. SMRisinitialized to H'00 by areset and in standby
and module standby mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or clocked
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Clocked synchronous mode
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data in asynchronous mode. In clocked
synchronous mode, the data length is always eight bits, regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data

When 7-bit data is selected, the MSB (bit 7) of the transmit data register
is not transmitted

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data, in asynchronous mode. In clocked synchronous mode, a parity bit is neither
added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked

When PE is setto 1, an even or ogd parity bit is added to transmit data,
depending on the parity mode (O/E) setting. Receive data parity is
checked according to the even/odd (O/E) mode setting

Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked. The
O/E setting is used only in asynchronous mode and only when the parity enable bit (PE) is set to 1
to enable parity addition and checking. The O/E setting isignored in clocked synchronous mode,
and in asynchronous mode when parity addition and checking is disabled.

Bit 4: O/E Description
0 Even parity (Initial value)

If even parity is selected, the parity bit is added to transmit data to make
an even number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an even number of
1s in the received character and parity bit combined

1 Odd parity

If odd parity is selected, the parity bit is added to transmit data to make
an odd number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an odd number of 1s
in the received character and parity bit combined
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Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length in asynchronous
mode. This setting is used only in asynchronous mode. It isignored in clocked synchronous mode
because no stop hits are added.

Bit 3: STOP Description

0 One stop bit (Initial value)
In transmitting, a single 1-bit is added at the end of each transmitted
character

1 Two stop bits

In transmitting, two 1-bits are added at the end of each transmitted
character

In receiving, only thefirst stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1, it istreated as a stop hit, but if the second stop bit is 0, it is treated as the start bit of
the next incoming character.

Bit 2—M ultiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format is
selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored. The MP bit
setting is used only in asynchronous mode; it isignored in clocked synchronous mode. For the
multiprocessor communication function, see section 13.3.3, Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKS0): These hits select the internal clock source of
the built-in baud rate generator. Four clock sources are available. Pg, P@/4, P@/16 and Pp/64. For
further information on the clock source, bit rate register settings, and baud rate, see section 13.2.8,
Bit Rate Register.

Bit 1. CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 Po/4
1 0 P@/16
1 P@/64
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13.26  Serial Control Register (SCR)

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The serial control register (SCR) operates the SCI transmitter/receiver, selects the serial clock
output in asynchronous mode, enables/disables interrupts, and selects the transmit/receive clock
source. The CPU can always read and write to SCR. SCR isinitialized to H'00 by areset and in
standby and module standby modes.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI1) requested when the transmit data register empty bit (TDRE) in the seria status register
(SSR) is set to 1 dueto transfer of serial transmit datafrom TDR to TSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled (Initial value)

The TXI interrupt request can be cleared by reading TDRE after it has
been set to 1, then clearing TDRE to 0, or by clearing TIE to 0

1 Transmit-data-empty interrupt request (TXI) is enabled

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
requested when the receive data register full bit (RDRF) in the serial status register (SSR) is set to
1 dueto transfer of seria receive datafrom RSR to RDR. It also enables or disables receive-error
interrupt (ERI) requests.

Bit 6: RIE Description
0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are disabled (Initial value)

RXI and ERI interrupt requests can be cleared by reading the RDRF
flag or error flag (FER, PER, or ORER) after it has been set to 1, then
clearing the flag to O, or by clearing RIE to 0

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are enabled
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Bit 5—Transmit Enable (TE): Enables or disablesthe start of SCI serial transmitting operations.

Bit5: TE Description

0 Transmitter disabled (Initial value)
The transmit data register empty bit (TDRE) in the serial status register
(SSR) is locked at 1

1 Transmitter enabled

Serial transmission starts when the transmit data register empty (TDRE)
bit in the serial status register (SSR) is cleared to 0 after writing of
transmit data into TDR. Select the transmit format in SMR before setting
TEto 1

Bit 4—Receive Enable (RE): Enables or disables the SCI serial receiver.

Bit 4: RE Description

0 Receiver disabled (Initial value)
Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER,
ORER). These flags retain their previous values

1 Receiver enabled

Serial reception starts when a start bit is detected in asynchronous
mode, or synchronous clock input is detected in clocked synchronous
mode. Select the receive format in SMR before setting RE to 1

Bit 3—M ultiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is used only in asynchronous mode, and only if the multiprocessor mode bit
(MP) in the serial mode register (SMR) is set to 1 during reception. The MPIE setting isignored in
clocked synchronous mode or when the MP bit is cleared to 0.
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Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation)
(Initial value)

MPE is cleared to 0 when MPIE is cleared to 0, or the multiprocessor bit
(MPB) is set to 1 in receive data

1 Multiprocessor interrupts are enabled

Receive-data-full interrupt requests (RXI), receive-error interrupt
requests (ERI), and setting of the RDRF, FER, and ORER status flags
in the serial status register (SSR) are disabled until the multiprocessor
bit is set to 1

The SCI does not transfer receive data from RSR to RDR, does not
detect receive errors, and does not set the RDRF, FER, and ORER
flags in the serial status register (SSR). When it receives data that
includes MPB = 1, MPB is set to 1 in SSR, and the SCI automatically
clears MPIE to O, generates RXI and ERI interrupts (if the TIE and RIE
bits in SCR are set to 1), and enables the FER and ORER bits to be set

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt (TEI)
requested if TDR does not contain new valid transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled* (Initial value)
1 Transmit-end interrupt (TEI) requests are enabled*

Note: * The TEI request can be cleared by reading the TDRE bit in the serial status register (SSR)
after it has been set to 1, then clearing TDRE to 0; by clearing the transmit end (TEND) bit
to 0; or by clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the combination of CKE1 and
CKEQ, the SCK pin can be used for general-purpose input/output, serial clock output, or serial
clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in clocked synchronous mode, or when an
external clock sourceis selected (CKEL = 1). Select the SCI operating mode in the serial mode
register (SMR) before setting CKEL and CKEQO. For further details on selection of the SCI clock
source, seetable 13.10 in section 13.3, Operation.
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Bit 1: BitO0:
CKE1l CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input signal
is ignored)*?

Clocked synchronous mode Internal clock, SCK pin used for synchronous clock

output*?
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*?
Clocked synchronous mode Internal clock, SCK pin used for synchronous clock
output
1 0 Asynchronous mode External clock, SCK pin used for clock input*3
Clocked synchronous mode External clock, SCK pin used for synchronous clock
input
1 1 Asynchronous mode External clock, SCK pin used for clock input*3

Clocked synchronous mode External clock, SCK pin used for synchronous clock
input

Notes: 1. Initial value
The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.

n

13.2.7 Serial Status Register (SSR)

Bit. 7 6 5 4 3 2 1 0

Bitname: | TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value: 1 0 0 0 0 1 0 0
RW: RIW)*  RIW)* RIW)* RIW)* R(W* R R RIW

Note: * The only value that can be written is a 0 to clear the flag.

The serial status register (SSR) is an 8-hit register containing multiprocessor bit values, and status
flags that indicate the SCI operating status.

The CPU can always read and write to SSR, but cannot write 1 in the status flags (TDRE, RDRF,
ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read (after
being set to 1). Bits2 (TEND) and 1 (MPB) are read-only bits that cannot be written. SSR is
initialized to H'84 by areset and in standby and module standby mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from TDR into TSR and new serial transmit data can be writtenin TDR.

Bit 7: TDRE Description

0 TDR contains valid transmit data
TDRE is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE

1 TDR does not contain valid transmit data (Initial value)

TDRE is set to 1 when the chip is reset or enters standby mode, the TE bit in the
serial control register (SCR) is cleared to 0, or TDR contents are loaded into
TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains received data.

Bit 6: RDRF Description

0 RDR does not contain valid receive data (Initial value)
RDREF is cleared to 0 when the chip is reset or enters standby mode, or software
reads RDRF after it has been set to 1, then writes 0 in RDRF

1 RDR contains valid received data

RDREF is set to 1 when serial data is received normally and transferred from RSR
to RDR

Note: RDR and RDRF are not affected by detection of receive errors or by clearing of the RE bit
to 0 in the serial control register. They retain their previous contents. If RDRF is still setto 1
when reception of the next data ends, an overrun error (ORER) occurs and the received
data is lost.

Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an overrun

error.

Bit 5. ORER Description

0 Receiving is in progress or has ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the ORER bit,
which retains its previous value
ORER is cleared to 0 when the chip is reset or enters standby mode, or software
reads ORER after it has been set to 1, then writes 0 in ORER

1 A receive overrun error occurred
RDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is set to 1. In
clocked synchronous mode, serial transmitting is disabled
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1
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Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to aframing
error in asynchronous mode.

Bit 4: FER

Description

0

Receiving is in progress or has ended normally (Initial value)

Clearing the RE bit to 0 in the serial control register does not affect the FER bit,
which retains its previous value

FER is cleared to 0 when the chip is reset or enters standby mode, or software
reads FER after it has been set to 1, then writes 0 in FER

A receive framing error occurred

When the stop bit length is two bits, only the first bit is checked. The second stop
bit is not checked. When a framing error occurs, the SCI transfers the receive
data into RDR but does not set RDRF. Serial receiving cannot continue while
FER is set to 1. In clocked synchronous mode, serial transmitting is also disabled

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0

Bit 3—Parity Error (PER): Indicates that data reception (with parity) ended abnormally dueto a
parity error in asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the PER bit,
which retains its previous value
PER is cleared to 0 when the chip is reset or enters standby mode, or software
reads PER after it has been set to 1, then writes 0 in PER

1 A receive parity error occurred

When a parity error occurs, the SCI transfers the receive data into RDR but does
not set RDRF. Serial receiving cannot continue while PER is set to 1. In clocked
synchronous mode, serial transmitting is also disabled

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SMR)

479
HITACHI



Bit 2—Transmit End (TEND): Indicates that when the last bit of a seria character was
transmitted, TDR did not contain valid data, so transmission has ended. TEND is aread-only bit
and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress

TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE

1 End of transmission (Initial value)

TEND is set to 1 when the chip is reset or enters standby mode, TE is cleared to
0 in the serial control register (SCR), or TDRE is 1 when the last bit of a one-byte
serial character is transmitted

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data when
amultiprocessor format is selected for receiving in asynchronous mode. MPB is aread-only bit
and cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0 (Initial value)

If RE is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value

1 Multiprocessor bit value in receive data is 1

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode. The
MPBT setting isignored in clocked synchronous mode, when a multiprocessor format is not
selected, or when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1
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13.2.8 Bit Rate Register (BRR)

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | ] | | | |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The bit rate register (BRR) is an 8-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK SO hitsin the serial mode register (SMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to BRR. BRR isinitialized to H'FF by areset, by the module
standby function, and in standby mode.

Table 13.3 shows examples of BRR settings in asynchronous mode; table 13.4 shows examples of
BRR settings in clocked synchronous mode.
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Table 13.3 Bit Ratesand BRR Settingsin Asynchronous Mode

Po (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51  0.16 0 54 070 O 63  0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -248 0 15 0.00 0 19 234
9600 0 6 -6.99 0 6 -248 0 7 0.00 0 -2.34
19200 0 2 8.51 0 2 13.78 O 3 0.00 0 —-2.34
31250 0 1 0.00 0 1 4.86 0 1 2288 0 0.00
38400 0 1 -18.62 0 1 -14.67 0 1 0.00 —_ = =
Po (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95  0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47  0.00 0 51 0.16 0 63  0.00 0 64 0.16
4800 0 23  0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 0.00 0 -6.99 0 0.00 0 1.73
31250 0 -784 0 3 0.00 0 4 -1.70 0 4 0.00
38400 0 2 0.00 0 2 8.51 0 0.00 0 1.73
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Table 13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

Po (MHz)
6 6.144 7.37288 8
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2777 0.16 2 79  0.00 2 95  0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79  0.00 0 95  0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 -234 0 9 0.00 0 11  0.00 0 12 0.6
31250 0 0.00 0 2.40 0 6 5.33 0 7 0.00
38400 0 4 -234 0 4 0.00 0 5 0.00 0 6 —6.99
Pg (MHz)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -025 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 7 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77  0.16 1 79  0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63  0.00 0 64 0.16 0 77  0.16 0 79  0.00
9600 0 31 0.00 0 32 -136 O 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 9 -1.70 0 9 0.00 0 11  0.00 0 11 2.40
38400 0 0.00 0 1.73 0 9 -234 0 9 0.00
483

HITACHI



Table 13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

Po (MHz)
14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 0.70 3 70 0.03 3 86 0.31 3 88 -0.25
150 2 191 0.00 2 207 0.16 2 255 0.00 3 64 0.16
300 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
1200 1 95  0.00 1 103 0.16 1 127 0.00 1 129 0.16
2400 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
4800 0 95  0.00 0 103 0.16 0 127 0.00 0 129 0.16
9600 0 47  0.00 0 51  0.16 0 63  0.00 0 64 0.16
19200 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
31250 0 14 -170 O 15 0.00 0 19 -170 O 19 0.00
38400 0 11  0.00 0 12 0.16 0 15  0.00 0 15 173
Po (MHz)
24 24.576 28.7 30
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 0.31 3 132 0.13
150 3 77 0.16 3 79 0.00 3 92 0.46 3 97 -0.35
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 77  0.16 2 79  0.00 2 92  0.46 2 97 -0.35
1200 1 155 0.16 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 77  0.16 1 79  0.00 1 92  0.46 1 97 -0.35
4800 0 155 0.16 0 159 0.00 0 186 -0.08 O 194 0.16
9600 0 77 0.16 0 79 0.00 0 92 0.46 0 97 -0.35
19200 0 38 0.16 0 39 0.00 0 46 -061 O 48  -0.35
31250 0 23 0.00 0 24 -170 O 28 -103 O 29  0.00
38400 0 19 -234 0 19 0.00 0 22 1.55 0 23 1.73
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Table 13.4 Bit Ratesand BRR Settingsin Clocked Synchronous Mode

Po (MHz)
Bit Rate 4 8 16 28.7 30
(bits/s) n N n N n N n N n N
110 — — — — — — — — — —
250 2 249 3 124 3 249 — — — —
500 2 124 2 249 3 124 3 223 3 233
1k 1 249 2 124 2 249 3 111 3 116
2.5k 1 99 1 199 2 99 2 178 2 187
5k 0 199 1 99 1 199 2 89 2 93
10k 0 99 0 199 1 99 1 178 1 187
25k 0 39 0 79 0 159 1 71 1 74
50k 0 19 0 39 0 79 0 143 0 149
100k 0 0 19 0 39 0 71 0 74
250k 0 0 0 15 — — 0 29
500k 0 0 3 0 7 — — 0 14
M 0 0* 0 1 0 3 — — — —
2M 0 o* 0 1 — — — —
Note: Settings with an error of 1% or less are recommended.

Explanation of symbols:
Blank:  No setting possible
—:  Setting possible, but error occurs
*. Continuous transmission/reception not possible
The BRR setting is calculated as follows:
Asynchronous mode:

P
Nz— %y 106_1
64 x 22n-1 x B

Clocked synchronous mode:

P
N=— @ 4106-1
8X22n_lXB

B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
P@: Peripheral module clock (MHz)

n: Baud rate generator input clock source (n =0, 1, 2, 3) (For the clock sources and values

of n, see table 13.5.)
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Table13.5 SMR Settings

SMR Settings

n Clock Source CKs1 CKSO0
0 Po 0 0
1 P4 0 1
2 P@/16 1 0
3 P/64 1 1

The bit rate error for asynchronous mode is given by the following equation:

Po x108
0 L - H x100

0p) =
Etror (%) ON+1)xBx64x220-1 ]

Table 13.6 shows the maximum bit rates in asynchronous mode when the baud rate generator is
being used. Tables 13.7 and 13.8 show the maximum rates for external clock input.

Table13.6 Maximum Bit Ratesfor Various Frequencies with Baud Rate Generator

(Asynchronous M ode)
Settings
Po (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table 13.7 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

Po (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
49152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 49152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750

Table 13.8 Maximum Bit Rateswith External Clock Input (Clocked Synchronous M ode)

Po (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
8 1.3333 1333333.3
16 2.6667 2666666.7
24 4.0000 4000000.0
28.7 4.7833 4783333.3
30 5.0000 5000000.0
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13.3  Operation

13.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are
synchronized individually, and a clocked synchronous mode in which communication is
synchronized with clock pulses. Asynchronous/clocked synchronous mode and the transfer format
are selected in the serial mode register (SMR), as shown in table 13.9. The SCI clock sourceis
selected by the C/A bit in the serial mode register (SMR) and the CKE1 and CKEO bitsin the
seria control register (SCR), as shown in table 13.10.

Asynchronous M ode:

« Datalength is selectable. seven or eight bits.

e Parity and multiprocessor hits are selectable, asis the stop bit length (one or two hits). The
preceding selections congtitute the transfer format and character length.

¢ Inreceiving, it is possible to detect framing errors, parity errors, overrun errors.
e Aninterna or external clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the built-in baud rate generator,
and can output a seria clock signal with a frequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The built-in baud rate generator is not used.)

Clocked Synchronous Mode:

* Thetransfer format has afixed eight-bit data length.
e Inrecelving, it is possible to detect overrun errors.
* Aninterna or externa clock can be selected as the SCI clock source.
0 When aninternal clock is selected, the SCI operates using the built-in baud rate generator,
and outputs a synchronous clock signal to external devices.
0 When an external clock is selected, the SCI operates on the input synchronous clock. The
built-in baud rate generator is not used.
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Table13.9 Serial Mode Register Settingsand SCI Transfer For mats

SMR Settings

SCI Communication Format

Bit7 Bit6 Bit5 Bit2 Bit3 Data Parity  Multipro- Stop Bit
Mode C/A CHR PE MP STOP Length Bit cessor Bit Length
Asynchronous 0 0 0 0 0 8-bit Not set Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
Asynchronous 0 0 * 1 0 8-bit Not set Set 1 bit
(multiprocessor * 1 2 bits
format) . —
1 * 0 7-bit 1 bit
* 1 2 bits
Clocked 1 * * * * 8-bit Not set Not set None
synchronous

Note: Asterisks (*) in the table indicate don't care bits.

Table13.10 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Settings

SCI Transmit/Receive Clock

Bit7 Bitl BitO
Mode C/IA CKE1 CKEO Clock Source SCK Pin Function
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
1 Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16 times
the bit rate
1
Clocked synch- 1 0 0 Internal Outputs the synchronous clock
ronous 1
1 0 External Inputs the synchronous clock
1
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13.3.2 Operation in Asynchronous Mode

In asynchronous mode, each transferred character begins with a start bit and ends with a stop bit.
Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication lineis normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One seria character consists of a start bit (low), data (L SB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes on the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit rate.
Receive datais latched at the center of each bit.

Idle (mark) state

1 (LSB) (MSB) 1
Seria||0|DO|D1|D2|D3|D4|D5|D6|D7|O/1‘1 1
data -

Start Parity|  Stop
bit bit bit
PP Transmit/receive data Wy -~

1 bit1 7 or 8 bits | 1or | 1or
no bit 2 bits

One unit of communication data (character or frame)

A
\ 4

Figure 13.2 Example of Data Format in Asynchronous Communication
(8-Bit Data with Parity and Two Stop Bits)
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Transfer Formats: Table 13.11 shows the 12 transfer formats that can be selected in
asynchronous mode. The format is selected by settings in the serial mode register (SMR).

Table13.11 Serial Transfer Formats (Asynchronous M ode)

SMR Bits Serial Transmit/Receive Format and Frame Length

CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12

0O 0 0 0 |START| 8-bit data  sToP|

0 0 0 1 |START| 8-bit data | STOP | STOP |

0 1 0 0 |START| 8-bit data | P sTOP|

0 1 0 1 |START| 8-bit data | P |STOP | STOP|
1 0 0 0 |START| 7-bit data  sTOP|

1 0 0 1 |START| 7-bit data | STOP| STOP |

1 1 0 0 |START| 7-bit data | P |STOP|

1 1 0 1 |START| 7-bit data | P |STOP sTOP|

0 — 1 0 |START| 8-bit data | MPB | STOP |

0 — 1 1 |START| 8-bit data | MPB | STOP | STOP|
1 — 1 0 |START| 7-bit data | MPB | STOP |

1 — 1 1 |START| 7-bit data | MPB | STOP | STOP|

Note: —:  Don't care bits.

START: Start bit

STOP: Stop bit

P: Parity bit

MPB:  Multiprocessor bit
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Clock: Aninternal clock generated by the built-in baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transfer clock. The clock sourceis selected by the
C/A bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the serial control register
(SCR) (table 13.10).

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned asin figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

[ v A O I A A

| o |po|p1|D2|D3|D4|D5|D6|D7|0/L| 1 1

1 frame

< »
< >

Figure 13.3 Output Clock and Serial Data Timing (Asynchronous M ode)
Transferring Data

SCI Initialization (Asynchronous M ode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in the serial control register (SCR), then initiaize the SCI as follows.

When changing the operation mode or transfer format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 shows a sample flowchart for initializing the SCI. The procedure for initializing the
SCl isasfollows:

1. Select thetransfer format in the serial mode register (SMR).
2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external
clock is used.

3. Select the clock sourcein the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE
and RE cleared to 0. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is made in SCR.
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4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
seria control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE as necessary. Setting TE
or RE enables the SCI to use the TxD or RxD pin. Theinitial states are the mark state when
transmitting, and the idle state when receiving (waiting for a start hit).

( Initialization >
[
Clear TE and RE bits in SCRto 0

Select transfer format @
in SMR
I
Set value in BRR @)

Set CKE1 and CKEQO bits in SCR @
(TE and RE bits are 0)

i Wait

Has a 1-bit
interval elapsed?

No

Set TE and RE bits in SCR to 1 and
set RIE, TIE, TEIE, and MPIE bits @

( = )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous M ode): Figure 13.5 shows a sample flowchart for
transmitting serial data. The procedure for transmitting serial datais as follows:

1. SCI status check and transmit data write: read the seria status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit data register (TDR) and clear TDRE
to 0.

2. Serial transmission continuation procedure: to continue transmitting serial data, read 1 from the
TDRE bit to confirm that writing is possible, then write datain TDR, then clear TDRE to 0.

( Start transmission >

»

Read TDRE bit in SSR @

No

Yes

Write transmit data to TDR and
clear TDRE bit in SSR to 0

Read TEND bit in SSR

No

Yes

( End transmission >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure 13.5 Sample Flowchart for Transmitting Serial Data
In transmitting serial data, the SCI operates as follows:

1. The SCI monitorsthe TDRE bit in SSR. When TDRE is cleared to 0, the SCI recognizes that
the transmit dataregister (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).
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. After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) isset to 1 in SCR, the SCI
requests a transmit-data-empty interrupt (TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a. Start bit: one 0-bit is output.

b. Transmit data: seven or eight bits of data are output, L SB first.

c. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor bit
is output. Formats in which neither a parity bit nor a multiprocessor bit is output can also
be selected.

d. Stop bit: one or two 1-bits (stop bits) are output.

Mark state: output of 1-bits continues until the start bit of the next transmit data.

. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new
datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND hit to 1 in SSR, outputs the stop bit, then
continues output of 1-bits (mark state). If the transmit-end interrupt enable bit (TEIE) in SCR
isset to 1, atransmit-end interrupt (TEI) is requested.

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit  bit Data bit  bit 1
Sg”f' | 0 | Do| D1|))|D7| om_| 1 | 0 | Do| D1l D7|(y1| 1 Idle
ata 5 $ (mark)
state

I(¢

))
TDRE |
(C
))

TEND T T T
(« «
»

| | | ’ A
TXlinterrupt  TXI interrupt TXI interrupt

request handler writes request TE! interrupt
generated  datato TDR generated request
and clgars generated
TDRE bitto 0
A 1 frame g

Figure13.6 Exampleof SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and One Stop Bit)
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Receiving Serial Data (Asynchronous Mode): Figure 13.7 shows a sample flowchart for
receiving seria data. The procedure for receiving serial datais as follows:

1. Receive error handling: if areceive error occurs, read the ORER, PER and FER bits of the SSR
to identify the error. After executing the necessary error handling, clear ORER, PER and FER
all to 0. Receiving cannot resume if ORER, PER or FER remain set to 1.

2. SCI status check and receive-data read: read the serial status register (SSR), check that RDRF
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determineif the RDRF bit has changed from O to 1.

3. To continue receiving serial data: read the RDRF and RDR bits and clear RDRF to 0 before the
stop bit of the current frame is received.

< Start reception >

Read ORER, PER, and FER
bits in SSR

PER, FER, ORER =17?

No

Error handling

Read RDRF bit in SSR ®

=

Yes

Read receive data in RDR, and @
clear RDRF bitin SSRto 0

All data received?

Clear RE bhitin SCRto 0

< End reception )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.7 Sample Flowchart for Receiving Serial Data
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< Error handling

—

Yes

Overrun error handling

‘l
P

Yes

Framing error handling

Parity error handling

P

Clear ORER, PER, and
FER bits in SSR to 0

( End

—/

Figure13.7 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

1. The SCI monitors the receive data line. When it detects a start bit (0), the SCI synchronizes
internally and starts receiving.

2. Receive datais shifted into RSR in order from LSB to MSB.

3. The parity bit and stop bit are received. After receiving these bits, the SCI makes the following
checks:

a. Parity check: the number of 1sin the receive data must match the even or odd parity setting
of the O/E bitin SMR.

b. Stop bit check: the stop bit value must be 1. If there are two stop bits, only the first stop bit
is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from RSR into RDR.

If these checks all pass, the SCI sets RDRF to 1 and stores the received datain RDR. If one of
the checks fails (receive error), the SCI operates asindicated in table 13.11.

Note: When areceive error flag is set, further receiving is disabled. In reception, the RDRF
bit isnot set to 1. Be sure to clear the error flags.

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1 in SCR,
the SCI requests areceive-data-full interrupt (RX1). If one of the error flags (ORER, PER, or
FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in SCR isalso set to 1, the
SCI requests areceive-error interrupt (ERI).

Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Table13.12 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not loaded
RDRF is still setto 1 in SSR from RSR into RDR
Framing error FER Stop bitis 0 Receive data loaded from
RSR into RDR
Parity error PER Parity of receive data differs from  Receive data loaded from

even/odd parity setting in SMR RSR into RDR
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Start Parity Stop Start Parity Stop

bit Data bit  bit  bit Data bit  bit 1
i )) ))
Senal o |po|p1| [p7|on| 1|0 po|p1| |p7]0n] 0 | Idle
ata $ §5 (mark)
‘ state
RDRF ,—I_(
(C (
)) * ))
RXI interrupt
FER ) request generated .
) ‘ )) T
1 frame > RXI interrupt ERI interrupt
handler reads request generated
data and clears by framing error
RDRF bitto 0

Figure13.8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

I'n multiprocessor communication, each receiving processor is addressed by aunique ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor hit distinguishes | D-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which it
wants to communicate as data with the multiprocessor bit set to 1. Next, the transmitting processor
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with I Ds not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain thisway.

Figure 13.9 shows an example of communication among processors using the multiprocessor
format.
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Transmitting

processor

v Serial communication line

Y v v Y
Receiving Receiving Receiving Receiving

processor A

Serial
data

(ID=01)

processor B

(ID=02)

processor C

(ID = 03)

processor D

(ID = 04)

H'01

(MPB = 1)

H'AA

(MPB = 0)

A

\ 4
A

»
>

ID transmit cycle =
receiving station
specification

Data transmit cycle =
data transmission to
receiving station specified
by ID

MPB: Multiprocessor bit

Figure 13.9 Example of Communication among Processor s Using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)

Transfer Formats: Four formats are available. Parity-bit settings are ignored when the
multiprocessor format is selected. For details see table 13.8.

Clock: See the description in the asynchronous mode section.

Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for
transmitting multiprocessor serial data. The procedure for transmitting multiprocessor serial datais
asfollows:

1. SCI status check and transmit data write: read the seria status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit dataregister (TDR). Also set the MPBT
(multiprocessor bit transfer) bit to 0 or 1 in SSR. Finally, clear TDRE to 0.

2. Serial transmission continuation procedure; to continue transmitting serial data, read the TDRE

bit to check whether it is safe to write (if it reads 1); if so, write datain TDR, then clear TDRE
to 0.
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( Start transmission )

[¢
[C

| Read TDREbitinSSR | @)

e

Yes

Write transmit data to TDR
and set MPBT bit in SSR

| Clear TDRE bit to 0 |

| Read TEND bit in SSR |

—

Yes

( End transmission )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data
In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit dataregister (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCR is set to 1, the SCI
requests a transmit-data-empty interrupt (TXI1) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a. Start bit: one O bit is outpuit.

Transmit data: seven or eight bits are output, LSB first.

Multiprocessor bit: one multiprocessor bit (MPBT value) is output.

Stop bit: one or two 1-bits (stop bits) are output.

Mark state: output of 1-bits continues until the start bit of the next transmit data.

® 20 o
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3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads data
from TDR into TSR, outputs the stop bit, then begins serial transmission of the next frame. If
TDRE is 1, the SCI setsthe TEND bit in SSR to 1, outputs the stop bit, then continues output
of 1-bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in SCRissetto 1, a
transmit-end interrupt (TEI) is requested at thistime.

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
Start bit Stop Start bit Stop
Serial 1 bit D%ta y bit bit D%ta v hit 1
o |0|D0|D1 D7|0/1|1|0|D0|D1 D7|0/1|1 Idle
ata ) £ (mark)
State

TDRE j ) |

wo || 1 “

I | | !

TXlinterrupt  TXI interrupt TXI interrupt TEl interrupt
request handler writes request request
generated datato TDR generated generated

and clears
‘ TDRE bitto 0
‘ 1 frame "

Figure13.11 Example of SCI Multiprocessor Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

Receiving M ultiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving
multiprocessor serial data. The procedure for receiving multiprocessor serial datais as follows.

1. ID receive cycle: set the MPIE bit in the serial control register (SCR) to 1.

2. SCI status check, 1D reception and comparison: read the seria status register (SSR), check that
RDRF is set to 1, then read data from the receive data register (RDR) and compare with the
processor’sown ID. If the ID does not match the receive data, set MPIE to 1 again and clear
RDREF to 0. If the ID matches the receive data, clear RDRF to 0.

3. Receive error handling: if areceive error occurs (figure 13.12 (cont)), read the ORER and FER
bitsin SSR to identify the error. After executing the necessary error handling, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remains set to 1.

4. SCI status check and data receiving: read SSR, check that RDRF is set to 1, then read data
from the receive data register (RDR).
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< Start reception )

»
>

| SetMPIEbitinSCRto1 | (@)
|
Read ORER and FER
bits in SSR

FER =1 or ORER = 17?

| ReadRDRFbItnSSR | @

Yes
| Read receive data in RDR |

Is ID this
processor’s ID?

Yes [«
Read ORER and FER
bits in SSR

FER =1 or ORER =17

| ReadRDRFbItinSSR | @

Yes

| Read receive data in RDR |

®

( Error handling >

All data received?

| Clear RE bit in SCR 10 0 |

I
( End reception )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.12 Sample Flowchart for Receiving M ultiprocessor Serial Data
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( Error handling

—

No

Yes

Overrun error handling

P

No

Yes

Framing error handling

»
P>

Clear ORER and
FER bits in SSRto 0

(e )

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)

504
HITACHI




Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
1 bit (D) MPB bit bt (datal) MPB bit 1
Sg”f" o|Do|D1|”|D7|1 1|o|Do|D1|”|D7|o|1 Idle
ata ) 55 (mark)
State

(¢ (¢

2 )/
MPB |
(C

N

: 5
MPIE )

RDRF q / "
RDR ¢ / / \ § \
value I(d X/ \ « ID1 \

=z v \

RXI interrupt request RXI interrupt handler ID is not this No RXI
(multiprocessor reads RDR data processor’s ID, interrupt
interrupt) and clears RDRF so MPIE bit is generated;
generated, MPIE = 0 bitto O set to 1 again RDR state
is held

Figure 13.13 Example of SCI Receive Operation
(Own 1D Does Not Match Data, 8-Bit Data with Multiprocessor Bit and One Stop Bit)
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Start Data Stop Start Data Stop

1 bit (ID2) MPB bit bit (Data2) MPB  bit 1
Serial 0|D0|D1|;;|D7|1 1| O|DO|D1|;|D7|O|1(mar|lc(ii|r']r5
% £
MPB . |
) —
MPIE

RDRF ; / \; ,7‘_|\
B N

e ¢ |

RXI interrupt RXI interrupt ID is that of MPIE
request handler this processor, bit setto 1
(multiprocessor reads RDR data S0 reception again
interrupt) and clears continues unchanged
generated, RDRF bitto 0 and data is received
MPIE =0 by the RXI interrupt
handler

Figure 13.13 Example of SCI Receive Operation
(Own 1D Matches Data, 8-Bit Data with Multiprocessor Bit and One Stop Bit) (cont)

13.34  Clocked Synchronous Operation

In clocked synchronous mode, the SCI transfers data in synchronization with clock pulses. This
mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full duplex communication is possible while
sharing the same clock. The transmitter and receiver are also double buffered, so continuous
transfer is possible by reading or writing data while transfer isin progress.

Figure 13.14 shows the general format in clocked synchronous serial communication.
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Transfer direction
One unit of communication data (character or frame)

<
< >

Serial clock T

LSB MSB
Serial data Bit 0 )( Bit 1)( Bit 2 )( Bit 3 )( Bit 4 )( Bit 5 )( Bit 6 )( Bit 7

Note: High level except in continuous transfer.

Figure 13.14 Data Format in Clocked Synchronous Communication

In clocked synchronous serial communication, each data bit is output on the communication line
from one falling edge of the serial clock to the next. Datais guaranteed valid at the rising edge of
the serial clock. In each character, the seria data bits are transmitted in order from LSB (first) to
MSB (last). After output of the MSB, the communication line remainsin the state of the MSB. In
clocked synchronous mode, the SCI receives data by synchronizing with the rising edge of the
serial clock.

Transfer Format: The datalength isfixed at eight bits. No parity bit or multiprocessor bit can be
added.

Clock: Aninternal clock generated by the built-in baud rate generator or an external clock input
from the SCK pin can be selected as the SCI clock source. The clock source is selected by the C/A
bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the seria control register (SCR).
Seetable 13.9.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transferred character. When the SCI is not transmitting or receiving, the
clock signal remainsin the high state.

In receive-only operations, the SCI performs receive operations with two characters as one unit,
and therefore a 16-pulse serial clock is output. To perform receive operations using a one-
character unit, an external clock should be selected as the clock source.

Figure 13.15 shows an example of SCI transmit operation. In transmitting serial data, the SCI
operates as follows.

1. The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data and loads this datafrom TDR into the
transmit shift register (TSR).
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2. After loading the datafrom TDR into TSR, the SCI sets the TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCR is set to 1, the SCI
requests a transmit-data-empty interrupt (TXI1) at thistime.

If clock output mode is selected, the SCI outputs eight synchronous clock pulses. If an external
clock source is selected, the SCI outputs data in synchronization with the input clock. Datais
output from the TxD pin in order from LSB (bit 0) to MSB (bit 7).

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
datafrom TDR into TSR, transmits the MSB, then begins seria transmission of the next frame.
If TDRE is 1, the SCI setsthe TEND bit in SSR to 1, transmits the MSB (bit 7), then holds the
transmit data pin (TxD) in the MSB state. If the transmit-end interrupt enable bit (TEIE) in
SCRisset to 1, atransmit-end interrupt (TEI) isrequested at thistime.

4. After the end of seria transmission, the SCK pinisheld in the high state.

Transfer direction
-

Serial clock
LSB « MSB «
. . . U . . . U . .
Serial data Bit 0 X Bit1 X S X Bit 7} Bit 0 X Bit 1 X S X Bit 6 X Bit 7
5
TDRE .
A A 7 A
TEND « «
U U A
TXI interrupt TXI interrupt TXI interrupt TEI interrupt
request handler writes data request request
generated to TDR and clears  generated generated
TDRE bitto 0
1 frame

Figure 13.15 Example of SCI Transmit Operation
Transferring Data

SCI Initialization (Clocked Synchronous Mode): Before transmitting or receiving, software
must clear the TE and RE bitsto 0 in the serial control register (SCR), then initialize the SCI as
follows.

When changing the mode or communication format, always clear the TE and RE bitsto O before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.
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Figure 13.16 shows a sample flowchart for initializing the SCI. The procedure for initializing the

SCl isasfollows.

1. Select thetransfer format in the serial mode register (SMR).

2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external

clock is used.

3. Select the clock source in the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE

and RE cleared to 0.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the

seria control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE.

Note: In simultaneous transmission/reception, the TE bit and RE bit should be cleared to 0 or set

to 1 simultaneously.

C

Initialization >

Clear TE and RE bits in SCRto 0

Set transfer format in SMR @)

Set value in BRR @

Set RIE, TIE, TEIE, MPIE, CKEL1,

and CKEQO bits in SCR ®

(TE and RE are 0)

[ Wait

Has a 1-bit
period elapsed?

No

Set TE and RE bits in SCR to 1 and
set RIE, TIE, TEIE, and MPIE bits

C

End >

Note: Circled numbers refer to the preceding description of the procedure in the text.

@

Figure13.16 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Clocked Synchronous Mode): Figure 13.17 shows a sample
flowchart for transmitting serial data. The procedure for transmitting serial datais asfollows.

1. SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit data register (TDR) and clear TDRE
to 0.

2. Serial transmission continuation procedure: to continue transmitting serial data, read the TDRE
bit to check whether it is safe to write (if it reads 1); if so, write datain TDR, then clear TDRE
toO.

< Start transmission >

le
Il

Read TDRE bit in SSR @)

No

Yes

Write transmssion data to TDR
and clear TDRE bit in SSR to 0

All data transmitted?

Read TEND bit in SSR

No

Yes
Clear TE bitin SCRto 0

|
< End transmission >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure13.17 Sample Flowchart for Serial Transmitting
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Receiving Serial Data (Clocked Synchronous Mode): Figure 13.18 shows a sample flowchart
for receiving serial data. Use the following procedure for serial data reception. When switching
from asynchronous mode to clocked synchronous mode, make sure that ORER, PER, and FER are
cleared to O. If PER or FER isset to 1, the RDRF bit will not be set and transfer will be disabled.
Figure 13.19 shows an example of the SCI receive operation.

The procedure for receiving serial datais as follows:

1. Receive error handling: if areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transfer cannot resume if
ORER remains set to 1.

2. SCI status check and receive data read: read the serial status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to O.
The RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1.

3. To continue receiving serial data: read the receive data register (RDR) and clear the RDRF bit
to 0 before the MSB (bit 7) of the current frame is received.
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( Start reception )

Lt |

Read ORER bit in SSR

)

Yes
ORER = 1? | D
No ( Error processing
Read RDRF bit in SSR ®

No

Yes

Read receive data in RDR and @
clear RDRF bitin SSRto 0

All data received?

Clear RE bitin SCR to 0

( End reception >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure 13.18 Sample Flowchart for Serial Receiving
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( Error handling >

No

Yes

Overrun error handling

!

Clear ORER bit in SSR to 0
|

( = )

Figure13.18 Sample Flowchart for Serial Receiving (cont)

Transfer direction
4—

seratoiooc | [ | [ LTI LT LTI
Sggg:XBit?XBitOXff X Bit7 X Bito X Bit1 X ffXBitGXBit?
P P

(«
7

RDRF |

(«

ORER // I \ « |_

(¢
7 \ U f

RXlinterrupt | RXI interrupt RXI interrupt ERI interrupt
request handler reads request request
generated |data and clears generated generated

RDRF bit to 0 by overrun
B R error
1 frame

Figure 13.19 Example of SCI Receive Operation
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In receiving, the SCI operates as follows:

The SCI synchronizes with serial clock input or output and initializes internally.

Receive datais shifted into RSR in order from LSB to MSB. After receiving the data, the SCI
checks that RDRF is 0 so that receive data can be loaded from RSR into RDR. If this check
passes, the SCI sets RDRF to 1 and stores the received datain RDR. If the check does not pass
(receive error), the SCI operates asindicated in table 13.8. No further transmit or receive
operations are possible in this state. The RDRF bit is not set to 1. Be sure to clear the error
flag.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in SCR,
the SCI requests a receive-data-full interrupt (RXI). If the ORER hit is set to 1 and the receive-
data-full interrupt enable bit (RIE) in SCR isaso set to 1, the SCI requests a receive-error
interrupt (ERI).

Transferring Serial Data Simultaneoudy (Clocked Synchronous Mode): Figure 13.20 shows
asample flowchart for transferring serial data simultaneously. The procedure for transmitting and
receiving seria data simultaneously is as follows:

1

SCI status check and transmit data write: read the seria status register (SSR), check that the
TDRE bit is 1, then write transmit datain the transmit data register (TDR) and clear TDRE to
0. The TXI interrupt can also be used to determine if the TDRE hit has changed from 0 to 1.
Receive error handling: if areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transfer cannot resume if
ORER remains set to 1.

SCI status check and receive data read: read the serial status register (SSR), check that RDRF
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determineif the RDRF bit has changed from O to 1.
Serial transfer continuation procedure: to continue transferring serial data, read the RDRF bit
and RDR, and clear RDRF to 0 before the MSB (bit 7) of the current frame is received. Also
read the TDRE bit to check whether it is safe to write (if it reads 1); if so, write datain TDR,
then clear TDRE to 0 before the MSB (bit 7) of the current frame is transmitted.
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( Start transfer >

|
1

Read TDRE bit in SSR @)

No

Yes

Write transmit data to TDR
and clear TDRE bitin SSRto 0

»
71

Read ORER bit in SSR ®

Yes

ORER =17

No < Error handling >

Read RDRF bit in SSR ®

No

Yes

Read receive data in RDR
and clear RDRF bitin SSR to 0 @

All data
transferred?

No

Clear TE and RE bits
inSCRto 0
I

( End transmission/reception >

Note: When switching from transmitting or receiving to simultaneous transfer, clear both TE
and RE to 0, then set both TE and RE to 1.
Circled numbers refer to the preceding description of the procedure in the text.

Figure13.20 Sample Flowchart for Serial Transmitting/Receiving
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134  SCI Interrupt Sourcesand the DMAC

The SCI has four interrupt sourcesin each channel: transmit-end (TEI), receive-error (ERI),
receive-data-full (RX1), and transmit-data-empty (TX1). Table 13.13 lists the interrupt sources and
indicates their priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE
bitsin the seria control register (SCR). Each interrupt request is sent separately to the interrupt
controller.

TXI isrequested when the TDRE bit in SSRis set to 1.
RXI isrequested when the RDRF bit in SSRis set to 1.
ERI is requested when the ORER, PER, or FER bitin SSRis set to 1.

TEI isrequested when the TEND bit in SSR is set to 1. Where the TXI interrupt indicates that
transmit data writing is enabled, the TEI interrupt indicates that the transmit operation is complete.

Table 13.13 SCI Interrupt Sources

Interrupt Source Description Priority
ERI Receive error (ORER, PER, or FER) High
RXI Receive data register full (RDRF) 1
TXI Transmit data register empty (TDRE) !
TEI Transmit end (TEND) Low

See section 4, Exception Handling, for information on the priority order and relationship to non-
SCI interrupts.

13,5 Usage Notes

Note the following points when using the SCI.

1351 TDR Writeand TDRE Flag

The TDRE bit in the serial status register (SSR) is a status flag indicating loading of transmit data
from TDR into TSR. The SCI sets TDRE to 1 when it transfers datafrom TDR to TSR. Data can
be written to TDR regardless of the TDRE bit status. If new dataiswrittenin TDR when TDRE is
0, however, the old data stored in TDR will be lost because the data has not yet been transferred to
TSR. Before writing transmit datato TDR, be sure to check that TDRE is set to 1.
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1352 Simultaneous Multiple Receive Errors

Table 13.14 indicates the state of the SSR status flags when multiple receive errors occur
simultaneously. When an overrun error occurs, the RSR contents cannot be transferred to RDR, so
receive dataislost.

Table13.14 SSR Status Flagsand Transfer of Receive Data

Receive Data
SSR Status Flags

Transfer
Receive Error Status RDRF ORER FER PER RSR - RDR
Overrun error 1 1 0 0 X
Framing error 0 0 1 0 (0]
Parity error 0 0 0 1 (0]
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 (0]
Overrun error + framing error + parity 1 1 1 1 X

error

Note: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.

