MICROCHIP

UFX7000

USB 3.0 Super-Speed Graphics Controller with VGA,
HDMI/DVI, and Digital RGB Interfaces

Highlights
* Single-Chip Super-Speed USB 3.0 Graphics
Adapter

* USB 3.0 and 2.0 Device Controllers with Inte-
grated USB 3.0 and 2.0 PHYs

+ Highly Efficient Compression Algorithm

» Supports Uncompressed HD Quality Content in
USB 3.0 Mode

+ HDMI/DVI Display Connectivity via Integrated
HDMI/DVI Controller/PHY

» VGA Display Connectivity via Integrated Video
DAC

» Support for External Display Interface IC’s via
Digital RGB Interface

» High Performance DDR2 SDRAM Controller with
Integrated DDR2 PHY

Target Applications

» USB to Video Adapters

» Docking Stations, USB Port Replicators
Thin Clients

USB Monitors and Projectors

+ Embedded Systems

Features

+ USB 3.0 and 2.0 Device Controllers

- Fully compliant with Universal Serial Bus
Specification Revision 3.0

- Operates in SS (5 Gbps) and HS (480 Mbps)
modes

- Supports Control, Bulk-Out, and Interrupt-In
endpoints

- Supports vendor specific commands

- Integrated USB 3.0 and 2.0 PHYs

- Integrated USB termination pull-up/pull-down
resistors

- Short circuit protection of USB differential sig-
nals

Graphics Subsystem
- Integrated HDMI/DVI Controller and PHY

- Complies with DVI specification v1.0

- Complies with HDMI specification v1.3

- S/PDIF and 128 inputs for HDMI audio
(2-channel uncompressed PCM)

- Master I2C interface for DDC connection

- Integrated Triple 10-bit Video DAC with VGA
output

- Digital RGB Interface

- 12/15-bit double data rate digital RGB
- 24-bit single data rate digital RGB

- Supports up to 2048x1152 (QWXGA) with
32-bit color

- 8-bit and 16-bit color support

- Supports display cloning and extending

- Standard and wide screen aspect ratios

- Complies with VESA auto display identifica-
tion

- Gamma correction

- Color Look-Up Table (CLUT)

- Triple-buffered animations

- Graphics Engine
- Optimized algorithms for static and dynamic content
- 12C controller

DDR2 SDRAM Controller

- 16-bit data bus, 13-bit address bus

- JEDEC DDR2 compliant (JESD79-2E)
- Integrated DDR2 SDRAM PHY

Power

- Reduced power operating modes

- Supports bus-powered and self-powered
operation

Miscellaneous Features
- Optional EEPROM controller

- |IEEE 1149.1 (JTAG) boundary scan TAP con-
troller

Software

- Microsoft Windows® XP/Vista/7 drivers
Packaging & Environmental

- 225-ball LFBGA, RoHS compliant package

- Commercial temperature range (0°C to
+70°C)
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://lwww.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for cur-
rent devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the
revision of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include -literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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UFX7000

1.0 INTRODUCTION

The UFX7000 is a high performance USB 3.0 graphics adapter with multiple graphics interfaces. The UFX7000 is an
ideal solution for extending a PC workspace to an additional monitor without the need for an additional internal graphics
card. With applications ranging from docking stations, USB port replicators, USB monitors/projectors, and embedded
systems, the UFX7000 is targeted as a high performance, low cost USB-to-graphics solution.

The UFX7000 contains integrated USB 3.0 and 2.0 Device Controllers, USB 3.0 and 2.0 PHYs, a USB Bulk-Out Con-
troller, Control Endpoint, Interrupt-In Endpoint, DDR2 SDRAM Controller/PHY, Graphics Engine, HDMI/DVI Control-
ler/PHY, Video DAC, TAP Controller, EEPROM Controller, and I2C Controller. Figure 1-1 details an internal block
diagram of the UFX7000.