13.5.3 Break Detection and Processing

In the break state, the input from the RxD pin consists of all 0s, so FER is set and the parity error
flag (PER) may also be set. In the break state, the SCI receiver continues to operate, so if the FER
bitisclearedto O, it will be set to 1 again.

1354 ReceiveError Flagsand Transmitter Operation (Clocked Synchronous M ode
Only)

When areceive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting
even if TDRE isset to 1. Be sure to clear the receive error flags to 0 before starting to transmit.
Note that clearing RE to O does not clear the receive error flags.

1355 Receive Data Sampling Timing and Receive Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a base clock of 16 times the bit rate frequency. In
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it samples on
the base clock. Receive datais latched on the rising edge of the eighth base clock pulse. See figure
13.21.
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P 16 clocks |

D 8 clocks V‘

CLK 0123456 78 91011121314150 1 2 3 456 7 8 910111213141501 23 4 5

_ —7.5clocks :: +7.5 clocks

Receive —|

data (RxD) L. Startbit il DO | [ o1

Synchronization
sampling [y

timing

Data

sampling v v
timing

Figure 13.21 Receive Data Sampling Timing in Asynchronous Mode
The receive margin in asynchronous mode can therefore be expressed as in equation 1.

Equation 1:

M%@B—ig—ﬂ—an_

|D - 0.5|
2N N

(1 +F)| x 100%

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D = 0-1.0)

Frame length (L = 9-12)

Absolute deviation of clock frequency

mr oz

From eguation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by equation 2.

Equation 2:

D=05F=0
M = (0.5 — 1/(2 x 16)) x 100% = 46.875%

Thisisatheoretical value. A reasonable margin to allow in system designs is 20-30%.
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135.6 Cautionsfor Clocked Synchronous External Clock Mode

e Set TE = RE =1 only when external clock SCK is 1.

e Donot set TE = RE =1 until at least four clock cycles after external clock SCK has changed
fromOto 1.

*  When receiving, RDRF is set to 1 when RE is cleared to 0, 2.5-3.5 clocks after the rising edge
of the RxD D7 bit SCK input, but it cannot be copied to RDR.

13.5.7 Caution for Clocked Synchronous Internal Clock Mode

When receiving, RDRF is set to 1 when RE is cleared to 0, 1.5 clocks after the rising edge of the
RxD D7 bit SCK output, but it cannot be copied to RDR.
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Section 14 Smart Card Interface

141 Overview

An IC card (smart card) interface conforming to the ISO/IEC 7816-3 (Identification Card) data
transmission protocol format (T = 0; asynchronous full-duplex character transmission protocol) is
supported as a serial communication interface (SCI) extension function. Register settings are used
to switch between the ordinary serial communication interface and the smart card interface.

1411 Features
The smart card interface has the following features:

¢ Asynchronous mode

Data length: 8 bits

Parity bit generation and check

Receive mode error signal detection (parity error)

Error signal detection and automatic data retransmission in transmit

Direct convention and inverse convention both supported

e On-chip baud rate generator any bit rate to be supported.

« Threeinterrupt sources: Transmit-data-empty, receive-data-full, and communication-error
interrupts are requested independently.

Oo0Oood

521
HITACHI



14.1.2

Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

)

|
I
|
| ]
| Q
I g
| 9] Internal
i Module data bus z data bus
' J U8
I m |
: |
L1 |
i | RDR | | TDR | SCMR [ BRR !
| SSR !
|
! SCR |
|
! SMR Baud rate «———Pg
| enerator
RxD—» | RSR ||| TSR Transmissions| | ° <—i— P4
P4 reception «—— P16
I control |
D «— ' P64
XD <+ |
| Parity generation | 4 } clock | ¢ !
| Parity check :
I External clock I
SCK = : I
| Ly TXI
! > RXI
| — ERI
D SCl-———mm -
SCMR: Smart card mode register

RSR:
RDR:
TSR:
TDR:
SMR:
SCR:
SSR:
BRR:

Receive shift register
Receive data register
Transmit shift register
Transmit data register
Serial mode register
Serial control register
Serial status register
Bit rate register
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14.1.3

Pin Configuration

Table 14.1 shows the smart card interface pins.

Table14.1 Pin Configuration

Pin Name Abbreviation Input/Output Function

Serial clock pin SCK Output Clock output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output

1414

Register Configuration

Table 14.2 shows the registers used by the smart card interface. The SMR, BRR, SCR, TDR, and

RDR registers are the same as in the ordinary SCI function. They are described in section 13,

Serial Communication Interface.

Table14.2 Register Configuration

Name Abbreviation R/W Initial Value*® Address Access Size
Serial mode register SMR R/W H'00 H'FFFFFEOO 8
Bit rate register BRR R/W H'FF H'FFFFFEO1 8
Serial control register SCR R/W H'00 H'FFFFFEO2 8
Transmit data register TDR R/W H'FF H'FFFFFEO3 8
Serial status register SSR R/(W)* H'84 H'FFFFFEO4 8
Receive data register RDR R H'00 H'FFFFFEO5 8
Smart card mode register SCMR R/W *2 H'FFFFFEO6 8
Notes: 1. Only O can be written, to clear the flags.

2. Bits 0, 2, and 3 are cleared. The value of the other bits is undefined.

3. Initialized by a power-on, manual reset, or standby mode.
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14.2  Register Descriptions

This section describes the registers added for the smart card interface and the bits whose functions
are changed.

1421 Smart Card Mode Register (SCMR)

The smart card mode register (SCMR) is an 8-bit read/write register that selects smart card
interface functions. SMR bits 0, 2, and 3 areinitialized to 0 by areset and in standby mode.

Bitt 7 6 5 4 3 2 1 0
Bitname: | — | — | — | — | SDIR | SNV | — | SMF |

Initial value: — — — — 0 0 — 0

RIW: — — _ — RW  RW — RIW

Bits 7 to 4 and 1—Reserved: An undefined value will be returned if these bits are read.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion format.

Bit 3: SDIR Description

0 Contents of TDR are transferred LSB first, receive data is stored in RDR
LSB first (Initial value)

1 Contents of TDR are transferred MSB first, receive data is stored in RDR
MSB first

Bit 2—Smart Card Data Inversion (SINV): Specifies whether to invert the logic level of the data
This function is used in combination with bit 3 for transmitting and receiving with an inverse
convention card. SINV does not affect the logic level of the parity bit. See section 14.3.4, Register
Settings, for information on how parity is set.

Bit 2: SINV Description

0 Contents of TDR are transferred unchanged, receive data is stored in RDR
unchanged (Initial value)

1 Contents of TDR are inverted before transfer, receive data is inverted before

storage in RDR
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Bit 0—Smart Card Interface Mode Select (SMIF): Enables the smart card interface function.

Bit 0: SMIF Description
0 Smart card interface function disabled (Initial value)
1 Smart card interface function enabled

14.2.2 Serial Mode Register (SMR)

In the smart card interface mode, the function of SMR bit 7 is changed.

Bit.t 7 6 5 4 3 2 1 0
Bit name: GM(C/A) CHR | PE | O/E | STOP | MP | CKSL | CKSO |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—GSM Mode: Setsthe smart card interface function to GSM mode. With the normal smart
card interface, this bit is cleared to 0. Setting this bit to 1 selects GSM mode, an additional mode
for controlling the timing for setting the TEND flag that indicates completion of transmission, and
the type of clock output used. The details of the additional clock output control mode are specified
by the CKE1 and CKEQ hitsin the serial control register (SCR).

Bit 7: GM Description

0 Normal smart card interface mode operation (Initial value)
1. The TEND flag is set 12.5 etu after the beginning of the start bit
2. Clock output on/off control only

1 GSM mode smart card interface mode operation
1. The TEND flag is set 11.0 etu after the beginning of the start bit
2. Clock output on/off and fixed-high/fixed-low control (set in SCR)

Bits 6 to 0: These hits have the same function as in the ordinary SCI. See section 13, Serial
Communication Interface, for more information.
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14.2.3 Serial Control Register (SCR)

In the smart card interface mode, the function of SCR bits 1 and 0 is changed.

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 2: These hits have the same function as in the ordinary SCI. See section 13, Serial
Communication Interface, for more information.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits specify the function of the SCK
pin. In the smart card interface mode, an internal clock is always used as the internal clock source.
In thismode, it is possible to specify afixed high level or fixed low level for the clock output, in
addition to the usual switching between enabling and disabling of the clock output.

SMR: GM (C/A) Bit 1: CKE1 Bit 0: CKEO Description

0 0 0 Input pin (input ignored)
1 Clock output as SCK output pin
1 0 Invalid setting; do not set
1 Invalid setting; do not set
1 0 0 Fixed low output as output pin
1 Clock output as output pin
1 0 Fixed high output as output pin
1 Clock output as output pin

1424  Serial Status Register (SSR)

In the smart card interface mode, the function of SSR bit 4 is changed. The setting conditions for
bit 2, the TEND bit, are also changed.

Bitt 7 6 5 4 3 2 1 0

Bitname:  TDRE | RDRF | ORER FER/ER§ PER | TEND | MPB | MPBT |
Initial value: 0 0 0 0 0 1 0 0
RW: RIW)* RIW)* RIW)* RIW)* R(W)* R R RIW

Note: * Only O can be written, to clear the flag.
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Bits 7 to 5: These hits have the same function as in the ordinary SCI. See section 13, Serial
Communication Interface, for more information.

Bit 4—Error Signa Status (ERS): In the smart card interface mode, bit 4 indicates the status of the
error signa returned from the receiving side during transmission. The smart card interface cannot
detect framing errors.

Bit 4: ERS Description

0 Receiving ended normally with no error signal (Initial value)

ERS is cleared to 0 when the chip is reset or enters standby mode, or when
software reads ERS after it has been set to 1, then writes 0 in ERS

1 An error signal indicating a parity error was transmitted from the receiving side
ERS is set to 1 if the error signal sampled is low
Note: The ERS flag maintains its status even when the TE bit in SCSCRL1 is cleared to 0.

Bit 3—Parity Error (PER): This bit has the same function as in the ordinary SCI. See section 13,
Serial Communication Interface, for more information.

Bit 2—Transmit End (TEND): The setting conditions for bit 2, Transmit End (TEND), are shown
below.

Bit 2: TEND Description

0 Transmission is in progress

TEND is cleared to 0 when software reads TDRE after it has been set to 1,
then writes 0 in TDRE

1 Transmission has ended (Initial value)
TEND is set to 1 when:

< the chip is reset or enters standby mode
e the TE bitin SCR is 0 and the FER/ERS bit is also 0
e the GM bitin SMR is 0, and TDRE = 1 and FER/ERS = 0 (normal
transmission) 2.5 etu after a one-byte serial character is transmitted
e the GM bitin SMR is 1, and TDRE = 1 and FER/ERS = 0 (normal
transmission) 1.0 etu after a one-byte serial character is transmitted
etu: Elementary time unit (time for transfer of 1 bit)

The TEND generation timing is shown in figure 14.2.
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Vo data | ps[po[p1]p2[p3]p4][ps|ps[p7[Dp] IDE! |

Guardi
I time_:

(TEND interrupt) = 12.5 ew iﬁ GM =0
11.0 etu |

- 7 GM=1

Figure14.2 TEND Generation Timing

Bits 1 and 0: These bits have the same function as in the ordinary SCI. See section 13, Serial
Communication Interface, for more information.

14.3  Operation

14.3.1 Overview

The smart card interface supports a protocol system T = 0; asynchronous duplex character
transmission protocol conforming to the ISO/IEC 7816-3 standard. The transmission protocol
configuration is shown in figure 14.3. Its primary functions are described below.

1. Each frame consists of 8 data bits and 1 parity bit.

2. During transmission, a guard time of at least 2 etu (elementary time units: time for transfer of 1
bit) isleft from the end of the parity bit to the start of the next frame.

3. During reception, alow error signal level isoutput for 1 etu after 10.5 etu has elapsed from the
start bit if aparity error was detected.

4. During transmission, it automatically transmits the same data after allowing at least 2 etu from
the time the error signal is sampled.

5. Only start-stop type asynchronous communication functions are supported; no synchronous
communication functions are available.

Min. 12 etu ‘
< > Next transmit data

\
|
_IDS|D0|D1|D2|D3|D4|D5|D6|D7|Dp| Ds | DO

Figure 14.3 Transmission Protocol Configuration
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14.3.2 Pin Connections

Figure 14.4 shows the pin connection diagram for the smart card interface. During communication
with an IC card, transmission and reception are both carried out over the same data transfer line,
so connect the TxD and RxD pins on the chip. Pull up the datatransfer line to the power supply

Vcc side with aresistor.

When using the clock generated by the smart card interface on an IC card, input the SCK pin

output to the IC card’s CLK pin. This connection is not necessary when the internal clock is used

on thelC card.

Use the chip’s port output as the reset signal. Apart from these pins, the power and ground pin

connections are usually also required.

Note: When the IC card is not connected and both RE and TE are set to 1, closed transfer is

possible and auto-diagnosis can be performed.

Vee
XD
Data line
RxD
SCK Clock line
Px (port Reset line
Chip (pory
Connected device

CLK

RST

IC card

Figure 14.4 Pin Connection Diagram for the Smart Card Interface
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14.3.3 Data Format

Figure 14.5 shows the data format for the smart card interface. In this mode, parity is checked
every frame while receiving and error signals sent back to the transmitting side whenever an error
is detected so that retransmission of the datais requested. During transmission, error signals are
sampled and data re-transmitted whenever an error signal is sampled.

With no parity error

Ds | DO| D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Transmitting station output

A
\ 4

With parity error

Ds | DO| D1 | b2 | D3| D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

\ 4

»
'

<«

Receiving
station output
Ds: Start bit
DO0-D7: Data bits
Dp: Parity bit

DE: Error signal

Figure14.5 Data Format for Smart Card Interface
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The operating sequenceis:

1. Thedatalineis high impedance when not in use and is fixed high with a pull-up resistor.

2. Thetransmitting side starts one frame of data transmission. The data frame starts with a start
bit (Ds, low level). The start bit is followed by eight data bits (D0-D7) and a parity bit (Dp).

3. Onthe smart card interface, the data line returns to high impedance after this. The datalineis
pulled high with a pull-up resistor.

4. Thereceiving side checks parity. When the data is received normally with no parity errors, the
receiving side then waits to receive the next data. When a parity error occurs, the receiving
side outputs an error signal (DE, low level) and requests re-transfer of data. The receiving
station returns the signal line to high impedance after outputting the error signal for a specified

period. The signal line is pulled high with a pull-up resistor.

5. The transmitting side transmits the next frame of data unlessit receives an error signal. If it
does receive an error signal, it returns to step 2 to re-transmit the erroneous data.

1434

Register Settings

Table 14.3 shows the bit map of the registers that the smart card interface uses. Bits shown as 1 or
0 must be set to the indicated value. The settings for the other bits are described below.

Table14.3 Register Settingsfor the Smart Card Interface

Register Address Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit2 Bit 1 Bit 0
SMR H'FFFFFE80 GM 0 1 O/E 1 0 CKS1 CKsO0
BRR H'FFFFFE82 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR H'FFFFFE84 TIE RIE TE RE 0 0 CKE1 CKEO
TDR H'FFFFFE86 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR H'FFFFFE88 TDRE RDRF ORER FER/ PER TEND O 0

ERS
RDR H'FFFFFESBA RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFFFFESC — — — — SDIR SINV — SMIF
Note: Dashes indicate unused bits.

531

HITACHI



1. Setting the serial mode register (SMR): The GM bit selects the TEND flag setting timing, and,
in combination with the CKE1 and CKEO bitsin the serial control register (SCR), the clock
output state. Set the O/E bit to 0 when the |C card uses the direct convention or to 1 when it
uses the inverse convention. Select the on-chip baud rate generator clock source with the CKS1
and CK S0 bits (see section 14.3.5, Clock).

2. Setting the bit rate register (BRR): Set the bit rate. See section 14.3.5, Clock, to see how to
calculate the set value.

3. Setting the seria control register (SCR): The TIE, RIE, TE and RE bits function as they do for
the ordinary SCI. See section 13, Serial Communication Interface, for more information. The
CKEO and CKEL bits select the clock output state. See section 14.3.5, Clock, for more
information.

4. Setting the smart card mode register (SCMR): The SDIR and SINV bits are both set to O for IC
cards that use the direct convention and both to 1 when the inverse convention is used. The
SMIF bit is set to 1 for the smart card interface.

Figure 14.6 shows sample waveforms for register settings of the two types of 1C cards (direct
convention and inverse convention) and their start characters.

In the direct convention type, thelogical 1 level is state Z, thelogical O level is state A, and
communication is LSB first. The start character datais H'3B. The parity bit is even (from the
smart card standards), and thusa 1.

In the inverse convention type, the logical 1 level is state A, the logical O level is state Z, and
communication is MSB first. The start character datais H'3F. The parity hit is even (from the
smart card standards), and thus a O, which corresponds to state Z.

Only data bits D7-DO are inverted by the SINV bit. To invert the parity bit, set the O/E bit in
SMR to odd parity mode. This applies to both transmission and reception.
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@ A zZ zZ A zZ zZ Z A A Z (2 Ste

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

a. Direct convention (SDIR, SINV, and O/E are all 0)

@ A zZ zZ A A A A A A Z (2 Stae

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

b. Inverse convention (SDIR, SINV, and O/E are all 1)

Figure14.6 Waveform of Start Character

14.35 Clock

Only theinternal clock generated by the on-chip baud rate generator can be used as the
communication clock in the smart card interface. The bit rate for the clock is set by the bit rate
register (BRR) and the CKS1 and CKS0 bits in the serial mode register (SMR), and is cal cul ated
using the equation below. Table 14.5 shows sample hit rates. If clock output is then selected by
setting CKEO to 1, a clock with afrequency 372 times the bit rate is output from the SCK pin.

B = Pe x 106
1488 x 221 x (N + 1)

Where:

N = BRR setting (0 < N < 255)

B = Bit rate (bit/s)

P@ = Peripheral module clock (MHz)
n = 0-3 (table 14.4)

Table 14.4 Relationship of n, CKS1, and CKS0

n CKS1 CKSO0
0 0 0
1 0 1
2 1 0
3 1 1
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Table 14.5 Examplesof Bit Rate B (Bit/s) for BRR Settings (n = 0)

PQ (MHz)
N 7.1424  10.00 10.7136  13.00 14.2848  16.00 18.00
0 9600.0  13440.9  14400.0 17473.1  19200.0 21505.4  24193.5
1 48000  6720.4 72000  8736.6 9600.0  10752.7  12096.8
2 3200.0  4480.3  4800.0  5824.4 64000 71685 8064.5

Note: The bit rate is rounded to two decimal places.

Calculate the value to be set in the bit rate register (BRR) from the peripheral module clock and

the bit rate. N isan integer in the range 0 < N < 255, specifying a smaller error.

- Pe q05_1
1488 x 22n-1 x B

Table14.6 Examplesof BRR Settingsfor Bit Rate B (Bit/s) (n = 0)

P (MHz) (9600 Bits/s)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00

N  Error N  Error N  Error N Error N Error N Error N Error
0 0.00 1 30.00 1 25.00 1 8.99 1 0.00 1 1201 2 1599
Table14.7 Maximum Bit Ratesfor Frequencies (Smart Card I nterface M ode)

P@ (MHz) Maximum Bit Rate (Bit/s) N n

7.1424 9600 0 0

10.00 13441 0 0

10.7136 14400 0 0

13.00 17473 0 0

14.2848 19200 0 0

16.00 21505 0 0

18.00 24194 0 0

The bit rate error isfound as follows:

Error(%) = ( Pe x 106 — 1) x 100
1488 x 2271 x B x (N + 1)
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Table 14.8 shows the relationship between transmit/receive clock register set values and output
states on the smart card interface. Figure 14.7 shows the differencein clock output according to
the setting of the GM hit.

Table 14.8 Register Set Valuesand SCK Pin

Register Value SCK Pin

Setting SMIF  GM CKE1 CKEO Output State
1*1 1 0 0 0 Port Input pin (input ignored)

1 0 0 1 UL SCK (serial clock) output state
2%2 1 1 0 0 Low output  Low output state

1 1 0 1 UL SCK (serial clock) output state
3*2 1 1 1 0 High output  High output state

1 1 1 1 UL SCK (serial clock) output state
Notes: 1. The SCK output state changes as soon as the CKEO bit is modified. The CKE1 bit

should be cleared to 0.

2. The clock duty remains constant despite stopping and starting of the clock by

modification of the CKEO bit.

Portvalue

CKEL1 value

Width
ndefined

Width
undefined Port value

> >
ScK *---] |_%J |_| |_r

a. WhenGM =0

Specified

width
fa—>]

Specified
width CKE1 value

o B—

o)

L 1 T

b. WhenGM =1

Figure 14.7 Differencein Clock Output According to GM Bit Setting
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1436 DataTransfer Operations

Initialization: Initialize the SCI using the following procedure before transmitting and receiving
data. Initialization is also required for switching from transmit mode to receive mode or from
receive mode to transmit mode. Figure 14.8 shows a flowchart of the initialization process.

1. Clear TE and RE in the seria control register (SCR) to 0.
2. Clear error flags FER/ERS, PER, and ORER to 0 in the serial status register (SSR).
3. Set the C/A bit, parity bit (O/E bit), and baud rate generator select bits (CKS1 and CK SO bits)

in the serial mode register (SMR). At thistime also clear the CHR and MP hitsto 0 and set the
STOP and PE bitsto 1.

4. Setthe SMIF, SDIR, and SINV bitsin the smart card mode register (SCMR). When the SMIF
bit is set to 1, the TxD and RxD pins become high impedance.

5. Set the value corresponding to the bit rate in the bit rate register (BRR).

6. Set the clock source select bits (CKEL and CKEO bits) in the seria control register (SCR).
Clear the TIE, RIE, TE, RE, MPIE, and TEIE bitsto 0. When the CKEOQ bit is set to 1, aclock
is output from the SCK pin.

7. After waiting at least 1 bit, set the TIE, RIE, TE, and RE hitsin SCR. Do not set the TE and
RE bits simultaneously unless performing auto-diagnosis.
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( Initialization >
|
Clear TE and RE bitsin SCRto 0 | @

I

Clear SSR’s FER/ERS, @

PER and ORER flags to 0
I

Set SMR’s O/E bit to parity
and set CKS1 and CKSO hits to @

the clock
Set C/A hit
I
Set SCMR's SMIF, SDIR, @
and SINV bits
I
Set value in BRR @

I
Set SCR’s CKE1 and CKEDO bits
to the clock and clear TIE, RIE, @
TE, RE, MPIE, and TEIE bits to 0

Wait

Has a 1-bit
interval elapsed?

No

Set SCR’s
TIE, RIE, TE, and RE bits @

( = )

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure14.8 Initialization Flowchart (Example)
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Serial Data Transmission: The handling procedures in the smart card mode differ from ordinary
SCI processing because data is retransmitted when an error signal is sampled during a data
transmission. This results in the transmission processing flowchart shown in figure 14.9.

A w bR

5.
6.

Initialize the smart card interface mode as described in initialization above and figure 14.8.
Check that the FER/ERS bit in SSR is cleared to O.
Repeat steps 2 and 3 until the TEND flag in SSRisset to 1.

Write the transmit datainto TDR, clear the TDRE flag to 0 and start transmitting. The TEND
flag will be cleared to 0.

To transmit more data, return to step 2.
To end transmission, clear the TE bit to 0.

This processing can be interrupted. When the TIE bit is set to 1 and interrupt requests are enabled,
atransmit-data-empty interrupt (TXI) will be requested when the TEND flag is set to 1 at the end
of the transmission. When the RIE bit is set to 1 and interrupt requests are enabled, a
communication error interrupt (ERI) will be requested when the ERS flag is set to 1 when an error
occursin transmission. See Interrupt Operation below for more information.
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( Start

Initialization @
|
( Start transmission >
ol
No
FER/ERS =07
A4
C g )
< Error handlin
I\ g
No @
Yes
Write transmit data in TDR
and clear TDRE @
flagin SSRto 0
All data transmitted? @
No
FER/ERS =07
Yes Ve Y
< Error handlin >
I\ g
No
Yes
Clear TE bitin SCR to 0 ®
|
( End transmission >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure 149 Sample Flowchart for Transmission
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Serial Data Reception: The handling procedures in the smart card mode are the same asin
ordinary SCI processing. The reception processing flowchart is shown in figure 14.10.

1

N

o g~ w

Initialize the smart card interface mode as described abovein Initiaization and in figure 14.5.

Check that the ORER and PER flagsin SSR are cleared to 0. If either flag is set, clear bothto 0
after performing the appropriate error handling procedures.

Repeat steps 2 and 3 until the RDRF flag is set to 1.

Read the receive data from RDR.

To receive more data, clear the RDRF flag to 0 and return to step 2.
To end reception, clear the RE bit to 0.

This processing can be interrupted. When the RIE bit is set to 1 and interrupt requests are enabled,
areceive-data-full interrupt (RX1) will be requested when the RDRF flag is set to 1 at the end of
the reception. When an error occurs during reception and either the ORER or PER flag is set to 1,
acommunication error interrupt (ERI) will be requested. See Interrupt Operation below for more
information.

The received datawill be transferred to RDR even when a parity error occurs during reception and
PER is set to 1, so this data can still be read.
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C )

Initialization @

( Start reception >

A4

Error handling >

Yes

Write receive data from
RDR and clear @
RDREF flag in SSR to 0

All data received?

Clear RE bitin SCR to 0 ®

< End reception >

Note: Circled numbers refer to the preceding description of the procedure in the text.

Figure14.10 Sample Flowchart for Reception
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Switching M odes: When switching from receive mode to transmit mode, check that the receive
operation is completed before starting initialization and setting RE to 0 and TE to 1. The RDRF,
PER, and ORER flags can be used to check if reception is completed. When switching from
transmit mode to receive mode, check that the transmit operation is completed before starting
initialization and setting TE to 0 and RE to 1. The TEND flag can be used to check if transmission
is completed.

Interrupt Operation: In the smart card interface mode, there are three types of interrupts:
transmit-data-empty (TX1), communication error (ERI) and receive-data-full (RX1). In this mode,
the transmit-end interrupt (TEI) cannot be requested.

Set the TEND flag in SSR to 1 to request a TXI interrupt. Set the RDRF flag in SSRto 1 to
request an RXI interrupt. Set the ORER, PER, or FER/ERS flag in SSR to 1 to request an ERI
interrupt (table 14.9).

Table14.9 Smart Card Mode Operating Status and I nterrupt Sour ces

Mode Status Flag Mask Bit Interrupt Source
Transmit mode Normal TEND TIE TXI
Error FER/ERS RIE ERI
Receive mode Normal RDRF RIE RXI
Error PER, RIE ERI
ORER

144  Usage Notes

The following pointsin section 14.4.1 and 14.4.2 should be noted when using the SCI as a small
card interface.

1441 Receive Data Timing and Receive Margin in Asynchronous M ode

In asynchronous mode, the SCI runs on a basic clock with afrequency of 372 times the transfer
rate. During reception, the SCI samplesthe fall of the start bit using the base clock to achieve
internal synchronization. Receive datais latched internally on the rising edge of the 186th basic
clock cycle (figure 14.11).
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372 clock cycles

186 clock cycles

;‘
r‘

0 185 3710 185 3710
Base clock L[ LMLLLU LU LU LS L LS LU L.
. i Start H E
datn oDy L Sybt % [ o %[ o
Synchro-
nization | i ¥
sampling Jt— §
timing
D H H
samplng SO SO
timing

Figure14.11 Receive Data Sampling Timing in Smart Card Mode

The receive margin is found from the following equation:

For smart card mode:

1 ID-0.5|
M=[(0.5-—)—(L-05)F - =—"2(1+F)| x 100%
(05— 5) (L= 05)F - 2224 (1 + F)| x 100%

Where:

M = Receive margin (%)

N = Ratio of bit rate to clock (N = 372)

D =Clock duty (D =0t0 1.0)

L = Frame length (L = 10)

F = Absolute value of clock frequency deviation

Using this equation, the receive margin when F =0 and D = 0.5 isasfollows:

M = (0.5-1/2 x 372) x 100% = 49.866%

HITACHI
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1442 Retransfer (Receive and Transmit Modes)
SCI retransmission operations in receive mode and transmit mode are described below.

Retransfer by the SCI in Receive Mode: Figure 14.12 shows the retransmission operation in the
SCI receive mode.

1. When the received parity bit is checked and an error isfound, the PER bit in SSR is
automatically set to 1. If the RIE bit in SCR is enabled at thistime, an ERI interrupt is
requested. Be sureto clear the PER bit in SSR to 0 before the next parity bit is sampled.

2. The RDRF bit in SSRisnot set in the frame that caused the error.

3. When thereceived parity hit is checked and no error is found, the PER bit in SSR is not set.

4. When thereceived parity bit is checked and no error is found, reception is considered to have
been completed normally and the RDRF bit in SSR is automatically set to 1. If the RIE bit in
SCRisenabled at thistime, an RXI interrupt is requested.

5. When anormal frame is received, the pin maintains a three-state status when it transmits the
error signal.

nth transfer frame Retransferred frame Transfer frame n + 1

‘4 ;‘4
<

‘ h

;‘4
V“

DE
—|Ds|D0|D1|D2|D3|D4|D5|De|D7|Dphg,—|Ds|Do|D1|D2|D3|D4|Ds|D6|D7|Dp|;T)|Ds po|p1|p2|p3|pa

RDRF 1
42 44

PER ]
! 43

Figure 14.12 Retransfer in SCI Receive Mode
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Retransfer by the SCI in Transmit M ode: Figure 14.13 shows the retransmission operation in
the SCI transmit mode.

1

After transmission of one frame is completed, the FER/ERS bit in SSR is set to 1 when a error
signal is returned from the receiving side. If the RIE bit in SCR is enabled at thistime, an ERI
interrupt is requested. Be sureto clear the FER/ERS bit in SSR to 0 before the next parity bitis
sampled.

The TEND hit in SSR is not set in the frame that received the error signal that indicated the
error.

The FER/ERS bit in SSR is not set when no error signal is returned from the receiving side.
When no error signal isreturned from the receiving side, the TEND bit in SSR is set to 1 when
the transmission of the frame that includes the retransmission is considered completed. If the
TIE bit in SCR isenabled at thistime, a TXI interrupt will be requested.

‘ nth transfer frame Retransferred frame Transfer frame n + 1

;‘4 »l
r V“ V“

DE
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dph%—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|L|Ds po[p1|p2|D3|p4
|

]
12 ta
FER/ERS [ ]

+1 43

|
| TDRE } L]
TTransfer from TDR to TSR i TTransfer from TDR to TSR T Transfer from
TEND | TDR to TSR
i
|

Figure 14.13 Retransfer in SCI Transmit Mode
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Section 15 Serial Communication Interface with FIFO
(SCIF)

151 Overview

A two-channel on-chip serial communication interface with FIFO (SCIF) is provided that supports
asynchronous serial communication. Sixteen-stage FIFO registers are provided for both
transmission and reception that enables efficient, high-speed, continuous communication.

1511 Features
The SCIF has the following features:

* Asynchronous serial communication
0 Seria data communication is executed using an asynchronous system in which
synchronization is achieved in character units. The SCIF can communicate with a
Universal Asynchronous Receiver/Transmitter (UART), an Asynchronous Communication
Interface Adapter (ACIA), or any other communications chip that employs a standard
asynchronous seria system. There are eight selectable serial data communication formats.
Datalength: 7 or 8 bits
Stop bit length: 1 or 2 bits
Parity: Even/odd/none
Receive error detection: Parity and framing errors
Break detection: Break is detected when the receive data following the generated framing
error isthe space O level, indicating aframing error. It is also detected by reading the RxD
level directly from the port data register (PBDR) when aframing error occurs.
e Full duplex communication
The transmitting and receiving units are independent, so the SCI can transmit and receive
simultaneously. Both sections use 16-stage FIFO buffering, so high-speed continuous data
transfer is possible in both the transmit and receive directions.
¢ On-chip baud rate generator with selectable bit rates
< Internal or external transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)
e Four interrupt sources interrupts
Transmit-FIFO-data-empty, break, receive-FIFO-data-full, and receive-error interrupts are
requested independently.
« Whenthe SCIF isnot in use, it can be stopped by halting its clock supply to reduce power
consumption.
+ Modem control functions (RTS and CTS)

Oo0Oood
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e Thequantity of datain the transmit and receive FIFO registers and the number of receive
errors of the receive datain the receive FIFO register can be ascertained.

¢ A time-out error (DR) can be detected in receiving.

1512

Block Diagram

Figure 15.1 shows a block diagram of the SCIF.

Module data bus

SCFRDR
(16
stages)

SCFTDR
(16
stages)

| SCRSR || | scTsR
A 4

()
o
8
o) Internal
£ data bus
2]
>
| 8
SCFDR
SCFCR
SCSSR | SCBRR
SCSCR
SCSMR
Baud rate |¢————P¢@
i |
Trans_,mn/ generator Pg/4
receive « "_:
control «—— P@/16

Parity generation | !

A

»
>

Parity check

t Clock 4

External clock

» ERI

> TXI

» RXI

e

SCRSR:
SCFRDR:
SCTSR:
SCFTDR:
SCSMR:
SCSCR:

Receive shift register

Receive FIFO data register

Transmit shift register

Transmit FIFO data register

Serial mode register
Serial control register

Note: * Provided in channel 1 only.

SCSSR:
SCBRR:
SCFCR:
SCFDR:

Serial status register
Bit rate register

FIFO control register
FIFO data count register

> BRI
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Figure15.1 SCIF Block Diagram
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15.1.3

Pin Configuration

Table 15.1 shows the pin configuration of the SCIF.

Table15.1 Pin Configuration

Channel Pin Name Abbreviation /O Function

1 Serial clock pin SCK1 Input/output Clock input/output
Receive data pin RxD1 Input Receive data input
Transmit data pin TxD1 Output Transmit data output
Transmit request pin RTS Output Transmit request
Transmit enable pin CTS Input Transmit enable

2 Serial clock pin SCK2 Input/output Clock input/output
Receive data pin RxD2 Input Receive data input
Transmit data pin TxD2 Output Transmit data output

1514 Register Configuration

Table 15.2 shows the SCIF internal registers. These registers select the communication mode
(asynchronous or synchronous), specify the data format and bit rate, and control the transmitter

and receiver sections.
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Table15.2 Register Configuration

Abbre- Initial Access
Channel Register Name viation R/W Value Address Size
1 Serial mode register 1 SCSMR1 R/W H'00 H'FFFFFCCO 8 bits
Bit rate register 1 SCBRR1 R/W H'FF H'FFFFFCC2 8 bits
Serial control register 1 SCSCR1 R/W H'00 H'FFFFFCC4 8 bits
Transmit FIFO data register 1 SCFTDR1 W — H'FFFFFCC6 8 bits
Serial status register 1 SCSSR1 R/(W)* H'0060 H'FFFFFCC8 16 bits
Receive data FIFO register 1 SCFRDR1 R Undefined H'FFFFFCCA 8 bits
FIFO control register 1 SCFCR1 R/W H'00 H'FFFFFCCC 8 bits
FIFO data count register 1 SCFDR1 R H'0000 H'FFFFFCCE 16 bits
2 Serial mode register 2 SCSMR2 R/W H'00 H'FFFFFCDO 8 bits
Bit rate register 2 SCBRR2 R/W H'FF H'FFFFFCD2 8 bits
Serial control register 2 SCSCR2 R/W H'00 H'FFFFFCD4 8 bits
Transmit FIFO data register 2 SCFTDR2 W — H'FFFFFCD6 8 bits
Serial status register 2 SCSSR2 R/(W)* H'0060 H'FFFFFCD8 16 bits
Receive data FIFO register 2 SCFRDR2 R Undefined H'FFFFFCDA 8 bits
FIFO control register 2 SCFCR2 R/W H'00 H'FFFFFCDC 8 bits
FIFO data count register 2 SCFDR2 R H'0000 H'FFFFFCDE 16 bits
Note: * Only O can be written, to clear the flags.
15.2 Register Descriptions
1521 Receive Shift Register (SCRSR)
Bit: 7 5 4 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘
R/W: — — — — — — —

The receive shift register (SCRSR) is an 8-hit register that receives serial data. Data input at the
RxD pinisloaded into SCRSR in the order received, LSB (bit 0) first, converting the data to
parallel form. When one byte has been received, it is automatically transferred to SCFRDR, which
isareceive FIFO data register. The CPU cannot read or write to SCRSR directly.
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15.2.2 Receive FIFO Data Register (SCFRDR)

Bit: 7 6 5 4 3 2 1 0
Bnname:‘ ‘ ‘ ‘ ‘ ‘ ‘
R/W: R R R R R R R R

The 16-stage receive FIFO dataregister (SCFRDR) is a FIFO register comprising sixteen 8-bit
stages that stores serial receive data. The SCIF completes the reception of one byte of serial data
by moving the received data from the receive shift register (SCRSR) into SCFRDR for storage.
The SCRSR is then enabled for reception, and consecutive receive operations are performed until
the receive FIFO register isfilled with 16 bytes of data.

The SCFRDR is aread-only register, and cannot be written by the CPU. If the SCFRDR isread
when there is no receive data in the receive FIFO register, an undefined value will be returned.
When the receive FIFO register is full of receive data, subsequent seria dataislost.

15.2.3 Transmit Shift Register (SCTSR)

Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

RIW:  — — — — — — — —

The transmit shift register (SCTSR) is an 8-bit register that transmits serial data. The SCIF loads
transmit data from the transmit FIFO data register (SCFTDR) into SCTSR, then transmits the data
serially from the TxD pin, LSB (bit O) first. After transmitting one data byte, the SCIF
automatically loads the next transmit data from SCFTDR into SCTSR and starts transmitting
again. The CPU cannot read or write to SCTSR directly.

1524  Transmit FIFO Data Register (SCFTDR)

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
R/W: W w W W W % w W

The transmit FIFO data register (SCFTDR) is a FIFO register comprising sixteen 8-bit stages that
stores data for serial transmission. When the SCIF detects that the transmit shift register (SCTSR)
is empty, it moves transmit data written in SCFTDR into SCTSR and starts serial transmission.
Continuous serial transmission is performed until the SCFTDR is empty. The CPU can always
writeto SCFTDR.
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When the SCFTDR isfilled with 16 bytes of transmit data, no further data can be written. If data
iswritten, it will beignored.

1525 Serial Mode Register (SCSMR)

Bitt 7 6 5 4 3 2 1 0

Bitname:| — | CHR | PE | OE | STOP | — | CKSL | CKSO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW  RW R RW  RW

The serial mode register (SCSMR) is an 8-bit register that specifies the SCIF seria
communication format and selects the clock source for the baud rate generator.

The CPU can always read and write to SCSMR. SCSMR isinitialized to H'00 by areset and in
standby and module standby modes.

Bit 7—Reserved bit: This bit always reads 0. The write value should always be 0.

Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data in asynchronous mode.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data

When seven-bit data is selected, the MSB (bit 7) of the transmit FIFO data
register is not transmitted

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked

When PE is set to 1, an even or odd parity bit is added to transmit data,
depending on the parity mode (O/E) setting. Receive data parity is checked
according to the even/odd (O/E) mode setting
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Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked. The
OIE setting is used only when the parity enable bit (PE) is set to 1 to enable parity addition and
check. The O/E setting is ignored when parity addition and check is disabled.

Bit 4: O/E Description

0 Even parity (Initial value)

If even parity is selected, the parity bit is added to transmit data to make an
even number of 1s in the transmitted character and parity bit combined.
Receive data is checked to see if it has an even number of 1s in the received
character and parity bit combined

1 Odd parity

If odd parity is selected, the parity bit is added to transmit data to make an odd
number of 1s in the transmitted character and parity bit combined. Receive
data is checked to see if it has an odd number of 1s in the received character
and parity bit combined

Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length.

In receiving, only thefirst stop bit is checked, regardless of the STOP hit setting. When a 2-bit
stop bit length is set, if the second stop bitis 1 it istreated as a stop bit, but if itisOit istreated as
the start bit of the next transmit character.

Bit 3: STOP Description

0 One stop bit (Initial value)

In transmitting, a single 1-bit is added at the end of each transmitted character

1 Two stop bits
In transmitting, two 1-bits are added at the end of each transmitted character

Bit 2—Reserved bit: This bit always reads 0. The write value should always be 0.

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKS0): These bits select the internal clock source
of the built-in baud rate generator. Four clock sources are available: P, P@p/4, P@/16, and P@/64.
For further information on the clock source, bit rate register settings, and baud rate, see section
15.2.8, Bit Rate Register.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po clock (Initial value)
1 P@/4 clock

1 0 P@/16 clock
1 P@/64 clock

Note: Pqg: Peripheral module clock

553
HITACHI



1526  Serial Control Register (SCSCR)

Bitt 7 6 5 4 3 2 1 0

Bitname:| TE | RE | TE | RE | — | — | CKEL| CKEO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW  RW R R RW  RW

The serial control register (SCSCR) operates SCIF transfer operations, selects the serial clock
output in asynchronous mode, enables/disables interrupt requests, and selects the transmit/receive
clock source. The CPU can always read and write to SCSCR. SCSCRisinitialized to H'00 by a
reset and in standby and modul e standby modes.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-FI FO-data-empty
interrupt (TX1) requested when the serial transmit dataistransferred from the transmit FIFO data
register (SCFTDR) to the transmit shift register (SCTSR), when the quantity of datain the
transmit FIFO register falls to or below the transmit trigger setting, and when the TDFE flag in the
seria statusregister (SCSSR) is set tol.

Bit 7: TIE Description

0 Transmit-FIFO-data-empty interrupt request (TXI) is disabled (Initial value)

The TXI interrupt request can be cleared by writing a quantity of transmit data
than the specified transmission trigger number to SCFTDR and by clearing
TDFE to 0 after reading 1 from TDFE, or can be cleared by clearing TIE to O

1 Transmit-FIFO-data-empty interrupt request (TXI) is enabled

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full (RX1) and
receive-error (ERI) interrupts requested when serial receive data is transferred from the receive
shift register (SCRSR) to the receive FIFO data register (SCFRDR), when the quantity of datain
the receive FIFO data register reaches or exceeds the receive trigger setting, and when the RDF
flag in SCSSRis set tol.

Bit 6: RIE Description
0 Receive-data-full interrupt (RXI), receive-error interrupt (ERI), and receive
break interrupt (BRI) requests are disabled (Initial value)

RXI and ERI interrupt requests can be cleared by reading the DR, ER, or RDF
flag after it has been set to 1, then clearing the flag to O, or by clearing RIE to
0. When RDF is set, read 1 from the RDF flag and clear it to 0, after reading
the received data from SCFRDR until the quantity of received data is less than
the specified receive trigger number

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
enabled
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Bit 5—Transmit Enable (TE): Enables or disables the SCIF serial transmitter.

Bit 5: TE Description
0 Transmission disabled (Initial value)
1 Transmission enabled

Serial transmission starts after writing transmit data into SCFTDR. Before
setting TE to 1, select the communication format in SCSMR and SCFCR, then
set FTRST to 1 in SCFCR to reset the FIFO control register (SCFTDR). Then
clear TFRST to 0 and set TE to 1.

Bit 4—Receive Enable (RE): Enables or disablesthe SCIF serial receiver.

Bit 4: RE Description

0 Reception disabled (Initial value)

Clearing RE to 0 does not affect the receive flags (DR, ER, BRK, FER, PER,
and RDF). These flags retain their previous values

1 Reception enabled

Serial reception starts when a start bit is detected. Select the receive format in
SCSMR before setting RE to 1

Bits 3 and 2—Reserved bits: These bits always read 0. The write value should always be 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1 and CKEO): These bits select the SCIF clock source
and enable or disable clock output from the SCK pin. Depending on the combination of CKE1 and
CKEQ, the SCK pin can be used for serial clock output or seria clock input.

The CKEO setting is valid only when the SCIF is operating with the internal clock (CKE1 = 0).
The CKEO setting isignored when an external clock source is selected (CKEL = 1). Set CKE1 and
CKEQO before selecting the SCIF operating mode in the serial mode register (SCSMR). For further
details on selection of the SCIF clock source, seetable 15.8 in section 15.3, Operation.

Bit 1: Bit O:

CKE1l CKEO Description

0 0 Internal clock, SCK pin used for input pin (input signal is ignored) (Initial value)
1 Internal clock, SCK pin used for clock output**

1 0 External clock, SCK pin used for clock input*?
1 External clock, SCK pin used for clock input*?

Notes: 1. The output clock frequency is 16 times the bit rate.
2. The input clock frequency is 16 times the bit rate.
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15.2.7 Serial Status Register (SCSSR)

The serial status register (SCSSR) is a 16-bit register. The upper 8 bits indicate the number of
receive errorsin the receive FIFO register data, and the lower 8 bits indicate the SCIF operating
status.

The CPU can always read and write to SCSSR, but cannot write 1 in the status flags (ER, TEND,
TDFE, BRK, OPER, and DR). These flags can be cleared to 0 only if they have first been read
(efter being set to 1). Bits 3 (FER) and 2 (PER) are read-only bits. SCSSR is initialized to H'0060
by areset and in standby and module standby modes.

Lower 8 bits: 7 6 5 4 3 2 1 0
Bitname: | ER | TEND | TDFE | BRK | FER | PER | RDF | DR |

Initial value: 0 1 1 0 0 0 0 0
RW: RIW)* RIW)* RIW)* RIW)* R R RIW)* RIW)*

Note: * Only 0 can be written, to clear the flag.

Bit 7—Receive Error (ER): Indicates that a framing error or (when receiving data including parity)
aparity error has occurred.*

Note: * Clearing the RE bit to 0 in SCSCR does not affect the ER bit, which retainsits previous
value. Even if areceive error occurs, the receive datais transferred to SCFRDR and the
receive operation is continued. Whether or not the data read from SCFRDR includes a
receive error can be detected by the FER and PER bitsin SCSSR.

Bit 7: ER Description

0 Receiving is in progress or has ended normally (Initial value)

ER is cleared to 0 when the chip is reset or enters standby mode, or when 0 is
written after 1 is read from ER

1 A framing error or a parity error has occurred

ER is set to 1 when the stop bit is 0 at the end of reception of one data byte*, or
when the total number of 1s in the receive data and in the parity bit does not
match the even/odd parity specification by the O/E bit in SCSMR

Note: * In 2 stop-bit mode, only the first stop bit is checked.
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Bit 6—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, the SCFTDR did not contain valid data, so transmission has ended.

Bit 6: TEND Description
0 Transmission is in progress
TEND is cleared to 0 when data is written in SCFTDR
1 End of transmission (Initial value)

TEND is set to 1 when the chip is reset or enters standby mode, the TE bitis 0 in
SCSCR, or SCFTDR does not contain transmit data when the last bit of a one-
byte serial character is transmitted

Bit 5—Transmit FIFO Data Register Empty (TDFE): Indicates that data has been transferred from
the transmit FIFO dataregister (SCFTDR) to the transmit shift register (SCTSR), the quantity of
datain SCFTDR isequal to or less than the transmission trigger number specified by the TTRG1
and TTRGO bitsin the FIFO control register (SCFCR), and writing of transmit datato SCFTDR is

enabled.

Bit 5: TDFE Description

0 The quantity of transmit data written to SCFTDR is greater than the specified
transmission trigger number
TDFE is cleared to 0 when data exceeding the specified transmission trigger
number is written to SCFTDR, software reads TDFE after it has been setto 1,
then writes O in TDFE

1 The quantity of transmit data in SCFTDR is equal to or less than the specified

transmission trigger number (Initial value)

TDFE is set to 1 by a reset or in standby mode, or when the quantity of transmit
data in SCFTDR is equal to or less than the specified transmission trigger
number as a result of transmission*

Note: * Since SCFTDR is a 16-byte FIFO register, the maximum quantity of data which can be
written when TDFE is 1 is "16 minus the specified transmission trigger number". Even if
additional data is written, the data is ignored. The quantity of data in SCFTDR is indicated
by the upper 8 bits of SCFDR.
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Bit 4—Break Detection (BRK): Indicates that a break signal has been detected in the receive data

Bit 4: BRK Description

0 No break signal is being received (Initial value)
BRK is cleared to 0 when the chip is reset or enters standby mode, or software
reads BRK after it has been set to 1, then writes 0 in BRK

1 The break signal is received*

BRK is set to 1 when data associated with a framing error is received and a
framing error occurs with the next data comprising all space “0”

Note: * When a break is detected, transfer of the received data (H'00) to SCFRDR stops. When the
break ends and the receive signal goes to mark (1), the transfer of the received data
resumes. The received data of a frame in which a break signal is detected is transferred to
SCFRDR. After this, however, no received data is transferred until a break ends with the
received signal at mark (1), and the next data is received.

Bit 3—Framing Error (FER): Indicates a framing error in the data read from the receive FIFO data

register (SCFRDR).
Bit 3: FER Description
0 No framing error occurred in the data read from SCFRDR (Initial value)

FER is cleared to 0 when the chip is reset or enters standby mode, or when no
framing error is present in the data read from SCFRDR

A framing error occurred in the data read from SCFRDR
FER is set to 1 when a framing error is present in the data read from SCFRDR

Bit 2—Parity Error (PER): Indicates a parity error in the data read from the receive FIFO data
register (SCFRDR).

Bit 2: PER Description

0 No parity error occurred in the data read from SCFRDR (Initial value)
PER is cleared to 0 when the chip is reset or enters standby mode, or when no
parity error is present in the data read from SCFRDR

1 A parity error occurred in the data read from SCFRDR
PER is set to 1 when a parity error is present in the data read from SCFRDR
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Bit 1—Receive FIFO Data Register Full (RDF): Indicates that received data has been transferred
to the receive FIFO data register (SCFRDR), and the quantity of datain SCFRDR reaches or
exceeds the receive trigger number specified by the RTRG1 and RTRGO bitsin FIFO control
register (SCFCR).

Bit 1: RDF Description
0 The quantity of receive data written to SCFRDR is less than the specified number
of receive trigger number (Initial value)

RDF is cleared to 0 by a reset or enters standby mode, or cleared when data in
SCFRDR is read until the quantity of receive data in SCFRDR is less than the
specified receive trigger number, and 1 is read from RDF, and 0 is then written

1 The quantity of receive data in SCFRDR is equal to or greater than the specified
receive trigger number

RDF is set to 1 when a quantity of receive data which is equal to or greater than
the specified receive trigger number is stored in SCFRDR*

Note: * Since SCFRDR is a 16-byte FIFO register, the maximum quantity of data which can be read
when RDF is 1 is the specified receive trigger number. If reading is attempted after all data
in SCFRDR has been read, the data will be undefined. The quantity of receive data in
SCFRDR is indicated by the lower 8 bits of SCFDR.

Bit 0—Receive Data Ready (DR): Indicates that the receive FIFO data register (SCFRDR) holds a
quantity of dataless than the specified receive trigger number (where receive data quantity > 0),
and that the next data has not yet been received after the elapse of 15 etu since the last stop hit.

Bit 0: DR Description
0 Receiving is in progress, or no received data remains in SCFRDR after reception
has ended normally (Initial value)

DR is cleared to 0 when the chip is reset or enters standby mode, or when
software reads DR after it has been set to 1, then writes 0 in DR

1 Next receive data has not arrived

DR is set to 1 when the quantity of receive data in SCFRDR is less than the
receive trigger number, and the next data has not yet been received 15 etu* after
the last stop bit

Note: * This is equivalent to 1.5 frames with the 8-bit, 1-stop-bit format. (etu: element time unit)
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Upper 8 bits: 15 14 13 12 11 10 9 8

Bitname: | PER3 | PER2 | PER1 | PERO | FER3 | FER2 | FERL | FERO |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Bits 15 to 12—Number of Parity Errors (PER): Indicates the number of receive data bytesin
which a parity error occurred that are stored in the receive FIFO data register (SCFRDR). The
value indicated by bits 15 to 12 represents the number of SCFRDR parity errors.

Bits 11 to 8—Number of Framing Errors (FER): Indicates the number of receive data bytesin
which aframing error occurred that are stored in the receive FIFO data register (SCFRDR). The
value indicated by bits 11 to 8 represents the number of SCFRDR framing errors.

1528 Bit Rate Register (SCBRR)

The bit rate register (SCBRR) is an 8-hit register that, together with the baud rate generator clock
source selected by the CKS1 and CKS0 bits in the serial mode register (SCSMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to SCBRR. SCBRR isinitialized to H'FF by areset and in
modul e standby and standby modes. Each channel has independent baud rate generator control, so
different values can be set in the two channels.

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | | | | | | |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The SCBRR setting is calculated as follows:

Asynchronous mode:

- Po 6
N= eaxomixg 1071

B: Bit rate (bit/s)
N: SCBRR setting for baud rate generator (0 < N < 255)
P@: Operating frequency for supporting modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of
n, see table 15.3.)
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Table15.3 SCSMR Settings

SCSMR Settings

n Clock Source CKS1 CKSO0
0 Po 0 0
1 P@/4 0 1
2 P@/16 1 0
3 P@/64 1 1

Note: The the bit rate error is given by the following equation:

Py x 108
Error (%) = (N+ 1) % B x 64 x 2201 —1; x100

Table 15.4 lists examples of SCBRR settings.
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Table15.4 Bit Ratesand SCBRR Settings

Po (MHz)
Bit Rate 2.097152 2.4576
(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 141 0.03 1 148 -0.04 1 174  -0.26
150 1 103 0.16 1 108 0.21 1 127  0.00
300 0 207 0.16 0 217 0.21 0 255  0.00
600 0 103 0.16 0 108 0.21 0 127 0.00
1200 0 51 0.16 0 54 -0.70 0 63 0.00
2400 0 25 0.16 0 26 1.14 0 31 0.00
4800 0 12 0.16 0 13 —2.48 0 15 0.00
9600 0 6 —6.99 0 6 —2.48 0 7 0.00
19200 0 2 8.51 0 2 13.78 0 3 0.00
31250 0 1 0.00 0 1 4.86 0 1 22.88
38400 0 1 -18.62 0 1 -14.67 0 1 0.00

Po (MHz)
Bit Rate 3.6864
(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 212 0.03 2 64 0.70 2 70 0.03
150 1 155 0.16 1 191 0.00 1 207 0.16
300 1 77 0.16 1 95 0.00 1 103 0.16
600 0 155 0.16 0 191 0.00 0 207 0.16
1200 0 77 0.16 0 95 0.00 0 103 0.16
2400 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 19 -2.34 0 23 0.00 0 25 0.16
9600 0 -2.34 0 11 0.00 0 12 0.16
19200 0 4 —-2.34 0 5 0.00 0 6 —6.99
31250 0 0.00 0 —7.84 0 3 0.00
38400 - - — 0 0.00 0 8.51
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Table 15.4 Bit Ratesand SCBRR Settings (cont)

P@ (MHz)
Bit Rate 4.9152 5
(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 255 0.00 2 64 0.16 2 77 0.16
300 1 127 0.00 1 129 0.16 1 155 0.16
600 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 63 0.00 0 64 0.16 0 77 0.16
4800 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 15 0.00 0 15 1.73 0 19 -2.34
19200 0 0.00 0 1.73 0 9 -2.34
31250 0 -1.70 0 0.00 0 0.00
38400 0 0.00 0 1.73 0 4 -2.34

P (MHz)
Bit Rate 6.144 7.3728
(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 79 0.00 2 95 0.00 2 103 0.16
300 1 159 0.00 1 191 0.00 1 207 0.16
600 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 0.00 0 11 0.00 0 12 0.16
31250 0 2.40 0 5.33 0 7 0.00
38400 0 0.00 0 0.00 0 6 —6.99
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Table 15.4 Bit Ratesand SCBRR Settings (cont)

P@ (MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -025 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 016 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79 0.00
2400 0 127 0.00 O 129 0.16 O 155 0.16 O 159 0.00
4800 0 63 000 O 64 016 O 77 016 O 79 0.00
9600 0 31 000 O 32 -136 0 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 O 19 -2.34 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 000 O 11 240
38400 0 000 O 7 173 0 9 -234 0 9 0.00

Po (MHz)

14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 070 3 70 0.03 3 86 031 3 88 -0.25
150 2 191 0.00 2 207 0.16 2 255 0.00 3 64 0.16
300 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 1 191 0.00 1 207 016 1 255 0.00 2 64 0.16
1200 1 95 000 1 103 0.16 1 127 0.00 1 129 0.16
2400 0 191 0.00 O 207 016 O 255 0.00 1 64 0.16
4800 0 95 000 O 103 016 O 127 000 O 129 0.16
9600 0 47 0.00 O 51 016 O 63 0.00 O 64 0.16
19200 0 23 000 O 25 016 O 31 000 O 32 -1.36
31250 0 14 -170 O 15 000 O 19 -170 0 19 0.00
38400 0 11 0.00 O 12 016 O 15 0.00 O 15 1.73
115200 0 0.00 O 851 O 6.67 0 8.51
500000 0 -784 0 000 O 229 0 25.0
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Table 15.4 Bit Ratesand SCBRR Settings (cont)

Po (MHz)
24 24.576 28.7 30
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 031 3 132 0.13
150 3 77 016 3 79 000 3 92 046 3 97 -0.35
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 77 016 2 79 0.00 2 92 046 2 97 -0.35
1200 1 155 016 1 159 000 1 186 -0.08 1 194 0.16
2400 1 7 016 1 79 000 1 92 046 1 97 -0.35
4800 0 155 016 O 159 0.00 O 186 -0.08 0 194 0.16
9600 0 77 016 O 79 000 O 92 046 O 97 -0.35
19200 0 38 016 O 39 000 O 46 -0.61 O 48 -0.35
31250 0 23 000 O 24  -170 O 28 -103 0 29  0.00
38400 0 19 -234 0 19 000 O 22 155 O 23 1.73
115200 0 6 -6.99 0 6 -4.76 0 7 -2.68 0 7 1.73
500000 0 1 -250 0 1 -232 0 1 -103 0 1 -6.25
Note: Settings with an error of 1% or less are recommended.
— Setting available, but error occurs
*: Continuous transmission/reception not possible
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Table 15.5 indicates the maximum bit rates in asynchronous mode when the baud rate generator is
being used. Table 15.6 list the maximum rates for external clock input.

Table15.5 Maximum Bit Ratesfor Various Frequencieswith Baud Rate Generator

(Asynchronous M ode)
Settings
Po (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table15.6 Maximum Bit Rates during External Clock Input (Asynchronous M ode)

Po (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
49152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 49152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750
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1529 FIFO Control Register (SCFCR)

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ RTRGl‘ RTRGO‘ TTRG1 \ TTRGO‘ MCE \ TFRST \ RFRST‘ LOOP \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The FIFO control register (SCFCR) resets the quantity of datain the transmit and receive FIFO
data registers, sets the trigger data number and contains the enable bit for loop-back testing.
SCFCR can read and written by the CPU at all times. It isinitialized to H'00 by areset, by the
modul e standby function, and in standby mode.

Bits 7 and 6—Receive FIFO Data Trigger (RTRG1, RTRGO): These hits set the quantity of
receive data which sets the receive datafull (RDF) flag in the serial status register (SCSSR). The
RDF flag is set when the quantity of receive data stored in the receive FIFO data register
(SCFRDR) exceeds the trigger number as shown below.

Bit 7: RTRG1 Bit 6: RTRGO Receive Trigger Number

0 0 1 (Initial value)
1 4

1 0 8
1 14

Bits 5 and 4—Transmit FIFO Data Trigger (TTRG1, TTRGO): These bits set the quantity of
remaining transmit data which sets the transmit FIFO data register empty (TDFE) flag in the serial
status register (SCSSR). The TDFE flag when the quantity of transmit data in the transmit FIFO
dataregister (SCFTDR) falls below the trigger number specified by these bits, as shown below.

Bit 5: TTRG1 Bit 4: TTRGO Transmit Trigger Number

0 0 8 (8)* (Initial value)
1 4(12)

1 0 2 (14)
1 1 (15)

Note: * Values in parentheses indicate the number of empty bits in the SCFTDR register when the
TDFE flag is set to 1.
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Bit 3—Maodem Control Enable (MCE): Enables modem control signals CTS and RTS.

Bit 3: MCE Description
0 Modem signals disabled* (Initial value)
1 Modem signals enabled

Note: * CTS is fixed at active-0 regardless of the input value, and RTS is also fixed at 0.

Bit 2—Transmit FIFO Data Register Reset (TFRST): Disables the transmit data in the transmit
FIFO dataregister and resets the data to the empty state.

Bit 2: TFRST Description
0 Reset operation disabled* (Initial value)
1 Reset operation enabled

Note: Resetting operates in resets and in standby mode.

Bit 1—Receive FIFO Data Register Reset (RFRST): Disables the receive data in the receive FIFO
dataregister and resets the data to the empty state.

Bit 1: RFRST Description
0 Reset operation disabled* (Initial value)
1 Reset operation enabled

Note: Resetting operates in resets and in standby mode.

Bit 0—Loop-Back Test (LOOP): Internally connects the transmit output pin (TXD) and receive
input pin (RXD) and enables |oop-back testing.

Bit 0: LOOP Description
0 Loop-back testing disabled (Initial value)
1 Loop-back testing enabled
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15.2.10 FIFO Data Count Register (SCFDR)

SCFDR is a 16-bit register which indicates the quantity of data stored in the transmit FIFO data
register (SCFTDR) and the receive FIFO data register (SCFRDR). It indicates the quantity of
transmit datain SCFTDR in the upper eight bits, and the quantity of receive datain SCFRDR in
the lower eight bits. SCFDR can always be read by the CPU.

Lower 8 Bits: 7 6 5 4 3 2 1 0
Bitname: — | — | — | R4 | R3 | R2 | RL | RO |
Initial value: 0 0 0 0 0 0 0 0
R/W:

The lower 8 bits of SCFDR indicate the quantity of receive data stored in SCFRDR. H'00 means
that there is no receive data, and H'10 means that the SCFRDR is full of receive data.

Upper 8 Bits: 15 14 13 12 11 10 9 8
Bitname:| — | — | — | T4 | T3 | T2 | T1 | TO |
Initial value: 0 0 0 0 0 0 0 0
R/W:

The upper 8 bits of SCFDR indicate the quantity of non-transmitted data stored in SCFTDR. H'00
means that there is no transmit data, and H'10 means that the SCFTDR isfull of transmit data.

15.3 Operation

1531 Overview

For serial communication, the SCIF uses an asynchronous mode in which characters are
synchronized individually. Refer to section 13.3.2, Serial Communication Interface, for details of
asynchronous mode operation. The SCIF has a 16-stage FIFO buffer for both transmit and receive
operations, reducing CPU overhead and enabling continuous high-speed communication. It also
uses RTS and CTS modem control signals. The transmission format is selected in the serial mode
register (SCSMR), as shown in table 15.7. The SCIF clock source is selected by the combination
of the CKE1 and CKEO bitsin the serial control register (SCSCR), as shown in table 15.8.

e Datalength is selectable: seven or eight bits.

e Choice of parity addition and addition of 1 or 2 stop bits. The combination of the preceding
selections constitutes the communication format and character length.

e Inrecelving, it is possible to detect framing errors (FER), parity errors (PER), receive FIFO
data full, receive data ready, and breaks.

e Intransmitting, it is possible to detect transmit FIFO data empty.
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« The number of stored data bytesis displayed for both the transmit and receive FIFO registers.
« Aninterna or external clock can be selected as the SCIF clock source.

0 When aninternal clock is selected, the SCIF operates using the built-in baud rate generator,
and can output a seria clock signal with afrequency 16 times the bit rate.

O When an external clock is selected, the external clock input must have a frequency of 16
times the bit rate. (The built-in baud rate generator is not used.)

Table15.7 SMR Settingsand SCIF Transfer Format Selection

SCSMR Settings
Bit 6 Bit 5 Bit 3 Data Parity SCIF Communication Format

Mode CHR PE STOP Length Bit Stop Bit Length
Asynchronous 0 0 0 8-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits

Table15.8 SCSMR and SCSCR Settingsand SCIF Clock Source Selection

SCSCR Settings SCIF Transmit/Receive Clock
Bit 1 Bit 0
Mode CKE1 CKEO Clock Source SCK Pin Function
Asynchronous 0 0 Internal SCIF does not use the SCK pin
1 Outputs a clock with a frequency 16 times
the bit rate
1 0 External Inputs a clock with frequency 16 times the
1 bit rate
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15.3.2 Serial Operation

Transmit/Receive Formats. Table 15.9 lists the eight communication formats that can be
selected. The format is selected by settings in the serial mode register (SCSMR).

Table15.9 Serial Communication Formats

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE STOP 1 2 3 4 5 6 7 8 9 10 11 12

o 0 o0 \ s \ 8-bit data \ STOP ‘
1 \ s \ 8-bit data \ STOP ‘ STOP ‘
1 0 \ s \ 8-bit data \ P ‘STOP‘
1 \ s \ 8-bit data \ P ‘STOP‘STOP‘
1 0 o \ s \ 7-bit data \ STOP ‘
1 \ s \ 7-bit data \ STOP‘ STOP ‘
1 0 \ s \ 7-bit data \ P \ STOP ‘
1 \ s \ 7-bit data \ P \ STOP ‘ STOP ‘
Notes: S: Start bit
STOP: Stop bit
P: Parity bit

Clock: Aninternal clock generated by the built-in baud rate generator or an external clock input
from the SCK pin can be selected as the SCIF transmit/receive clock. The clock sourceis selected
by the bits CKE1 and CKEQ in the serial control register (SCSCR) (table 15.8).

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired hit rate.

When the SCIF operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is 16 times the bit rate.
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Data Transfer Operations (SCIF Initialization): Before transmitting or receiving data, clear the
TE and RE bitsto 0 in the serial control register (SCSCR), then initialize the SCIF as follows.

When changing the communication format, always clear the TE and RE bits to O before following
the procedure given below. Clearing TE to O initializes the transmit shift register (SCTSR).
Clearing TE and RE to 0, however, does not initialize the serial status register (SCSSR), transmit
FIFO dataregister (SCFTDR), or receive FIFO dataregister (SCFRDR), which retain their
previous contents. Clear TE to 0 after all transmit data are transmitted and the TEND flag in
SCSSR is set. The transmitting data enters the high impedance state after clearing to 0 although
the bit can be cleared to 0 in transmitting. Set the TFRST bit in SCFCR to 1 and reset SCFTDR
before TE is set again to start transmission.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCIF operation becomes unreliable if the clock is stopped.

Figure 15.2 shows a sample flowchart for initializing the SCIF. The procedure for initializing the
SCIF is shown in the figure.
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< Initialization >
|
Clear TE and RE bits in SCSCR to 0

Set TFRST and RFRST bits in
SCFCRto 1

Set CKE1 and CKEO
bits in SCSCR (leaving TE and RE
bits cleared to 0)

I
Set data transfer format in SCSMR

Set value in SCBRR

Wait

1-bit interval elapsed?

Set RTRG1-0, TTRG1-0, and MCE
in SCFCR
Clear TFRST and RFRST bitsto 0

Set TE and RE bits in
SCSCR to 1,and set RIE, TIE,
TEIE, and MPIE bits

)

. Set the clock selection in SCSCR.

Be sure to clear bits RIE TIE, TE, and RE
to 0.

When clock output is selected, the clock is
output immediately after SCSCR settings
are made.

. Set the data transfer format in SCSMR.

. Write a value corresponding to the bit rate

into the bit rate register (SCBRR).
(Not necessary if an external clock is used.)

. Wait at least one bit interval, then set the

TE bit or RE bit in SCSCR to 1. Also set the
RIE and TIE bits.

Setting the TE and RE bits enables the

TxD and RxD pins to be used. When
transmitting, the SCIF will go to the mark
state; when receiving, it will go to the idle
state, waiting for a start bit.

Figure15.2 Sample Flowchart for SCIF Initialization
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¢ Serial datatransmission

Figure 15.3 shows a sample flowchart for serial transmission.

Use the following procedure for serial data transmission after enabling the SCIF for transmission.

< Start of transmission >

[
|‘

Read TDFE bit in SCSSR

No

Yes

Write transmit data (16 - transmit
trigger number) to SCFTDR,
read 1 from TDFE bit and TEND flag
in SCSSR, then clearto 0

All data transmitted?

Yes

<
«

Read TEND bit in SCSSR

Break output?

Set PBDR, PBIOR and PBCR

Clear TE bitin SCSCR t0 0

<
€

( End of transmission >

1. SCIF status check and transmit data write:

Read serial status register (SCSSR) and
check that the TDFE flag is set to 1, then
write transmit data to the transmit FIFO
data register (SCFTDR), read 1 from the
TDFE and TEND flags, then clear these
flags to O.

The number of transmit data bytes that can
be written is 16 — transmit trigger number.

. Serial transmission continuation procedure:

To continue serial transmission, read 1 from
the TDFE flag to confirm that writing is
possible, then write data to SCFTDR, and
then clear the TDFE flag to 0.

. Break output at the end of serial

transmission: To output a break in serial
transmission, clear port register PBDR
corresponding to the TxD pinto 0, set 1 in
the PBIOR register, and set the PBCR
register to general port use. Then clear the
TE bit to 0 in the serial control register
(SCSCR).

In steps 1 and 2, it is possible to ascertain
the number of data bytes that can be
written from the number of transmit data
bytes in SCFTDR indicated by the upper 8
bits of the FIFO data register (SCFDR).

Figure 15.3 Sample Flowchart for Serial Transmission
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In serial transmission, the SCIF operates as described below.

1. When dataiswritten into the transmit FIFO data register (SCFTDR), the SCIF transfers the
data from SCFTDR to the transmit shift register (SCTSR) and starts transmitting. Confirm that
the TDFE flag in the serial status register (SCSSR) is set to 1 before writing transmit data to
SCFTDR. The number of data bytes that can be written is (16 — transmit trigger number).

2. When datais transferred from SCFTDR to SCTSR and transmission is started, consecutive
transmit operations are performed until thereis no transmit data left in SCFTDR. When the
number of transmit data bytesin SCFTDR falls below the transmit trigger number set in the
FIFO control register (SCFCR), the TDFE flag is set. If the TIE bit in the seria control register
(SCSCR) isset to 1 at thistime, atransmit-FIFO-data-empty interrupt (TXI1) request is
generated.

The serial transmit data is sent from the TxD pin in the following order.

a. Start bit: One 0-bit is output.

b. Transmit data: 8-hit or 7-bit datais output in LSB-first order.

c. Parity bit: One parity bit (even or odd parity) is output. (A format in which a parity bit is
not output can also be selected.)

d. Stop hit(s): One or two 1-bits (stop bits) are output.
Mark state: 1 is output continuously until the start bit that starts the next transmission is
sent.

3. The SCIF checks the SCFTDR transmit data at the timing for sending the stop bit. If datais
present, the datais transferred from SCFTDR to SCTSR, the stop bit is sent, and then seria
transmission of the next frame is started.

If there is no transmit data, the TEND flag in SCSSR is set to 1, the stop bit is sent, and then
the line goes to the mark state in which 1 is output continuously.

Figure 15.4 shows an example of the operation for transmission.
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1

Start

bit Data
(C

Parity Stop Start

bit  bit  bit

Serial
data

TDFE
((

TEND T

[0 | o] forjonfao]
))

Parity Stop
Data bit  bit 1
))
D0|D1| |D7|O/1|1 Idle
(¢ state

(mark state)
((C

T ))
((

T

)

.

TXI interrupt
request

| ))
Data written to
SCFTDR and TDFE

TXI interrupt
request

))

flag read as 1 then
cleared to 0 by TXI
interrupt handler

A

One frame

Figure15.4 Example of Transmit Operation
(Examplewith 8-Bit Data, Parity, One Stop Bit)

4. When modem control is enabled, transmission can be stopped and restarted in accordance with
the CTS input value. When CTS is 1, if transmission isin progress, the line goes to the mark
State after transmission of one frame. When CTS is 0, the next transmit datais output starting
from the start bit.

Figure 15.5 shows an example of the operation when modem control is used.

Start Parity Stop Start
bit bit  bit bit
Serial ) ) £
data | 0| Do|Di| |07 ]0n] |0 Do]ouf forfon
TXD )) ))
(¢
cTs ' | |

o

Raise before
the stop bit

Figure15.5 Example of Operation Using Modem Control (CTS)
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e Serial datareception

Figure 15.6 shows a sample flowchart for serial reception.

Use the following procedure for serial data reception after enabling the SCIF for reception.

( Start of reception >
>l

Vl

Read DR, ER, BRK
flags in SCSSR

Yes

BRK/ER/DR = 1?

Read RDF flag in SCSSR

No

Yes

Read receive data in SCFRDR,
and clear RDF flag in
SCSSRto0

All data received?

Clear RE bitin SCSCRto 0

( End of reception >

Error handling

1. Receive error handling and break detection:
Read the DR, ER, and BRK flags in SCSSR
to identify any error, perform the appropriate
error handling, then clear the DR, ER, and
BRK flags to 0. In the case of a framing
error, a break can also be detected by
reading the value of the RxD pin.

2. SCIF status check and receive data read :
Read the serial status register (SCSSR) and
check that RDF = 1, then read the receive
data in the receive FIFO data register
(SCFRDR), read 1 from the RDF flag, and
then clear the RDF flag to 0. The transition of
the RDF flag from 0 to 1 can be identified by
an RXI interrupt.

3. Serial reception continuation procedure: To
continue serial reception, read at least the
number of receive data bytes set as the
receive trigger from SCFRDR, read 1 from
the RDF flag, then clear the RDF flag to 0.
The number of receive data bytes in
SCFRDR can be ascertained by reading the
lower bits of SCFDR.

Figure15.6 Sample Flowchart for Serial Reception
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Error handling

> 1. Whether a framing error or parity error has
occurred in the receive data read from

SCFRDR can be ascertained from the FER and
PER bits in SCSSR.

2. When a break signal is received, receive data
is not transferred to SCFRDR while the BRK

flag is set. However, note that the last data in
SCFRDR is H'00 and the break data in which a

framing error occurred is stored.

No
Yes
Receive error handling
No BRK= 1?
Break handling
No DR=17?
Yes

Read receive data in SCFRDR

»
P

Clear DR, ER, BRK flags in
SCSSRto 0

End

)

Figure15.6 Sample Flowchart for Serial Reception (cont)
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In seria reception, the SCIF operates as described below.

1. The SCIF monitors the transmission line, and if a 0 start bit is detected, performs internal
synchronization and starts reception.

2. Thereceived datais stored in SCRSR in LSB-to-MSB order.
3. The parity bit and stop bit are received.
After receiving these hits, the SCIF carries out the following checks.

a. Stop hit check: The SCIF checks whether the stop bit is 1. If there are two stop hits, only
the first is checked.

b. The SCIF checks whether receive data can be transferred from the receive shift register
(SCRSR) to SCFRDR.

c. Break check: The SCIF checksthat the BRK flagis O, indicating that the break state is not
Set.

If al the above checks are passed, the receive datais stored in SCFRDR.
Note: Reception is not suspended when areceive error occurs.

4. If the RIE bit in SCSCR is set to 1 when the RDF or DR flag changesto 1, areceive-FIFO-
data-full interrupt (RXI) request is generated.

If the RIE bit in SCSCR is set to 1 when the ER flag changes to 1, areceive-error interrupt
(ERI) request is generated.

If the RIE bit in SCSCR is set to 1 when the BRK flag changesto 1, a break reception interrupt
(BRI) request is generated.

Figure 15.7 shows an example of the operation for reception.
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Start Parity Stop Start Parity Stop
bit Data bit  bit  bit Data bit  bit 1

(

)) ))
0 | Do| D1 |"| D, | 0/1| 1 | 0 | DO| D1| | D7|0/1| 1 Idle state
) 4 (mark state)

RDF
I% («

)) * )
RXI interrupt ‘

Serial
data

FER request
( (C
) )
) One frame ‘ T
Data read and RDF ERI interrupt
flag read as 1 then request generated
cleared to O by by receive error

RXI interrupt handler

Figure15.7 Example of SCIF Receive Operation
(Examplewith 8-Bit Data, Parity, One Stop Bit)

5. When modem control is enabled, the RTS signal is output when SCFRDR is empty. When
RTS isO, reception is possible. When RTS is 1, thisindicates that SCFRDR is full and
reception is not possible.

Figure 15.8 shows an example of the operation when modem control is used.

Start Parity Start

bit bit bit
Serial ) £ {5
data | 0| Do|Di| 0| fOrjon 1 o] | ]
RXD {5 ss

RTS «

Figure 15.8 Example of Operation Using Modem Control (RTS)
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154  SCIF Interrupts

The SCIF has four interrupt sources. transmit-FIFO-data-empty (TX1), receive-error (ERI),
receive-data-full (RX1), and break (BRI).

Table 15.10 shows the interrupt sources and their order of priority. The interrupt sources are
enabled or disabled by means of the TIE and RIE bitsin SCSCR. A separate interrupt request is
sent to the interrupt controller for each of these interrupt sources.

When the TDFE flag in the seria status register (SCSSR) is set to 1, a TXI interrupt request is
generated.

When the RDF flag in SCSSR is set to 1, an RXI interrupt request is generated.
When the ER flag in SCSSR is set to 1, an ERI interrupt request is generated.
When the BRK flag in SCSSR is set to 1, a BRI interrupt request is generated.

The TXI interrupt indicates that transmit data can be written, and the RX1 interrupt indicates that
thereisreceive datain SCFRDR.

Table 15.10 SCIF Interrupt Sources

Interrupt Source Description Priority

ERI Interrupt initiated by receive error flag (ER) High

RXI Interrupt initiated by receive FIFO data register full flag )
(RDF) or data ready flag (DR)

BRI Interrupt initiated by break flag (BRK)

TXI Interrupt initiated by transmit FIFO data register empty !
flag (TDFE) Low

See section 4, Exception Handling, for priorities and the relationship with non-SCIF interrupts.

155  Usage Notes

Note the following when using the SCIF.

1551 SCFTDR Writing and the TDFE Flag

The TDFE flag in the serial status register (SCSSR) is set when the number of transmit data bytes
written in the transmit FIFO data register (SCFTDR) has fallen to or below the transmit trigger
number set by bits TTRG1 and TTRGO in the FIFO control register (SCFCR). After TDFE is set,
transmit data up to the number of empty datain SCFTDR can be written, allowing efficient

continuous transmission.
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However, if the number of data bytes written in SCFTDR is equal to or less than the transmit
trigger number, the TDFE flag will be set to 1 again after being read as 1 and cleared to 0. TDFE
clearing should therefore be carried out when SCFTDR contains more than the transmit trigger
number of transmit data bytes.

The number of transmit data bytesin SCFTDR can be found from the upper 8 bits of the FIFO
data count register (SCFDR).

155.2 SCFRDR Reading and the RDF Flag

The RDF flag in the serial status register (SCSSR) is set when the number of receive data bytesin
the receive FIFO data register (SCFRDR) has become equal to or greater than the receive trigger
number set by bits RTRG1 and RTRGO in the FIFO control register (SCFCR). After RDF is set,
receive data equivalent to the trigger number can be read from SCFRDR, allowing efficient
continuous reception.

However, if the number of data bytesin SCFRDR is equal to or greater than the trigger number,
the RDF flag will be setto 1 againif it is cleared to 0. Therefore, clear RDF to O after it isread as
1 when al the receive data has been read.

The number of receive data bytesin SCFRDR can be found from the lower 8 bits of the FIFO data
count register (SCFDR).

155.3 Break Detection and Processing

Break signals can be detected by reading the RxD pin directly when aframing error (FER) is
detected. In the break state the input from the RxD pin consists of al 0s, so the FER flag is set and
the parity error flag (PER) may also be set. Note that, although transfer of receive datato
SCFRDR is halted in the break state, the SCIF receiver continuesto operate, so if the BRK flag is
cleared to O it will be set to 1 again.

1554  Sending a Break Signal

The input/output condition and level of the TxD pin are determined by the port B data register
(PBDR), port B function control register (PBCR), and port B 1/0 control register (PBIOR). This
feature can be used to send a break signal. To send a break signal during serial transmission, clear
PBDR corresponding to the TxD pinto 0, set PBIOR to 1, set PBCR to the port function, and then
clear the TE bit to O (halting transmission). When the TE bit is cleared to O, the transmitter is
initialized regardless of the current transmission status, and 0 is output from the TxD pin.
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1555 TEND Flag and TE Bit Processing

The TEND flag is set to 1 during transmission of the stop bit of the last data. Consequently, if the
TE bit is cleared to 0 immediately after setting of the TEND flag has been confirmed, the stop bit
will bein the process of transmission and will not be transmitted normally. Therefore, the TE bit
should not be cleared to O for at least 0.5 serial clock cycles (or 1.5 cyclesif two stop bits are
used) after setting of the TEND flag is confirmed.

1556 Receive Data Sampling Timing and Receive Margin

The SCIF operates on a base clock with a frequency of 16 times the transfer rate. In reception, the
SCIF synchronizesinternally with the fall of the start bit, which it samples on the base clock.
Receive dataislatched at the rising edge of the eighth base clock pulse. The timing is shown in
figure 15.9.

16 clocks |

L ‘

<

8 clocks
0123456 7891011121314150 1 23 456 7 8 910111213141501 23 4 5

Base clock L]

. —7.5clocks i +7.5clocks !

< '

Receive
data (RxD)

Start bit [ DO I b1

Synchro-
nization
_v

sampling
timing

Data s s
sampling v [v
timing

Figure15.9 Receive Data Sampling Timing in Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

1

M:‘(O.S—ﬁj—(L—O.S)F—

|D|‘\l—0'5l (L+F)| x100% ..... N

: Receive margin (%)
Ratio of clock frequency to bit rate (N = 16)
: Clock duty cycle (D =0to 1.0)
Frame length (L = 9 to 12)
Absolute deviation of clock frequency

mTmozzZ
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From equation (1), if F=0and D = 0.5, the receive margin is 46.875%, as given by equation (2).
WhenD=05and F=0:
M = (0.5 — 1/(2 x 16)) x 100% = 46.875% - - - - - 2)

Thisisatheoretical value. A reasonable margin to allow in system designsis 20% to 30%.

155.7 Note Regarding Use of the CTS Signal of the SCIF
The notes bel ow apply when the CTS signal isused (SCFCR1.MCE = 1).

Condition: The CTS signal goes High while the final byte of datais being transmitted.
“While the final byte data is being transmitted” meansthereis only datain SCTSR1
(thereisno datain the SCFDRL1 register), and al dataincluding the start bit is output
on the TXD1 pin. The situation in which the next byte of datais written to the
SCFTDR1 register before the final byte of datais transmitted is not included.

Problem: Transmission might be halted in the middle of aframe though the whole frame (from the
start bit to the stop hit) was meant to have been transmitted. In this case, High is output
onthe TxD1 pin.

Remedy: Be sure to restrict operation in either of the ways listed below.

1. Do not usethe CTS signal for hardware flow control.

2. UsetheIRQn signal instead of the CTS signal to start and halt the transmission with an
interrupt.

3. When transmitting and receiving, use the final byte data as a dummy (if the system can allow
for this).
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Section 16 IrDA

16.1 Overview

An on-chip Infrared Data Association (IrDA) interface based on the IrDA 1.0 system is provided,
enabling infrared communication. It can also be used as the SCIF by means of register settings.

16.1.1 Features

The IrDA has the following features:

Conformsto the IrDA 1.0 system

Asynchronous serial communication

0 Datalength: 8 bits

0 Stop bit length: 1 bit

0 Parity bit: None

Built-in 16-stage FIFO buffers for both transmission and reception

On-chip baud rate generator with selectable bit rates

Protection function that prevents receiver from being affected during transmission
Clock supply halted to reduce power consumption when the IrDA isnot in use
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16.1.2

Figure 16.1 shows a block diagram of the IrDA.

Block Diagram

SCIF

Clock input )1
~J
? <] ScK
TxD -
. . - 'X TxD
Transfer clock Modulation unit >
A
et
Demodulation unit % RxD

RxD

A

IrDA

!

SCIF: Serial communication interface with FIFO

IrDA/SCIF switching

16.1.3

Table 16.1 shows the pin configuration of the IrDA.

Table16.1 Pin Configuration

Figure16.1 1rDA Block Diagram

Pin Configuration

Channel Pin Name Abbreviation /0 Function

1 Serial clock pin SCK1 Input/output Clock input/output
Receive data pin RxD1 Input Receive data input
Transmit data pin TxD1 Output Transmit data output

2 Serial clock pin SCK2 Input/output Clock input/output
Receive data pin RxD2 Input Receive data input
Transmit data pin TxD2 Output Transmit data output
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16.1.4 Register Configuration

The IrDA has the internal registers shown in table 16.2. By using these registers, the IrDA or SCIF
mode can be selected, the data format and bit rate can be specified, and the transmit and receive

units can be controlled.

Table16.2 Register Configuration

Abbre- Initial Access
Channel Register Name viation R/W Value Address Size
1 Serial mode register 1 SCSMR1 R/W H'00 H'FFFFFCCO 8 bits
Bit rate register 1 SCBRR1 R/W H'FF H'FFFFFCC2 8 bits
Serial control register 1 SCSCR1 R/W H'00 H'FFFFFCC4 8 bits
Transmit FIFO data register 1 SCFTDR1 W — H'FFFFFCC6 8 bits
Serial status register 1 SCSSR1 R/(W)* H'0060 H'FFFFFCC8 16 bits
Receive FIFO data register 1 SCFRDR1 R Undefined H'FFFFFCCA 8 bits
FIFO control register 1 SCFCR1 R/W H'00 H'FFFFFCCC 8 bits
FIFO data count set register 1. SCFDR1 R H'0000 H'FFFFFCCE 16 bits
2 Serial mode register 2 SCSMR2 R/W H'00 H'FFFFFCDO 8 bits
Bit rate register 2 SCBRR2 R/W H'FF H'FFFFFCD2 8 bits
Serial control register 2 SCSCR2 R/W H'00 H'FFFFFCD4 8 bits
Transmit FIFO data register 2 SCFTDR2 W — H'FFFFFCD6 8 bits
Serial status register 2 SCSSR2 R/(W)* H'0060 H'FFFFFCD8 16 bits
Receive FIFO data register 2 SCFRDR2 R Undefined H'FFFFFCDA 8 bits
FIFO control register 2 SCFCR2 R/W H'00 H'FFFFFCDC 8 bits
FIFO data count set register 2 SCFDR2 R H'0000 H'FFFFFCDE 16 bits
Note: * Only O can be written, to clear the flags.
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16.2 Register Description

Specifications of the registersin the IrDA are the same as those in the SCIF except for the serial
mode register described below. Therefore, refer to section 15, Serial Communication Interface
with FIFO, for these registers.

16.21 Serial Mode Register (SCSMR)

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ IRMOD‘ ICK3 \ ICK2 \ ICK1 \ ICKO \ PSEL \ CKS1 \ CKS0 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

SCSMR is an 8-hit register which can select IrDA or SCIF mode, specify the SCIF serial
communication format, select the IrDA output pulse width, and select the baud rate generator
clock source.

This module operates as IrDA by setting the IRMOD hit to 1. At thistime, bits 3 to 6 are fixed at
0. Thisregister functions in the same way as the SCSMR register in the SCIF by setting the
IRMOD bit to O; therefore, this module can also operates as the SCIF.

SCSMR isinitialized to H'00 by a power-on reset, manual reset, stoppage by the module standby
function, or standby mode.

Bit 7—IrDA Mode (IRMOD): Selects whether this module operates as an IrDA serial
communication interface or as an SCIF.

Bit 7: IRMOD Description
0 Operates as SCIF (Initial value)
1 Operates as IrDA

Bits 6 to 3—IrDA Clock Select Bits (ICK3-1CKO)
Bit 2—Output Pulse Width Select (PSEL)

The output pulse width select bit (PSEL) selects an output pulse width of IrDA that is 3/16 of the
bit length for 115 kbps or 3/16 of the bit length for the selected baud rate.

The IrDA clock select bits should be set properly to fix the output pulse width at 3/16 of the bit
length for 115 kbps by setting the PSEL bit to 1.
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Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Description

ICK3 ICK2 ICK1 ICKO PSEL Pulse width: 3/16 of 115 kbps bit length
ICK3 ICK2 ICK1 ICKO 1

Don't Don't Don'’t Don't 0 Pulse width: 3/16 of bit length

care

care

care

care

It is necessary to generate afixed clock pulse, IRCLK, by dividing the P clock by 1/2N+2, with

the value of N determined by the setting of ICK3- CKO.