FIGURE 1-1: INTERNAL BLOCK DIAGRAM
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1.1 USB Device Controller

The USB Device Controller is fully compliant with the USB 3.0 Specification, enabling the device to operate in Super-
Speed (5 Gbps) or Hi-Speed (480 Mbps) mode. Integrated USB 3.0 and 2.0 PHY's are provided on the USB port.

The controller implements three USB endpoints: Control, Bulk-Out, and Interrupt-In. The Bulk-Out endpoint allows for
uncompressed or compressed graphics data reception from the USB port. The USB Bulk-Out Controller collects the
graphics information and transfers it to the Graphics Engine. Implementation of vendor-specific commands allows for
access to the device System Control and Status Registers (SCSRs).

1.2

The Graphics Subsystem consists of the following main blocks: the Graphics Engine, Display Controller, HDMI/DVI Con-
troller/PHY, Video DAC, and the Digital RGB Interface. Together, these blocks support high definition resolutions of up
to 2048x1152 (QWXGA) with 32-bit true color in both standard and wide screen aspect ratios. The HDMI/DVI interface
is compliant with the HDMI v1.3 and DVI v1.0 specifications and supports 2-channel uncompressed PCM audio via a
S/IPDIF or I2S input. The Display Controller also supports 8-bit and 16-bit color, gamma correction, Color Look-Up Table

Graphics Subsystem
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UFX7000

(CLUT) and triple-buffered animations. The DDC2B/EDID VESA standard is supported, allowing the host OS and device
drivers to query the monitor’s frequency, resolution, and other features for true plug-and-play and intelligent mode set-
ting capabilities.

Once the graphics data has been received via the USB Bulk-Out Controller, it is sent to the Graphics Engine. If the data
is compressed, the Graphics Engine decompresses it via algorithms that have been optimized for speed and quality.

The device’s decompression algorithms have been designed to work seamlessly with the compression algorithms uti-
lized in the software device drivers.

The graphics data is then transferred to the SDRAM via the DDR2 SDRAM Controller. The Display Controller generates
all display and interface timing signals, retrieves the graphics data from the DDR2 SDRAM, and sends it to the
HDMI/DVI Controller/PHY, Video DAC, or Digital RGB Interface.

The Digital RGB Interface may be used to connect external display interface IC’s (e.g., DisplayPort, etc.) via the pro-
vided RGB data channel busses and control signals. The Digital RGB Interface supports two modes of operation: 24-
bit single data rate mode and 12/15-bit double data rate mode. 24-bit mode is single edge triggered and utilizes the full
24-bit data bus width. The 12/15-bit mode is triggered on both clock edges and utilizes 12/15-bits of the data bus width.

1.3 DDR2 SDRAM Interface

The UFX7000 provides a full JEDEC compliant (JESD79-2E) DDR2 SDRAM Controller and PHY for interfacing to exter-
nal DDR2 SDRAM. The DDR2 SDRAM interface is comprised of JEDEC standard 1.8V 1/O signals grouped into control
signals, a 16-bit data bus, and a 13-bit address bus.

The DDR2 SDRAM Controller transfers the graphics data in and out of external SDRAM through the DDR2 SDRAM
PHY. External SDRAM is used as storage for the graphics and acts a a buffer between the Graphics Engine and Display
Controller.

1.4 Peripherals

The UFX7000 also contains an EEPROM Controller, 12C Controller, and TAP Controller.

The EEPROM Controller allows connection to an external EEPROM for automatic loading of static configuration data
upon power-on, pin reset, or software reset. The EEPROM can be configured to load USB descriptors and USB device
configuration.

The integrated IEEE 1149.1 compliant TAP controller provides boundary scan via JTAG.