Example:

Po clock: 14.7456 MHz
921.6 kHz (fixed)
Setting of ICK3-ICKO (0 < N <15)

IRCLK:

N:

> —
2 x IRCLK

Po

Thus, N is 7.

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CK S0): These bits select the internal baud rate
generator clock source. Pg, P@/4, P@/16, or P@/64 can be selected by setting the CKS1 and CKS0

bits.

Refer to section 15.2.8, Bit Rate Register, for the relationship between the clock source, the bit
rate register set value, and the baud rate.

Bit 1: CKS1 Bit 0: CKSO Description
0 0 P clock (Initial value)
1 P@/4 clock
1 0 P@/16 clock
1 P@/64 clock
Note: Pg: Peripheral module clock
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16.3  Operation

The IrDA module can perform infrared communication conforming to IrDA 1.0 by connecting an
infrared transmit/receive unit. The serial communication interface unit includes a 16-stage FIFO
buffer in the transmit section and the receive section, enabling CPU overhead to be reduced and
continuous high-speed communication to be performed. The IrDA module differs from the SCIF
described in section 15 in that it does not include modem control signals RTS and CTS.

Refer to section 15.3, Operation, for SCIF mode operation.

16.3.1 Overview

The IrDA module modifies TXD/RxD transmit/receive data waveformsto satisfy the IrDA 1.0
specification for infrared communication.

In the IrDA 1.0 specification, communication isfirst performed at the rate of 9,600 bps, and the
communication rate is changed. However, the communication rate cannot be automatically
changed in this module, and therefore the communication rate must be checked and the
appropriate rate set in this module with software.

Note: InIrDA mode, reception cannot be performed when the TE bit in the serial control register
(SCSCR) is set to 1 (enabling transmission). When performing reception, clear the TE bit
in SCSCRto 0.

16.3.2 Transmission

The waveform of the serial output signal (UART frame) from the SCIF is modified and the signal
is converted into the IR frame serial output signal by the IrDA module, as shown in figure 16.2.

When serial datais 0, a 3/16-bit width high pulse of the IR frame is generated and output. When
seria datais 1, apulseis not output.

Aninfrared LED isdriven with high this signal, demodulated into 3/16 width.

16.3.3 Reception

The 3/16-bit width pulse of the IR frame that was received is demodulated and converted into a
UART frame, as shown in figure 16.2.

Demodulation to 0 is performed for low pulse output; demodulation to 1 is not performed for
pulse outpuit.
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3/16-bit cycle

Bit cycle pulse width
Start bit —»1 of 1 0| 1 0 o 1 1 0| 1 [|-=— Stop bit
Data
| IR frame o
I~ >
Receive i
UART frame .
Start bit —m] - Data > -a— Stop bit
0 1 0 1 0 0 1 1 0 1
Transmiti
IR frame o
. Data .
Start bit —»1 ~ - -— Stop bit
| |0 1 ” o 1 HO o 1 1 ” 0| 1
— - — —— |-
Bit cycle 3/16 bit cycle
pulse width
Figure16.2 Transmit/Receive Operation
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Section 17 Seria 1/0 (SIO)

171 Overview

A three-channel simple synchronous serial 1/O is provided on-chip. The serial 1/O functions
mainly as an interface between the chip and a codec or modem anal og front-end.

17.1.1 Features

The serial 1/0 has the following features:

Full-duplex operation

Independent transmit/receive registers and independent transmit/receive clocks
Double-buffered transmit/receive ports

Continuous data transmission/reception possible

Interval transfer mode and continuous transfer mode

Memory-mapped receive register, transmit register, control register, and status register
With the exception of SIRSR and SITSR, these registers are memory-mapped and can be
accessed by aMOV instruction.

Choice of 8- or 16-bit datalength

Data transfer communication by means of polling or interrupts

Data transfer can be monitored by polling the receive data register full flag (RDRF) and
transmit data register empty flag (TDRE) in the serial status register. Interrupt requests can be
generated during data transfer by setting the receive interrupt request flag and transmit
interrupt request flag.

MSB-first transfer between SIO and data 1/O

Figure 17.1 shows a block diagram of the serial 1/0.
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Peripheral bus 16/

R S O Serial I/O module-

SIRDR:
SIRSR:
SISTR:
SICTR:
SITDR:
SITSR:

Bit counter
I/O control unit

SRxD SRCK SRS STS STCK

Receive data register
Receive shift register
Serial status register
Serial control register
Transmit data register
Transmit shift register

(SI0)

STxD

596

Figure17.1 SIO Block Diagram

HITACHI




Table 17.1 shows the functions of the external pins. As the channels are independent, the channel

numbers are omitted from the signal names in the rest of this section.

Table17.1 Serial 1/0 (SIO) External Pins

Channel  Name Pin 110 Function

0 Serial receive data input pin SRxDO Input Serial data input port 0
Serial receive clock input pin SRCKO Input Serial receive clock port 0
Serial reception synchronization ~ SRSO Input Serial reception
input pin synchronization input port 0
Serial transmit data output pin STxDO Output  Serial data output port 0
Serial transmit clock input pin STCKO Input Serial transmit clock port O
Serial transmission synchro- STSO 1/0 Serial transmission synchro-
nization input/output pin nization input/output port 0

1 Serial receive data input pin SRxD1 Input Serial data input port 1
Serial receive clock input pin SRCK1 Input Serial receive clock port 1
Serial reception synchronization SRS1 Input Serial reception
input pin synchronization input port 1
Serial transmit data output pin STxD1 Output  Serial data output port 1
Serial transmit clock input pin STCK1 Input Serial transmit clock port 1
Serial transmission synchro- STS1 1/0 Serial transmission synchro-
nization input/output pin nization input/output port 1

2 Serial receive data input pin SRxD2 Input Serial data input port 2
Serial receive clock input pin SRCK2 Input Serial receive clock port 2
Serial reception synchronization = SRS2 Input Serial reception
input pin synchronization input port 2
Serial transmit data output pin STxD2 Output  Serial data output port 2
Serial transmit clock input pin STCK2 Input Serial transmit clock port 2
Serial transmission STS2 1/0 Serial transmission synchro-
synchronization input/output pin nization input/output port 2

Note: In areset, all pins are initialized to the high-impedance state.

HITACHI
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17.2

Register Configuration

Table 17.2 shows the SIO’ s registers. As the channels are independent, the channel numbers are
omitted from the signal names in the rest of this section.

Table17.2 Register Configuration

Abbrevia- Initial Access Size
Channel Register tion R/W Value  Address (Bits)
0 Receive shift register 0  SIRSRO — — — —
Receive data register 0 SIRDRO R H'0000 H'FFFFFCO0 8, 16, 32
Transmit shift register 0 SITSRO — — — —
Transmit data register 0 SITDRO R/W H'0000 H'FFFFFCO02 8, 16, 32
Serial control register 0 SICTRO R/W H'0000 H'FFFFFCO04 8, 16, 32
Serial status register 0  SISTRO R/(W)* H'0002 H'FFFFFCO06 8, 16, 32
1 Receive shift register 1  SIRSR1 — — — —
Receive dataregister 1 SIRDR1 R H'0000 H'FFFFFC10 8, 16, 32
Transmit shift register 1  SITSR1 — — — —
Transmit data register 1 SITDR1 R/W H'0000 H'FFFFFC12 8, 16, 32
Serial control register 1~ SICTR1 R/W H'0000 H'FFFFFC14 8, 16, 32
Serial status register 1 ~ SISTR1 R/(W)* H'0002 HFFFFFC16 8, 16, 32
2 Receive shift register 2  SIRSR2 — — — —
Receive data register 2 SIRDR2 R H'0000 H'FFFFFC20 8, 16, 32
Transmit shift register 2 SITSR2 — — — —
Transmit data register 2 SITDR2 R/W H'0000 H'FFFFFC22 8, 16, 32
Serial control register 2 SICTR2 R/W H'0000 H'FFFFFC24 8, 16, 32
Serial status register 2~ SISTR2 R/(W)* H'0002 HFFFFFC26 8, 16, 32

Note: * Only 0 should be written, to clear flags (after reading 1 from the flag).
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17.2.1 Receive Shift Register (SIRSR)

Bit: 15 14 13 3 2 1 0

Initial value: — — — — — _ _
R/W: — — — — — _ _

SIRSR is a 16-hit register used to receive seria data. The datais fetched in MSB first from the
SRxD pin in synchronization with the fall of the seria receive clock (SRCK), and is shifted into
SIRSR. The data length is set by the transmit/receive data length select bit (DL) in the
corresponding serial control register (SICTR). When data transfer to SIRSR is completed, the data
contents are automatically transferred to the receive data register (SIRDR), and the receive data
register full flag (RDRF) is set in the serial status register (SISTR).

If the next data word input operation ends before the RDRF flag is cleared, an overrun error
occurs, the receive overrun error flag (RERR) is set in SISTR, and an overrun error signal is sent
to the interrupt controller (INTC). The datain SIRSR overwrites the datain SIRDR.

17.2.2 Receive Data Register (SIRDR)

Bit: 15 14 13 3 2 1 0
| ] . | ] |
Initial value: 0 0 0 0 0 0 0
R/W:

SIRDR is a16-hit register that stores serial receive data. When datais transferred from SIRSR to
SIRDR, the receive data register full flag (RDRF) is set in the serial status register (SISTR). If the
receive interrupt enable flag (RIE) isset in SICTR, areceive-data-full interrupt (RDFI) request is
sent to the interrupt controller (INTC). If RIE is cleared, thisinterrupt request signal is not
generated. SIRDR isinitialized to H'0000 by areset.
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17.2.3  Transmit Shift Register (SITSR)

Bit: 15 14 13 . 3 2 1 0

Initial value: — — — — — _ _
R/W: — — — —_ — — _

SITSR isa 16-hit register used to transmit serial data. The contents of this register are shifted in
MSB-first order in synchronization with the rising edge of the serial transmit clock (STCK), and
output from the STxD pin. The transfer datalength is set by the transmit/receive data length select
bit (DL) in the serial control register (SICTR). When the DL bit is cleared to 0 (8-bit data length),
the lower 8 bits of the transmit data register (SITDR) are output. When the serial transmission
synchronization signal (STS) goes high, or the last data transmission ends without the
synchronization enable (SE) bit being set in SICTR, the contents of SITDR are transferred to
SITSR, and if the transmit data empty flag (TDRE) in SISTR is0, TDRE is then set. If output of
the next data begins before TDRE is cleared, an overrun error occurs, the transmit overrun error
flag (TERR) is set in SISTR, and a transmit overrun error interrupt request is sent to the INTC.

17.24  Transmit Data Register (SITDR)

Bit: 15 14 13 3 2 1 0
| | | . | | |
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

SITDR isa 16-bit register that stores seria transmit data. Data should be written to SITDR when
the transmit data register empty flag (TDRE) issetto 1in SISTR. If dataiswrittento SITDR
when TDRE is O, the previous data will be overwritten. When STS goes high or data output from
transmit shift register SITSR ends with the SE bit cleared to 0in SICTR, thedatain SITDR is
automatically transferred to SITSR, and if TDRE is0, TDRE isthen set. If the transmit interrupt
enableflag (TIE) is set, atransmit-data-empty interrupt (TDEI) request is sent to the INTC. When
TIE is cleared, thisinterrupt request is not generated. The TDRE flag is set only by hardware.
SITDR isinitialized to H'0000 by areset.
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17.25 Serial Control Register (SICTR)

Bit: 15 14 13 12 11 10 9 8
stoane| — [ = [ = [ = = [ =[]~
Initial value: 0 0 0 0 0 0 0 0

R/W:

Bit 7 6 5 4 3 2 1 0
Bitname:‘ — \ ™ \ SE \ DL \ TIE \ RIE \ TE \ RE \
Initial value: 0 0 0 0 0 0 0 0

RW: R RW RW RW RW RW RW RW

SICTR isa 16-hit register used to set parameters for serial port control. SICTR isinitialized to
H'0000 by areset.

When modifying bit 4, 5, or 6 (TM, SE, or DL), TE and RE should be cleared to 0 beforehand.
Bits 15 to 7—Reserved: These bits always read 0. The write value should always be 0.

Bit 6—Transfer Mode Control (TM): Specifies whether the transmission synchronization signal is
to be input from an external source or generated internally by the chip. When thisflag is cleared,
the transmission synchronization signal is STS pin input. When thisflag is set, the transmission
synchronization signal is generated by the chip, and is output to an external device from the STS
pin. This bit does not affect reception.

Bit6: T™M Description

0 External signal input from STS pin is used as transmission start indication
(Initial value)

1 Internal signal output from STS pin is used as transmission start indication

Bit 5—Synchronization Signal Enable (SE): Specifies whether the synchronization signals are to
be used for all seria datatransfers, or only for the first transfer.

When this bit is cleared to 0, the synchronization signals (SRS and STS) are necessary only for the
first datatransfer, and are not required for subsequent transfers. When this bit is set to 1, the
synchronization signals are necessary for al data transfers.

Bit 5: SE Description
0 Continuous mode: SRS and STS are used only for the first data transfer
(Initial value)
1 Interval mode: SRS and STS are used for all data transfers
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Bit 4—Transmit/Receive Data Length Select (DL): Specifiesthe serial 1/0O modul€’ stransfer data
length. Theinitial value of thisbit is O, indicating an 8-bit data length. When an 8-bit data length
is specified, the lower 8 bits of each /O register are used.

Bit 4: DL Description
0 8-bit transfer data length (Initial value)
1 16-bit transfer data length

Bit 3—Transmit Interrupt Enable (TIE): Enables the transmit-data-empty interrupt. The initial
value of thisbitisO.

Bit 3: TIE Description
0 Transmit interrupt disabled (Initial value)
1 Transmit interrupt enabled

Bit 2—Receive Interrupt Enable (RIE): Enables the receive-data-full interrupt. The initial value of
thisbitisO.

Bit 2: RIE Description
0 Receive interrupt disabled (Initial value)
1 Receive interrupt enabled

Bit 1—Transmit Enable (TE): Enables data transmission. When thisflag is cleared, the STxD,
STCK, and STS pins go to the high-impedance state.

Bit1: TE Description

0 Transmission disabled: STxD, STCK, and STS pins go to high-impedance
state (Initial value)

1 Transmission enabled

Bit 0—Receive Enable (RE): Enables data reception. When thisflag is cleared, the SRxD, SRCK,
and SRS pins go to the high-impedance state.

Bit 0: RE Description

0 Reception disabled: SRxD, SRCK, and SRS pins go to high-impedance state
(Initial value)

1 Reception enabled
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17.26  Serial Status Register (SISTR)

Bitt 15 14 4 3 2 1 0
. — | — | . | — | TERR| RERR | TDRE | RDRF |

Initial value: 0 0 0 0 0 1 0
RW: R R . R RIW)* RIW)* RIW)* RI(W)*

Note: * Only 0 should be written, to clear the flag.

SISTR is a 16-bit register that indicates the status of the serial 1/0 module. SISTR isinitialized to
H'0002 by areset.

Bits 15 to 4—Reserved: These bits always read 0. The write value should always be 0.
Bit 3—Transmit Overrun Error (TERR): Flag that indicates the occurrence of atransmit overrun.

Bit 3: TERR Description

0 Transmission is in progress, or has ended normally (Initial value)
TERR is cleared to 0 in the following cases:
¢ When 0 is written to the TERR bit after reading TERR = 1
¢ When the SH7612 enters the reset state

1 A transmit overrun error has occurred

TERR is set to 1 if data transmission is started while TDRE = 1

Bit 2—Receive Overrun Error (RERR): Flag that indicates the occurrence of areceive overrun.

Bit 2: RERR Description

0 Reception is in progress, or has ended normally (Initial value)
RERR is cleared to 0 in the following cases:
¢ When 0 is written to the RERR bit after reading RERR =1
¢ When the SH7612 enters the reset state
1 A receive overrun error has occurred
RERR is set to 1 if data reception ends while RDRE =1

603
HITACHI



Bit 1—Transmit Data Register Empty (TDRE): Flag that indicates that the SITDR register is
empty and the next data can be written.

Bit 1: TDRE Description
0 SITDR transmit data is valid
TDRE is cleared to 0 in the following cases:
e When 0 is written to the TDRE bit after reading TDRE =1
1 SITDR transmit data is invalid (Initial value)

TDRE is set to 1 in the following cases:

* When data is transferred from SITDR to SITSR

¢ When the TE bit is cleared to 0 in the serial control register (SICTR)
* When the SH7612 enters the reset state

Bit 0—Receive Data Register Full (RDRF): Flag that indicates that SIRDR receive datais waiting.

Bit 0: RDRF

Description

0

SIRDR receive data is invalid (Initial value)
RDREF is cleared to 0 in the following cases:

¢« When 1is read from RDRF and 0 is written

¢ When the RE bit is cleared to 0 in the serial control register (SICTR)

¢ When the SH7612 enters the reset state

SIRDR receive data is valid

RDREF is set to 1 when serial data reception ends normally and the data is
transferred from SIRSR to SIRDR
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Operation

17.3

Input

1731

Figure 17.2 shows interval transfer mode (SE set to 1 in SICTR), and figure 17.3 shows

continuous transfer mode (SE cleared to 0 in SICTR).
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Figure17.2 Reception: Interval Transfer Mode
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Figure 17.3 Reception: Continuous Transfer M ode
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17.3.2  Output

Figure 17.4 shows interval transfer mode (SE set to 1in SICTR) when TM isclearedto 0 in
SICTR.

Figure 17.5 shows continuous transfer mode (SE cleared to 0 in SICTR) when TM iscleared to O
in SICTR.

Figure 17.6 shows interval transfer mode (SE setto 1in SICTR) when TM issetto 1in SICTR.

Figure 17.7 shows continuous transfer mode (SE clearedto 0in SICTR) when TM issetto 1in
SICTR.

| | | | |
| | | | |
TORE | I /o N I I /
synchronous internal clock : ﬁ : | " : : : f
L | | | | /L | | |
SITDR | DaacC! /| ¢ N1 ! 7/
| L L L]
SITSR | Undefined Xcl7 O])(C[BO])(C[so]XjD( cpo] X .
|
|
|
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|
|
( |
t
|

| |
| |
| |
| |
| |
| |
| |
| |
{ cm }( cle] }( Cl5] ><SSC[1]P< clo] )( invalid X D[7] ;
I I

Note: TM = 0: STS is input
DL = 0: 8-bit data transfer
SE = 1: Synchronous transfer in start signal mode

Figure17.4 Transmission: Interval Transfer Mode (TM =0 Mode)
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Figure17.5 Transmission: Continuous Transfer Mode (TM = 0 Mode)
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Figure17.6 Transmission: Interval Transfer Mode (TM = 1 Mode)
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Figure17.7 Transmission: Continuous Transfer Mode (TM =1 Mode)

17.4  SIO Interrupt Sourcesand DMAC

Each SIO channel has four interrupt sources: the receive-overrun-error interrupt (RERI) request,
transmit-overrun-error interrupt (TERI) request, receive-data-full interrupt (RDFI) request, and
transmit-data-empty interrupt (TDEI) request. Table 17.3 shows the interrupt sources and their
relative priorities. The RDFI and TDEI interrupts are enabled by the RIE and TIE bits,
respectively, in SICTR. The RERI and TERI interrupts cannot be disabled.

An RDFI interrupt request is generated when the RDRF bit isset to 1in SISTR.
A TDEI interrupt request is generated when the TDRE bitisset to 1 in SISTR.
When the RERR bit isset to 1 in SISTR, an RERI interrupt request is generated.
When the TERR bitisset to 1in SISTR, a TERI interrupt request is generated.

Channel interrupt priority levels are set by means of the IPRE register, as described in section 5,
Interrupt Controller (INTC).
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Table17.3 SIO Interrupt Sources

Interrupt Source Description Priority
RERI Receive overrun error (RERR) High
TERI Transmit overrun error (TERR) 1
RDFI Receive data register full (RDRF) !
TDEI Transmit data register empty (TDRE) Low

HITACHI
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Section 18 16-Bit Timer Pulse Unit (TPU)

18.1 Overview

An on-chip 16-bit timer pulse unit (TPU) is provided that comprises three 16-bit timer channels.

18.1.1 Features
The TPU has the following features:

¢ Maximum 8-pulse input/output

e A tota of eight timer general registers (TGRS) are provided (four for channel 0 and two each
for channels 1, and 2).

0 Each register can be set independently as an output compare/input capture register.
0 TGRC and TGRD for channel 0 can be used as buffer registers
« Choice of seven or eight counter input clocks for each channel
e Thefollowing operations can be set for each channel:
O Waveform output by compare match: Selection of O, 1, or toggle output
O Input capture function: Choice of rising edge, falling edge, or both edge detection
0 Counter clear operation: Counter clearing possible by compare match or input capture
O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
0 PWM mode: Any PWM output duty can be set
0 Maximum of 7-phase PWM output possible by combination with synchronous operation
« Buffer operation settable for channel 0
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible
< Phase counting mode settable independently for each of channels 1, and 2
0 Two-phase encoder pulse up/down-count possible
* Fast accessviainternal 16-bit bus
0 Fast accessis possible viaa 16-bit businterface
e 13interrupt sources
0 For channel 0 four compare match/input capture dual-function interrupts and one overflow
interrupt can be requested independently
O For channels 1, and 2, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently
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Table 18.1 lists the functions of the TPU.

Table18.1 TPU Functions

Iltem Channel 0 Channel 1 Channel 2

Count clock P/l P@/1 P/l
Pg/4 P@/4 Pg/4
P@/16 P@/16 P@/16
P64 P@/64 P64
TCLKA P@/256 P@/1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC

General registers TGROA TGR1A TGR2A
TGROB TGR1B TGR2B

General registers/ TGROC — —

buffer registers TGROD

1/O pins TIOCAO TIOCAl TIOCA2
TIOCBO TIOCB1 TIOCB2
TIOCCO
TIOCDO

Counter clear

TGR compare match or

TGR compare match or

TGR compare match or

function input capture input capture input capture
Compare 0 output (@) (0] @)
match loutput O 0 o
output Toggle (0] (0] @)
output

Input capture O (0] o
function
Synchronous (0] (0] O
operation
PWM mode (0] (0] O
Phase counting — (0] @)
mode
Buffer operation (0] — —
Notes: O : Possible

— : Not possible
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Table18.1 TPU Functions (cont)

Iltem Channel 0 Channel 1 Channel 2
DMAC activation TGR compare match or — —

input capture
Interrupt sources 5 sources 4 sources 4 sources

Compare match or
input capture OA

Compare match or
input capture 0B

Compare match or
input capture 0C

Compare match or
input capture 0D

Overflow

Compare match or
input capture 1A

Compare match or
input capture 1B

Overflow

Underflow

e Compare match or
input capture 2A

e Compare match or
input capture 2B

¢ Overflow
* Underflow

Note:

—: Not possible
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18.1.2 Block Diagram

Figure 18.1 shows a block diagram of the TPU.

Clock input
Internal clock: P@/1
P@/4
P@16
P@64 — i
P@256 g %O -~ g ~ > Internal data bus
PeL02 Y < | 5 || g
S| 2|+ <
g £ ||x -
External clock: TCLKA g 8 5 SHe a
TCLKB J e i
TCLKC —
TCLKD N x|
Ml
T | E = E|<|a
<:> = K 2l x|l
g (el |4 2 2L
AL E
1/0 pins FlEIF % Interrupt request signals
Channel 0:  TIOCAO ——3 Channel 0: TGIOA
TIOCBO x| g § Ig:gg
H o (O
nocco E HEEERERERE TGIOD
ToC gulllo [ SEE -
Channel 1:  TIOCA1 o Sl (n): 50 ) e e TClOV
TIoCB1 £ ORI ElE Channel 1: TGI1A
Channel 2:  TIOCA2 £ TGI1B
TIOCB2 5 TCIV
° ol &lZ x| TCIU
3 T Z 8 = SEEIRIE Channel 2: TGI2A
3 K ErT 15| o|o|e|o Tei2s
IS Sgrxﬁo FlF|F|F|F TCI2V
3] F2|F TCI2U

TCR:  Timer Control Register

TMDR: Timer Mode Register

TIOR: Timer I/O Control Register
TIER: Timer Interrupt Enable Register
TSR:  Timer Status Register

TCNT: Timer Counter

TGR:  Timer General Register

TSTR: Timer Start Register

TSYR: Timer Synchro Register

Figure18.1 TPU Block Diagram
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18.1.3 Pin Configuration

Table 18.2 shows the pin configuration of the TPU.

Table18.2 Pin Configuration

Channel Name Abbreviation 1/0 Function
All Clock input A TCLKA Input  External clock A input pin
(Channel 1 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B
phase input)
Clock input C TCLKC Input  External clock C input pin
(Channel 2 phase counting mode A
phase input)
Clock input D TCLKD Input  External clock D input pin
(Channel 2 phase counting mode B
phase input)
0 Input capture/output TIOCAO 1/0 TGROA input capture input/output
compare match A0 compare output/PWM output pin
Input capture/output  TIOCBO 1/0 TGROB input capture input/output
compare match BO compare output/PWM output pin
Input capture/output TIOCCO 1/0 TGROC input capture input/output
compare match CO compare output/PWM output pin
Input capture/output  TIOCDO 1/0 TGROD input capture input/output
compare match DO compare output/PWM output pin
1 Input capture/output TIOCA1 1/0 TGR1A input capture input/output
compare match A1 compare output/PWM output pin
Input capture/output TIOCB1 1/0 TGR1B input capture input/output
compare match B1 compare output/PWM output pin
2 Input capture/output TIOCA2 1/0 TGR2A input capture input/output
compare match A2 compare output/PWM output pin
Input capture/output TIOCB2 1/0 TGR2B input capture input/output

compare match B2

compare output/PWM output pin

HITACHI
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18.1.4

Register Configuration

Table 18.3 shows the register configuration of the TPU.

Table18.3 Register Configuration

Initial Access size
Channel Name Abbreviation R/W Value Address (Bits)
0 Timer control register 0 TCRO R/W H'00 H'FFFFFC50 8,16
Timer mode register 0 TMDRO R/W H'CO H'FFFFFC51 8,16
Timer I/O control TIOROH R/W H'00 H'FFFFFC52 8,16
register OH
Timer I/O control TIOROL R/W H'00 H'FFFFFC53 8,16
register OL
Timer interrupt enable TIERO R/W H'40 H'FFFFFC54 8,16
register 0
Timer status register 0 TSRO R/(W)* H'CO H'FFFFFC55 8,16
Timer counter O TCNTO R/W H'0000 H'FFFFFC56 16
Timer general register TGROA R/W H'FFFF  HFFFFFC58 16
0A
Timer general register TGROB R/W H'FFFF  HFFFFFC5A 16
0B
Timer general register TGROC R/W H'FFFF  HFFFFFC5C 16
oC
Timer general register TGROD R/W H'FFFF  HFFFFFC5E 16
oD
1 Timer control register 1 TCR1 R/W H'00 H'FFFFFC60 8,16
Timer mode register 1 TMDR1 R/W H'CO H'FFFFFC61 8,16
Timer I/O control TIOR1 R/W H'00 H'FFFFFC62 8,16
register 1
Timer interrupt enable TIER1 R/W H'40 H'FFFFFC64 8,16
register 1
Timer status register 1 TSR1 R/(W)* H'CO H'FFFFFC65 8,16
Timer counter 1 TCNT1 R/W H'0000 H'FFFFFC66 16
Timer general register TGR1A R/W H'FFFF  HFFFFFC68 16
1A
Timer general register TGR1B R/W H'FFFF  HFFFFFC6A 16
1B
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Table18.3 Register Configuration (cont)

Initial Access size
Channel Name Abbreviation R/W Value Address (Bits)
2 Timer control register 2 TCR2 R/W H'00 H'FFFFFC70 8, 16
Timer mode register 2 TMDR2 R/W H'CO H'FFFFFC71 8, 16
Timer /O control TIOR2 R/W H'00 H'FFFFFC72 8, 16
register 2
Timer interrupt enable TIER2 R/W H'40 H'FFFFFC74 8, 16
register 2
Timer status register 2 TSR2 R/(W)*  H'CO H'FFFFFC75 8, 16
Timer counter 2 TCNT2 R/W H'0000 H'FFFFFC76 16
Timer general register TGR2A R/W H'FFFF  HFFFFFC78 16
2A
Timer general register TGR2B R/W H'FFFF  HFFFFFC7A 16
2B
Table 18.3 Register Configuration (cont)
nitial Access size
Channel Name Abbreviation R/'W Value Address (Bits)
All Timer start register TSTR R/W H'00 H'FFFFFC40 8, 16
Timer synchro register TSYR R/W H'00 H'FFFFFC41 8, 16
Note: * Only O can be written, to clear the flags.
18.2 Register Descriptions
18.21 Timer Control Register (TCR)
Channel 0: TCRO
Bit: 7 6 5 4 3 2 1 0
Bit name: | CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Channel 1: TCR1
Channel 2: TCR2

Bitt 7 6 5 4 3 2 1 0
Bitname: | — | CCLR1| CCLRO | CKEGI | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value: 0 0 0 0 0 0 0 0
RIW:  — RW RW RW RW RW RW RW

The TCR registers are 8-hit registers that control the TCNT channels. The TPU hasthree TCR
registers, one for each of channels0to 2. The TCR registers are initialized to H'00 by a reset.

TCNT operation should be stopped when making TCR settings.

Bits 7 to 5—Counter Clear 2 to 0 (CCLR2 to CCLRO): These bits select the TCNT counter
clearing source.

Bit 7: Bit 6: Bit 5:
Channel CCLR2 CCLR1 CCLRO Description
0 0 0 0 TCNT clearing disabled (Initial value)
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous
clearing/synchronous operation **
1 0 0 TCNT clearing disabled
1 TCNT cleared by TGRC compare match/input
capture *?
1 0 TCNT cleared by TGRD compare match/input
capture *?
1 TCNT cleared by counter clearing for another

channel performing synchronous
clearing/synchronous operation **
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Bit 7: Bit 6: Bit 5:
Channel Reserved**CCLR1 CCLRO Description

1,2 0 0 0 TCNT clearing disabled (Initial value)
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation **

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit7isreserved in channels 1 and 2. Itis always read as 0 and should only be written
with 0.

Bits 4 and 3—Clock Edge 1 and 0 (CKEGL1, CKEGO): These bits select the input clock edge.
When a both-edges count is selected, a clock divided by two from the input clock can be selected.
(e.0. P@/4 both edges = P@/2 rising edge). If phase counting mode is used on channels 1, and 2,
this setting is ignored and the phase counting mode setting has priority.

Bit 4: CKEG1 Bit 3: CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge
1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is P@/4 or slower. If P@/1 is
selected for the input clock, this setting is ignored and a rising-edge count is selected.

Bits 2 to 0—Time Prescaler 2 to 0 (TPSC2 to TPSCO): These bits select the TCNT counter clock.
The clock source can be selected independently for each channel. Table 18.4 shows the clock
sources that can be set for each channel.
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Table18.4 TPU Clock Sources

Internal Clock

External Clock

Channel P@/1 P@/4 P@16 P@64 P@256 P@1024 TCLKA TCLKB TCLKC TCLKD

0 (0] O (0] O (0] (0] (0] (0]
1 O (0] O (0] O O O

2 (0] O (6] O (6] (0] (6] (6]

Notes: O: Setting

Blank: No setting

Bit 2: Bit 1: Bit O:
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on Pg/1 (Initial value)
1 Internal clock: counts on Pg/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2: Bit 1: Bit O:
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on Pg/1 (Initial value)
1 Internal clock: counts on Pg/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on P@/256
1 Setting prohibited

Note: This setting is ignored when channel 1 is in phase counting mode.
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Bit 2: Bit 1: Bit O:
Channel  TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on Pg/1 (Initial value)
1 Internal clock: counts on Pg/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on P@/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

18.22 Timer Mode Register (TMDR)

Channel 0: TMDRO

Bitt 7 6 5 4 3 2 1 0
Bitname:‘ — \ — \ BFB \ BFA \ MD3 \ MD2 \ MD1 \ MDO \
Initial value: 1 1 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW
Channel 1: TMDR1
Channel 2: TMDR2
Bitt 7 6 5 4 3 2 1 0
Bitname:‘ — \ — \ — \ — \ MD3 \ MD2 \ MD1 \ MDO \
Initial value: 1 1 0 0 0 0 0 0
RW: R R RW RW RW  RW

The TMDR registers are 8-bit readabl e/writable registers that are used to set the operating mode
for each channel. The TPU has three TMDR registers, one for each channel. The TMDR registers

areinitialized to H'CO by areset.

TCNT operation should be stopped when making TMDR settings.

Bits 7 and 6—Reserved: These bits are always read as 1 and should only be written with 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB isto operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is hot generated.
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In channels 1, and 2, which have no TGRD, bit 5 isreserved. It is always read as 0 and should
only be written with 0.

Bit 5: BFB Description
0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation

Bit 4—Buffer Operation A (BFA): Specifies whether TGRA isto operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is hot generated.

In channels 1, and 2, which have no TGRC, bit 4 isreserved. It is aways read as 0 and should
only be written with O.

Bit 4: BFA Description
0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3to 0—Modes 3 to 0 (MD3 to MDQ): These bits are used to set the timer operating mode.

Bit 3: Bit 2: Bit 1: Bit O:
MD3** MD2**> MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

*: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channel 0. In this case, 0 should always be
written to MD2.
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18.2.3 Timer 1/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2

Bitt 7 6 5 4 3 2 1 0
Bnnameﬂ I0B3 ‘IOBZ ‘IOBl ‘IOBO ‘IOA3 ‘IOAZ ‘IOAl ‘IOAO
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Channel 0: TIOROL

Bitt 7 6 5 4 3 2 1 0
Bnnameﬂ IoD3 ‘IODZ ‘IODl ‘IODO ‘IOCS \|oc2 \|oc1 \|oco
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-hit registersthat control the TGR registers. The TPU has four TIOR
registers, two for channel 0 and one each for channels 1, and 2. The TIOR registers areinitialized
to H'00 by areset.

Note that TIOR is affected by the TMDR setting.

Theinitial output specified by TIOR becomes valid when the counter is halted (i.e. when the CST
bitiscleared to 0 in TSTR). In PWM mode 2, the output at the point at which the counter is
cleared to O is specified.
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Bits 7 to 4— 1/O Control B3 to BO (I0B3 to |0B0)
[/0 Control D3 to DO (I0D3 to |0ODO0):
Bits IOB3 to I0BO specify the function of TGRB.
Bits IOD3 to 10DO specify the function of TGRD.

TIOROH
Bit 7: Bit 6: Bit5: Bit 4:
Channel 10B3 10B2 IOB1 I0BO Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 output pjtial outputis O O output at compare match
1 0 compare output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
1 * capture TIOCBO pin Input capture at both edges
register
1 * * Setting prohibited
*: Don't care
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TIOROL

Bit 7: Bit 6: Bit5: Bit 4:
Channel 10D3 I0D2 IOD1 10DO0O Description
0 0 0 0 0 TGROD is Output disabled (Initial value)
1 output njtial outputis 0 O output at compare match
1 comparel output 1 output at compare match
register*
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
. capture  TIOCDO pin
1 register+* Input capture at both edges
1 * * Setting prohibited
*: Don’t care
Note: 1. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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TIOR1

Bit 7: Bit 6: Bit5: Bit 4:
Channel 10B3 10B2 IOB1 I0B0O Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 output pjtial outputis 0 0 output at compare match
1 compare - output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
1 * capture TIOCB1 pin Input capture at both edges
register
1 * * Setting prohibited
*: Don’t care
TIOR2
Bit 7: Bit 6: Bit5: Bit 4:
Channel 10B3 10B2 IOB1 10BO Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output pjtial outputis O O output at compare match
1 0 compare - output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 O output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
. capture  TIOCB2 pin
1 register Input capture at both edges
*: Don't care
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Bits 3to 0— 1/O Control A3to A0 (I0A3to IOAQ)
I/O Control C3to CO (I0C3 to I0CO):
IOA3 to IOAO specify the function of TGRA.
10OC3 to 10CO0 specify the function of TGRC.

TIOROH
Bit 3: Bit 2: Bit 1: Bit O:
Channel I0OA3 IOA2 I0OAl1 IOAO0 Description
0 0 0 0 0 TGROA is Output disabled (Initial value)
1 output njtial outputis 0 O output at compare match
1 0 compare  output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 O output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
1 * cap_ture TIOCAD pin Input capture at both edges
register
1 * * Setting prohibited
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TIOROL

Bit 3: Bit 2: Bit1: BitO:
Channel 10C3 I10C2 IOC1 I0CO Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

0 0 0 0 0 TGROC is Output disabled
1 output njtial output is 0

1 o  compare output

register**
1

1 0 0 Output disabled
1 Initial output is 1

1 0 output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROC is Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 input source is
17*capture TIOCCO pin
register**
1 * * Setting prohibited

*: Don't care

Note: 1. When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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TIOR1

Bit 3: Bit 2: Bit 1: BitO:
Channel [IOA3 IOA2 IOA1 IOAOQO Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
1 0 compare  output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
1 * capture TIOCAL pin Input capture at both edges
register
1 * * Setting prohibited
*: Don’t care
TIOR2
Bit 3: Bit 2: Bit 1: BitO:
Channel I0A3 I0OA2 IOA1 IOAOQO Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output njtial outputis 0 O output at compare match
1 0 compare  output 1 output at compare match
register
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
1 input source is Input capture at falling edge
N capture  TIOCAZ2 pin
1 register Input capture at both edges

HITACHI
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18.2.4  Timer Interrupt Enable Register (TIER)

Channel 0: TIERO

Bitt 7 6 5 4 3 2 1 0
Bitname:. — | — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value: 0 1 0 0 0 0 0 0
RW: R R R RW RW RW RW RW

Channel 1: TIER1
Channel 2: TIER2

Bitt 7 6 5 4 3 2 1 0
Bitname: — | — | TCEU|TCEV| — | — | TGIEB| TGIEA |
Initial value: 0 1 0 0 0 0 0 0
RW: R R RW  RW R R RW  RW

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU hasthree TIER registers, one for each channel. The TIER registers are
initialized to H'40 by areset.

Bit 7—Reserved: This hit isalways read as 0. The write value should always be 0.
Bit 6—Reserved: This bit isalways read as 1 and should only be written with 1.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSRisset to 1 in channels 1 and 2.

In channel O, bit 5isreserved. Itis always read as 0 and should only be written with O.

Bit 5: TCIEU Description
0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disablesinterrupt requests (TCIV) by the
TCFV flag when the TCFV flagin TSR is set to 1.

Bit 4: TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled
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Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR isset to 1 in channel 0.

In channels 1, and 2, bit 3 isreserved. It is awaysread as 0 and should only be written with O.

Bit 3: TGIED Description
0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSRis set to 1 in channel 0.

In channels 1, and 2, bit 2 isreserved. It is aways read as 0 and should only be written with 0.

Bit 2: TGIEC Description
0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR isset to 1.

Bit 1: TGIEB Description
0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSRisset to 1.

Bit 0: TGIEA Description
0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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18.25 Timer Status Register (TSR)

Channel 0: TSRO

Bitt 7 6 5 4 3 2 1 0
Bitname:| — | — | — | TCFV | TGFD | TGFC | TGFB | TGFA |

Initial value: 1 1 0 0 0 0 0 0
RW: R R R RIW)* RIW)* RIW)* RIW)* RI(W)*

Note: * Only 0 can be written, to clear the flags.

Channel 1: TSR1
Channel 2: TSR2

Bitt 7 6 5 4 3 2 1 0
Bitname: | TCFD | — | TCFU | TCRV | — | — | TGFB| TGFA |

Initial value: 1 1 0 0 0 0 0 0
RW: R R R(W»* RI(W* R R RIW)* RIW)

Note: * Only O can be written, to clear the flags.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has three
TSR registers, one for each channel. The TSR registers are initialized to H'CO by areset.

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT counts
inchannels 1, and 2.

In channel 0, bit 7 isreserved. It isawaysread as 1 and should only be written with 1.

Bit 7: TCFD Description
0 TCNT counts down
1 TCNT counts up (Initial value)

Bit 6—Reserved: This bit isaways read as 1 and should only be written with 1.
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Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1 and 2 are set to phase counting mode.

In channel 0, bit 5 isreserved. It is awaysread as 0 and should only be written with O.

Bit 5: TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU =1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4. TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the occurrence of
TGRD input capture or compare match in channel 0.

In channels 1, and 2, bit 3 isreserved. It is always read as 0 and should only be written with O.

Bit 3: TGFD Description
0 [Clearing conditions] (Initial value)
«  When DMAC is activated by TGID interrupt while DRCR setting in DMAC is
TGIOD
« When 0 is written to TGFD after reading TGFD = 1
1 [Setting conditions]

¢ When TCNT = TGRD while TGRD is functioning as output compare
register

*« When TCNT value is transferred to TGRD by input capture signal while
TGRD is functioning as input capture register
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Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the occurrence of
TGRC input capture or compare match in channel 0.

In channels 1, and 2, bit 2 isreserved. It is always read as 0 and should only be written with O.

Bit 2: TGFC Description
0 [Clearing conditions] (Initial value)
*  When DMAC is activated by TGIC interrupt while DRCR setting in DMAC is
TGIOC
* When 0 is written to TGFC after reading TGFC =1
1 [Setting conditions]

*  When TCNT = TGRC while TGRC is functioning as output compare
register

* When TCNT value is transferred to TGRC by input capture signal while
TGRC is functioning as input capture register

Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the occurrence of
TGRB input capture or compare match.

Bit 1: TGFB Description
0 [Clearing conditions] (Initial value)
*  When DMAC is activated by TGIB interrupt while DRCR setting in DMAC is
TGIOB
* When 0 is written to TGFB after reading TGFB =1
1 [Setting conditions]
* When TCNT = TGRB while TGRB is functioning as output compare register
* When TCNT value is transferred to TGRB by input capture signal while
TGRB is functioning as input capture register
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Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the occurrence of
TGRA input capture or compare match.

Bit 0: TGFA Description
0 [Clearing conditions] (Initial value)
*  When DMAC is activated by TGIA interrupt while DRCR setting in DMAC is
TGIOA

¢ When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]
*«  When TCNT = TGRA while TGRA is functioning as output compare register

¢« When TCNT value is transferred to TGRA by input capture signal while
TGRA is functioning as input capture register

18.26 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter¥*)

Bit: 15 14 13 12 11 10 9 8
Bit name: | | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Note: These counters can be used as up/down-counters only in phase counting mode. In other
cases they function as up-counters.

The TCNT registers are 16-bit counters. The TPU has three TCNT counters, one for each channel.
The TCNT counters are initialized to H'0000 by a reset.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.
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18.2.7 Timer General Register (TGR)

Bit: 15 14 13 12 11 10 9 8
Bit name:
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | | | | | |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has 8 TGR registers, four for channel 0 and two each for channels 1, and 2.
TGRC and TGRD for channel 0 can also be designated for operation as buffer registers*. The
TGR registers areinitialized to H'FFFF by areset.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA-TGRC and TGRB-TGRD.

18.2.8 Timer Start Register (TSTR)

Bitt 7 6 5 4 3 2 1 0

Bitname: — | — | — | — | — | csT2 | csT1| csTo |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RW

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0 to 2.
TSTRisinitialized to H'00 by areset.

TCNT counter operation should be stopped when setting the operating mode in TMDR or the
TCNT count clock in TCR.

Bits 7 to 3—Reserved: These bits are always read as 0 and should only be written with O.
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Bits 2 to 0—Counter Start 2 to 0 (CST2 to CSTO0): These bits select operation or stoppage for
TCNT.

Bitn: CSTn Description
0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

Note: n=2to0
If 0 is written to the CST bit during operation with the TIOC pin designhated for output, the
counter stops, but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.

18.29 Timer Synchro Register (TSYR)

Bit.t 7 6 5 4 3 2 1 0
Bitname: — | — | — | — | — |SYNC2| SYNC1| SYNCO|
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RW

TSYR isan 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 2 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR isset to 1.

TSYRisinitialized to H'00 by areset.
Bits 7 to 3—Reserved: These bits are always read as 0 and should only be written with 0.

Bits 2 to 0—Timer Synchro 2 to 0 (SYNC2 to SYNCO): These hits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels*?, and
synchronous clearing through counter clearing on another channel*? are possible.