© 2010 - 2015 Microchip Technology Inc. DS00001884A-page 5
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2.0 PIN DESCRIPTION AND CONFIGURATION

FIGURE 2-1: PIN ASSIGNMENTS (TOP VIEW)

UFX7000
225-LFBGA
TOP VIEW
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TABLE 2-1: USB PINS
Num Pins Name Symbol Buffer Description
Type
USB DMINUS |USBDM AlIO USB Data Minus.
Note:  The functionality of this pin may be
1 swapped to USB DPLUS via the Port
Swap bit of Configuration Flags 0 of the
EEPROM.
USB USBDP AlIO USB Data Plus.
DPLUS Note:  The functionality of this pin may be
1 swapped to USB DMINUS via the Port
Swap bit of Configuration Flags 0 of the
EEPROM.
External USB |USBRBIAS Al Used for setting HS transmit current level and on-
1 Bias Resistor chip termination impedance. Connect to an
external 12K 1.0% resistor to ground.
Crystal Input | XI ICLK External 25 MHz crystal input.
Note:  This pin can also be driven by a single-
1 ended clock oscillator. When this method
is used, XO should be left unconnected.
(Note 2-1)
1 Crystal Output | XO OCLK | External 25 MHz crystal output.
1 USB3 RX USB3RXDM AlIO Super-Speed Differential Receive Minus.
DMINUS
1 USB3 RX USB3RXDP AlIO Super-Speed Differential Receive Plus.
DPLUS
1 USB3 TX USB3TXDM AlIO Super-Speed Differential Transmit Minus.
DMINUS
1 USB3 TX USB3TXDP AIO Super-Speed Differential Transmit Plus.
DPLUS
USB3 External | REXT Al Connect to an external 200 ohm 1.0% resistor to
1 Reference ground.
Resistance
Note 2-1 A 25MHz oscillator, or other single-ended clock source that meets the specifications in Section 5.5,
"DC Specifications," on page 31 and Section 5.7, "Clock Circuit," on page 38, is required when
utilizing the Digital RGB interface. Do not use a crystal when operating in Digital RGB mode.
TABLE 2-2: DIGITAL RGB PINS
Num Pins Name Symbol Buffer Description
Type
1 Video Clock |VCLK RGB Active high video clock.
High
1 Video Clock |nVCLK RGB Active low video clock.
Low
1 Horizontal HSYNC RGB Video horizontal synchronization output.
Sync
1 Vertical Sync |VSYNC RGB Video vertical synchronization output.

© 2010 - 2015 Microchip Technology Inc.
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TABLE 2-2: DIGITAL RGB PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
1 Video Blanking | nBLANK RGB Active low video blanking signal.
Blue Pixel Data | VDATAB7 RGB Blue Pixel Video Data Bit 7, RGB Single Ended
Channel Bit 7 Mode.
DDR RGB VDO RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 0
General GPI1023 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 23 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Blue Pixel Data | VDATAB6 RGB Blue Pixel Video Data Bit 6, RGB Single Ended
Channel Bit 6 Mode.
DDR RGB |VD1 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 1
General GP1022 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 22 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Blue Pixel Data | VDATABS RGB Blue Pixel Video Data Bit 5, RGB Single Ended
Channel Bit 5 Mode.
DDR RGB |VD2 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 2
General GPIO21 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 21 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Blue Pixel Data | VDATAB4 RGB Blue Pixel Video Data Bit 4, RGB Single Ended
Channel Bit 4 Mode.
DDR RGB VD3 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 3
General GPI020 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 20 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Blue Pixel Data | VDATAB3 RGB Blue Pixel Video Data Bit 3, RGB Single Ended
Channel Bit 3 Mode.
DDR RGB VD4 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 4
General GPIO19 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 19 OoD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Blue Pixel Data | VDATAB2 RGB Blue Pixel Video Data Bit 2, RGB Single Ended
Channel Bit 2 Mode.
DDR RGB VD5 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 5
General GPI1018 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 18 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2