Bit n: SYNCn Description

0 TCNTn operates independently (Initial value)
TCNT presetting/clearing is unrelated to other channels

1 TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing is possible

Notes: n=2to 0
1. To set synchronous operation, the SYNC bits for two channels at least must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.
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18.3 Interfaceto Bus Master

18.3.1 16-Bit Registers

TCNT and TGR are 16-hit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 18.2.

Internal data bus
H

master : L l[:

Bus interface

> Module

VANDAN

> data bus

U

§:

TCNTH

TCNTL

Figure18.2 16-Bit Register Access Operation [BusMaster « TCNT (16 Bits)]

18.3.2 8-Bit Registers

Registers other than TCNT and TGR are 8-hit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit

units.

Examples of 8-bit register access operation are shown in figures 18.3, 18.4, and 18.5.

Internal data bus

H
Bus :ll :,\l/

L

master :: [l:

Bus interface

7a

> Module

VANDAN

> data bus

U

TCR

Figure18.3 8-Bit Register Access Operation [BusMaster ~ TCR (Upper 8 Bits)]
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Internal data bus

H

master L Bus interface

> Module
> data bus

VANDAN

H

{

TMDR

Figure18.4 8-Bit Register Access Operation [BusMaster —~ TMDR (Lower 8 Bits)]

Internal data bus

H
master :: L ::

> Module
> data bus

Bus interface

VANDAN

T

TMDR

Figure 18.5 8-Bit Register Access Operation [BusMaster -~ TCR and TMDR (16 Bits)]
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184  Operation

1841 Overview

Operation in each mode is outlined below.

Normal Operation: Each channel hasa TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Synchronous Oper ation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT countersis also possible by setting the timer
synchronization bitsin TSYR for channels designated for synchronous operation.

Buffer Operation

«  When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

¢ When TGR is an input capture register

When input capture occurs, the valuein TCNT istransfer to TGR and the value previously
held in TGR istransferred to the buffer register.

PWM Mode: Inthis mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: Inthismode, TCNT isincremented or decremented by detecting the
phases of two clocks input from the external clock input pinsin channels 1, and 2. When phase
counting mode is set, the corresponding TCLK pin functions as the clock input, and TCNT
performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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18.4.2 Basic Functions

Counter Operation: When one of bits CSTOto CST2issetto 1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

e Example of count operation setting procedure

Figure 18.6 shows an example of the count operation setting procedure.

(@ Select the counter
< Operation selection > clock with bits

TPSC2 to TPSCO in
TCR. At the same
time, select the
Select counter clock (@) input clock edge
with bits CKEG1
and CKEGO in
TCR.

< Periodic counter > < Free-running counter > ® For periodic counter

operation, select
the TGR to be used
as the TCNT
clearing source with
bits CCLR2 to
CCLRO in TCR.

Select output compare register @ @ Designate the TGR
selected in [2] as an
output compare
register by means
Set period @ of TIOR.

Select counter clearing source | (2)

@ set the periodic

Start count operation ® Start count operation ® ?%ugtseélz)gleed';t(hs
<Periodic counter> <Free-running counter> (® Setthe CST bitin

TSTR to 1 to start
the count operation.

Figure18.6 Example of Counter Operation Setting Procedure
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« Free-running count operation and periodic count operation

Immediately after areset, the TPU's TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 18.7 illustrates free-running counter operation.

TCNT value

H'0000

Time

CST bit

TCFV

Figure 18.7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR isset to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.
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Figure 18.8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
&~ compare match

TGR oo R L
H'0000 , } Time
CST bit ; ;

; Flag cleared by software or

! »~DMAC activation
TGF

Figure 18.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

» Example of setting procedure for waveform output by compare match

Figure 18.9 shows an example of the setting procedure for waveform output by compare match

locti @ Select initial value 0 output or 1 output, and
Output selection compare match output value 0 output, 1

output, or toggle output, by means of TIOR.
The set initial value is output at the TIOC
pin until the first compare match occurs.

Select waveform output mode | (1)

(2 Set the timing for compare match
generation in TGR.

(@ Setthe CST bitin TSTR to 1 to start the
Set output timing @ count operation.

Start count operation ®

i

<Waveform output>

Figure 18.9 Example of Setting Procedurefor Waveform Output by Compare Match
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e Examples of waveform output operation
Figure 18.10 shows an example of 0 output/1 outpuit.

In thisexample TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

=
TGRA [rmmm s mmm e e o e e e e T

TGRB - m e T e e T e T o
H'0000 : : : : : : Time
E ' ; ~Nochange | ~ No change
; ; ~ ; ~ 1 output
TIOCA — ; : p
TIOCB f;\ No change ,;\ No change 0 output
O N\

Figure18.10 Example of 0 Output/1 Output Operation
Figure 18.11 shows an example of toggle output.

In thisexample TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output istoggled by both
compare match A and compare match B.

TCNT value

Time

TIOCB Toggle output

TIOCA Toggle output

Figure18.11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge.
« Example of input capture operation setting procedure

Figure 18.12 shows an example of the input capture operation setting procedure.

< | lecii > @ Designate TGR as an input capture register by
nput selection means of TIOR, and select rising edge, falling
edge, or both edges as the input capture
source and input signal edge.
Select input capture input ® (2) Setthe CST bitin TSTR to 1 to start the count
operation.
Start count @

i

<Input capture operation>

Figure18.12 Example of Input Capture Operation Setting Procedure
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« Example of input capture operation
Figure 18.13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value // input (falling edge)
H'O180 |- - === mm e e e

HIOLB0 |- - - o

H'0010 |- - - oo oot _: ......... -
H'0005 |- - - - o T e e oo _l

H0000 : \ : :

TIOCA ‘

TGRA

TGRB >< i H'0180

Figure 18.13 Example of Input Capture Operation
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18.4.3

Synchronous Oper ation

In synchronous operation, the valuesin a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, anumber of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 2 can all be designated for synchronous operation.

Example of Synchronous Operation Setting Procedure: Figure 18.14 shows an example of the
synchronous operation setting procedure.

Synchronous operation>
selection

| Set synchronous | @

operation

(‘Synchronous presettin@

| Set TCNT | @)

Y
<Synchronous presetting>

CSynchronous cIearing)

Clearing No

source generation
channel?

Yes

Select counter @
clearing source

\
Start count | @

|

<Counter clearing>

Set synchronous @
counter clearing

Start count | ®

|

<Synchronous clearing>

@ Set to 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

etc.

source.

@ ® ©@ ©

When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.
Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,

Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

Set to 1 the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 18.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 18.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed

for channel 0to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 18.4.5, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values / \

TGROB
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

Time
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18.4.4  Buffer Operation
Buffer operation, provided for channel 0 enables TGRC and TGRD to be used as buffer registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 18.5 shows the register combinations used in buffer operation.

Table 18.5 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC
TGROB TGROD

«  When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation isillustrated in figure 18.16.

Compare match signal

. Timer general ——\ au
Buffer register
9 register 7 Comparator TCNT

Figure18.16 Compare Match Buffer Operation
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¢ When TGR isan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register istransferred to the buffer register.

This operation isillustrated in figure 18.17.

Input capture
signal

Buffer register Timer general TCNT
register

Figure 18.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 18.18 shows an example of the buffer
operation setting procedure.

< Buffer operation > (@ Designate TGR as an input capture register or
‘ output compare register by means of TIOR.

Select TGR function @ (2 Designate TGR for buffer operation with bits

‘ BFA and BFB in TMDR.
(3 Setthe CST hitin TSTR to 1 to start the count
Set buffer operation ® operation.

Start count ®

'

<Buffer operation>

Figure 18.18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

When TGR is an output compare register

Figure 18.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in thisexample are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
valuein buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 18.4.5, PWM Modes.

TCNT value

TOROB e gy T oo
o200~ L i L

TGROA | 1 5 5 D
H0000 _ : ! ! - Time
TGROC H0200; X | HO0450 ! X ; H'0520 X

Transferi\‘ I\ I I\ \ : :\‘:\:
TGROA X | Hoxo0! X | H0450 ¢
TIOCA

Figure18.19 Example of Buffer Operation (1)
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When TGR is an input capture register

Figure 18.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT valueis stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

H'OF07

H'09FB

H'0532

Time

H'0532

H'OF07

H'0532
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1845 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described bel ow.

PWM mode 1

PWM output is generated by pairing TGRA with TGRB and TGRC with TGRD. The output
specified by bits IOA3-HOA0 and IOC3-1OCO in TIOR is performed in response to compare
match A and C, and the output specified by bits lOB3-OB0 and IOD3-10D0 in TIOR in
response to compare match B and D, from pins TIOCA and TIOCC. The initial output valueis
the value set in TGRA or TGRC. If the set values of paired TGRs are identical, the output
value does not change when a compare match occurs.

In PWM mode 1, a maximum 4-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified by TIOR is performed in response to a compare match. Also, when the
counter is cleared by a synchronization register compare match, pin output values are the initial
values set in TIOR. If the set values of the period and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 7-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registersis shown in table 18.6.
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Table18.6 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM M ode Setting Procedure: Figure 18.21 shows an example of the PWM mode
setting procedure.

< > @ select the counter clock with bits TPSC2 to
PWM mode TPSCO in TCR. At the same time, select the
‘ input clock edge with bits CKEG1 and CKEGO
in TCR.

Select counter clock

Select counter clearing source

Select waveform output level

Set TGR

Set PWM mode

Start count

'

<PWM mode>

(2 Use bits CCLR2 to CCLRO in TCR to select
the TGR to be used as the TCNT clearing
source.

@ Use TIOR to designate the TGR as an output
compare register, and select the initial value
and output value.

@ Set the cycle in the TGR selected in [2], and
set the duty in the other the TGR.

(® Select the PWM mode with bits MD3 to MDO
in TMDR.

(& Setthe CST bitin TSTRto 1 to start the count
operation.

©@ © ® ® 6 6

Figure18.21 Example of PWM M ode Setting Procedure

Examples of PWM Mode Operation: Figure 18.22 shows an example of PWM mode 1
operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 output is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.

655
HITACHI




TCNT value
Counter cleared by

/ TGRA compare match
TORA oo e

TGRB |-ccoooe? oo T
H'0000

TIOCA 4, —, —,I

Figure 18.22 Example of PWM M ode Operation (1)
Figure 18.23 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
isset asthe TCNT clearing source, and 0 is set for the initial output value and 1 for the output
value of the other TGR registers, to output a 5-phase PWM waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.

Counter cleared by TGR1B
TCNT value /compare match g

TGRLB |- - o mm el
TGRLA |omcme oo o C N
TGROD |ccmmmceeee T N P -t N

TGROC [ --mnmmmmmeme el ; . l

TGROB |-ccoooo 2 [ HIR > U TR FRY A g S —
TGROA |---_~<7--1 ! !

H'0000

_______________________________________________________

__________

TIOCAO — !

TIOCBO

TIOCCO

TIOCDO

TIOCAlL _‘ _‘

Figure 18.23 Example of PWM M ode Operation (2)
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Figure 18.24 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value TGRB rewritten
TGRA |---coomemame- LT Dy st T T TR PR
§ O “TGRB
TORB o TGRB rewritten” : rewnten |
L : Time

H'0000 : | |
TIOCA | 0% duty :

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |------aaoa- (@
TGRB | :
; Time

H'0000 :

d
o)
0
>

100% duty I_I

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA [--cooeooaos [@
: TGRB rewritten
TGRB |, : O
' TGRB rewritten
H0000 : . I~ Time
! 100% du 0% dut 5
TIOCA J . 4 Y )
Figure 18.24 Example of PWM M ode Operation (3)
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184.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 18.7 shows the correspondence between external clock pins and channels.
Table 18.7 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedur e: Figure 18.25 shows an example of the
phase counting mode setting procedure.

@ Select phase counting mode with bits MD3
Phase counting mode to MDO in TMDR.

‘ (2 Setthe CST bitin TSTRto 1 to start the
count operation.

Select phase counting mode @

Start count @

!

<Phase counting mode>

Figure 18.25 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting Mode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

e Phase counting mode 1

Figure 18.26 shows an example of phase counting mode 1 operation, and table 18.8
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) — | | | | | | | |

TCLKB (channel 1) 1 0] 1 |0 1 | | | EEE 1 T
TCLKD (channel 2) oo b ! ! !

TCNT value

I | ! I I
I ! ' I
;Down-count !
.

EUp—potjmt !

Time
Figure 18.26 Example of Phase Counting Mode 1 Operation
Table18.8 Up/Down-Count Conditionsin Phase Counting Mode 1
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level EY Up-count
Low level R
ES Low level
B High level
High level R Down-count
Low level ES
EY High level
3 Low level
Notes: { : Rising edge
1_: Falling edge
659

HITACHI




¢ Phase counting mode 2

Figure 18.27 shows an example of phase counting mode 2 operation, and table 18.9
summarizes the TCNT up/down-count conditions.

TCLKA (Channel 1)
TCLKC (Channel 2)

TCLKB (Channel 1)
TCLKD (Channel 2)

TCNT value

Time

Figure 18.27 Example of Phase Counting Mode 2 Operation

Table 18.9 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level EY Don’t care
Low level R Don't care
ES Low level Don't care
RS High level Up-count
High level R Don’t care
Low level EY Don't care
ES High level Don’t care
RS Low level Down-count

Notes: { : Rising edge
Y_: Falling edge
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¢ Phase counting mode 3

Figure 18.28 shows an example of phase counting mode 3 operation, and table 18.10
summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) J | | |

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

- I L

 Down-count
Up- -count \

L

Time
Figure 18.28 Example of Phase Counting M ode 3 Operation

Table 18.10 Up/Down-Count Conditionsin Phase Counting Mode 3
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level EY Don’t care
Low level R Don't care
ES Low level Don't care
R High level Up-count
High level R Down-count
Low level EY Don't care
EY High level Don’t care
RS Low level Don'’t care
Notes: £ : Rising edge

¥ : Falling edge
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¢ Phase counting mode 4

Figure 18.29 shows an example of phase counting mode 4 operation, and table 18.11
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1) J
TCLKC (channel 2)

L 7L

TCLKD (channel 2)
TCNT value

|
Up-count

TCLKB (channel 1) |

Time

Figure 18.29 Example of Phase Counting Mode 4 Operation

Table 18.11 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ES Up-count
Low level R
ES Low level Don't care
RS High level
High level R Down-count
Low level ES
ES High level Don't care
RS Low level
Notes: { : Rising edge

¥ : Falling edge
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185 Interrupts

185.1 Interrupt Sourcesand Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
achannel isfixed. For details, see section 5, Interrupt Controller (INTC).

Table 18.12 lists the TPU interrupt sources.

Table 18.12 TPU Interrupts

Interrupt DMAC
Channel Source Description Activation Priority
0 TGIOA TGROA input capture/compare match Possible High
TGIOB TGROB input capture/compare match Possible 1
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIOV TCNTO overflow Not possible
1 TGI1A TGR1A input capture/compare match Not possible
TGI1B TGR1B input capture/compare match Not possible
TCl1V TCNT1 overflow Not possible
TCI1U TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Not possible
TGI2B TGR2B input capture/compare match Not possible
TCI2V TCNT2 overflow Not possible !
TCI2U TCNT2 underflow Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt isrequested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has 8 input capture/compare match interrupts, four for channel 0, and two each for channels
1,and 2.

Overflow Interrupt: Aninterrupt is requested if the TCIEV bit in TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of TCNT overflow on a particular channel. The
interrupt request is cleared by clearing the TCFV flag to 0. The TPU has three overflow interrupts,
one for each channel.

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has two underflow interrupts, one each
for channels 1, and 2.

185.2 DMAC Activation

The DMAC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 9, Direct Memory Access Controller (DMAC).

A total of four TPU input capture/compare match interrupts can be used as DMAC activation
sources for channel 0.
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186  Operation Timing

18.6.1 Input/Output Timing

TCNT Count Timing: Figure 18.30 shows TCNT count timing in internal clock operation, and
figure 18.31 shows TCNT count timing in external clock operation.

S s Y B O R O O

(
)
Internal clock a> Falling edge ‘SQD Rising edge 3—‘
\ / \

TCNT
input clock

o~
>~ I~

TCNT N-1 >< N+2

_RZ

=<

2~

RER R
LN

=<

Figure18.30 Count Timingin Internal Clock Operation

S I o s P B R O O

(
)
External cIockW) Falling edge “,j) Rising edge a> Falling edge
\ ) \ \

TCNT
input clock

=z
=
=z
+
[
=
P4
+
N

TCNT N-1 ><

Figure18.31 Count Timingin External Clock Operation
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Output Compare Output Timing: A compare match signal is generated in the final statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 18.32 shows output compare output timing.

S U o A S B O R

TCNT
input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure 18.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 18.33 shows input capture signal timing.

e ipipiaipipininl

Input capture
input

Input capture
signal

TCNT >< N \z< N+1 >< N+2 \z< X:

TGR >< N >< N+2

Figure 18.33 Input Capturelnput Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 18.34 shows the
timing when counter clearing by compare match occurrence is specified, and figure
18.35 shows the timing when counter clearing by input capture occurrence is specified.

S sinipiniinininininl

Compare
match signal

Counter
clear signal

TCNT N >< H'0000

TGR N

Figure18.34 Counter Clear Timing (Compare Match)

» UL LU

Input capture
signal

Counter clear
signal

TCNT N H'0000

|
o

TGR >< N

Figure 18.35 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 18.36 and 18.37 show the timing in buffer operation.

£ O O o A S B R

TCNT n >< n+1

Compare
match signal

TGRA, E >< N

TGRB

TGRC,
TGRD

Figure 18.36 Buffer Operation Timing (Compare Match)

SN O o A B O R

Input capture
signal

>< N+1

TCNT N

TGRA,

TGRB N+1

/LY

/LY

TGRC,
TGRD

Figure 18.37 Buffer Operation Timing (Input Capture)
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18.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compar e Match: Figure 18.38 shows the timing for
setting of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal

timing.

Po

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

S e

N >< N+1

Figure18.38 TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 18.39 shows the timing for setting
of the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

S sininininininininl

Input capture
signal

TCNT N

o
\

TGR i

TGF flag

TGl interrupt

Figure18.39 TGI Interrupt Timing (Input Capture)

TCFV Flag/TCFU Flag Setting Timing: Figure 18.40 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 18.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

o UL LT L L L L

TCNT input
clock

TCNT H'FFFF >< H'0000
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

Figure18.40 TCIV Interrupt Setting Timing
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S [T T v I
TCNT
input clock

TCNT ' :
(underflow) H'0000 >< H'EEFFE

Underflow signal

TCFU flag

TCIU interrupt

Figure18.41 TCIU Interrupt Setting Timing

Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
0toit. Whenthe DMAC is activated, the flag is cleared automatically. Figure 18.42 shows the
timing for status flag clearing by the CPU, and figure 18.43 shows the timing for status flag

clearing by the DMAC.

TSR write cycle

Tl T2

£ U O o o A O

>< TSR address ><

Address

Write signal

Status flag

Interrupt
request
signal

Figure18.42 Timingfor StatusFlag Clearing by CPU
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DMAC DMAC
read cycle write cycle

L T2 . T1 T2
\ \ \ \ \

- L

Destination
Address >< Source address address ><
Status flag
Interrupt
request
signal

Figure 18.43 Timing for StatusFlag Clearing by DMAC Activation

18.7  Usage Notes

Note that the kinds of operation and contention described below occur during TPU operation.

18.7.1 Input Clock Restrictions

The input clock pulse width must be at least 1.5 statesin the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 18.44 shows the input clock
conditions in phase counting mode.
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TCLKA 3
(TCLKC) ;

TCLKB |

(TCLKD) |

Phase Phase
differ- differ
Overlap ! ence |Overlap, ence ! | Pulse width | |
Pulse width : . Pulse width :

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 18.44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

18.7.2  Caution on Period Setting

When counter clearing by compare match is set, TCNT is cleared in the final state in which it

matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

_ Po
T O(N+1)

Where f : Counter frequency
Po : Peripheral module clock
N :TGR setvalue

HITACHI
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18.7.3  Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
precedence and the TCNT write is not performed.

Figure 18.45 shows the timing in this case.

TCNT write cycle

‘<L+T_2,‘
2 I o R O N O O O
Address >< TCNT address ><
Write signal
Counter clear
signal
TCNT N >< H'0000
Figure 18.45 Contention between TCNT Write and Clear Operations
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18.7.4  Contention between TCNT Write and I ncrement Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence

and TCNT is not incremented.

Figure 18.46 shows the timing in this case.

Po

Address

Write signal

TCNT input
clock

TCNT

TCNT write cycle

T1 T2

ISR .

>< TCNT address ><

N >< M
.4

TCNT write data

Figure 18.46 Contention between TCNT Writeand I ncrement Operations
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18.7.5 Contention between TGR Writeand Compare Match

If a compare match occursin the T2 state of a TGR write cycle, the TGR write takes precedence
and the compare match signal isinhibited. A compare match does not occur even if the same value
as beforeiswritten.

Figure 18.47 shows the timing in this case.

TGR write cycle

R N I e D
Address >< TGR address ><

Write signal

Compare it ! o

match signal : i=—— Inhibited

TCNT N >< N+1

TGR N >< LM

TGR write data

Figure 18.47 Contention between TGR Write and Compare Match
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18.7.6

Contention between Buffer Register Write and Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the data transferred to TGR by the

buffer operation will be the write data.

Figure 18.48 shows the timing in this case.

» L L

TGR write cycle

T1 T2 |

Address

Buffer register

address

\

Write signal

Compare
match signal

Buffer register write data

Buffer
register

TGR

Figure 18.48 Contention between Buffer Register Write and Compare Match
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18.7.7  Contention between TGR Read and I nput Capture

If the input capture signal is generated in the T1 state of a TGR read cycle, the data that isread
will be the data before input capture transfer.

Figure 18.49 shows the timing in this case.

TGR read cycle

T1 T2 ‘
S I o D
Address >< TGR address ><
Read signal
Input capture
signal
TGR N >< M
Internal >< N
data bus

Figure 18.49 Contention between TGR Read and I nput Capture
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18.7.8  Contention between TGR Writeand Input Capture

If theinput capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 18.50 shows the timing in this case.

TGR write cycle

T1 T2 ‘
- JU Uy
Address >< TGR address ><
Write signal
Input capture
signal
TCNT M

~~

TGR >< M

Figure 18.50 Contention between TGR Writeand Input Capture

679
HITACHI




18.7.9  Contention between Buffer Register Writeand Input Capture

If the input capture signal is generated in the T2 state of a buffer write cycle, the buffer operation
takes precedence and the write to the buffer register is not performed.

Figure 18.51 shows the timing in this case.

Buffer register write cycle

T1 T2 |
» L

Buffer register ><

Address address

Write signal

Input capture

signal

TCNT PN

TGR M : >< N
Buffer >< M
register

Figure18.51 Contention between Buffer Register Writeand Input Capture
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18.7.10 Contention between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is
not set and TCNT clearing takes precedence.

Figure 18.52 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF isset in TGR.

Po

TCNT input
clock

TCNT

Counter
clear signal

TGF

TCFV

J U U

HFFFF ><

H'0000

Disabled ——

Figure 18.52 Contention between Overflow and Counter Clearing
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18.7.11 Contention between TCNT Write and Over flow/Under flow

If there is an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flagin TSR is
not set .

Figure 18.53 shows the operation timing in the case of contention between a TCNT write and
overflow.

TCNT write cycle

v LTl T

Address >< TCNT address ><
Write signal
TCNT write data
’

TCNT H'FFFF >< M

o oo
TCFV flag i

1

Figure 18.53 Contention between TCNT Write and Overflow

18.7.12 Multiplexing of 1/O Pins

In the Chip, the TCLKA input pin is multiplexed with the TIOCCO 1/O pin, the TCLKB input pin
with the TIOCDO I/O pin, the TCLK C input pin with the TIOCB1 1/O pin, and the TCLKD input
pin with the TIOCB2 I/O pin. When an external clock isinput, compare match output should not
be performed from a multiplexed pin.

18.7.13 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or DMAC activation source. Interrupts should therefore be disabled
before entering modul e stop mode.
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18.7.14 Noteon Clearing Flags

When aflag is cleared, an interrupt request (not accessible by the user) in theinternal logic
might not have been cleared. An interrupt will occur again if interrupt reception is possible.
The TPU flag that indicates that a bit in the timer status registers (TRSs) for channels 0 to 2.
The TPU flag indicates that TCFV, TGFD, TGFC, TGFB, or TGFA in TSRO or TCFU, TCFV,
TGFB, or TGFA in TSR1, 2 ishigh. To “clear” meanswriting O to the flag after the flag has
been read while set 1.

Remedy: When clearing aflag in the TPU, follow either of these procedures.
1. Clear aflag while the TPU timer isin timer-count-up.

2. When aflag must be cleared while the TPU timer has stopped counting up, be sure to clear
it and then write O to it again.

When DMA transfer on the TPU’ s channel O is carried out by using compare match or input
capture, the interrupt request = transfer request (not accessible by the user) in the internal logic
might not have been cleared properly. For this reason, DMA transfer might not be carried out
even the transfer request of TPU channel 0 by using the compare match or input capture.

Remedy: When carrying out DMA transfer by using compare match or input capture, follow
either of the following procedures.

1. Do not set the source or destination for DMA transfer in internal RAM.

2. Execute while TPU channel 0 isin time-count-up when internal RAM is not set as the
source or destination for DMA transfer.
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Section 19 Hitachi User Debug Interface (H-UDI)

19.1 Overview

The Hitachi user debug interface (H-UDI) provides data transfer and interrupt request functions.
The H-UDI performs seria transfer by means of externa signal control.

19.11 Features
The H-UDI has the following features conforming to the IEEE 1149.1 standard.

+ Fivetest signals (TCK, TDI, TDO, TMS, and TRST)
*  TAP controller

e Instruction register

e Dataregister

e Bypassregister

The H-UDI has two instructions.

* Bypass mode

Test mode conforming to |EEE 1149.1
e H-UDI interrupt

H-UDI interrupt request to INTC

This chip does not support test modes other than bypass mode.

Use of the E10 or E10A emulator for the SH7612 requires a dedicated emulator chip (debug chip)
with the same package as an actual chip. An E10 or E10A emulator debug chip isavailablein an
FP-176C.
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19.1.2 H-UDI Block Diagram

Figure 19.1 shows a block diagram of the H-UDI.

TCK
TMS
TAP Internal
. H-UDI
> controller bus controller . .
interrupt signal
TRST
A\ \4 \4 Y \ \4 \4 A\
TDI Decoder
A
_— SDIR e —
(2]
= 2
(0]
il -2 SDSR D I R
.;'; S
SDBPR 2 E
£ 5
& |*—>| SDDRH |+——|a
16
> SDDRL >
\4
TDO v l
I:L —| Mux

SDIR: Instruction register TCK: Test clock
SDSR: Status register TMS: Test mode select
SDDRH: Data register H TRST: Test reset
SDDRL: Data register L TDI:  Test data input
SDBPR: Bypass register TDO: Test data output

Figure19.1 H-UDI Block Diagram
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19.1.3 Pin Configuration

Table 19.1 shows the H-UDI pin configuration.

Table19.1 Pin Configuration

Pin Name Abbreviation 110 Function
Test clock TCK Input Test clock input
Test mode select T™MS Input Test mode select input signal
Test data input TDI Input Serial data input
Test data output TDO Output Serial data output
Test reset TRST Input Test reset input signal
19.14 Register Configuration
Table 19.2 shows the H-UDI registers.
Table19.2 Register Configuration

Access Size
Register Abbreviation R/W* Initial Value*>  Address (Bits)
Instruction register ~ SDIR R H'FO00 H'FFFFFCEO 8/16/32
Status register SDSR R/W H'0101 H'FFFFFCE2 8/16/32
Data register H SDDRH R/W Undefined H'FFFFFCE4 8/16/32
Data register L SDDRL R/W Undefined H'FFFFFCE6 8/16/32
Bypass register SDBPR — — — —

Notes: 1. Indicates whether the register can be read/written to by the CPU.

2. Initial value when the TRST signal is input. Registers are not initialized by a reset
(power-on or manual) or in standby mode.

Instructions and data can be input to the instruction register (SDIR) and data register (SDDR) by
serial transfer from the test data input pin (TDI). Data from the status register (SDSR) and SDDR
can be output via the test data output pin (TDO). The bypass register (SDBPR) is a 1-hit register to
which TDI and TDO are connected in bypass mode. All registers except SDBPR can be accessed

by the CPU.

Table 19.3 shows the kinds of serial transfer possible with each register.
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Table19.3 H-UDI Register Serial Transfer

Register Serial Input Serial Output
SDIR Possible Not possible
SDSR Not possible Possible
SDDRH Possible Possible
SDDRL Possible Possible
SDBPR Possible Possible

19.2 External Signals

1921 Test Clock (TCK)

Thetest clock pin (TCK) provides an independent clock supply to the H-UDI. Asthe clock input
to TCK issupplied directly to the H-UDI, a clock waveform with a duty cycle close to 50% should
beinput (for details, see section 23, Electrical Characteristics). If no clock isinput, TCK isfixed at
1 by internal pull-up.

1922 Test Mode Select (TMS)

The test mode select pin (TMS) is sampled on the rise of TCK. TMS controls the internal state of
the TAP controller. If no signal isinput, TMSisfixed at 1 by internal pull-up.

19.23 Test Datalnput (TDI)

Thetest datainput pin (TDI) performs serial input of instructions and data for H-UDI registers.
TDI issampled on therise of TCK. If no signal isinput, TDI isfixed at 1 by internal pull-up.

1924 Test Data Output (TDO)

The test data output pin (TDO) performs serial output of instructions and data from H-UDI
registers. Transfer is performed in synchronization with TCK. If there is no output, TDO goes to
the high-impedance state.

1925 Test Reset (TRST)

The test reset pin (TRST) initializes the H-UDI asynchronously. If no signal isinput, TRST is
fixed at 1 by internal pull-up.
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19.3 Register Descriptions

19.3.1 Instruction Register (SDIR)

Bit: 15 14 13 12 11 10 9 8
\ TS3 \ TS2 \ TS1 \ TSO \ — \ — \ — \ —
Initial value: 1 1 1 1 0 0 0 0
RW: R R R R
Bitt 7 6 5 4 3 2 1 0
T N N 0 T N R
Initial value: 0 0 0 0 0 0 0 0
R/W:

Theinstruction register (SDIR) is a 16-hit register that can only be read by the CPU. H-UDI
instructions can be transferred to SDIR by seria input from TDI. SDIR can be initialized by the
TRST signal, but is not initialized by areset or in standby mode.

Instructions transferred to SDIR must be 4 bitsin length. If an instruction exceeding 4 bitsisinput,
the last 4 bits of the serial datawill be stored in SDIR.

Bits 15 to 12—Test Set Bits (TS3-TS0): Table 19.4 shows the instruction configuration.
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Table19.4 Instruction Configuration

Bit 15: Bit 14: Bit 13: Bit 12:
TS3 TS2 TS1 TSO Description
0 0 0 0 Reserved
1 Reserved
1 0 Reserved
1 Reserved
1 0 0 Reserved
1 Reserved
1 0 Reserved
1 Reserved
1 0 0 0 Reserved
1 Reserved
1 0 H-UDI interrupt
1 Reserved
1 0 0 Reserved
1 Reserved
1 0 Reserved
1 Bypass mode (Initial value)

Bits 11 to 0—Reserved: These hits always read 0. The write value should always be 0.
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1932 StatusRegister (SDSR)

Bit: 15 14 13 12 11 10 9 8
-l -1 -1 -1-1T-7T-17-

Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0
-1 -] =1 =1 = [ — [sowF

Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R R/W

The status register (SDSR) is a 16-bit register that can be read and written to by the CPU. Output
from TDO is possible for SDSR, but serial data cannot be written to SDSR via TDI. The SDTRF
bit is output by means of a 1-bit shift. In the case of a 2-bit shift, the SDTRF bit isfirst output,
followed by areserved hit.

SDSRisinitialized by TRST signal input, but is not initialized by areset or in standby mode.

Bits 15 to 1—Reserved: Bits 15to 9 and 7 to 1 always read 0, and the write value should always
be 0. Bit 8 always reads 1, and the write value should always be 1.

Bit 0—Serial Data Transfer Control Flag (SDTRF): Indicates whether H-UDI registers can be
accessed by the CPU. The SDTRF bit is reset by the TRST signal , but is not initialized by areset
or in standby mode.

Bit 0: SDTRF Description
0 Serial transfer to SDDR has ended, and SDDR can be accessed
1 Serial transfer to SDDR in progress (Initial value)
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19.3.3 DataRegister (SDDR)

The data register (SDDR) comprises dataregister H (SDDRH) and dataregister L (SDDRL), each
of which has the following configuration.

Bit: 15 14 13 12 11 10 9 8

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: — —_ — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

SDDRH and SDDRL are 16-hit registers that can be read and written to by the CPU. SDDR is
connected to TDO and TDI for serial data transfer to and from an external device.

32-bit dataiis input and output in serial datatransfer. If data exceeding 32 bitsisinput, only the
last 32 bits will be stored in SDDR. Serial dataisinput starting from the MSB of SDDR (bit 15 of
SDDRH), and output starting from the LSB (bit 0 of SDDRL).

Thisregister is not initialized by areset, in standby mode, or by the TRST signal.

19.3.4 BypassRegister (SDBPR)

The bypass register (SDBPR) is a one-bit shift register. In bypass mode, SDBPR is connected to
TDI and TDO, and the chip is excluded from the board test when a boundary scan test is
conducted. SDBPR cannot be read or written to by the CPU.
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194  Operation

19.4.1 H-UDI Interrupt and Serial Transfer

When an H-UDI interrupt instruction is transferred to SDIR via TDI, an interrupt is generated.
Datatransfer can be controlled by means of the H-UDI interrupt service routine. Transfer can be
performed by means of SDDR.

Control of datainput/output between an external device and the H-UDI is performed by
monitoring the SDTRF bit in SDSR externally and internally. Internal SDTRF bit monitoring is
carried out by having SDSR read by the CPU.

The H-UDI interrupt and serial transfer procedure is as follows.

1. Aninstructionisinput to SDIR by seria transfer, and an H-UDI interrupt request is generated.

2. After the H-UDI interrupt request isissued, the SDTRF bit in SDSR is monitored externally.
After output of SDTRF = 1 from TDO is observed, seria dataistransferred to SDDR.

3. On completion of the serial transfer to SDDR, the SDTRF hit is cleared to 0, and SDDR can be
accessed by the CPU. After SDDR has been accessed, SDDR serial transfer is enabled by
setting the SDTRF bit to 1 in SDSR.

4. Seria datatransfer between an external device and the H-UDI can be carried out by constantly
monitoring the SDTRF bit in SDSR externally and internally.

Figures 19.2, 19.3, and 19.4 show the timing of data transfer between an external device and the
H-UDI.
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H-UDI interrupt
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SDTRF Shift | , I Shift
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I I
| |
I I
: Shift : :
| disabled |
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I
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|
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SDSR and i T m
* SDDR SDSR SDDR
SDDR MUX*2 | : iSDSR | | i i
| |

SDDR access Shift CPU Shift CPU

state
SDSR serial transfer

(monitoring)

Notes: 1. SDTRF flag (in SDSR): Indicates whether SDDR access by the CPU or serial transfer
data input/output to SDDR is possible.

1 | SDDR is shift-enabled. Do not access SDDR until SDTRF = 0.

2 | SDDR is shift-disabled. SDDR access by the CPU is enabled.

Conditions:
« SDTRF=1
— When TRST =0
— When the CPU writes 1
— In bypass mode
« SDTRF=0
— End of SDDR shift access in serial transfer

2. SDSR/SDDR (Update-DR state) internal MUX switchover timing
» Switchover from SDSR to SDDR: On completion of serial transfer in which
SDTRF = 1 is output from TDO
« Switchover from SDDR to SDSR: On completion of serial transfer to SDDR

Figure19.2 Datalnput/Output Timing Chart (1)
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Figure19.4 Data I nput/Output Timing Chart (3)




19.42 BypassMode

Bypass mode can be used to exclude the chip from the test items in a boundary-scan test. Bypass
mode is entered by transferring B'1111 to SDIR. In bypass mode, SDBPR is connected to TDI and
TDO.

1943 H-UDI Reset

The H-UDI can be reset in two ways.

¢ TheH-UDI isreset when the TRST signal isheld at 0.

¢ When TRST = 1, the H-UDI can be reset by inputting at least five TCK clock cycleswhile
TMS=1.

19.5 Usage Notes

+ A reset must always be executed by driving the TRST signal to 0, regardiess of whether or not
the H-UDI isto be activated. TRST must be held low for 20 TCK clock cycles. For details, see
section 23, Electrical Characteristics.

+ Theregisters are not initialized in standby mode. If TRST is set to 0 in standby mode, bypass
mode will be entered.

e Thefrequency of TCK must be lower than that of the peripheral module clock (P¢). For
details, see section 23, Electrical Characteristics.

¢ Indatatransfer, datainput/output starts with the LSB. Figure 19.5 shows serial data
input/output.

« If morethan 32 bits are serialy transferred, serial data exceeding 32 bits output from TDO
should be ignored.

« |If the H-UDI serial transfer sequence is disrupted, aTRST reset must be executed. Transfer
should then be retried, regardless of the transfer operation.

e TheTDO output timing is from therise of TCK.

¢ Inthe Shift-IR state, the lower 2 bits of the output datafrom TDO (the IR status word) may not
be 01

« When debugging is carried out with an E10 or E10A emulator using a debug chip, the H-UDI
isused. Therefore, the five H-UDI-related pins should not be used as general 1/O ports.

¢ When the emulator is used, the UBC and H-UDI are used by the emulator, and therefore
operation relating to the UBC and H-UDI may differ between the emulator and the actual chip.
If the UBC and H-UDI are not used by the user system, register settings should not be made.
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Section 20 Pin Function Controller (PFC)

20.1 Overview

The pin function controller (PFC) consists of registers to select multiplexed pin functions and
input/output direction. The pin function and input/output direction can be selected for individual
pins regardless of the operating mode of the chip. Table 20.1 shows the chip’s multiplex pins.
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Table20.1 Multiplex Pins

Function 1 Function 2 Function 3
Signal Related Signal Related Signal Related
Port Name /O Module Name /O  Module Name I/O Module
A TCK | (H-UDI) PA13  1/O  (Port) — - =
A T™MS | (H-UDI) PA12 1/O  (Port) — S —
A TDI | (H-UDI) PA11 /O  (Port) — - =
A TDO (0] (H-uDI) PA10 1/0 (Port) — — —
A PA9 /0 (Port) STS2 /0 (SIO) — — —
A PAS8 /O (Port) STXD2 O (SI0) — S —
A WDTOVF O (WDT) PA7 IO (Port) — N —
A FTCI I (FRT) PA6 1/0 (Port) — — —
A FTI | (FRT) PA5 /O (Port) — - =
A FTOA (0] (FRT) PA4 1/0 (Port) — — —
A FTOB o (FRT) CKPO O (Clock) — - =
A SCK /0 (SCh* PA2 /O (Port) — — —
A RXD | (scn PA1 /O (Port) — - =
A TXD o} (sc PAO /O (Port) — R —
B PB15 /O (Port) SRCKO | (SI0) SCK2 1/0  (SCIF)
B PB14 I/O (Port) SRSO | (SlO) RXD2 I (SCIF)
B PB13 /O (Port) SRXDO | (SI0) TXD2 O (SCIF)
B PB12 /0 (Port) STCKO | (SIO) SCK1 /0O  (SCIF)
B PB11 /O (Port) STSO /O  (SIO) RXD1 | (SCIF)
B PB10 I/O (Port) STXDO O (SlO) TXD1 0] (SCIF)
B PB9 /10 (Port) SRCK1 | (SI0) RTS o} (SCIF)
B PB8 /O (Port) SRS1 | (SI0) CTS | (SCIF)
B PB7 /O (Port) SRXD1 | (SI0) TIOCA2 1/0  (TPU)
B PB6 /O (Port) STCK1 | (SI0) TIOCB2 /0  (TPU)
B PB5 /O (Port) STS1 /O  (SIO) TIOCAL /0  (TPU)
B PB4 I/O (Port) STXD1 O (SlO) TIOCB1 1/O0 (TPU)
B PB3 /O (Port) SRCK2 | (SI0) TIOCAO /0  (TPU)
B PB2 /0 (Port) SRS2 | (SIO) TIOCBO /0  (TPU)
B PB1 /O (Port) SRXD2 | (SI0) TIOCCO /0 (TPU)
PBO I/O (Port) STCK2 | (Slo) TIOCDO 1/O0 (TPU)

Notes: In the initial state, function 1 is selected.

1. The initial state is input.
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20.2  Register Configuration
Table 20.2 shows the PFC registers.

Table20.2 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size
Port A control register PACR R/W H'0000 H'FFFFFC80 8,16
Port A 1/O register PAIOR R/W H'0000 H'FFFFFC82 8, 16
Port B control register PBCR R/W H'0000 H'FFFFFC88 8, 16
Port B 1/O register PBIOR R/W H'0000 H'FFFFFC8A 8,16
Port B control register 2~ PBCR2 R/W H'0000 H'FFFFFC8E 8, 16

20.3 Register Descriptions

20.3.1 Port A Control Register (PACR)

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | — |PA13VD| PA12MD PA1IMD|PALOMD PA9MD | PASMD |
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
Bit name: | PA7MD | PAGMD | PASMD | PA4MD | PA3MD | PA2MD | PALMD | PAOMD |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port A control register (PACR) is a 16-bit read/write register that selects the functions of the
14 multiplex pinsin port A.

PACR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual reset or in
standby mode or sleep mode.

Bits 15 and 14—Reserved. These hits always read 0. The write value should always be 0.
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Bit 13—PA13 Mode Bit (PA13MD): Selects the function of pin TCK/PA13.

Bit 13: PA13MD Description

0 H-UDI clock input (TCK) (Initial value)
1 General input/output (PA13)

Bit 12—PA12 Mode Bit (PA12MD): Selects the function of pin TMS/PA12.

Bit 12: PA12MD Description

0 H-UDI mode signal input (TMS) (Initial value)
1 General input/output (PA12)

Bit 11—PA11 Mode Bit (PA11MD): Selects the function of pin TDI/PA11.

Bit 11: PA11MD Description

0 H-UDI data input (TDI) (Initial value)
1 General input/output (PA11)

Bit 10—PA10 Mode Bit (PA10MD): Selects the function of pin TDO/PA10.

Bit 10: PA10MD Description

0 H-UDI data output (TDO) (Initial value)
1 General input/output (PA10)

Bit 9—PA9 Mode Bit (PA9MD): Selects the function of pin PAY/STS2.

Bit 9: PAOMD Description

0 General input/output (PA9) (Initial value)
1 S102 transmit start signal input/output (STS2)

Bit 8—PA8 Mode Bit (PA8MD): Selects the function of pin PA8/STXD2.

Bit 8: PASMD Description

0 General input/output (PA8) (Initial value)
1 S102 transmit data output (STXD2)
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Bit 7—PA7 Mode Bit (PA7MD): Selects the function of pin WDTOVF/PA?Y.

Bit 7: PA7TMD Description
0 WDT overflow signal output (WDTOVF) (Initial value)
1 General input/output (PA7)
Bit 6—PA6 Mode Bit (PA6MD): Selects the function of pin FTCI/PAG.
Bit 6: PA6MD Description
0 FRT clock input (FTCI) (Initial value)
1 General input/output (PA6)
Bit 5—PA5 Mode Bit (PASMD): Selects the function of pin FTI/PAS5.
Bit 5. PASMD Description
0 FRT input capture input (FTI) (Initial value)
1 General input/output (PA5)
Bit 4—PA4 Mode Bit (PA4MD): Selects the function of pin FTO4/PA4.
Bit 4. PA4AMD Description
0 FRT output compare output (FTOA) (Initial value)
1 General input/output (PA4)
Bit 3—PA3 Mode Bit (PA3MD): Selects the function of pin FTOB/CKPO.
Bit 3: PASMD Description
0 FRT output compare output (FTOB) (Initial value)
1 Peripheral module clock output (CKPO)
Bit 2—PA2 Mode Bit (PA2MD): Selects the function of pin SCK/PA2.
Bit 2: PA2MD Description
0 SCI transmit/receive clock input/output (SCK) (Initial value)
1 General input/output (PA2)
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Bit 1—PA1 Mode Bit (PA1MD): Selects the function of pin RXD/PA1.