DS00001884A-page 8
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TABLE 2-2: DIGITAL RGB PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
Blue Pixel Data | VDATAB1 RGB Blue Pixel Video Data Bit 1, RGB Single Ended
Channel Bit 1 Mode.
DDR RGB |VD6 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 6
General GPIO17 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 17 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Blue Pixel Data | VDATABO RGB Blue Pixel Video Data Bit 0, RGB Single Ended
Channel Bit 0 Mode.
1 General GPIO16 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 16 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAG7 RGB Green Pixel Video Data Bit 7, RGB Single Ended
Data Channel Mode.
Bit 7
1 General GPIO15 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 15 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAG6 RGB Green Pixel Video Data Bit 6, RGB Single Ended
Data Channel Mode.
Bit 6
DDR RGB VD7 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 7
General GPIO14 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 14 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAG5 RGB Green Pixel Video Data Bit 5, RGB Single Ended
Data Channel Mode.
Bit 5
DDR RGB |VD8 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 8
General GPIO13 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 13 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAG4 RGB Green Pixel Video Data Bit 4, RGB Single Ended
Data Channel Mode.
Bit 4
DDR RGB |VD9 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 9
General GPIO12 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 12 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2

© 2010 - 2015 Microchip Technology Inc.
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TABLE 2-2: DIGITAL RGB PINS (CONTINUED)
Num Pins Name Symbol BTL;;? Description
Green Pixel |VDATAG3 RGB Green Pixel Video Data Bit 3, RGB Single Ended
Data Channel Mode.
Bit 3
1 General GPIO11 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 11 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAG2 RGB Green Pixel Video Data Bit 2, RGB Single Ended
Data Channel Mode.
Bit 2
1 General GPI010 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 10 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAG1 RGB Green Pixel Video Data Bit 1, RGB Single Ended
Data Channel Mode.
Bit 1
DDR RGB VD10 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 10
General GPIO9 IS/O8/ | This General Purpose I/O pin is fully
Purpose I1/0 9 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Green Pixel |VDATAGO RGB Green Pixel Video Data Bit 0, RGB Single Ended
Data Channel Mode.
Bit 0
DDR RGB VD11 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 11
General GPIO8 IS/O8/ | This General Purpose I/O pin is fully
Purpose I/0 8 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATAR7 RGB Red Pixel Video Data Bit 7, RGB Single Ended
Channel Mode.
Bit 7
DDR RGB VD12 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 12
General GPIO7 IS/O8/ | This General Purpose I/O pin is fully
Purpose I/0 7 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATARG6 RGB Red Pixel Video Data Bit 6, RGB Single Ended
Channel Mode.
Bit 6
1 General GPIO6 IS/O8/ | This General Purpose 1/O pin is fully
Purpose I/0 6 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATARS RGB Red Pixel Video Data Bit 5, RGB Single Ended
Channel Mode.
Bit 5
1 General GPIO5 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 5 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2

DS00001884A-page 10
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TABLE 2-2: DIGITAL RGB PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
Red Pixel Data | VDATARA4 RGB Red Pixel Video Data Bit 4, RGB Single Ended
Channel Bit 4 Mode.
DDR RGB |VD13 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 13
General GPIO4 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/04 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATARS3 RGB Red Pixel Video Data Bit 3, RGB Single Ended
Channel Bit 3 Mode.
DDR RGB VD14 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 14
General GPIO3 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 3 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATAR2 RGB Red Pixel Video Data Bit 2, RGB Single Ended
Channel Mode.
Bit 2
DDR RGB VD15 RGB Used in RGB DDR Mode, refer to Table 2-3.
1 Data 15
General GPIO2 IS/O8/ | This General Purpose 1/O pin is fully
Purpose I/0 2 OD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATAR1 RGB Red Pixel Video Data Bit 1, RGB Single Ended
Channel Mode.
Bit 1
1 General GPIO1 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 1 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Red Pixel Data | VDATARO RGB Red Pixel Video Data Bit 0, RGB Single Ended
Channel Mode.
Bit 0
I°S Clock  [I2SCLKALTO IS I°S Clock alternate input 0. The I°S clock input pin
Alternate Input is selectable between the 1I2SCLKALTO or
0 [2SCLKALT1 pins.
1 Note: If the single data rate RGB interface is
enabled, I2SCLKALT1 should be used.
I2SCLKALTO should be used in all other
cases.
General GPIOO0 IS/O8/ | This General Purpose 1/O pin is fully
Purpose /0 0 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-2
Note: A 25MHz oscillator, or other single-ended clock source that meets the specifications in Section 5.5, "DC

Specifications," on page 31 and Section 5.7, "Clock Circuit," on page 38, is required when utilizing the Dig-
ital RGB interface. Do not use a crystal when operating in Digital RGB mode.