Bit 1: PA1IMD Description
0 SCI receive data input (RXD) (Initial value)
1 General input/output (PAL)
Bit 0—PAO Mode Bit (PAOMD): Selects the function of pin TXD/PAO.
Bit 0: PAOMD Description
0 SCI transmit data output (TXD) (Initial value)
1 General input/output (PAO)
20.3.2 Port A 1/0 Register (PAIOR)
Bit: 15 14 13 12 11 10 9 8
Bit name: \ — \ — ‘PAlBIOR‘ PAlzlod PAllIOR‘ PAlOIOR‘ PA9IOR‘ PASIOR \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Bit name: \ PA7IOR \ PA6IOR‘ PA5IOR \ PA4IOR‘ — \ PA2IOR \ PAlIOR‘ PAOIOR‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R R/W R/W R/W

The port A 1/O register (PAIOR) is a 16-bit read/write register that selects the input/output
direction of the 13 multiplex pinsin port A. Bits PA13IOR to PA4IOR and PA2IOR to PAOIOR
correspond to individual pinsin port A. PAIOR is enabled when port A pins function as general
input pins (PA13 to PA4 and PA2 to PAO0), and disabled otherwise. When port A pins function as
PA13 to PAO, a pin becomes an output when the corresponding bit in PAIOR isset to 1, and an

input when the bit is cleared to O.

PAIOR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual reset or in

standby mode or sleep mode.
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20.3.3 Port B Control Registers (PBCR, PBCR2)

The port B control registers (PBCR and PBCR2) are 16-bit read/write registers that select the
functions of the 16 multiplex pinsin port B. PBCR selects the functions of the pins for the upper 8

bitsin port B, and PBCR2 selects the functions of the pins for the lower 8 bitsin port B.

PBCR and PBCR2 areinitialized to H'0000 by a power-on reset. They are not initialized by a

manual reset or in standby mode or sleep mode.

Port B Control Register (PBCR)

Bit:

Bit name:

Initial value:

R/W:

Bit:

Bit name:

Initial value:

R/W:

15 14 13 12 11 10 9 8
PB15 PB15 PB14 PB14 PB13 PB13 PB12 PB12
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
PB11 PB11 PB10 PB10 PB9 PB9 PB8 PB8
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—PB15 Mode Bits 1 and 0 (PB15MD1, PB15MDO): These bits select the function

of pin PB15/SRCKO/SCK 2.

Bit 15: PB15MD1 Bit 14: PB15MDO Description

0 0 General input/output (PB15) (Initial value)
1 Reserved

1 0 SI00 receive clock input (SRCKO)
1 SCIF2 transmit/receive clock input/output (SCK2)
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Bits 13 and 12—PB14 Mode Bits 1 and 0 (PB14MD1, PB14MDO): These hits select the function

of pin PB14/SRSO/RXD2.

Bit 13: PB14MD1 Bit 12: PB14MDO Description

0 0 General input/output (PB14) (Initial value)
1 Reserved

1 0 SI0O0 receive start signal input (SRSO0)
1 SCIF2 receive data input (RXD2)

Bits 11 and 10—PB13 Mode Bits 1 and 0 (PB13MD1, PB13MDO0): These bits select the function

of pin PB13/SRXDO/TXD2.

Bit 11: PB13MD1 Bit 10: PB13MDO Description

0 0 General input/output (PB13) (Initial value)
1 Reserved

1 0 SI00 receive data input (SRXDO0)
1 SCIF2 transmit data output (TXD2)

Bits 9 and 8—PB12 Mode Bits 1 and 0 (PB12MD1, PB12MDO0): These hits select the function of

pin PB12/STCKO0/SCK 1.

Bit 9: PB12MD1 Bit 8: PB12MDO Description

0 0 General input/output (PB12) (Initial value)
1 Reserved

1 0 SIO0 transmit clock input (STCKO)
1 SCIF1 transmit/receive clock input/output (SCK1)

Bits 7 and 6—PB11 Mode Bits 1 and 0 (PB11MD1, PB11MDO0): These hits select the function of

pin PB11/STSO/RXD1.

Bit 7: PB11MD1 Bit 6: PB11MDO Description

0 0 General input/output (PB11) (Initial value)
1 Reserved

1 0 SI00 transmit start signal input/output (STS0)
1 SCIF1 receive data input (RXD1)
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Bits 5 and 4—PB10 Mode Bits 1 and 0 (PB10MD1, PB10MDO): These bits select the function of

pin PB10/STXDO/TXDL1.

Bit 5: PB10MD1 Bit 4: PB10MDO Description

0 0 General input/output (PB10) (Initial value)
1 Reserved

1 0 SI00 transmit data output (STXDO)
1 SCIF1 transmit data output (TXD1)

Bits 3 and 2—PB9 Mode Bits 1 and 0 (PBOMD1, PBOMDOQ): These hits select the function of pin

PBY/SRCKI/RTS.

Bit 3: PBOMD1 Bit 2: PBOMDO Description

0 0 General input/output (PB9) (Initial value)
1 Reserved

1 0 SI01 receive clock input (SRCK1)
1 SCIF1 transmit request signal output (RTS)

Bits 1 and 0—PB8 Mode Bits 1 and 0 (PB8M D1, PB8MDOQ): These hits select the function of pin

PB8/SRSL/CTS.

Bit 1: PB8MD1 Bit 0: PB8MDO Description

0 0 General input/output (PB8) (Initial value)
1 Reserved

1 0 SIO1 receive start signal input (SRS1)
1 SCIF1 transmit clear signal input (CTS)
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Port B Control Register 2 (PBCR2)

Bit: 15 14 13 12 11 10 9 8
Bit name: PB7 PB7 PB6 PB6 PB5 PB5 PB4 PB4
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: PB3 PB3 PB2 PB2 PB1 PB1 PBO PBO
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—PB7 Mode Bits 1 and 0 (PB7MD1, PB7MDO): These bits select the function of

pin PB7/SRXDL/TIOCA2.

Bit 15: PB7MD1 Bit 14: PB7MDO Description

0 0 General input/output (PB7) (Initial value)
1 Reserved

1 0 SIO1 receive data input (SRXD1)
1 TPU input capture input/output compare output

(TIOCA2)

Bits 13 and 12—PB6 Mode Bits 1 and 0 (PB6MD1, PB6MDO0): These bits select the function of

pin PB6/STCK1L/TIOCB2.

Bit 13: PB6MD1 Bit 12: PB6MDO Description
0 0 General input/output (PB6) (Initial value)
1 Reserved
1 0 S101 transmit clock input (STCK1)
1 TPU input capture input/output compare output
(TIOCB2)
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Bits 11 and 10—PB5 Mode Bits 1 and 0 (PB5MD1, PB5MDO): These bits select the function of

pin PB5/STSY/TIOCAL.

Bit 11: PB5MD1 Bit 10: PB5MDO Description

0 0 General input/output (PB5) (Initial value)
1 Reserved

1 0 SI01 transmit start signal input/output (STS1)
1 TPU input capture input/output compare output

(TIOCA1)

Bits 9 and 8—PB4 Mode Bits 1 and 0 (PB4MD1, PB4AMDO): These hits select the function of pin

PB4/STXDUTIOCBL.

Bit 9: PB4MD1 Bit 8: PB4MDO Description

0 0 General input/output (PB4) (Initial value)
1 Reserved

1 0 S101 transmit data output (STXD1)
1 TPU input capture input/output compare output

(TIOCB1)

Bits 7 and 6—PB3 Mode Bits 1 and 0 (PB3M D1, PB3MDOQ): These hits select the function of pin

PB3/SRCK2/TIOCADO.

Bit 7: PB3MD1 Bit 6: PB3MDO Description

0 0 General input/output (PB3) (Initial value)
1 Reserved

1 0 SI02 receive clock input (SRCK2)
1 TPU input capture input/output compare output

(TIOCAO)
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Bits 5 and 4—PB2 Mode Bits 1 and 0 (PB2M D1, PB2MDO): These hits select the function of pin

PB2/SRS2/TIOCBO.

Bit 5: PB2MD1 Bit 4: PB2MDO Description

0 0 General input/output (PB2) (Initial value)
1 Reserved

1 0 S102 receive start signal input (SRS2)
1 TPU input capture input/output compare output

(TIOCBO)

Bits 3 and 2—PB1 Mode Bits 1 and 0 (PB1IMD1, PBIMDOQ): These hits select the function of pin

PBL/SRXD2/TIOCCO.

Bit 3: PB1IMD1 Bit 2: PB1MDO Description

0 0 General input/output (PB1) (Initial value)
1 Reserved

1 0 SIO2 receive data input (SRXD2)
1 TPU input capture input/output compare output

(TIOCCO)

Bits 1 and 0—PBO0 Mode Bits 1 and 0 (PBOM D1, PBOMDO): These bits select the function of pin

PBO/STCK2/TIOCDO.

Bit 1: PBOMD1 Bit 0: PBOMDO Description
0 0 General input/output (PBO) (Initial value)
1 Reserved
1 0 SI102 transmit clock input (STCK2)
1 TPU input capture input/output compare output
(TIOCDO)
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20.3.4 Port B I/O Register (PBIOR)

Bit: 15 14 13 12 11 10 9 8
Bit name: | PB15 PB14 PB13 PB12 PB11 PB10 PB9 PB8
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port B 1/0O register (PBIOR) is a 16-bit read/write register that selects the input/output
direction of the 16 multiplex pinsin port B. Bits PB15IOR to PBOIOR correspond to individual
pinsin port B. PBIOR is enabled when port B pins function as general input pins (PB15 to PBO),
and disabled otherwise. When port B pins function as PB15 to PBO, a pin becomes an output when
the corresponding bit in PBIOR is set to 1, and an input when the bit is cleared to O.

PBIOR isinitialized to H'0000 by a power-on reset. It is not initialized by amanual reset or in
standby mode or sleep mode.
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Section 21

211  Overview

1/O Ports

This chip has two ports, designated A and B. Port A isa 13-bit input/output port, and port B isa
16-bit input/output port. The port pins are multiplexed as general input/output and other functions.

(The function of multiplexed multiplex pinsis selected by means of the pin function controller

(PFC).) Ports A and B are each provided with a data register for storing pin data.

21.2 Port A

Port A isan input/output port with the 14 pins shown in figure 21.1. Of the 14 pins, the FTOB pin
has no port data register bit, and is multiplexed as an internal clock pin.

Port A

TCK (input)/PA13 (input/output)

TMS (input)/PA12 (input/output)

TDI (input)/PA11 (input/output)

TDO (output)/PA10 (input/output)
PA9 (input/output)/STS2 (input/output)
PAS8 (input/output)/STXD2 (output)
WDTOVF (output)/PA7 (input/output)
FTCI (input)/PA6 (input/output)

FTI (input)/PA5 (input/output)

FTOA (output)/PA4 (input/output)
FTOB (output)/CKPO (output)

SCK (input/output)/PA2 (input/output)
RXD (input)/PA1 (input/output)

TXD (output)/PAO (input/output)

21.21 Register Configuration

Figure21.1 Port A

The port A register is shown in table 21.1.

Table21.1 Register Configuration

Name Abbreviation

R/W Initial Value Address

Access Size

Port A data register PADR

R/W H'0000 H'FFFFFC84

8, 16

HITACHI

713




21.2.2 Port A Data Register (PADR)

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | — |PAL3DR|PA12DR|PA1LDR| PAIODR| PAIDR| PASDR |
Initial value: 0 0 0 0 0 0 0 0
RIW: RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: | PA7DR | PAGDR| PASDR | PAMDR| — | PA2DR | PAIDR| PAODR |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW  RW R RW  RW  RW

The port A dataregister (PADR) is a 16-bit read/write register that stores port A data. Bits 15, 14,
and 3 are reserved: they always read 0, and the write value should always be 0. Bits PA13DR to
PA4DR and PA2DR to PAODR correspond to pins PA13 to PA4 and PA2 to PAO. When apin
functions as ageneral output, if avalueiswritten to PADR, that value is output directly from the
pin, and if PADR isread, the register valueis returned directly regardless of the pin state. When a
pin functions as a general input, if PADR isread the pin state, not the register value, is returned
directly. If avalueiswritten to PADR, athough that value is written into PADR it does not affect
the pin state. Table 21.2 summarizes port A data register read/write operations.

PADR isinitialized to H'0000 by a power-on reset. It isnot initialized by a manual reset or in

standby mode or sleep mode.

Table21.2 Port A Data Register (PADR) Read/Write Operations

PAIOR Pin Function

Read Write

0 General input

Pin state Value is written to PADR, but does not
affect pin state

Other than general input

Pin state Value is written to PADR, but does not
affect pin state

1 General output

PADR value Write value is output from pin

Other than general output

PADR value Value is written to PADR, but does not
affect pin state
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21.3 Port B

Port B is an input/output port with the 16 pins shown in figure 21.2.

Port B

PB15 (input/output)/SRCKO (input)/SCK2 (input/output)
PB14 (input/output)/SRSO0 (input)/RXD2 (input)

PB13 (input/output)/SRXDO (input)/TXD2 (output)

PB12 (input/output)/STCKO (input)/SCK1 (input/output)
PB11 (input/output)/STSO (input/output)/RXD1 (input)
PB10 (input/output)/STXDO (output)/TXD1 (output)

PB9 (input/output)/SRCK1 (input)/RTS (output)

PB8 (input/output)/SRS1 (input)/CTS (input)

PB7 (input/output)/SRXD1 (input)/ TIOCA2 (input/output)
PB6 (input/output)/STCK1 (input)/TIOCB2 (input/output)
PB5 (input/output)/STS1 (input/output)/TIOCAL (input/output)
PB4 (input/output)/STXD1 (output)/TIOCB1 (input/output)
PB3 (input/output)/SRCK2(input)/ TIOCAO (input/output)
PB2 (input/output)/SRS2(input)/TIOCBO (input/output)
PB1 (input/output)/SRXD2(input)/TIOCCO (input/output)
PBO (input/output)/STCK2(input)/TIOCDO (input/output)

Figure21.2 Port B

21.31 Register Configuration

Table 21.3 shows the port B register.

Table21.3 Register Configuration

Name

Abbreviation R/W Initial Value Address Access Size

Port B data register

PBDR R/W H'0000 H'FFFFFC8C 8, 16
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21.3.2 Port B Data Register (PBDR)

Bit: 15 14

13

12 11 10 9 8

Bit name: ‘PBlSDR‘PBMDR‘ PBlSDR‘PBl2DR‘ PBllDR‘PBlODR‘ PBQDR‘ PBSDR \

Initial value: 0 0

R/W: R/W R/W

Bit: 7 6

0
R/W

5

0 0 0 0 0
R/W R/W R/W R/W R/W

4 3 2 1 0

Bit name:‘ PB7DR‘ PBGDR‘ PB5DR‘ PB4DR‘ PBSDR‘ PBZDR‘ PBlDR‘ PBODR‘

Initial value: 0 0

R/W: R/W R/W

0
R/W

0 0 0 0 0
R/W R/W R/W R/W R/W

The port B dataregister (PBDR) is a 16-bit read/write register that stores port B data. Bits
PB15DR to PBODR correspond to pins PB15 to PBO. When a pin functions as a general output, if
avaueiswritten to PBDR, that valueis output directly from the pin, and if PBDR isread, the
register value is returned directly regardless of the pin state. When a pin functions as a general
input, if PBDR isread the pin state, not the register value, isreturned directly. If avalue iswritten
to PBDR, although that value is written into PBDR it does not affect the pin state. Table 21.4
shows port B data register read/write operations.

PBDR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual reset or in

standby mode or sleep mode.

Table21.4 Port B Data Register (PBDR) Read/Write Operations

PBIOR Pin Function Read Write
0 General input Pin state Value is written to PBDR, but does not
affect pin state
Other than general input Pin state Value is written to PBDR, but does not
affect pin state
1 General output PBDR value  Write value is output from pin
Other than general output PBDR value Value is written to PBDR, but does not

affect pin state
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Section 22 Power-Down Modes

221  Overview

This chip has a module standby function (which reduces power consumption by selectively halting
operation of unnecessary modules among the on-chip peripheral modules and the DSP unit), a
sleep mode (which halts CPU functions), and a standby mode (which halts all functions).

22.1.1  Power-Down Modes
The following modes and function are provided as power-down modes:

1. Sleep mode
2. Standby mode
3. Module standby function
(UBC, DMAC, DSP, DIVU, FRT, SCIF1-2, TPU, SIO0-2, SCI)

Table 22.1 shows the transition conditions for entering the modes from the program execution
state, aswell as the CPU and peripheral module states in each mode and the procedures for
canceling each mode.
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Table22.1 Power-Down M odes

State
UBC, DMAC,
On-Chip DIVU, FRT,
Oscilla- SCIF1-2,
Transition tion CPU, TPU, SI02-0, Canceling
Mode Condition Circuit Cache DSP BSC SCI Pins Procedure
Sleep  SLEEP Runs Halted Halted Runs Runs Runs 1. Interrupt
mode instruction 2 DMA
e>_<ecuted address
WIth SBY error
bit setto 0
in SBYCR1 3. Power-on
reset
4. Manual
reset
Standby SLEEP Halted Halted Halted Halted, UBC, DIVU, Held or 1. NMI
mode instruction and SI02-0 and high interrupt
e>.<ecuted register TPU: Hglted, impedance 5 power-on
with SBY values and register reset
bitsetto 1 held values held 3 M |
in SBYCR1 - Manua
Other than the reset
above: Halted
Module MSTP bit Runs Runs When Runs When an FRT, SCI, 1.Clear
standby for relevant MSTP MSTP bitis and MSTP bit
function module is is1, 1, the clock  SCIF1, 2 to0
setto 1 the cloqk supply to pins are 2 Power-on
supply is the relevant initialized, reset
halted module is and others
halted operate 3. Manual
reset
2212 Register
Table 22.2 shows the register configuration.
Table22.2 Register Configuration
Name Abbreviation R/W Initial Value Address Access Size
Standby control register 1  SBYCRL1 R/W  H'00 H'FFFFFE91 8
Standby control register 2  SBYCR2 R/W  H'00 H'FFFFFE93 8
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22.2  Register Descriptions

22,21  Standby Control Register 1 (SBYCR1)

Bit: 7 6 5 4 3 2 1 0

Bit name: SBY HIZ MSTPS | MSTP4 | MSTP3 | MSTP2 | MSTP1| MSTPO
uUBC DMAC | DSP DIVU FRT SCI

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Standby control register 1 (SBY CR1) is an 8-bit read/write register that sets the power-down
mode. SBY CR isinitialized to H'00 by areset.

When awriteis performed to SBY CR1, the entire chip stops for a maximum of 5 peripheral
module clock (Pg) cycles.

Bit 7—Standby (SBY): Specifies transition to standby mode. To enter the standby mode, halt the
WDT (set the TME bit in WTCSR to 0) and set the SBY hit.

Bit 7. SBY Description
0 Executing a SLEEP instruction puts the chip into sleep mode (Initial value)
1 Executing a SLEEP instruction puts the chip into standby mode

Note: Do not use the standby mode when the on-chip crystal oscillation circuit is used.

Bit 6—Port High Impedance (HIZ): Selects whether output pins are set to high impedance or
retain the output state in standby mode. When HIZ = 0 (initial state), the specified pin retainsits
output state. When HIZ = 1, the pin goes to the high-impedance state. See Appendix A.1, Pin
States during Resets, Power-Down States and Bus Release State, for which pins are controlled.

Bit 6: HIZ Description
0 Pin state retained in standby mode (Initial value)
1 Pin goes to high impedance in standby mode
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Bit 5—Module Stop 5 (MSTP5): Specifies halting the clock supply to the user break controller
(UBC). When the MSTPS5 bit is set to 1, the supply of the clock to the UBC is halted. When the
clock halts, the UBC registers retain their pre-halt state. Do not set this bit whilethe UBC is
running.

Bit 5: MSTP5 Description

0 UBC running (Initial value)

1 Clock supply to UBC halted

Bit 4—Module Stop 4 (MSTP4): Specifies halting the clock supply to the DMAC. When MSTP4
bit is set to 1, the supply of the clock to the DMAC is halted. When the clock halts, the DMAC
retains its pre-halt state. When MSTP4 is cleared to 0 and the DMAC begins running again, its
starts operating from its pre-halt state. Set this bit while the DMAC is halted; this bit cannot be set
while the DMAC is operating (transferring data).

Bit 4: MSTP4 Description

0 DMAC running (Initial value)

1 Clock supply to DMAC halted

Bit 3—Module Stop 3 (MSTP3): Specifies halting the clock supply to the DSP unit. When the
MSTP3 bit is set to 1, the supply of the clock to the DSP unit is halted. When the clock halts, the
operation result prior to the halt is retained. This bit should be set when the DSP unit is halted.
When the DSP unit is halted, no instructions with a DSP register, MACH, or MACL as an operand
can be used.

Bit 3: MSTP3 Description

0 DSP running (Initial value)

1 Clock supply to DSP halted

Bit 2—Module Stop 2 (MSTP2): Specifies halting the clock supply to the division unit (DIVU).
When the MSTP2 bit is set to 1, the supply of the clock to DIV U is halted. When the clock halts,
the DIV U registers retain their pre-halt state. This bit should be set when the DIVU is halted.

Bit 2: MSTP2 Description

0 DIVU running (Initial value)
1 Clock supply to DIVU halted
720

HITACHI



Bit 1—Module Stop 1 (MSTP1): Specifies halting the clock supply to the 16-bit free-running
timer (FRT). When the MSTP1 hit is set to 1, the supply of the clock to the FRT is halted. When
the clock halts, all FRT registers are initialized except the FRT interrupt vector register in INTC,
which holds its previous value. When MSTP1 is cleared to 0 and the FRT begins running again, its
starts operating from itsinitial state.

Bit 1: MSTP1 Description

0 FRT running (Initial value)

1 Clock supply to FRT halted

Bit 0—Module Stop 0 (MSTPO): Specifies halting the clock supply to the serial communication
interface (SCI). When the MSTPO bit is set to 1, the supply of the clock to the SCI is halted. When
the clock halts, all SCI registers are initialized except the SCI interrupt vector register in INTC,
which holds its previous value. When MSTPO is cleared to 0 and the SCI begins running again, its
starts operating from itsinitial state.

Bit 0: MSTPO  Description

0 SCI running (Initial value)

1 Clock supply to SCI halted

22.2.2  Standby Control Register 2 (SBYCR2)

Bit: 7 6 5 4 3 2 1 0
Bit name: — — MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6
TPU SI02 SIo1 SI00 SCIF2 | SCIF1
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R/W R/W R/W R/W

Standby control register 2 (SBY CR2) is an 8-bit read/write register that sets the power-down mode
state. SBY CR2 isinitialized to H'00 by areset.

When awriteis performed to SBY CR2, the entire chip stops for a maximum of 5 peripheral
module clock (Pg) cycles.

Bits 7 and 6—Reserved: These bits always read 0. The write value should always be 0.
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Bit 5—Module Stop 11 (MSTP11): Specifies halting the clock supply to the 16-bit timer pulse
unit (TPU). When the MSTP11 hit is set to 1, the supply of the clock to the TPU is halted. When
the clock halts, the TPU retains its pre-halt state, and the TPU interrupt vector register inthe INTC
retains its pre-halt value. Therefore, when MSTP11 is cleared to 0 and the clock supply to the TPU
isresumed, the TPU starts operating again.

Bit 5: MSTP11 Description

0 TPU running (Initial value)

1 Clock supply to TPU halted

Bit 4—Module Stop 10 (MSTP10): Specifies halting the clock supply to SIO channel 2. When the
MSTP10 bit is set to 1, the supply of the clock to SIO channel 2 is halted. When the clock halts,
SIO channd 2 retainsiits pre-halt state, and the SIO channel 2 interrupt vector register inthe INTC
retains its pre-halt value. Therefore, when MSTP10 is cleared to 0 and the clock supply to SIO
channel 2 isrestarted, operation starts again.

Bit 4: MSTP10 Description

0 SIO channel 2 running (Initial value)

1 Clock supply to SIO channel 2 halted

Bit 3—Module Stop 9 (MSTP9): Specifies halting the clock supply to SIO channel 1. When the
MSTP9 bit is set to 1, the supply of the clock to SIO channel 1 is halted. When the clock halts,
SIO channd 1 retainsits pre-halt state, and the SIO channel 1 interrupt vector register inthe INTC
retains its pre-halt value. Therefore, when MSTP9 is cleared to 0 and the clock supply to SIO
channel 1 isrestarted, operation starts again.

Bit 3: MSTP9  Description

0 SIO channel 1 running (Initial value)

1 Clock supply to SIO channel 1 halted

Bit 2—Module Stop 8 (MSTP8): Specifies halting the clock supply to SIO channel 0. When the
MSTP8 bit is set to 1, the supply of the clock to SIO channel 0 is halted. When the clock halts,
SIO channd O retainsits pre-halt state, and the SIO channel 0 interrupt vector register inthe INTC
retains its pre-halt value. Therefore, when MSTP8 is cleared to 0 and the clock supply to SIO
channel 0 isrestarted, operation starts again.

Bit 2. MSTP8  Description

0 SIO channel 0 running (Initial value)
1 Clock supply to SIO channel 0 halted
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Bit 1—Module Stop 7 (MSTP7): Specifies halting the clock supply to SCIF2. When the MSTP7
bit is set to 1, the supply of the clock to SCIF2 is halted. When the clock halts, the SCIF2 registers
areinitialized, but the SCIF2 interrupt vector register in the INTC retains its pre-halt value.
Therefore, when MSTP7 is cleared to 0 and SCIF2 begins running again, it starts operating from
itsinitial state.

Bit 1: MSTP7  Description
0 SCIF2 running (Initial value)

1 Clock supply to SCIF2 halted

Bit 0—Module Stop 6 (MSTP6): Specifies halting the clock supply to SCIF1. When the MSTP6
bit is set to 1, the supply of the clock to SCIF1 is halted. When the clock halts, the SCIF1 registers
areinitialized, but the SCIF1 interrupt vector register in the INTC retains its pre-halt value.
Therefore, when MSTP6 is cleared to 0 and SCIF1 begins running again, it starts operating from
itsinitial state.

Bit 0: MSTP6  Description
0 SCIF1 running (Initial value)

1 Clock supply to SCIF1 halted

22.3 Sleep Mode

2231 Transition to Sleep Mode

Executing the SLEEP instruction when the SBY bit in SBY CR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU haltsimmediately after executing the
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip peripheral
modules continue to run in sleep mode.

22.3.2 Canceling Sleep Mode
Sleep modeis canceled by an interrupt, DMA address error, power-on reset, or manual reset.

Cancellation by an Interrupt: When an interrupt occurs, sleep mode is canceled and interrupt
exception handling is executed. Sleep mode is not canceled if the interrupt cannot be accepted
because its priority level isequal to or less than the mask level set in the CPU’ s status register
(SR) or if an interrupt by an on-chip peripheral module is disabled at the peripheral module.

Cancellation by aDMA AddressError: If aDMA address error occurs, sleep mode is canceled

and DMA address error exception handling is executed.
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Cancellation by a Power-On Reset: A power-on reset cancels sleep mode.

Cancellation by a Manual Reset: A manual reset cancels sleep mode.
22.4  Standby Mode

2241  Transition to Standby Mode

To enter standby mode, set the SBY bit to 1 in SBY CR1, then execute the SLEEP instruction. The
chip switches from the program execution state to standby mode. The NMI interrupt cannot be
accepted when the SLEEP instruction is executed, or for the following five cycles. In standby
mode, the clock supply to all on-chip peripheral modulesis halted as well as the CPU. CPU
register contents are held, and some on-chip peripheral modules are initialized.

Do not use the standby mode when the on-chip crystal oscillation circuit is used.
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Table22.3 Register Statesin Standby Mode

Registers that Retain

Registers with

Module Registers Initialized Data Undefined Contents
Interrupt controller — All registers —

(INTC)

User break controller — All registers —

(UBC)

Bus state controller — All registers —

(BSC)

Direct memory access
controller (DMAC)

DMA channel control
register 0, 1

DMA operation register

* DMA source address
registers 0 and 1

» DMA destination
address registers 0
and 1

* DMA transfer count
registers 0 and 1

» DMA request/
response selection
control registers 0
and 1

» Vector number setting

registers DMAO and
DMA1

Division unit (DIVU)

All registers

Watchdog timer (WDT)

Bits 7-5 of the timer
control/status register

Reset control/status
register

Bits 2—0 of the timer
control/status register

Timer counter

16-hit free-running timer  All registers — —
(FRT)

Serial communication All registers — —
interface (SCI)

Serial communication All registers — —

interface with FIFO
(SCIF1-2)

Serial I/0 (SI00-2) — All registers —
Hitachi user debug — All registers —
interface (H-UDI)

16-bit timer pulse unit — All registers —

(TPU)

HITACHI
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Table22.3 Register Statesin Standby M ode (cont)

Registers that Retain  Registers with

Module Registers Initialized Data Undefined Contents
Pin function controller — All registers —
(PFC)
Others — Standby control register —
1,2
Frequency modification
register

22.4.2 Cancding Standby M ode
Standby mode is canceled by an NMI interrupt, a power-on reset, or amanual reset.

Cancellation by an NMI Interrupt: When arising edge or falling edge is detected in the NMI
signal, after the elapse of the time set in the WDT timer control/status register, clocks are supplied
to the entire chip, standby mode is canceled, and NMI exception handling begins. Insure that the
interval set for the WDT is at least aslong as the oscillation stabilization time. When standby
mode is canceled by afalling edgein the NMI signal, insure that the NMI pin goes high when
standby mode is entered (when the clock is halted), and goes low on recovering from standby
mode when the | g, Eg, and Pg clocks start after oscillation has stabilized. The low level at the
NMI pin should be held for at least 3 cycles following the start of 1@, Eg, and Pa clock output after
oscillation has stabilized. When standby mode is canceled by arising edge in the NMI signal,
insure that the NM1 pin goes low when standby mode is entered (when the clock is halted), and
goes high on recovering from standby mode when the | g, Eg, and Pga clocks start after oscillation
has stabilized. The high level at the NMI pin should be held for at least 3 cycles following the start
of clock signal output after oscillation has stabilized.

Cancellation by a Power-On Reset: A power-on reset cancels standby mode.

Cancellation by a Manual Reset: A manual reset cancels standby mode.

22.4.3 Standby Mode Cancellation by NMI Interrupt

The following example describes moving to the standby mode upon the fall of the NMI signal and
clearing the standby mode when the NMI signal rises. Figure 22.1 shows the timing.

When the NMI pin level changes from high to low after the NMI edge select bit (NMIE) of the
interrupt control register (ICR) has been set to O (detect falling edge), an NMI interrupt is
accepted. When the NMIE bit is set to 1 (detect rising edge) by the NMI exception service routine,
the standby bit (SBY) of the standby control register 1 (SBYCR1) isset to 1 and a SLEEP
instruction is executed, the standby mode is entered. The standby mode is cleared the next time the
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NMI pin level changes from low level to high level. The level should be held for at least 3 cycles
following the start of 1@, Eg, and Pga clock signal output after oscillation has stabilized.

Oscillator

|

|

CKIO ‘
(output)

|

Internal clock |
(lg, Eg,Po)

|

AU
U

[N 2NN N

J~

|
|
|
|
|
‘ }
I c +
NMI | |
(( I (( |
)) | )] |
[ | ‘ \
| ; (C | }
| | )) I |
NMIE | | w |
| ( | ‘ I
| )] | I |
\ | ‘ [
[ | ‘ \
| ‘ g ; ‘ ‘
SBY | } | Oscillation |
| (C | . .
| ) ; i settling time |
'NMI ‘ D R
exception | ! . WDT |
handling } Standby mode | Iset time |
[ > > > > >
R T T T
! Exception - 'Start of 'NMI exception
service routine, oscillation handling
SBY =1,

SLEEP instruction

Figure22.1 Standby Mode Cancellation by NMI Interrupt

2244 Clock Pause Function

When the clock is input from the CKI1O pin, the clock frequency can be modified or the clock
stopped. The CKPREQ/CKM pin is provided for this purpose. Note that clock pauses are not
accepted while the watchdog timer (WDT) is operating (i.e. when the timer enable bit (TME) in
the WDT’ stimer control/status register (WTCSR) is 1). When the clock pause request function is
used, the standby bit (SBY) in the standby control register 1 (SBY CR1) must be set to 1 before
inputting the request signal. The clock pause function is used as described below.

1. Setthe TME bit in the watchdog timer’s WTCSR register to 0, and set the SBY bit in SBY CR1
tol.

2. Apply alow level to the CKPREQ/CKM pin.

3. When the chip enters the standby state internally, alow level is output from the CKPACK pin.

4. After confirming that the CKPACK pin has gone low, perform clock halting or frequency
modification.
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5. To cancel the clock pause state (standby state), apply a high level to the CKPREQ/CKM pin.
(Inside the chip , the standby state is canceled by detecting arising edge at the CKPREQ/CKM
pin.)

6. When PLL circuit 1 is operational, the WDT starts counting up inside the chip. When PLL
circuit 1 is halted, the WDT is not activated.

7. When theinternal clock stabilizes, the CKPACK pin goes high, giving external naotification
that the chip can be operated.

The standby state, all on-chip peripheral module states, and all pin states during clock pause are
the same as in the normal standby mode. Figure 22.2 shows the timing chart for the clock pause
function.

Frequency
modification

L
CKPREQI/CKM 95
input \

4 Clock pause request

1
} cancellation
CKPACK ‘ \ /

output |

|

|

|

|

|

|

NN
I~

(¢
)

NIPN
~

T

‘ [

| ' WDT count-up | Normal state
| ‘<—>ﬂ7

|

+———————————————————————————————————————————————————————————————— P
| Clock pause | Clock pause state
acceptance
processing

Figure22.2 Clock Pause Function Timing Chart (PLL Circuit 1 Operating)

Note: After the CKPREQ/CKM pin isdriven low, do not access on-chip X/Y memory until the
chip recovers from the clock pause state (standby state) and CKPACK output goes high.Figure
22.3 shows the clock pause function timing chart when the PLL circuit is halted.
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Frequency

modification
CKIO input ’_”_‘ ’_”_‘
((
CKPREQ/ )
CKM input

((
)]
4 Clock pause request

CKPACK | cancellation
output ! (
) /

((
))

Clock pause
acceptance
processing

Clock pause state . Normal state

Figure22.3 Clock Pause Function Timing Chart (PLL Circuit 1 Halted)

The clock pause state can be canceled by means of NMI input, in the same way as the normal
standby state. The clock pause request should be canceled within four CK10 clock cycles after
NMI input. Figure 22.4 shows the timing chart for clock pause state cancellation by means of NMI
input (in the case of rising edge detection).

Frequency
modification
! Max. 4 cycles |

‘ !
CKIO input
| —
CKPREQY \ / /
CKM input \ ’

(
)

(
) | ) Clock pause request

NMIinput ; cancellation
| g

CKPACK ; \ I NMI interrupt /

output | $ 46 /

l<—h: ——
'Clock pause’ Clock pause state ' Normal state
acceptance
processing

Figure22.4 Clock Pause Function Timing Chart (Cancellation by NMI Input)
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2245 Noteson Standby Mode

1. When the chip enters standby mode during use of the cache, disable the cache before making
the mode transition. Initialize the cache beforehand when the cache is used after returning to
standby mode. The contents of the on-chip RAM are not retained in standby mode when cache
isused as on-chip RAM.

2. If an on-chip peripheral register iswritten in the 10 clock cycles before the chip transitsto
standby mode, read the register before executing the SLEEP instruction.

3. When using clock mode 0, 1, or 2, the CKIO pin isthe clock output pin. Note the following
when standby mode is used in these clock modes. When standby mode is canceled by NMI, an
unstable clock is output from the CKI10O pin during the oscillation settling time after NMI input.
This also appliesto clock output in the case of cancellation by a power-on reset or manual
reset. Power-on reset and manual reset input should be continued for a period at least equal to
for the oscillation settling time.

4. Do not use the standby mode when the on-chip crystal oscillation circuit is used.
225 Module Standby Function

2251 Transition to Module Standby Function

By setting one of bits MSTP11-MSTPO to 1 in standby control register 1 or 2, the supply of the
clock to the corresponding on-chip peripheral module or DSP unit can be halted. This function can
be used to reduce the power consumption. Do not perform read/write operations for amodule in
modul e standby mode.

With the module standby function, the external pins of the DMAC and SIO0-SIO2 on-chip
peripheral modules retain their states prior to halting, as do UBC, DMAC, DSP, DIVU, TPU, and
SIO0-SIO2 registers. The external pins of the FRT, SCIF1-2, and SCI are reset and al their
registers are initialized.

An on-chip peripheral module corresponding to a module standby bit must not be switched to the
modul e standby state while it is running. Also, interrupts from amodule placed in the module stop
state should be disabled.

225.2 Clearing the Module Standby Function

Clear the module standby function by clearing the MSTP11-MSTPO hits, or by a power-on reset
or manual reset.
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226 Noteon Usage

When not using DSP instruction, please execute the following dummy instructions on initial
routine of the application software to decrease current dissipation.

PCLR A0 ; the AO register is cleared to O.
PSHA  #5, AD ; shift left by five bits.

If the above-mentioned dummy instruction are not executed, it may not be satisfied with DC
characteristics of current dissipation, because of the nodes which are not initialized by power-on
reset after the power supplied.
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Section 23 Electrical Characteristics

23.1 Absolute Maximum Ratings
Table 23.1 shows the absol ute maximum ratings.

Table23.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vce -0.3t0 +4.3 \%
Input voltage Vin —0.3to Vcc +0.3 \%
Operating temperature Topr —20to +75 °C
Storage temperature Tstg —-551t0 +125 °C

Note: Permanent damage to the chip may result if the maximum ratings are exceeded.
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23.2 DC Characteristics

Tables 23.2 and 23.3 show the DC characteristics.

Table23.2 DC Characteristics

Conditions; Vec=3.0t0 3.6 V, Ta=-20to +75°C

Test
Item Symbol Min Typ Max Unit  Conditions
Power supply voltage Vce 3.0 3.3 3.6 \%
Input high  RES, NMI, Vi Vee x0.9 — Vec+03 V Standby
voltage MD4-MDO, mode
TRST, Vee x0.9 — Vec+0.3 V Normal
CKPREQ/CKM, operation
PB14/SRS0/RXD2,
PB11/STSO/RXD1
EXTAL, CKIO Vee x0.9 — Vec+03 V
Other input pins Vee x0.7 — Vec+03 V
Input low RES, NMI, vV, -0.3 — Vee x0.1 V Standby
voltage MD4-MDO, mode
TRST, -0.3 — Vee x0.1 V Normal
CKPREQ/CKM, operation
PB14/SRSO/RXD2,
PB11/STSO/RXD1
Other input pins -0.3 — Vee x0.2 V
Input All input pins | lin| — — 1.0 A Vin = 0.5 to Vcc
leakage -05V
current
3-state Alll/O and output | Igy, | — — 1.0 HA Vin = 0.5 to Vcc
current pins -05V
leakage (off state)
Output high All output Vou Vec-05 — — \% loy =—200 pA
voltage  pins Vee-10 —  — v loy = -1 MA
Output low  All output Voo — — 0.4 \Y lo. =1.6 MA
voltage pins
Pin CAP1, CAP2 Cin — — 40 pF Vin=0V
capacitance f=1 MHz
All other — — 15 pF Ta=25°C
input pins
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Table23.2 DC Characteristics (cont)

Conditions; Vec=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Typ Max  Unit Test Conditions

Current Normal Icc — — 250 mA 3.6 V, CPU operating clock
=60 MHz, DMAC used

dissipation  operation — — 220 mA 3.6 V, CPU operating clock

=60 MHz, DMAC not used

Sleep mode — — 130 mA 3.6 V, CPU operating clock
= 60 MHz, peripheral
modules not used

Standby mode — 5 20 MA Ta<50°C

— — 300 pA 50°C < Ta

Notes: 1. Do not leave the PLLVcc and PLLVss pins open when the PLL circuit is not used.
Connect the PLLVcc pin to Vcc and the PLLVSs pin to Vss.

2. The current dissipation values are for VIH min = Vcc — 0.5 V and VIL max = 0.5 V with
all output pins unloaded.

Table23.3 Permissible Output Currents

Conditions; Vcc=3.0t0 3.6 V, Ta=—-20to +75°C

Iltem Symbol Min Typ Max Unit
Permissible output low current (per pin) lou — — 2.0 mA
Permissible output low current (total) Slow — — 80 mA
Permissible output high current (per pin) —lon — — 2.0 mA
Permissible output high current (total) S (~low — — 25 mA

Note: To protect chip reliability, do not exceed the output current values in table 23.3.
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23.3 AC Characteristics

In principle, input is synchronous. Unless specified otherwise, ensure that the setup time and hold
times for each input signal are observed.

Table23.4 Maximum Operating Frequencies

Conditions; Vcc=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Typ Max Unit Notes
Operating  CPU, DSP f 1 — 60 MHz tieye
frequency  gyternal bus 1 — 30 tecye
(SDRAM not used)
External bus 1 — 60 teeye
(SDRAM used)
Peripheral modules 1 — 30 toeye
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23.3.1 Clock Timing
Table23.5 Clock Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol  Min Max Unit Figure
EXTAL clock input frequency fEX 1 30 MHz 23.1
EXTAL clock input cycle time tEXcyc 33.3 1000 ns
EXTAL clock input low-level pulse width tEXL 8+, 12> — ns
EXTAL clock input high-level pulse width ~ tEXH 8, 12** — ns
EXTAL clock input rise time tEXR — ns
EXTAL clock input fall time tEXF — ns
CKIO clock input frequency fCKI 1 30 MHz 23.2
CKIO clock input cycle time tCKlcyc  33.3 1000 ns
CKIO clock input low-level pulse width tCKIL 8%, 12" — ns
CKIO clock input high-level pulse width tCKIH 8%3 12%* — ns
CKIO clock input rise time tCKIR — ns
CKIO clock input fall time tCKIF — ns
CKIO clock output frequency fOP 1 60 MHz 23.3
CKIO clock output cycle time tcyc 16.7 1000 ns
CKIO clock output low-level pulse width tCKOL 3 — ns
CKIO clock output high-level pulse width tCKOH 3 — ns
CKIO clock rise time tCKOR  — ns
CKIO clock fall time tCKOF — ns
Power-on oscillation stabilization time tOSC1 10 — ms 23.4
Standby recovery oscillation stabilization tOSC2 10 — ms 235
time 1
Standby recovery oscillation stabilization tOSC3 10 — ms 23.6
time 2
PLL synchronization stabilization time tPLL 1 — ms 23.7
Notes: 1. When PLL circuit 2 is operating

2. When PLL circuit 2 is not used

3. When PLL circuit 1 is operating

4. When PLL circuit 1 is not used
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tEXcyc

A
Y

tEXH tEXL

EXTAL*
] 1/2 Ve VIH VIH
(input) ; X§V||_ ViIL 7

Note: * When clock is input from EXTAL pin

Figure23.1 EXTAL Clock Input Timing

tCKlcyc
tCKIH tekiL
——» |« >
CKIO VIH VIH VIH
- 1/2 Vcc /|
(input) / X—V||_ wiL A 2 Vee
tCKIF tCKIR
—>  |— —
Figure23.2 CKI1O Clock Input Timing
teye
tCKOH tckoL
CKIO VOH < | VoH VOH
(output) 1/2Vce \vor VoL 1/2Vce
tCKOF tCKOR

Figure23.3 CKIO Clock Output Timing
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Stable oscillation
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A
A 4
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Note: Oscillation stabilization time when using on-chip crystal oscillator

Figure23.4 Power-On Oscillation Stabilization Time at Power-On

Standby Stable oscillation
—>

CKIO,
internal clock

tosc2
ES \

Note: Oscillation stabilization time when using on-chip crystal oscillator

v

tRESW

A 4

A
A 4

(( (( 77
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Figure23.5 Oscillation Stabilization Time after Standby Recovery (Recovery by RES)
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Standby Stable oscillation
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CKIO,
internal clock
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NMI \

C
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Note: Oscillation stabilization time when using on-chip crystal oscillator

Figure23.6 Oscillation Stabilization Time after Standby Recovery (Recovery by NM1)

Stable oscillation : Change of oscillation frequency e Stable oscillation

I I
EXTAL or ! !
CKIO ' '

PLL synchronlzatlon | | tPLL | PLL synchromzatlon

|

Figure23.7 PLL Synchronization Stabilization Time
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23.3.2 Control Signal Timing

Table23.6 Control Signal Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit Figure
RES rise and fall time tREST, — 200 ns 23.8
tRESf
RES pulse width tRESW 20 — tpcyc
NMI reset setup time tNMIRS tpcyc +10 — ns
NMI reset hold time INMIRH tpcyc + 10 — ns
NMI rise and fall time tNMIr, — 200 ns
INMIf
RES setup time* tRESS 3tEcyc + 40 — ns 23.9
NMI setup time* tNMIS 40 — ns
IRL3-IRLO setup time* tIRLS 30 — ns
NMI hold time tNMIH 20 — ns
IRL3-IRLO hold time* tIRLH 20 — ns
BRLS setup time tBLSS 10 — ns 23.10
BRLS hold time tBLSH 5 — ns
BGR delay time tBGRD — 15 ns
Bus tri-state delay time tBOFF 0 35 ns
Bus buffer on time tBON 0 35 ns

Note: * The RES, NMI, and IRL3—IRLO signals are asynchronous inputs. If the setup times shown

here are observed, a transition is judged to have occurred at the fall of the clock; if the

setup times cannot be observed, recognition may be delayed until the next fall of the clock.
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VIH
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tNMIr tNMIRS tNMIRH s
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)
Figure23.8 Reset Input Timing
CKIO N
_ tRESS _
f- VIH
RES
- VIL
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XA VIH
NMI X
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tIRLH tIRLS
XA VIH
IRL3-IRLO X
4 viL
Figure23.9 Interrupt Signal Input Timing
CKIO \ 57
toLsH | oyl tBLSS
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(input) (
7 tBGRD tBGRD
¢ e >
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(output) .
E&FF ’tBON
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CSn, WEn, ;)
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((}_4_, teoFF N
A24-A0, / Q
D31-DO //
s—1
Figure23.10 BusRelease Timing
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23.3.3 BusTiming

Table23.7 PLL-On BusTiming [Modes0 and 4]

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit Figure

Address delay time tAD 1 14 ns 23.11, 12, 15, 16, 18, 20, 22, 24 to
28, 30t0 34, 37 to 40, 42 to 44

BS delay time tBSD — 15 ns 23.11,12, 15, 16, 18, 20, 22, 24,
25, 28, 30, 31, 33, 34, 39, 42 to 44

CS delay time 1 tCSD1 1 14 ns 23.11, 12,15, 16, 18, 20, 22 to 25,
28,3010 34, 39, 41, 42

CS delay time 2 tCSD2 — 14 ns 23.11,12, 33, 34,39, 42

Read/write delay time tRWD 1 14 ns 23.11, 12, 15,16, 18, 20 to 22, 24,
25,2810 34, 39, 42 to 44

Read strobe delay time 1 tRSD1 — 14 ns 23.11, 12, 15, 16, 22, 30, 33, 34,
37, 39, 40, 42 to 44

Read data setup time 1 tRDS1 8 — ns 23.11, 33, 37,42 to 44

Read data setup time 2 (EDO) tRDS2 8 — ns 23.39, 40

Read data setup time 3 (SDRAM) tRDS3 8 — ns 23.15,16

Read data hold time 2 tRDH2 0 — ns 23.11, 42

Read data hold time 4 (SDRAM) tRDH4 3 — ns 23.15,16

Read data hold time 5 (DRAM) tRDH5 0 — ns 23.33,37

Read data hold time 6 (EDO) tRDH6 3 — ns 23.39, 40

Read data hold time 7 (EDO) tRDH7 1 — ns 23.39

Read data hold time 8 tRDH8 2 — ns 23.43,44

(interrupt vector)

Write enable delay time 1 tWED1 — 14 ns 23.11,12

Write data delay time 1 twDD1 — 22 ns 23.12, 22, 24, 26, 34, 38

(except Eg: lg = 1:1)

Write data delay time 2 tWDD2 — 14 ns 23.25,27

(Eg: lg = 1:1)

Write data hold time 1 tWDH1 1 — ns 23.12, 22,24 to 27, 34, 38

Data buffer on time tDON — 15 ns 23.12, 22, 24, 25, 34

Data buffer off time tDOF — 15 ns 23.12, 22, 24, 25, 34

DACK delay time 1 tDACD1 — 14 ns 23.11, 12, 15, 18, 20, 22, 24, 25,
28, 33, 34, 37 t0 40, 42

DACK delay time 2 tDACD2 — 14 ns 23.11, 12, 33, 34, 37 to 40, 42
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Table23.7 PLL-On BusTiming [ModesO0 and 4] (cont)

Conditions; Vec=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min  Max Unit Figure

WAIT setup time tWTS 10 — ns 23.13, 14, 35, 36, 42 to 45

WAIT hold time tWTH 5 — ns 23.13, 14, 35, 36, 42 to 45

RAS delay time 1 (SDRAM) tRASD1 1 14 ns 23.15 to 18, 20 to 25, 28 to 32

RAS delay time 2 (DRAM, EDO)  tRASD2 — 14 ns  23.33, 34,39, 41

RAS delay time 3 (EDO) tRASD3 — 14 ns 23.39

CAS delay time 1 (SDRAM) tCASD1 1 14 ns  23.15,16, 17, 18, 22 to 28, 30
to 32, 42

CAS delay time 2 (DRAM) tCASD2 — 14 ns  23.33,34,37to4l

DQM delay time tDQMD 1 14 ns 23.15, 16, 18 to 20, 22, 24 to
29

CKE delay time tCKED 1 14 ns 23.32

OE delay time 1 tOED1 — 14 ns  23.39

OE delay time 2 tOED2 — 14 ns  23.39

IVECF delay time tivD — 15 ns  23.43, 44

Row address setup time tASR 0 — ns 23.33, 34, 39

Column address setup time tASC 0 — ns 23.33, 34, 37, 38, 39

Data input setup time tDS 0 — ns 23.34, 38

Read/write address setup time tAS 0 — ns 23.11, 12

REFOUT delay time tREFOD — 15 ns 23.46
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Table23.8 PLL-OnBusTiming[Modes1and 5]

Conditions; Vec=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Max Unit Figure

Address delay time tAD 1+ 14+ans 23.11, 12, 15, 16, 18, 20, 22, 24 to
28, 30 to 34, 37 to 40, 42 to 44

BS delay time tBSD — 15+ans 23.11, 12, 15, 16, 18, 20, 22, 24,
25, 28, 30, 31, 33, 34, 39,42 t0 44

CS delay time 1 tCSD1 1+B 14+ans 23.11, 12,15, 16, 18, 20, 22 to 25,
28, 30 to 34, 39, 41, 42

CS delay time 2 tCSD2 — 14 +ans 23.11, 12, 33, 34, 39, 42

Read/write delay time tRWD 1+B 14+ans 23.11,12,15,16, 18, 20to 22, 24,
25, 28 to 34, 39, 42 to 44

Read strobe delay time 1 tRSD1 — 14 +ans 23.11, 12, 15, 16, 22, 30, 33, 34,
37, 39,40, 42to 44

Read data setup time 1 tRDS1 8- — ns 23.11,33,37,42t044

Read data setup time 2 (EDO) tRDS2 8- — ns 23.39,40

Read data setup time 3 (SDRAM) tRDS3 8- — ns 23.15,16

Read data hold time 2 tRDH2 0 — ns 23.11, 42

Read data hold time 4 (SDRAM) tRDH4 3+a — ns 23.15,16

Read data hold time 5 (DRAM) tRDH5 0 — ns 23.33,37

Read data hold time 6 (EDO) tRDH6 3+a — ns 23.39, 40

Read data hold time 7 (EDO) tRDH7 1 — ns 23.39

Read data hold time 8 tRDH8 2 — ns 23.43,44

(interrupt vector)

Write enable delay time 1 tWED1 — 14 +ans 23.11, 12

Write data delay time 1 tWDD1 — 22 +ans 23.12, 22, 24, 26, 34, 38

(exceptEg: lg = 1:1)

Write data delay time 2 twDD2 — 14 +ans 23.25, 27

(Eg: 1g = 1:1)

Write data hold time 1 tWDH1 1+3 — ns 23.12, 22, 24 to 27, 34, 38

Data buffer on time tDON — 15+ans 23.12, 22, 24, 25, 34

Data buffer off time tDOF — 15+ans 23.12, 22, 24, 25, 34

DACK delay time 1 tDACD1 — 14 +ans 23.11, 12, 15, 18, 20, 22, 24, 25,
28, 33, 34, 37 t0 40, 42

DACK delay time 2 tDACD2 — 14 +ans 23.11, 12, 33, 34, 37 to 40, 42
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Table23.8 PLL-On BusTiming[Modes 1 and 5] (cont)

Conditions; Vec=3.0t0 3.6 V, Ta=-20to +75°C

Symbol Min  Max Unit Figure
WAIT setup time tWTS 10-B — ns 23.13, 14, 35, 36,42 to 45
WAIT hold time tWTH 5+a — ns 23.13, 14, 35, 36, 42 to 45
RAS delay time 1 (SDRAM) tRASD1 1+B 14+a ns 23.15 to 18, 20 to 25, 28 to 32
RAS delay time 2 (DRAM, EDO)  tRASD2 — 1l4+a ns 23.33, 34, 39,41
RAS delay time 3 (EDO) tRASD3 — 14+a ns 23.39
CAS delay time 1 (SDRAM) tCASD1 1+B 14+a ns 23.15, 16, 17, 18, 22 to 28, 30
to 32, 42
CAS delay time 2 (DRAM) tCASD2 — 1l4+a ns 23.33,34,37t041
DQM delay time tbQMD 1+B 14+a ns 23.15, 16, 18 to 20, 22, 24 to
29
CKE delay time tCKED 1+p 14+a ns 23.32
OE delay time 1 tOED1 — 1l4+a ns  23.39
OE delay time 2 tOED2 — 1l4+a ns  23.39
IVECF delay time tivD — 15+a ns  23.43,44
Row address setup time tASR 0 — ns 23.33, 34, 39
Column address setup time tASC 0 — ns 23.33, 34, 37, 38, 39
Data input setup time tDS 0 — ns 23.34, 38
Read/write address setup time tAS 0 — ns 23.11, 12
REFOUT delay time tREFOD — 15+a ns 23.46

Note:
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Table23.9 PLL-Off BusTiming [Mode 2]

Conditions; Vec=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Max Unit Figure

Address delay time tAD — 19 ns 23.11, 12, 15, 16, 18, 20, 22, 24 to
28, 30t0 34, 37 to 40, 42 to 44

BS delay time tBSD — 20 ns 23.11,12,15, 16, 18, 20, 22, 24,
25, 28, 30, 31, 33, 34, 39, 42 to 44

CS delay time 1 tCSD1 — 19 ns 23.11,12, 15, 16, 18, 20, 22 to 25,
28,3010 34, 39, 41, 42

CS delay time 2 tCSD2 — 19 ns 23.11,12, 33, 34,39, 42

Read/write delay time tRWD — 19 ns 23.11, 12, 15,16, 18, 20 to 22, 24,
25, 28 to 34, 39, 42 to 44

Read strobe delay time 1 tRSD1 — 19 ns 23.11, 12, 15, 16, 22, 30, 33, 34,
37,39, 40,42 to 44

Read data setup time 1 tRDS1 8 — ns 23.11,33,37,42t044

Read data setup time 2 (EDO) tRDS2 8 — ns 23.39, 40

Read data setup time 3 (SDRAM) tRDS3 8 — ns 23.15,16

Read data hold time 2 tRDH2 0 — ns 23.11, 42

Read data hold time 4 (SDRAM) tRDH4 8 — ns 23.15,16

Read data hold time 5 (DRAM) tRDH5 0 — ns 23.33,37

Read data hold time 6 (EDO) tRDH6 8 — ns 23.39, 40

Read data hold time 7 (EDO) tRDH7 1 — ns 23.39

Read data hold time 8 tRDH8 2 — ns 23.43,44

(interrupt vector)

Write enable delay time 1 tWED1 — 19 ns 23.11,12

Write data delay time 1 tWDD1 — 27 ns 23.12, 22, 24, 26, 34, 38

(exceptEg: lg = 1:1)

Write data delay time 2 twDD2 — 19 ns 23.25,27

(Eg: 1g = 1:1)

Write data hold time 1 tWDH1 1 — ns 23.12, 22,24 to 27, 34, 38

Data buffer on time tDON — 20 ns 23.12, 22,24, 25, 34

Data buffer off time tDOF — 20 ns 23.12, 22, 24, 25, 34

DACK delay time 1 tDACD1 — 19 ns 23.11, 12, 15, 18, 20, 22, 24, 25,
28, 33, 34, 37 t0 40, 42

DACK delay time 2 tDACD2 — 19 ns 23.11, 12, 33, 34, 37 to 40, 42
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Table23.9 PLL-Off Bus Timing [Mode 2] (cont)

Conditions; Vec=3.0t0 3.6 V, Ta=-20to +75°C

Symbol Min  Max Unit Figure
WAIT setup time tWTS 10 — ns 23.13, 14, 35, 36, 42 to 45
WAIT hold time tWTH 10 — ns 23.13, 14, 35, 36, 42 to 45
RAS delay time 1 (SDRAM) tRASD1 — 19 ns 23.15 to 18, 20 to 25, 28 to 32
RAS delay time 2 (DRAM, EDO)  tRASD2 — 19 ns  23.33, 34,39, 41
RAS delay time 3 (EDO) tRASD3 — 19 ns 23.39
CAS delay time 1 (SDRAM) tCASD1 — 19 ns 23.15, 16, 17, 18, 22 to 28, 30
to 32, 42
CAS delay time 2 (DRAM) tCASD2 — 19 ns 23.33,34,37t041
DQM delay time tDQMD — 19 ns 23.15, 16, 18 to 20, 22, 24 to
29
CKE delay time tCKED — 19 ns 23.32
OE delay time 1 tOED1 — 19 ns  23.39
OE delay time 2 tOED2 — 19 ns  23.39
IVECF delay time tivD — 20 ns  23.43, 44
Row address setup time tASR 0 — ns 23.33, 34, 39
Column address setup time tASC 0 — ns 23.33, 34, 37, 38, 39
Data input setup time tDS 0 — ns 23.34, 38
Read/write address setup time tAS 0 — ns 23.11, 12
REFOUT delay time tREFOD — 20 ns 23.46
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Table 23.10 PLL-Off Bus Timing [Mode 6]

Conditions; Vec=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Max Unit Figure

Address delay time tAD — 27 ns 23.11, 12, 15, 16, 18, 20, 22, 24 to
28, 30t0 34, 37 to 40, 42 to 44

BS delay time tBSD — 28 ns 23.11,12,15, 16, 18, 20, 22, 24,
25, 28, 30, 31, 33, 34, 39, 42 to 44

CS delay time 1 tCSD1 — 27 ns 23.11,12, 15, 16, 18, 20, 22 to 25,
28,3010 34, 39, 41, 42

CS delay time 2 tCSD2 — 27 ns 23.11,12, 33, 34, 39, 42

Read/write delay time tRWD — 27 ns 23.11, 12, 15,16, 18, 20 to 22, 24,
25, 28 to 34, 39, 42 to 44

Read strobe delay time 1 tRSD1 — 27 ns 23.11, 12, 15, 16, 22, 30, 33, 34,
37,39, 40,42 to 44

Read data setup time 1 tRDS1 8 — ns 23.11,33,37,42t044

Read data setup time 2 (EDO) tRDS2 8 — ns 23.39, 40

Read data setup time 3 (SDRAM) tRDS3 8 — ns 23.15,16

Read data hold time 2 tRDH2 0 — ns 23.11, 42

Read data hold time 4 (SDRAM) tRDH4 16 — ns 23.15,16

Read data hold time 5 (DRAM) tRDH5 0 — ns 23.33,37

Read data hold time 6 (EDO) tRDH6 16 — ns 23.39, 40

Read data hold time 7 (EDO) tRDH7 1 — ns 23.39

Read data hold time 8 tRDH8 2 — ns 23.43,44

(interrupt vector)

Write enable delay time 1 tWED1 — 27 ns 23.11,12

Write data delay time 1 tWDD1 — 35 ns 23.12, 22, 24, 26, 34, 38

(exceptEg: lg = 1:1)

Write data delay time 2 twDD2 — 27 ns 23.25,27

(Eg: 1g = 1:1)

Write data hold time 1 tWDH1 1 — ns 23.12, 22,24 to 27, 34, 38

Data buffer on time tDON — 28 ns 23.12, 22,24, 25, 34

Data buffer off time tDOF — 28 ns 23.12, 22, 24, 25, 34

DACK delay time 1 tDACD1 — 27 ns 23.11, 12, 15, 18, 20, 22, 24, 25,
28, 33, 34, 37 t0 40, 42

DACK delay time 2 tDACD2 — 27 ns 23.11, 12, 33, 34, 37 to 40, 42
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Table 23.10 PLL-Off Bus Timing [M ode 6] (cont)

Conditions; Vec=3.0t0 3.6 V, Ta=-20to +75°C

Symbol Min  Max Unit Figure
WAIT setup time tWTS 10 — ns 23.13, 14, 35, 36, 42 to 45
WAIT hold time tWTH 18 — ns 23.13, 14, 35, 36, 42 to 45
RAS delay time 1 (SDRAM) tRASD1 — 27 ns 23.15 to 18, 20 to 25, 28 to 32
RAS delay time 2 (DRAM, EDO)  tRASD2 — 27 ns  23.33, 34,39, 41
RAS delay time 3 (EDO) tRASD3 — 27 ns 23.39
CAS delay time 1 (SDRAM) tCASD1 — 27 ns 23.15, 16, 17, 18, 22 to 28, 30
to 32, 42
CAS delay time 2 (DRAM) tCASD2 — 27 ns  23.33,34,37to4l
DQM delay time tDQMD — 27 ns 23.15, 16, 18 to 20, 22, 24 to
29
CKE delay time tCKED — 27 ns 23.32
OE delay time 1 tOED1 — 27 ns  23.39
OE delay time 2 tOED2 — 27 ns  23.39
IVECF delay time tivD — 28 ns  23.43, 44
Row address setup time tASR 0 — ns 23.33, 34, 39
Column address setup time tASC 0 — ns 23.33, 34, 37, 38, 39
Data input setup time tDS 0 — ns 23.34, 38
Read/write address setup time tAS 0 — ns 23.11, 12
REFOUT delay time tREFOD — 28 ns 23.46
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T1 T2

CKIO F Umum

tA tA
A24-A0 tAS ‘jé
X
tBSD 1BSD
BS // gﬁ ‘%
tCSDIL tCSD2
[
CSn // / % Z
/
tRWD tRWD
> <>
RD/WR / k
/i
tRSD1
tRSD 1|«
RD 7 LJ %
tWED1| tWED1 |«
WEn [J
DQMxx
_tRDH2.
wRDS1| i
<—>_
o 77— L4
tDACD1 tDACD2
[
oo 77D 4\ 1
WAIT
RAS
cas U
OE
CKE

Notes: 1. tgpuo is measured from the rise of CSn or RD, whichever comes first.
2. DACKn waveform when active-high is specified

Figure23.11 Basic Read Cycle (No Wait)
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T1 T2
cko /N A N N
tAD tAD
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A24-A0 >€
tBSD [tAS [tBSD
BS i #i N
tCSD1 tCSD2
esn j *gﬁ ¢
tRWD tRWD
RD/WR § HF
/
tRSD1
tRSD1| >
FD Za ¥
tWED1 tWED1
4—>| 4—>|
WEn [J W
DQMxx
twDD1 tDOF
tDON tWDH1
D31-D0
tDACD1 tDACD2
oo 777\ 7
WAIT
RAS
cas L
OE
CKE

Note: DACKn waveform when active-high is specified

Figure23.12 Basic Write Cycle (No Wait)
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3
>

bowe L2
DACKn A /

X2
\
| X
o \%
k%
—_ XD~
\ /7

CKE

Note: DACKn waveform when active-high is specified

Figure23.13 Basic Bus Cycle (1 Wait Cycle)
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T1 Tw Twx T2
cKi0 J‘_\JF\J“L/“L/_\J‘_L

A24-A0

RD/WR

WEn [J
DQMxx

D31-D0

72
Zl  \_/
722K
Z4
Z
722~k

e ddnddr

—
WTS [tWTH

WTS

tWTH

WAIT %K”

RAS

CKE

Note: DACKn waveform when active-high is specified

Figure23.14 Basic Bus Cycle (External Wait I nput)
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Tc Td1 Td2 Td3 Td4 Tde

Tr
CKIo JF\JF\JF\_?Z_\_?[_\JZ—\JZ—\_? ur\_
tAD tAD
Address
upper bits
tAD
Address
lower bits
tBSD tBSD
e
= 74 X
Z
tCSD1 tCSDRL
||
Sn 7 7é
tRWD tRWD
RD/WR oA ]
v I‘%
tRSD1|
I i
RD / }J’(é
tDQMD tDQMD
WEn [ 7% 7
DQMxx
tRDS3 {RDH 4tRIDS3 (RDH 4tRIDS3 tRDH4tR’.DSB {RDH4
D31-D0 77} <EZZ
tDACD1 tDACD1
[ [
DACKn j %//
WAIT
tRASD1 tRASD1 <t_R>;?SD1
w T A %
tCASD1 tCASD1 tCASD1 tCASD1
ot L 1 X2
CKE

Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified

Figure23.15 Synchronous DRAM Read Bus Cycle
(RCD =1Cycle, CASLatency =1 Cycle, Burst = 4)
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Td3

Td4

Tde

Tr
oo £ oA o A S A A A S\
tAD tAD
Address
upper bits
tAD
|
Address
lower bits
tBSD tBSD
_ i
B r
tCSD1 tCSD1
CSn 2; %
tRWD tRWD
— |—]
RD/WR 7
2 X
tRSD1
7 B’
RD
tDQMD tDQMD tDQMD
>

WEn [
DQMxx 7

D31-D0 Z

tRDS3

tRDH4

%

X2

DACKn

7

N\

tRASD1

I

o —_7
OE

tRASD1

K

tCASD1

tRASD1
tCASD1 tCASD1 tCASD1
| -

Z

CKE

Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified
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Figure23.16 Synchronous DRAM Single Read Bus Cycle

(RCD =1Cycle, CASLatency =1 Cycle, Burst = 4)
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Tr Trw Tc Tw Td1 Td2 Td3 Td4 Tde

CKIO _7£_\_7{_\_7F\_7

Address
upper bits

Address
lower bits X

s 77

2
5

|

N

WEn [

N

DQMxx

D31-DO0

N

Z,

DACKn 7] J

tRASD1 |tRASD1

tCASD1| tCASD1

\
4 N « NS
N

ol 7 R N 7

CKE

Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified

Figure23.17 Synchronous DRAM Read Bus Cycle
(RCD =2 Cycles, CASLatency =2 Cycles, Burst = 4)
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Tnop Tc Tdl Td2 Td3 Td4 Tde

oo NSNS AL\
tAD
-
Address
upper bits jiji W
Address
lower bits i W
-
s 20 N
tCSD1
CSn /
tRWD
-]
RD/WR _Zl %
m Z
tDQMD
wen 77 Yz
DQMxx
03100 777 C XK XX XX D <
tDACD1
[
DACKn j X
WAIT
tRASD1
R %
RAS
tCASD1 | tCASD1 |tCASD1 tCASD1
- [ ""
CAS [J % g& %
OE
CKE

Note: DACKn waveform when active-high is specified

Figure23.18 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 1 Cycle)
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Tc Tw Tdi Td2 Td3 Td4 Tde
IS AW AW AW AW AW A AW AW Al

Address
upper bits

Address
lower bits

BS

3
N\l
N PN XX

RD/WR

N
N

{DQMD
WEn [

=l 7% Vs

DACKn / W

WAIT

NN

CKE

Note: DACKn waveform when active-high is specified

Figure23.19 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 2 Cycles)
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Tp Tr Tc Td1 Td2 Td3 Td4 Tde

CKIO _7

tAD

Address
upper bits
tAD

Address
lower bits
BS Z4

tCSD1
CSn ; j&

tRWD tRWD

|-
RD/WR 7
RD /

tDQMD

Wen [ %
DQMxx

%\
SENE AN NENENEN

D31-D0 2
tDACD1
|
DACKn jﬁ
WAIT
tRASD1 tRASD1
| |
RAS
CAS [J \ /
OE
CKE

Note: DACKn waveform when active-high is specified

Figure23.20 Synchronous DRAM Read Bus Cycle
(Bank Active, Different Row Access, TRP =1 Cycle, RCD =1 Cycle, CAS Latency = 1 Cycle)
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CKIO

Address
upper bits

Address
lower bits

WEn [
DQMxx

D31-D0

A ‘_T\_MM

NENENEN

tRWD

tRASD1 tRASD1

N e N i

!

Note: DACKn waveform when active-high is specified

Figure23.21 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access,

TRP =2 Cycles, RCD =1 Cycle, CAS Latency = 1 Cycle)
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Tc Tap

- o

Tr

CKIO 71_\_7
tAD tAD
Address
upper bits
tAD

Address
lower bits %

&
n
>}
oo

N
)

tCSD1

o)
o
o
2
3
»
g
=

3
S
5]

tRWD tRWD

:
I
INH
)i
1I\ I

tRSD1]
>

RD 74

tDQMD tDQMD
. 1
WEn [J )F
DQMxx ——

tWDD1 tDOF

tDON tWDH1
D31-D0 —

tDACD1 tDACD1 tDACD1

] <—>| _____ :—_>

DACKn J( 11( Vs
WAIT

tRASD1 tRASD1 tRASD1 tRASD1

<—>| <—:| |+
RAS j Jf\ A\
tCASD1 tCASD1 tCASD1

cas [J
OE N
CKE

Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified

Figure23.22 Synchronous DRAM Write Bus Cycle
(RASD =0, RCD =1 Cycle, TRWL =1 Cycle)
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Trw Tc Trwl Tap

Address
upper bits

Address
lower bits

BS

RD/WR

WEn [J
DQMxx

D31-DO

tRASD1 tRASD1
-l

\
{CASD1 N %

cas [ ;L /
coe N dg

Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified

D
>
(@]

Figure23.23 Synchronous DRAM Write Bus Cycle
(RASD =0, RCD =2 Cycles, TRWL =2 Cycles)
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|- -

Address
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Address

lower bits =0 =h

s X
tCSD1 tCSD1
|- -

& k|17
tRWD tRWD

o |- -

RD/WR Z}l 7‘/

m N/
tDQMD tDQMD
|- -

WEn [ >‘<//

DQMxx
twDD1 tDOF
- -t -
tDON tWDH1
|- -

w100 ——X [ XD
tDACD1 tDACD1
| |

DACKn jﬁ V

WAIT

tRASD1
<—>|

s N
tCASD1 tCASD1

-

CAS ] 2& )y

E

CKE

Note: DACKn waveform when active-high is specified

Figure23.24 Synchronous DRAM Write BusCycle
(Bank Active, Same Row Access, |g:E@ # 1:1)
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WEn [
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DACKn
WAIT
RAS
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OE

CKE
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ﬁ
tBSD tBSD
tCSD1 tCSD1
[ -
tRWD tRWD
|- -
/ tDQMD tDQMD
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twDD2 tDOF
R —_ -t L
tDON tWDH1
[ -
tDACD1
|

tDACD1
}

tRASD1

tCASD1

7

tCASD1

Z

Note: DACKn waveform when active-high is specified

Figure23.25 Synchronous DRAM Write Cycle

(Bank Active, Same Row Access, | g:E@=1:1)
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CKIo o
Address %
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Address
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s 77

N <
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- -
S X >‘<
DQMxx
twWDD1
tWDH1
[
D31-D0 ——@(
DACKn /
WAIT
s \
tCASD1 tCASD1
cAs [ j L/
OE
CKE

Note: DACKn waveform when active-high is specified

Figure23.26 Synchronous DRAM Continuous Write Cycle
(Bank Active, Same Row Access, |gE@ # 1:1)
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CKIO JZ_\JZ_\JZ_\_%_\_
tAD
-
Address W
upper bits
Address
lower bits @( W
5 7 %
csn Z % /
RD/WR 7 é /
o 7 %
tDQMD
. -
=l XX D
DM tWDD2
tWDH1
-
D31-DO __@< >@7
pACKn 7 \ Y
WAIT
RAS W
tCASD1 tCASD1
-
CAS [ }& V4
OE
CKE

Note: DACKn waveform when active-high is specified

Figure 23.27 Synchronous DRAM Continuous Write Cycle
(Bank Active, Same Row Access, | g:E@p=1:1)
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T Tr Tc
cKIo JF\JW
tAD
Address
upper bits
Address X
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tBSD
[~
s f
tCSp1
[~
CSn ;Z 4
tRWD tRWD
-
RD/WR Z
RD 7
tDQMD tDQMD
<>| +>|

e 24X
D31-DO @(

NN §T§§\\§§§

tDACD1
|
DACKn jl
WAIT
tRASD1
RAS /
tCASD1
CAs [ \
OE
CKE

Note: DACKnN waveform when active-high is specified

Figure23.28 Synchronous DRAM Write BusCycle
(Bank Active, Different Row Access, TRP =1 Cycle, RCD =1 Cycle)
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Address
lower bits

7X
2

7
2

tRWD

RD/WR @ :;‘l( \
RD 7 X

tDQMD
bows X X

DACKn

D31-D0 %( @7
74

WAIT

tRASD1 tRASD1

CKE

Note: DACKn waveform when active-high is specified

Figure23.29 Synchronous DRAM Write Bus Cycle
(Bank Active, Different Row Access, TRP = 2 Cycles, RCD = 2 Cycles)
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CKIO

Address
upper bits

Address
lower bits

|
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S

RD/WR

WEn U
DQMxx

D31-DO
DACKn

WAIT
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cAs [J
OE

CKE

Trr

Trcl Trc2 Tre F\f\
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tBSD
F:V
tCSD1 tCSD1
<

~

tRWD

Nz

NN

S

tRASD1 tRASD1 tRSD1
% ﬁ& N
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Note: An auto-refresh cycle is always preceded by a precharge cycle. The number of cycles
between the two is determined by the number of cycles specified by TRP.
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Figure23.30 Synchronous DRAM Auto-Refresh Cycle

(TRAS=4Cycles)
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Figure23.31 Synchronous DRAM Auto-Refresh Cycle
(Shown from Precharge Cycle, TRP = 1 Cycle, TRAS = 4 Cycles)
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CKIO J‘_\JWM S_/_\_zk_\f\_/_\_}‘_\
27

tCSD1 tCSD1
/ L |
CSn ? 5 5 )k//
tRWD
[ /

RD/WR _ZZ \ N,
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DACKnN / A

tRASD1

tRASD1
7 W

1CASDL tCASD1
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S tCKED

Note: A self-refresh cycle is always preceded by a precharge cycle. The number of cycles
between the two is determined by the number of cycles specified by TRP.

tCKED

Figure23.32 Synchronous DRAM Self-Refresh Cycle (TRAS = 3)
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o 4 N N LPUF\_
tAD tAD
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> [
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>
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tCSD2 tCSD1
4—>| 4—>|
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o Zf (.
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t—|
DACKn ﬁl ‘_g’( //
WAIT
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|
RAS //ﬂZ
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OE
CKE

Notes: 1. tgpus is measured from the rise of RD or CASxx, whichever comes first.
2. DACKn waveform when active-high is specified

Figure23.33 DRAM Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified

Figure23.34 DRAM Write Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified

Figure23.35 DRAM BusCycle
(TRP =2 Cycles, RCD = 2 Cycles, 1 Wait)
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Note: DACKn waveform when active-high is specified

Figure23.36 DRAM BusCycle
(TRP =1 Cycle, RCD =1 Cycle, External Wait I nput)
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Notes: 1. tgpus is measured from the rise of RD or CASxx, whichever comes first.
2. DACKn waveform when active-high is specified

Figure23.37 DRAM Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified
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Figure23.38 DRAM Burst Write Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Notes: 1. DACKn waveform when active-high is specified

2. tgrph7 is measured from the rise of RAS or CAS - OE, whichever comes first.

Figure23.39 EDO Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified
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Figure23.40 EDO Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Figure23.41 DRAM CAS-Before-RAS Refresh Cycle
(TRP =1 Cycle, TRAS =2 Cycles)
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Note: DACKn waveform when active-high is specified

Figure23.42 Burst ROM Read Cycle
(Wait = 1)
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Figure23.43 Interrupt Vector Fetch Cycle
(NoWait, lgE@=1:1)
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Figure23.44 Interrupt Vector Fetch Cycle
(NoWait, lg:E@# 1:1)
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T1 Tw T2

CKIO

A3-A0

IVECF

RD/WR

SLPPIE

J
I UL

D7-DO
tWTS | tWTH tWTS | tWTH
WAIT /Zx 7;’/ /jZ <7
Figure23.45 Interrupt Vector Fetch Cycle
(External Wait Input, l@:E@# 1:1)
CKIO
tREFOD
REFOUT

Figure23.46 REFOUT delay time
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2334 Direct Memory Access Controller Timing
Table 23.11 Direct Memory Access Controller Timing

Conditions; Vcc=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Max Unit Figure
DREQO, DREQ1 setup time tDRQS 10 — ns 23.47
DREQO, DREQ1 hold time tDRQH 5 — ns
CKIO
tDrRQs {DRQH
DREQO,
DREQ1

Figure23.47 DREQO, DREQ1 Input Timing
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2335 Free-Running Timer Timing

Table 23.12 Free-Running Timer Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit  Figure
Output compare output delay time tFOCD — 100 ns 23.48, 23.49
Input capture input setup time tFICS 50 — ns 23.48
(tEcyc:tPcyc = 1:1)

Input capture input setup time tFICS tcyc+50 — ns 23.49
(tEcyc:tPcyc = 1:2)

Input capture input setup time tFICS 3tcyc +50 — ns 23.49
(tEcyc:tPcyc = 1:4)

Input capture input hold time tFICH 50 — ns 23.48, 23.49
Timer clock input setup time tFCKS 50 — ns 23.50
(tEcyc:tPcyc = 1:1)

Timer clock input setup time tFCKS tcyc+50 — ns 23.51
(tEcyc:tPcyc = 1:2)

Timer clock input setup time tFCKS 3tcyc +50 — ns 23.51
(tEcyc:tPcyc = 1:4)

Timer clock pulse width tFCKWH, L 4.5 — tpcyc 23.50, 23.51
(single edge specified)

Timer clock pulse width tFCKWH, L 8.5 — tpcyc

(both edges specified)

HITACHI
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CKIO

FTOA, FTOB ﬁ
tFICS| |tFICH

=

Figure23.48 FRT Input/Output Timing (tEcyc:tPcyc = 1:1)

e M N/
tFOC
|
FTOA, FTOB >§£;
tFICS | |tFICH

=

Figure23.49 FRT Input/Output Timing (tEcyc:tPcyc # 1:1)

tFCKS

(
FTCI / )

tFCKWL tFCKWH

Figure23.50 FRT Clock Input Timing (tEcyc:tPcyc =1:1)

tFCKS

(
FTCI / )

tFCKWL tFCKWH

Figure23.51 FRT Clock Input Timing (tEcyc:tPcyc # 1:1)
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23.3.6  Serial Communication I nterface Timing

Table 23.13 Serial Communication I nterface Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit Figure
Input clock cycle tscyc 4 — tpcyc 23.52
Input clock cycle (synchronous mode) tscyc 6 — tpcyc 23.53
Input clock pulse width tSCKW 0.4 0.6 tscyc 23.52
Transmit data delay time (synchronous tTXD — 100 ns 23.53
mode)
Receive data setup time (synchronous tRXS 100 — ns
mode)
Receive data hold time (synchronous tRXH 100 — ns
mode)
RTS delay time tRTSD — 100 ns 23.54
CTS setup time (synchronous mode) tCTSS 100 — ns
CTS hold time (synchronous mode) tCTSH 100 — ns
tSCKW
|

ook ff\;/_\\;

SCK1 g -

SCK2 D "

tscyc

Figure23.52 Input Clock Input/Output Timing

SCK / \

tscyc

/I A

TxD
(transmit data)

X

X

tRXH

RxD
(receive data)

X

R

WK

X

Figure23.53 SCI Input/Output Timing (Synchronous M ode)
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SCK1 / 5; / 5: :ZL_\_/_\_

RTS

X

X

tCTSS| tCTSH
[ |e—>

cTS X

R DX

Figure23.53 RTS and CTS Input/Output Timing

Table 23.14 16-Bit Timer-Pulse Unit Timing

Conditions: Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Item Symbol Min Max Unit  Figure
Timer output delay time tTOCD — 100 ns 23.55, 23.56
Timer input setup time tTICS 50 — ns
(tEcyc:tPcyc = 1:1)
Timer input setup time tTICS tcyc+50 — ns 23.55, 23.56
(tEcyc:tPcyc = 1:2)
Timer input setup time tTICS 3tcyc +50 — ns
(tEcyc:tPcyc = 1:4)
Timer clock input setup time tTCKS 50 — ns 23.57
(tEcyc:tPcyc = 1:1)
Timer clock input setup time tTCKS tcyc+50 — ns
(tEcyc:tPcyc = 1:2)
Timer clock input setup time tTCKS 3tcyc+50 — ns
(tEcyc:tPcyc = 1:4)
Timer clock pulse Single edge tTCKWH,L 1.5 — tpcyc
width specified
Both edges 25 —
specified
790
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CKIO TL/_
tTOCD
r—
«
Output compare >§" ”?
output* - (&
tTICS
[{d
Input capture » X"
input* 4 X

Note: * TIOCAO-TIOCAZ2, TIOCBO-TIOCB2, TIOCCO, TIOCDO

Figure23.55 TPU Input/Output Timing (tEcyc:tPcyc = 1:1)

CKIO \ / _\_/_
tTOCD

«
Output compare >2" ”?
output* x o

tTICS

[{d > N
Input capture » >2"
input* ()() A

Note: * TIOCAO-TIOCAZ2, TIOCBO-TIOCB2, TIOCCO, TIOCDO

Figure23.56 TPU Input/Output Timing (tEcyc:tPcyc # 1:1)

wo ST\, WA

tTCKS tTCKS
— *L —
TCLKA-TCLKD
. (’(’ 72 S§
tTCKWL tTCKWH

Figure23.57 TPU Clock Input Timing
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23.3.7 Watchdog Timer Timing
Table 23.15 Watchdog Timer Timing

Conditions; Vcc=3.0t03.6 V, Ta=-20to +75°C

Item Symbol Min Max Unit Figure
WDTOVF delay time tWOVvD — 70 ns 23.58, 23.59
cKio tWOVD S(/—/ twovD —— '

4—1 <>
WDTOVF
(

)/

Figure23.58 Watchdog Timer Output Timing (tEcyc:tPcyc = 1:1)

i A

tWOVD

g
WDTOVF

tWOVvD

“%

((
)

Figure23.59 Watchdog Timer Output Timing (tEcyc:tPcyc # 1:1)
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23.3.8 Serial I/0 Timing
Table23.16 Serial 1/0 Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit Figure
SRCK, STCK clock input cycle time tslcyc tpcyc or* — ns 23.60
66.7
SRCK, STCK clock input low-level width ~ tWL 0.4 x tslcyc — ns
SRCK, STCK clock input high-level width  tWH 0.4 x tslcyc — ns
SRS input setup time tRSS 15 — ns 23.61
SRS input hold time tRSH 10 — ns
SRXD input setup time tSRDS 15 — ns
SRXD input hold time tSRDH 10 — ns
STS input setup time tTSS 15 — ns 23.62
STS input hold time tTSH 10 — ns
STS output delay time tTSD 0 20 ns 23.63
STXD output delay time tTDD 0 20 ns 23.62,
23.63
Note: * Specified as tPcyc or 66.7, whichever is greater.
_ tslcyc _
: tWL _ 0
STCKn, SRCKn N /|
P tWH _
n=0,1,or2
Figure23.60 SIO Input Clock Timing
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SRCKn
(input)

o —

SRSn
(input)

SRXDn
o

n=0,1or2

Figure23.61 SIO Receive Timing

STCKn Z—\—%—\—
(input)
tTSS | tTSH
ﬁH

STSn
(input)
tTDD tTDD
»— —>
STXDn
(output)
n=0,1,or2

Figure23.62 SIO Transmit Timing (TMn =0 M ode)

STCKn
(input)
tTSD tTSD
—»
STSn
(output)

tTDD tTDD

[
|

STXDn
(output)

n=0,1or2

Figure23.63 SIO Transmit Timing (TMn =1 Mode)
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23.39 Hitachi User Debug Interface Timing

Table 23.17 Hitachi User Debug Interface Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit Figure

TCK clock input cycle time ttcyc tPcycor* — ns 23.64
66.7 ns

TCK clock input high-level width tTCKH 0.4 0.6 ttcyc

TCK clock input low-level width tTCKL 0.4 0.6 ttcyc

TRST pulse width tTRSW 20 — ttcyc 23.65

TRST setup time tTRSS 40 — ns

TMS setup time tTMSS 30 — ns 23.66

TMS hold time tTMSH 10 — ns

TDI setup time tTDIS 30 — ns

TDI hold time tTDIH 10 — ns

TDO delay time tTDOD 0 30 ns

Note: * Specified as tPcyc or 66.7, whichever is greater.

tTCKH

TCK /l

ttcyc

tTCKL

P

Figure23.64 H-UDI Clock Timing

HITACHI
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TCK

tTRSS tTRSS
- e

TRST *K ()() 7*

tTRSW

-
>

A

Figure23.65 H-UDI TRST Timing

tTMSS tTMSH

4
y
4
y

TMS ><

tTDIS tTDIH
<+« P

Y

A
A

tTDOD tTDOD
TDO <<

Figure23.66 H-UDI Input/Output Timing
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23.3.10 /O Port Timing
Table 23.18 /O Port Timing

Conditions; Vcc=3.0t0 3.6 V, Ta=-20to +75°C

Iltem Symbol Min Max Unit Figure
Port output data delay time tPWD — 50 ns 23.67, 23.68
Port input data setup time tPRS 50 — ns 23.67
(tEcyc:tPcyc = 1:1)
Port input data setup time tPRS tcyc+50 — ns 23.68
(tEcyc:tPcyc = 1:2)
Port input data setup time tPRS 3tcyc +50 — ns
(tEcyc:tPcyc = 1:4)
Port input data hold time tPRH 50 — ns 23.67, 23.68

CKIO A—\—

tPRS tPRH
-« | «——>

PAO-PA2, PA4-PA13

PBO-PB15

(read)

tPWD

PAO-PA2, PA4-PA13

PBO-PB15

(write)

Figure 23.67 1/0 Port Input/Output Timing (tEcyc:tPcyc = 1:1)

CKIO J

tPRS tPRH
S
PAO-PA2, PA4-PA13
PB0-PB15 %
(read)
tPWD
PAO-PA2, PA4—-PA13
PB0O-PB15
(write)

Figure23.68 1/0 Port Input/Output Timing (tEcyc:tPcyc # 1:1)

797
HITACHI




23.4 AC Characteristic Test Conditions
The AC characteristic test conditions are as follows:

e Input/output signal referencelevel: 1.5V (Vcec=3.3t03.6 V)
e Input pulselevel: Vssto 3.0V (Vssto Vcc for RES, TRST, EXTAL, CKIO, MDO-MD4, and
NMI)

e Input rise/fal time: 1 ns

The output load circuit is shown in figure 23.69.

IOL

SH7612 DUT output
output pin

CL VREF

IOH

CL is the total value, including the capacitance of the test jig, etc. The capacitance of each pin is
as follows:

30 pF: CKIO, A24-A0, D31-DO, BS, RD, CS4-CS0, DQMUU/WE3-DQMLL/WEO, CAS3-CASD,

RAS, CAS/OE, DACK1, DACKO
50 pF: All other pins

IOL and IOH values are as shown in table 23.3, Permissible Output Currents.

Figure23.69 Output Load Circuit
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Appendix A On-Chip Peripheral Module Registers

Al Addresses

On-chip peripheral module register addresses and bit names are shown in the following table. 16-

bit registers and 32-bit registers are shown, respectively, in two and four lines of 8 bits.

Address

Register
Name

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

H'FFFFFCO00

H'FFFFFCO1

SIRDRO

H'FFFFFCO02

H'FFFFFCO03

SITDRO

H'FFFFFCO04

H'FFFFFCO5

SICTRO

™

SE

DL

TIE

RIE

TE

RE

H'FFFFFCO06

H'FFFFFCO7

SISTRO

TERR

RERR

TDRE

RDRF

SIO

H'FFFFFCO08
to
H'FFFFFCOF

H'FFFFFC10

HFFFFFC11

SIRDR1

HFFFFFC12

H'FFFFFC13

SITDR1

HFFFFFC14

HFFFFFC15

SICTR1

™

SE

DL

TIE

RIE

TE

RE

H'FFFFFC16

HFFFFFC17

SISTR1

TERR

RERR

TDRE

RDRF

SIO

HFFFFFC18
to
H'FFFFFCIF

H'FFFFFC20

HFFFFFC21

SIRDR2

H'FFFFFC22

H'FFFFFC23

SITDR2

HFFFFFC24

HFFFFFC25

SICTR2

™

SE

TIE

RIE

TE

RE

H'FFFFFC26

HFFFFFC27

SISTR2

TERR

RERR

TDRE

RDRF

SIO

HITACHI
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Address

Register

Bit Names

Name Bit 7 Bit 6

Bit 5 Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFFC28
to
HFFFFFC3F

H'FFFFFC40

TSTR —_ —

CST2

CST1

CSTO

H'FFFFFC41

TSYR — —

SYNC2

SYNC1

SYNCO

TPU

HFFFFFC42
to
HFFFFFCA4F

H'FFFFFC50

TCRO CCLR2 CCLR1

CCLRO CKEG1

CKEGO

TPSC2

TPSC1

TPSCO

H'FFFFFC51

TMDRO — —

BFB BFA

MD3

MD2

MD1

MDO

H'FFFFFC52

TIOROH  10B3 10B2

10B1 10BO

I0A3

I0A2

I0A1

I0A0

H'FFFFFC53

TIOROL 10D3 10D2

10D1 10D0

10C3

10C2

I10C1

10Co

H'FFFFFC54

TIERO — —

— TCIEV

TGIED

TGIEC

TGIEB

TGIEA

H'FFFFFCE5

TSRO — —

— TCFV

TGFD

TGFC

TGFB

TGFA

H'FFFFFC56

H'FFFFFC57

TCNTO

H'FFFFFC58

H'FFFFFC59

TGROA

H'FFFFFC5A

H'FFFFFC5B

TGROB

H'FFFFFC5C

H'FFFFFC5D

TGROC

H'FFFFFCSE

H'FFFFFC5F

TGROD

H'FFFFFC60

TCR1 — CCLR1

CCLRO CKEG1

CKEGO

TPSC2

TPSC1

TPSCO

H'FFFFFC61

TMDR1 — —

MD3

MD2

MD1

MDO

H'FFFFFC62

TIOR1 10B3 10B2

10B1 10BO

I0A3

10A2

I0A1

I0A0

H'FFFFFC63

H'FFFFFC64

TIER1 — —

TCIEU  TCIEV

TGIEB

TGIEA

H'FFFFFC65

TSR1 TCFD —

TCFU TCRFV

TGFB

TGFA

H'FFFFFC66

HFFFFFC67

TCNT1

H'FFFFFC68

H'FFFFFC69

TGR1A

H'FFFFFCBA

H'FFFFFC6B

TGR1B

TPU

H'FFFFFC6C
to
H'FFFFFC6F
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Bit Names

HITACHI

Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFC70 TCR2 — CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSCl1 TPSCO TPU
H'FFFFFC71 TMDR2 — — — — MD3 MD2 MD1 MDO
H'FFFFFC72 TIOR2 10B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0
H'FFFFFC73 — — — — — — — — —
H'FFFFFC74 TIER2 — — TCIEU TCIEV —— — TGIEB  TGIEA
H'FFFFFC75 TSR2 TCFD  — TCFU  TCFV  — — TGFB  TGFA
H'FFFFFC76 TCNT2
HFFFFFCT7
H'FFFFFC78  TGR2A
HFFFFFC79
H'FFFFFC7A TGR2B
'HFFFFFCTB
H'FFFFFC7C — — — — — — — — — —
to
H'FFFFFC7F
H'FFFFFC80 PACR — — PA13MD PA12MD PA11MD PA1OMD PA9MD PASMD PFC
HFFFFFC8L PA7TMD PA6MD PA5MD PA4MD PA3MD PA2MD PAIMD PAOMD
H'FFFFFC82 PAIOR — — PA13IOR PA12I0R PA1lIOR PA10IOR PA9IOR PA8IOR
HEFFFFC83 PA7IOR PABIOR PA5IOR PA4IOR — PA2I0R PALIOR PAOIOR
H'FFFFFC84 PADR — — PA13DR PA12DR PA11DR PA10DR PA9DR PA8DR /O port
m PA7TDR PA6DR PA5DR PA4DR — PA2DR PA1DR PAODR
H'FFFFFC86 — — — — — — — — — —
to
H'FFFFFC87
H'FFFFFC88 PBCR PB15MD1 PB15MDO PB14MD1 PB14MDO PB13MD1 PB13MDO PB12MD1 PB12MDO PFC
H'FFFFFC89 PB11MD1 PB11MDO PB10MD1 PB10MDO PBOMD1 PB9MDO PB8MD1 PB8MDO
H'FFFFFC8A PBIOR PB15I0R PB14IOR PB13IOR PB12IOR PB11IOR PB1OIOR PB9IOR PBS8IOR
H'FFFFFC8B PB7IOR PB6IOR PB5IOR PB4IOR PB3IOR PB2IOR PB1lIOR PBOIOR
H'FFFFFC8C PBDR PB15DR PB14DR PB13DR PB12DR PB11DR PB10DR PB9DR PB8DR  I/O port
H'FFFFFC8D PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PB1DR PBODR
H'FFFFFC8E PBCR2 PB7MD1 PB7MDO PB6MD1 PB6MDO PB5MD1 PB5MDO PB4MD1 PB4MDO PFC
H'FFFFFC8F PB3MD1 PB3MDO PB2MD1 PB2MDO PB1MD1 PB1MDO PBOMD1 PBOMDO
HFFFFFC90 — —_ —_ — — — — — — —
to
H'FFFFFCBF
H'FFFFFCCO SCSMR1 — CHR PE OfE STOP — CKS1  CKSO  SCIF

IRMOD  ICK3 ICK2 ICK1 ICKO PSEL CKSs1 CKSO0 IrDA
HFFFFFCC1 — — — — — — — — — —
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Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFCC2 SCBRR1 SCIF
IrDA
HFFFFFCC3 — — — — — — — — — —
H'FFFFFCC4 SCSCR1 TIE RIE TE RE — — CKE1 CKEO SCIF
TIE RIE TE RE CKE1 CKEO IrDA
HFFFFFCC5 — — — — — — — — — —
H'FFFFFCC6 SCFTDR1 SCIF
IrDA
H'FFFFFCC7 — — — — — — — — — —
H'FFFFFCC8 SCSSR1 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO SCIF
H'FFFFFCC9 ER TEND TDFE BRK FER PER RDF DR
H'FFFFFCC8 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO IrDA
H'FFFFFCC9 ER TEND TDFE BRK FER PER RDF DR
H'FFFFFCCA SCFRDR1 SCIF
IrDA
H'FFFFFCCB — — — — — — — — — —
H'FFFFFCCC SCFCR1 RTRG1 RTRGO TTRG1 TTRGO MCE TFRST RFRST LOOP SCIF
RTRG1 RTRGO TTRG1 TTRGO MCE TFRST RFRST LOOP IrDA
H'FFFFFCCD — — — — — — — — — —
H'FFFFFCCE SCFDR1 — — — T4 T3 T2 T1 TO SCIF
H'FFFFFCCF — — — R4 R3 R2 R1 RO
H'FFFFFCCE — — — T4 T3 T2 T1 TO IrDA
H'FFFFFCCF — — — R4 R3 R2 R1 RO
H'FFFFFCDO SCSMR2 — CHR PE O/E STOP — CKS1 CKSO0 SCIF
IRMOD  ICK3 ICK2 ICK1 ICKO PSEL CKS1 CKSO0 IrDA
HFFFFFCD1 — —_ — — — — — — — —
H'FFFFFCD2 SCBRR2 SCIF
IrDA
H'FFFFFCD3 — —_ — — — — — — — —
H'FFFFFCD4 SCSCR2 TIE RIE TE RE — — CKE1 CKEO SCIF
TIE RIE TE RE — — CKE1 CKEO IrDA
H'FFFFFCD5 — —_ — — — — — — — —
H'FFFFFCD6 SCFTDR2 SCIF
IrDA
H'FFFFFCD7 — —_ — — — — — — — —
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Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFCD8 SCSSR2 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO SCIF
H'FFFFFCD9 ER TEND TDFE BRK FER PER RDF DR
H'FFFFFCD8 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO IrDA
H'FFFFFCD9 ER TEND TDFE BRK FER PER RDF DR
H'FFFFFCDA SCFRDR2 SCIF
IrDA
H'FFFFFCDB — — — — — — — — — —
HFFFFFCDC SCFCR2 RTRG1 RTRGO TTRG1 TTRGO MCE TFRST RFRST LOOP SCIF
RTRG1 RTRGO TTRG1 TTRGO MCE TFRST RFRST LOOP IrDA
H'FFFFFCDD — — — — — — — — — —
H'FFFFFCDE SCFDR2 — — — T4 T3 T2 T1 TO SCIF
H'FFFFFCDF — — — R4 R3 R2 R1 RO
H'FFFFFCDE — — — T4 T3 T2 T1 TO IrDA
H'FFFFFCDF — — — R4 R3 R2 R1 RO
H'FFFFFCEO SDIR TS3 TS2 TS1 TSO — — — — H-UDI
H'FFFFFCE1 — — — — — — — —
H'FFFFFCE2 SDSR —_ —_ — — — — — —
H'FFFFFCE3 — — — — — — — SDTRF
H'FFFFFCE4 SDDRH
H'FFFFFCES
H'FFFFFCE6 SDDRL
H'FFFFFCE7
H'FFFFFCE8 — —_ —_ — — — — — — —
to
H'FFFFFDFF
H'FFFFFEO0  SMR C/A CHR PE OfE STOP  MP CKS1  CKSO  scl
GM CHR PE O/E STOP MP CKSs1 CKSO0 Smart card
interface
H'FFFFFEO1 BRR SCI
Smart card
interface
H'FFFFFEO2 SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO SCI
TIE RIE TE RE MPIE TEIE CKE1 CKEO Smart card
interface
H'FFFFFEO3 TDR SCI
Smart card
interface
803



Bit Names

HITACHI

Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFEO4 SSR TDRE RDRF ORER FER PER TEND MPB MPBT SCI
TDRE RDRF ORER ERS PER TEND MPB MPBT Smart card
interface
H'FFFFFEO5 RDR SCI
Smart card
interface
H'FFFFFEO6 SCMR — — — — SDIR SINV — SMIF Smart card
interface
HFFFFFEO7 — — — — — — — — — —
to
H'FFFFFEOF
H'FFFFFE10 TIER ICIE — — — OCIAE OCIBE OVIE — FRT
H'FFFFFE11 FTCSR ICF — — — OCFA OCFB OVF CCLRA
H'FFFFFE12 FRCH
H'FFFFFE13 FRCL
H'FFFFFE14*' OCRA H
OCRB H
H'FFFFFE15*! OCRA L
OCRB L
H'FFFFFE16 TCR IEDG — — — — — CKsS1 CKSO0
HFFFFFE17 TOCR — — — OCRS — — OLVLA OLVLB
H'FFFFFE18 FICRH
H'FFFFFE19 FICRL
HFFFFFEIA — — — — — — — — — —
to
H'FFFFFE3F
H'FFFFFE40  IPRD TPUOIP3 TPUOIP2 TPUOIP1 TPUOIPO TPU1IP3 TPUL1IP2 TPU1IP1 TPULIPO INTC
H'FFFFFE41 TPU2IP3 TPU2IP2 TPU2IP1 TPU2IPO SCF1IP3 SCF1IP2 SCF1IP1 SCF1IPO
H'FFFFFE42 VCRE — TGOAV6 TGOAV5 TGOAV4 TGOAV3 TGOAV2 TGOAV1 TGOAVO
H'FFFFFE43 — TGOBV6 TGOBV5 TGOBV4 TGOBV3 TGOBV2 TGOBV1 TGOBVO
H'FFFFFE44 VCRF — TGOCV6 TGOCV5 TGOCV4 TGOCV3 TGOCV2 TGOCV1 TGOCVO
H'FFFFFE45 — TGODV6 TGODV5 TGODV4 TGODV3 TGODV2 TGODV1 TGODVO
H'FFFFFE46 VCRG — TCOVV6 TCOVV5 TCOVV4 TCOVV3 TCOVV2 TCOVV1 TCOVVO
H'FFFFFE47 — — — — — — — —
H'FFFFFE48 VCRH — TG1AV6 TG1AV5 TG1AV4 TG1lAV3 TG1lAV2 TG1AV1 TG1AV0
H'FFFFFE49 — TG1BV6 TG1BV5 TG1BVv4 TG1BV3 TG1BV2 TG1BV1 TG1BVO
H'FFFFFE4A VCRI — TC1VvVv6é TC1VV5 TCl1vv4 TC1lVvv3 TC1vv2 TC1lvvl TC1VV0
H'FFFFFE4B — TC1luve TC1UV5 TCi1Uv4 TC1uv3d TCluv2 TCluvl TC1Uv0
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Bit Names

HITACHI

Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFE4C VCRJ — TG2AV6 TG2AV5 TG2AV4 TG2AV3 TG2AV2 TG2AV1 TG2AVO INTC
H'FFFFFE4D — TG2BV6 TG2BV5 TG2BV4 TG2BV3 TG2BV2 TG2BV1 TG2BVO
H'FFFFFE4E VCRK — TC2VV6 TC2VV5 TC2VV4 TC2VV3 TC2VV2 TC2VV1 TC2VVO0
H'FFFFFE4F — TC2UV6 TC2UV 5 TC2UV4 TC2UV3 TC2UV2 TC2UV1 TC2UVO0
HFFFFFE5S0 VCRL — SER1V6 SER1V5 SER1V4 SER1V3 SER1V2 SER1V1 SER1VO
H'FFFFFE51 — SRX1V6 SRX1V5 SRX1V4 SRX1V3 SRX1V2 SRX1V1 SER1VO
H'FFFFFE52 VCRM — SBR1V6 SBR1V5 SBR1V4 SBR1V3 SBR1V2 SBR1V1 SBR1VO
H'FFFFFE5S3 — STX1V6 STX1V5 STX1V4 STX1V3 STX1V2 STX1V1 STX1VO
H'FFFFFE54  VCRN — SER2V6 SER2V5 SER2V4 SER2V3 SER2V2 SER2V1 SER2VO
H'FFFFFES5 — SRX2V6 SRX2V5 SRX2V4 SRX2V3 SRX2V2 SRX2V1 SRX2V0
HFFFFFE5S6 VCRO — SBR2V6 SBR2V5 SBR2V4 SBR2V3 SBR2V2 SBR2V1 SBR2VO
H'FFFFFE57 — STX2V6 STX2V5 STX2V4 STX2V3 STX2V2 STX2V1 STX2V0
H'FFFFFES8 — — — — — — — — — —
to
H'FFFFFESF
H'FFFFFE60  IPRB SCIIP3  SCIIP2 SCIIP1  SCIIPO  FRTIP3 FRTIP2 FRTIP1 FRTIPO INTC
H'FFFFFE61 — — — — — — — —
H'FFFFFE62 VCRA — SERV6 SERV5 SERV4 SERV3 SERV2 SERV1 SERVO
H'FFFFFE63 — SRXV6 SRXV5 SRXV4 SRXV3 SRXV2 SRXV1 SRXVO
H'FFFFFE64 VCRB — STXV6 STXV5 STXV4 STXV3 STXV2 STXV1  STXVO
H'FFFFFEG5 — STEV6 STEV5 STEV4 STEV3 STEV2 STEV1  STEVO
H'FFFFFE66 VCRC — FICV6  FICVS  FICV4 FICV3  FICV2 FICV1  FICVO
H'FFFFFE67 — FOCV6 FOCV5 FOCV4 FOCV3 FOCV2 FOCV1 FOCV0
H'FFFFFE68 VCRD — FOVV6 FOVV5 FOVV4 FOVV3 FOVV2 FOVV1l FOVVO
H'FFFFFE69 — — — — — — — —
H'FFFFFE6A — — — — — — — — — —
to
H'FFFFFE70
H'FFFFFE71 DRCRO — — — RS4 RS3 RS2 RS1 RSO DMAC
HFFFFFE72 DRCR1  — — — RS4 RS3 RS2 RS1 RSO
HFFFFFE73 — — — — — — — — — —
to
H'FFFFFE7F
HFFFFFES0*? WTCSR ~ OVF WT/AT TME — — CKS2 CKS1 CKSO0 WDT
H'FFFFFE81** WTCNT
H'FFFFFES2*> — — — — — — — — —
HFFFFFES3*? RSTCSR WOVF  RSTE RSTS — — — — —
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HITACHI

Register

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

HFFFFFES4 — — — — — — — — — —

to

HFFFFFESF

HFFFFFE9D  FMR PLL2ST PLLIST CKIOST — FR3 FR2 FRL FRO On-chip

oscillation
circuit

HFFFFFE91 SBYCR1 SBY HIZ MSTP5 MSTP4 MSTP3 MSTP2 MSTPL MSTPO  Power-down
UBC DMAC  DSP DIVU  FRT scl state

HFFFFFE92 CCR w1 wo - cP ™ oD ID CE CACHE

HFFFFFE93 SBYCR2 — — MSTP11 MSTP10 MSTP9 MSTP8 MSTP7 MSTP6 Power-down
TPU slo2  slo1  SIo0  SCIF2  sciF1 St

HFFFFFEQ4 — - — — — — — — — —

to

HFFFFFEBF

HFFFFFECO  IPRE SCF2IP3 SCF2IP2 SCF2IP1 SCF2IP0 SIOOIP3 SIO0IP2 SIOOIP1 SIO0IPO  INTC

HFFFFFECL SIOLIP3 SIOLP2  SIO2P1  SIOLIPO SIO2IP3  SIO2IP2  SIO2IPL  SIO2IPO

HFFFFFEC2 VCRP  — REROV6 REROV5 REROV4 REROV3 REROV2Z REROV1 REROVO

HFFFFFEC3 — TEROV6 TEROV5S TEROV4 TEROV3 TEROV2 TEROVI TEROVO

HFFFFFEC4 VCRQ  — RDFOV6 RDFOV5 RDFOV4 RDFOV3 RDFOV2 RDFOVI RDFOVO

HFFFFFECS - TDEOV6 TDEOV5S TDEOV4 TDEOV3 TDEOV2 TDEOV1 TDEOVO

HFFFFFEC6 VCRR  — RERIV6 RERIV5 RERIV4 RERLV3 RERLV2 RERIV1 RERLVO

HFFFFFECT — TERLV6 TERLVS TER1V4 TER1V3 TERIV2 TERIVI TERIVO

HFFFFFEC8 VCRS  — RDF1V6 RDF1V5 RDF1V4 RDF1V3 RDF1V2 RDF1V1 RDF1VO

HFFFFFECO — TDE1V6 TDE1V5 TDELV4 TDELV3 TDELV2 TDELV1 TDELVO

HFFFFFECA VCRT  — RER2V6 RER2V5 RER2V4 RER2V3 RER2V2 RER2V1 RER2VO

HFFFFFECB - TER2v6 TER2V5 TER2V4 TER2V3 TER2V2 TER2V1 TER2VO

HFFFFFECC VCRU  — RDF2V6 RDF2V5 RDF2v4 RDF2V3 RDF2V2 RDF2V1 RDF2VO

HFFFFFECD — TDE2v6 TDE2V5 TDE2v4 TDE2v3 TDE2V2 TDE2V1 TDE2VO

HFFFFFECE — - — — — — — — — —

to

HFFFFFEDF

HFFFFFEE0  ICR NMIL  — - — — - — NMIE  INTC

HFFFFFEEL — — - — — — EXIMD  VECMD

HFFFFFEE2  IPRA DIVUIP3 DIVUIP2 DIVUIPL DIVUIPO DMACIP3 DMACIP2 DMACIP1 DMACIPO

HFFFFFEE3 WDTIP3 WDTIP2 WDTIPL WDTIPO — - — —

HFFFFFEE4 VCRWDT — WITV6  WITVS  WITV4  WITV3  WITV2  WITVI  WITVO

HFFFFFEES - BCMV6 BCMV5 BCMV4 BCMV3 BCMV2 BCMVL BCMVO

HFFFFFEE6  IPRC IRQOIP3 IRQOIP2 IRQOIPL [RQOIPO IRQLIP3 IRQLIP2 IRQLIPL IRQLIPO

HFFFFFEE7 IRQ2IP3 IRQ2IP2 IRQ2IP1 IRQ2IPO IRQ3IP3 [RQ3IP2 IRQ3IPL IRQ3IPO
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Register Bit Names

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

Bit 1

Bit 0

Module

H'FFFFFEES

H'FFFFFEEQ

IRQCSR  IRQ31S IRQ30S IRQ21S I[RQ20S IRQ11S IRQ10S

IRQO1S

IRQO0S

IRL3PS IRL2PS IRL1PS [IRLOPS IRQ3F IRQ2F

IRQ1F

IRQOF

INTC

H'FFFFFEEA
to
H'FFFFFEFF

H'FFFFFFO0

H'FFFFFFOL

H'FFFFFF02

H'FFFFFFO3

DVSR

H'FFFFFF04

H'FFFFFFO5

H'FFFFFFO6

H'FFFFFFO7

DVDNT

H'FFFFFFO8

H'FFFFFFO9

H'FFFFFFOA

H'FFFFFFOB

DVCR — — — — — —

HFFFFFFOC

H'FFFFFFOD

H'FFFFFFOE

H'FFFFFFOF

VCRDIV — — — — — — —

H'FFFFFF10

H'FFFFFF11

H'FFFFFF12

H'FFFFFF13

DVDNTH

H'FFFFFF14

H'FFFFFF15

H'FFFFFF16

H'FFFFFF17

DVDNTL

DIVU

H'FFFFFF18
to
H'FFFFFF3F

H'FFFFFF40

H'FFFFFF41

BARAH BAA31 BAA30 BAA29 BAA28 BAA27 BAA26

BAA25

BAA24

BAA23  BAA22 BAA21 BAA20 BAA19 BAA18

BAAL17

BAA16

H'FFFFFF42

H'FFFFFF43

BARAL BAA15 BAAl4 BAA13 BAA12 BAAll BAA10

BAA9

BAA8

BAA7 BAAG6 BAAS BAA4 BAA3 BAA2

BAAL

BAAO

H'FFFFFF44

H'FFFFFF45

BAMRAH BAMA31 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26

BAMA25

BAMA24

BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18

BAMAL17

BAMA16

UBC

HITACHI
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFFF46 BAMRAL BAMAL15 BAMA14 BAMA13 BAMA12 BAMAll BAMA10 BAMA9 BAMA8 UBC
HEFFFFF47 BAMA7 BAMA6 BAMA5 BAMA4 BAMA3 BAMA2 BAMAl BAMAO
H'FFFFFF48 BBRA — — — — — — — —
m CPA1 CPAO IDA1 IDAO RWA1 RWAO SZAl SZA0
HFFFFFF4A  — — — — — — — — — —
to
H'FFFFFF4B
H'FFFFFF4C  BETR — — — — UBC
HFFFFFFAD
HFFFFFF4E  — — — — — — — — — —
to
H'FFFFFF4F
H'FFFFFF50 BRFR SVF PID2 PID1 PIDO — — — — UBC
HFFFFFFS1 DVF  — — — — — — —
HFFFFFF52 — — — — — — — — — —
to
H'FFFFFF53
H'FFFFFF54 BRSR BSA31 BSA30 BSA29 BSA28 BSA27 BSA26 BSA25 BSA24 UBC
m BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSAl7 BSA16
HEFFFFFS6 BSA15 BSA14 BSA13 BSA12 BSAl1l BSA10 BSA9  BSA8
'HFFFFFFS7 BSA7 BSA6  BSA5  BSA4  BSA3  BSA2  BSAl  BSA0
H'FFFFFF58 BRDR BDA31 BDA30 BDA29 BDA28 BDA27 BDA26 BDA25 BDA24
HEFFFFF59 BDA23 BDA22 BDA21 BDA20 BDA19 BDA18 BDAl7 BDA16
HFFFFFFSA BDA15 BDA14 BDA13 BDA12 BDA1l BDA10 BDA9  BDAS8
m BDA7 BDA6 BDA5 BDA4 BDA3 BDA2 BDA1 BDAO
HFFFFFF5C  — — — — — — — — — —
to
H'FFFFFF5F
H'FFFFFF60 BARBH BAB31 BAB30 BAB29 BAB28 BAB27 BAB26 BAB25 BAB24 UBC
H'FFFFFF61 BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BAB16
H'FFFFFF62 BARBL BAB15 BAB14 BAB13 BAB12 BAB11 BAB10 BAB9 BAB8
H'FFFFFF63 BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BAB1 BABO
H'FFFFFF64 BAMRBH BAMB31 BAMB30 BAMB29 BAMB28 BAMB27 BAMB26 BAMB25 BAMB24
H'FFFFFF65 BAMB23 BAMB22 BAMB21 BAMB20 BAMB19 BAMB18 BAMB17 BAMB16
H'FFFFFF66 BAMRBL BAMB15 BAMB14 BAMB13 BAMB12 BAMB11 BAMB10 BAMB9 BAMBS8
H'FFFFFF67 BAMB7 BAMB6 BAMB5 BAMB4 BAMB3 BAMB2 BAMB1 BAMBO
H'FFFFFF68 BBRB — — — — — — XYE XYS
H'FFFFFF69 CPB1 CPBO IDB1 IDBO RWB1 RWBO SZB1 SZB0
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Register
Name

Bit Names

Bit 7 Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

H'FFFFFF6A
to
H'FFFFFF6F

H'FFFFFF70

H'FFFFFF71

BDRBH

BDB31 BDB30

BDB29

BDB28

BDB27

BDB26

BDB25

BDB24

BDB23 BDB22

BDB21

BDB20

BDB19

BDB18

BDB17

BDB16

H'FFFFFFT72

H'FFFFFF73

BDRBL

BDB15 BDB14

BDB13

BDB12

BDB11

BDB10

BDB9

BDB8

BDB7 BDB6

BDB5

BDB4

BDB3

BDB2

BDB1

BDBO

H'FFFFFF74

H'FFFFFFT5

BDMRBH

BDMB31 BDMB30

BDMB29

BDMB28

BDMB27

BDMB26

BDMB25

BDMB24

BDMB23 BDMB22

BDMB21

BDMB20

BDMB19

BDMB18

BDMB17

BDMB16

H'FFFFFF76

H'FFFFFF77

BDMRBL

BDMB15 BDMB14

BDMB13

BDMB12

BDMB11

BDMB10

BDMB9

BDMB8

BDMB7 BDMB6

BDMB5

BDMB4

BDMB3

BDMB2

BDMB1

BDMBO

H'FFFFFF78

H'FFFFFF79

BRCR

CMFCA CMFPA

EBBE

UMD

PCTE

PCBA

CMFCB CMFPB

ETBE

SEQ

DBEB

PCBB

UBC

H'FFFFFF7A
to
H'FFFFFF7F

H'FFFFFF80

H'FFFFFF81

H'FFFFFF82

H'FFFFFF83

SARO

H'FFFFFF84

H'FFFFFF85

H'FFFFFF86

H'FFFFFF87

DARO

H'FFFFFF88

H'FFFFFF89

H'FFFFFF8A

H'FFFFFF8B

TCRO

H'FFFFFF8C

H'FFFFFF8D

H'FFFFFFSE

H'FFFFFF8F

CHCRO

DM1 DMO

SM1

SMO

TS1

AR

AM

AL DS

DL

B

TA

TE

DE

H'FFFFFF90

H'FFFFFFO1

H'FFFFFF92

H'FFFFFF93

SAR1

DMAC

HITACHI
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Register
Name

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFFF94

H'FFFFFF95

H'FFFFFF96

HFFFFFF97

DAR1

H'FFFFFF98

H'FFFFFF99

HFFFFFF9A

H'FFFFFF9B

TCR1

H'FFFFFFOC

HFFFFFFID

H'FFFFFFOE

H'FFFFFFOF

CHCR1

DM1

DMO

SM1

SM0

TS1

AR

AM

AL

DS

DL

B

TA

TE

DE

HFFFFFFAQ

H'FFFFFFAL

H'FFFFFFA2

HFFFFFFA3

VCRDMAO

VvC7

VC6

VC5

VC4

VC3

VC2

VC1

VvCo

DMAC

H'FFFFFFA4
to
H'FFFFFFA7

H'FFFFFFA8

HFFFFFFAQ

H'FFFFFFAA

H'FFFFFFAB

VCRDMA1

VC7

VC6

VC5

VC4

VC3

VC2

VC1

VCOo

DMAC

HFFFFFFAC
to
HFFFFFFAF

H'FFFFFFBO

H'FFFFFFB1

H'FFFFFFB2

H'FFFFFFB3

DMAOR

PR

AE

NMIF

DME

DMAC

H'FFFFFFB4
to
H'FFFFFFBF

HFFFFFFCO

H'FFFFFFC1

WCR2

A4WDO

A3WM

A2WM

A1WM

AOWM

w41

W40

w41

W40

BSC

H'FFFFFFC2
to
H'FFFFFFC3
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Register
Name

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFFFCA4

H'FFFFFFC5

WCR3

A4SW2

A4SW1

A4SWO

A4HW1

A4HWO

A3SHW1

A3SHWO

A2SHW1

A2SHWO

A1SHW1

A1SHWO

AOSHW1

AOSHWO

BSC

H'FFFFFFC6
to
H'FFFFFFDF

H'FFFFFFEQ

H'FFFFFFEL

BCR1

A4LW1

A4LWO

A2ENDIA
N

BSTROM

AHLW1

AHLWO

AlLW1

A1LWO

AOLW1

AOLWO

A4ENDIA
N

DRAM2

DRAM1

DRAMO

BSC

H'FFFFFFE2
to
H'FFFFFFE3

H'FFFFFFE4

H'FFFFFFES

BCR2

A4SZ1

A4SZ0

A3sZ1

A3SZ0

A2S71

A2SZ0

A1SZ1

A1SZ0

BSC

H'FFFFFFE6
to
H'FFFFFFE7

H'FFFFFFES

H'FFFFFFEQ

WCR1

IW31

IW30

w21

IW20

W11

IW10

IWo1

IW00

w31

W30

w21

W20

Wil

W10

wo1

W00

BSC

H'FFFFFFEA
to
H'FFFFFFEB

H'FFFFFFEC

H'FFFFFFED

MCR

TRPO

RCDO

TRWLO

TRAS1

TRASO

BE

RASD

TRWL1

AMX2

74

AMX1

AMXO0

RFSH

RMD

TRP1

RCD1

BSC

H'FFFFFFEE
to
H'FFFFFFEF

HFFFFFFFO

H'FFFFFFFL

RTCSR

CMF

CMIE

CKS2

CKS1

CKSO0

RRC2

RRC1

RRCO

BSC

H'FFFFFFF2
to
H'FFFFFFF3

H'FFFFFFF4

H'FFFFFFF5

RTCNT

BSC

H'FFFFFFF6
to
H'FFFFFFF7

H'FFFFFFF8

H'FFFFFFF9

RTCOR

BSC

H'FFFFFFFA
to
H'FFFFFFFB

HITACHI
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Address

Register Bit Names

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

HFFFFFFFC

H'FFFFFFFD

BCR3 — — — — A4LW2  AHLW2 AlLW2 AOLW2 BSC

DSWwW1 DSWW0 — —_ — BASEL EDO BWE

H'FFFFFFFE
to
H'FFFFFFFF

Notes: 1.

812

OCRA and OCRB have the same address. Switching between the two is performed by
means of the OCRS bit in TOCR. For details, see section 11, 16-Bit Free-Running
Timer (FRT).

This is the read address. The write address is H'FFFFFE80 for WTCSR and WTCNT,
and H'FFFFFE82 for RSTCSR. For details, see section 12, Watchdog Timer (WDT).
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Appendix B Pin States

B.1 Pin Statesin Reset, Power-Down State, and Bus-Released State
Pin State
Power- Manual Reset Power-Down State g o
On Bus Bus Standby Sleep Released
Pin Type Pin Name Reset  Acquired Released Mode Mode State
Clock CKIO 1/O*! 1/O*! 1/O*! 1/O*! 1/O*! 1/0*!
EXTAL L L [+ L L 11
XTAL o* o* o o* o* ot
CKPREQ/CKM | I I I I I
CKPACK H H H H*L *2 H H
System control RES I I I I I |
WDTOVF/PA7 H H/I/O  H/lO O/K*? o/1/0 o/1/0
BGR H o) o H o) o
BRLS z I I z I I
MD4-MDO I I I I I I
Interrupt NMI | | | | | |
IRL3-IRLO z z z I I I
IVECF H H H H*® H H
Address bus A24-A0 (0] (0] V4 z (0] z
Data bus D31-DO z 110 z z 110 z
Bus control CS4-CS0 H 0 z H H z
BS H o} z H H z
RD/WR H o] z H H z
RAS H o} z H H z
CAS/OE H o} z H H z
DQMUU/WE3 H o) z H H z
DQMUL/WE2 H o] z H H z
DQMLU/WET H o) z H H z
DQMLL/WEO H o] z H H z
CAS3-CASO H o) z H H z
RD H o] z H H z
CKE H o) H o) o) H
WAIT z I z z I Ignored
REFOUT L o) 0 L*3 o) o

HITACHI
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Pin State

Manual Reset Power-Down State

Power- Bus-
On Bus Bus Standby Sleep Released
Pin Type Pin Name Reset  Acquired Released Mode Mode State
Direct memory access DACK1- H H H K*3 (0] O
controller (DMAC) DACKO
DREQ1- VA VA VA VA | |
DREQO
16-bit free-running FTCI/PA6 z Z /10 Z/10 K*3/K*3 1/1/0 1/1/0
timer (FRT) FTIPAS z Z/IO  Z/UO  K¥KS /1O 1110
FTOA/PA4 L L/1/O L/1/O K*3/K*3 o/l10 o/10
FTOB/CKPO L L/1/O L/1/O K*3/K*3 O/1/0 O/l/0
Serial communication SCK/PA2 Z Z /10 Z/10 K*3/K*3 110 /110 110 /110
interface(SCI) RXD/PAL z Z/IO  Z/UO  K¥KS  1/1O 1110
TxD/PAO Z Z /10 Z11/0 K*3/K*3 o/l10 o/10
Serial 1/0 (SI10)/ PB15/SRCKO0/ Z 10/Z1Z 1101Z1Z KSK3K*21/O/1/1/0 1JO/1/1/0
serial communication SCK2
interface (SCI)/
serial communication PB14/SRSO/  Z /O1Z1Z WOIZIZ K¥K¥K2UO/I/1 O[]
interface with FIFO (SCIF)/ RxD2
16-bit timer pulse unit
(TPU)
PB13/SRXD0O/ Z 101212 1101212 K=SK3K*¥1/O/1/O 1/O/1/0
TxD2
PB12/STCKO/ Z 10/Z1Z 1101Z1Z KSK3K*21/O/1/1/0 1O/1/1/0
SCK1
PB11/STSO0/ Z 10/Z1Z 1101Z1Z KSIK3K*21/O/1/0/1 1/O/1/0/1]
RxD1
PB10/STXDO/ Z 10/Z1Z 1/10/Z1Z KSK*3K*/O/O/O 1/0/0/0
TxD1
PB9/SRCK1/ Z 10/1Z1Z 1101Z1Z K=K3K*1/O/1/O 1/O/1/0
RTS
PB8/SRS1/ Z 10/1Z1Z 1101Z1Z KKK 1/O/1/] 1o /1171
CTS
PB7/SRXD1/ Z I01Z1Z 101Z1Z KSK3K*=I1/O/1/1/0 1JO/1/1/0
TIOCA2
PB6/STCK1/ Z 10/Z1Z 1101Z1Z KSK3K*21/O/1/1/O 110/1/1/0
TIOCB2/
TCLKD
PB5/STS1/ Zz 10/1Z1Z 110/1Z1Z KSK*3K*1/O/1/O/ 1/O/1/O/
TIOCAl1 1/0 110
PB4/STXD1l/ Z 110/Z1Z 1101Z21Z KSK*3K*1/0/0O/ 110/0/
TIOCB1/ 1/0 110
TCLKC
814
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Pin State

Manual Reset

Power-Down State

Power- Bus-
On Bus Bus Standby Sleep Released
Pin Type Pin Name Reset  Acquired Released Mode Mode State
Serial /0 (SI0)/ PB3/SRCK2/ Z 10/1Z1Z 1101Z1Z K¥K3K*=1/O/1/1/O 1/O/1/1/0
serial communication TIOCAO
interface (SCI)/
serial communication PB2/SRS2/  Z WO1Z1Z WOIZIZ K¥IK*3K* 1O /1/1/0 1O /1/1/0
interface with FIFO (SCIF)/ TIOCBO
16-bit timer pulse unit
(TPU)
PB1/SRXD2/ Z 10/Z1Z 1101Z1Z KSK3K21/O/I1/1/0O 1I0/1/1/0
TIOCCo/
TCLKA
PBO/STCK2/ Z 01Z1Z O1Z1Z KSIK3K*=I/O/1/1/0 1O/1/1/0
TIOCDO/
TCLKB
PAQ/STS2 z /1012 I/10/Z K*3/K*3 /0 11/10 110 11/10
PA8/STXD2 Zz 1101z 110 /Z K*3/K*3 /10710 1/10/0
Hitachi user debug TRST | | | | | |
interface (H-UDI) TCK/PAIZ | /10 1/10 1/KS 110 1110
TMS/PA12 | 1/1/0 1/1/0 |/ K*3 1/1/0 1/1/0
TDI/PAL11 | 1/1/0 1/1/0 |/ K*3 1/1/0 1/1/0
TDO/PA10 o o/10 o/l1/0 O/K* o/10 o/l10

Input

Output

High-level output
Low-level output
High-impedance state

AN IO

Input pins are in the high-impedance state; output pins maintain their previous state.

Notes: In sleep mode, if the DMAC is operating the address/data bus and bus control signals vary
according to the operation of the DMAC. (The same applies when refreshing is performed.)

1. Depends on the clock mode (MD2-MDO setting).

2. Low-level output in clock pause standby mode.

3. When the high-impedance bit (HIZ) is set to 1 in the standby control register (SBYCR),
output pins go to the high-impedance state.

HITACHI
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Appendix C Notes on Programming

Cl Notes on Storing Data after Multiply-Accumulate/M ultiplication and
DSP Operations

When a Multiply-Accumulate/M ultiplication I nstruction is Used

Proper storage is not possible if the destination for MACL, MACH isin external memory
(including the cache region when cacheison) or ininternal 1/O.

Program example:

MAC.L @0+ @ ; Miltiply-accunul ate/multiplication instructions
STS.L MO, @R2 ; Store instruction (STS. L instruction)

Remedy:

1. Besureto put an NOP instruction between the multiply-accumul ate/multiplication instruction
and the store instruction, as shown in table C.1.

TableC.1 Placing an NOP Instruction between the Multiply-accumulate/M ultiplication
Instruction and the Store Instruction

To be Stored

Multiply-Accumulated/ XIYRAM External Memory
Multiplication Instruction Cache (Used as an Internal RAM) Internal I/O

MULS.W, MULU.W NOP need not be included Insert two or more NOPs
MAC.W

DMULS.L, DMULU.L NOP need not be included Insert four or more NOPs
MUL.L, MAC.L

2. Besureto store to memory viaagenera register Rn of the CPU rather than directly storing the
results of such operations.
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When a DSP Instruction is Used

Proper storage is not possible when the destination for a DSP register isin the cache region when
the cacheison.

Program example:

PADD X0, YO,A0 ; DSP instruction
MOVS.L A0, @R2 ; Store instruction

Remedy:

1. Besureto put an NOP instruction between the DSP instruction and the store instruction, as
shown in table C.2.

TableC.2 Placing an NOP Instruction between the DSP Instruction and the Store

Instruction
To be Stored

Cache OFF

Cache-through Region

Internal I/O

Cache (Used as an Internal Cache Region when
Store Instruction XIYRAM RAM) Cache is On
MOVS.L, MOVS.W NOP need not be NOP needs not be included Insert one or more
STS.L included NOP(s)
MOVX.W NOP needs nothe — —
MOVY. W included

2. Besureto storeto memory viaagenera register Rn of the CPU rather than directly storing
results of such operations.
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C.2 Notes on Consecutive Execution of Multiply-Accumulate/
Multiplication are DSP Instructions

Problem

When the execution of instructions is stalled by contention for amultiplier by
multiplication/multiply-accumul ate instructions, or contention for registers by the consecutive
execution of DSP instructions, and the S bit (saturation operation bit) in the SR (status register) is
changed immediately after a multiplication/multiply-accumulate instruction or DSP instruction,
the order of instruction execution isreversed. That is, an instruction which causes the state of the S
bit to change might actually be executed after the bit has been changed, so afalse result for an
operation might be indicated.

1. Instructions which will be affected by the S bit change
Multiply-accumulate instructions: MAC.W, MAC.L

DSPinstructions: ALU arithmetic instructions, fixed-point multiplication instructions,
arithmetic shift instructions

Conditionsfor Occurrence
Examples where the problem may arise are given below.

1. Inthe case of a multiplication/multiply-accumulation instruction
a DMULU.L R4,R1I0  —~ Appliesto MUL.L, DMULS.L, DMULU.l, MAC.L.
b. MACL @R5+, @R5+ ~ Appliesto MACW, MAC.L.
Contention for multipliers occurs and conditions for stalling of
instruction execution are satisfied.
c. LDC RO, SR ~ Saturation operation mode change

A contention for multipliers occurs when the DMULU.L instruction of aand MAC.L
instruction of b are executed, and the MAC.L instruction execution of b will be stalled.

The S hit change caused by c is a pipelined operation, so it will be executed before the MAC.L
instruction of a, and the order of executions of b and ¢ will be reversed as aresult, and the
result of the MAC.L instruction will be a false result.
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2. Inthe case of aDSP instruction
a PSHA #1, A1

b. PINC X0, A0 MOVX.W Al, @R5 ~ Contention for multipliers occurs and conditions
for stalling of instruction execution are satisfied.

c. LDC RO, SR ~ Saturation operation mode change

Theresult of the DSP operation is stored immediately after it is executed, so a contention for
registers will occur between the PSHA instruction of aand MOV X instruction of b, so the
execution of the PINC instruction of b will be stalled.

The S hit change caused by c is a pipelined operation, so it will be executed before the PINC
instruction of b, and the order of execution of b and c will be reversed as aresult, and the result
of the PINC instruction will be afalse result.

Prevention Methods on Programs
To prevent the above limitations, be sure to follow either one of these three procedures.

1. Do not access the SR register immediately after a multiply-accumulate or DSP instruction.
2. Do not insert an NOP instruction immediately before an LDC Rn, SR instruction.

3. Besure not to cause contention between multipliers or DSP registers (so that a stall does not
occur).
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Appendix D Product Lineup

D.1 Product Lineup

TableD.1 SH7612 Product Lineup

Abbreviation Voltage Operating Frequency Mark Code Package
SH7612 3.3V 60MHz HD6417612RF FP-176C
HD6417612RBP TBP-176
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Appendix E Package Dimensions

Figures E.1 and E.2 show the FP-176C and TBP-176 package dimensions.

26.0+0.2
D24 ‘

26.0+0.2

*0.17 £ 0.05
0.15+0.04

Unit: mm

*Dimension including the plating thickness
Base material dimension

0.10 £ 0.05

\
05+0.1 ?

Hitachi Code FP-176C
JEDEC —

EIAJ Conforms
Weight (reference value)| 1.9 g

FigureE.1 Package Dimensions (FP-176C)
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