Note 2-2

The internal pull-up is disabled when the GPIO is configured as an O8 buffer type.

© 2010 - 2015 Microchip Technology Inc.
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TABLE 2-3: RGB / DDR MODE MAPPING TABLE
SDR DDR (12-Bit Mode) DDR (15-Bit Mode)
(24-Bit Mode) DDR Name VCLK VCLK VCLK VCLK
Rising Edge Falling Edge Rising Edge Falling Edge
VCLK
nVCLK
HSYNC
VSYNC
nBLANK
VDATABY7 VDO - - BLUEO GREEN5
VDATABG6 VD1 - - BLUE1 GREEN6
VDATAB5 VD2 BLUEO GREEN4 BLUE2 GREEN7
VDATAB4 VD3 BLUE1 GREEN5 BLUE3 GREENS8
VDATAB3 VD4 BLUE2 GREENG6 BLUE4 GREEN9
VDATAB2 VD5 BLUE3 GREEN7 BLUES REDO
VDATAB1 VD6 BLUE4 REDO BLUE6 RED1
VDATABO - - - - -
VDATAG7 - - - - -
VDATAG6 VD7 BLUES RED1 BLUE7 RED2
VDATAG5 VD8 BLUE6 RED2 BLUES RED3
VDATAG4 VD9 BLUE7 RED3 BLUE9 RED4
VDATAG3 - - - - -
VDATAG2 - - - - -
VDATAGH1 VD10 - - GREENO RED5
VDATAGO VD11 - - GREEN1 RED6
VDATAR7 VD12 GREENO RED4 GREEN2 RED7
VDATARG - - - - -
VDATARS5 - - - - -
VDATAR4 VD13 GREEN1 RED5 GREEN3 RED8
VDATAR3 VD14 GREEN2 RED6 GREEN4 RED9
VDATAR2 VD15 GREEN3 RED7 - -
VDATAR1 - - - - -
VDATARO - - - - -
TABLE 2-4: VDAC PINS
Num Pins Name Symbol BTl:/f;ir Description
1 VDAC VSYNC | VDAC_VSYNC RGB VDAC vertical synchronization output.
1 VDAC HSYNC |VDAC_HSYNC RGB VDAC horizontal synchronization output.
1 Positive Red |VDACR AO Positive Red VDAC analog output current.
Analog Output
1 Negative Red |nVDACR AO Negative Red VDAC analog output current.
Analog Output
1 Positive Green | VDACG AO Positive Green VDAC analog output current.
Analog Output

DS00001884A-page 12
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TABLE 2-4: VDAC PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
Negative nVDACG AO Negative Green VDAC analog output current.
1 Green Analog
Output
1 Positive Blue |VDACB AO Positive Blue VDAC analog output current.
Analog Output
1 Negative Blue |nVDACB AO Negative Blue VDAC analog output current.
Analog Output
VDAC IREF Al VDAC reference current. Output current when
1 Reference using External Reference Resistor or Input
Current Reference Current when using external current
source.
TABLE 2-5: DDR2 MEMORY PINS
Num Pins Name Symbol Buffer Description
Type
DDR2 Memory | DDRA[12:0] DDR20O |Bits 12:0 of the external DDR2 memory address
13
Address Bus bus.
16 DDR2 Memory | DDRDQ[15:0] DDR2I/ |Bits 15:0 of the external DDR2 memory data bus.
Data Bus DDR20O
2 DDR2 Memory | DDRBA[1:0] DDR20O |DDR2 memory bank address.
Bank Address
1 DDR2 Memory | DDRCK DDR20O |Active high DDR2 clock. This clock is the
Clock High complement of nDDRCK.
1 DDR2 Memory | nDDRCK DDR20O |Active low DDR2 clock. This clock is the
Clock Low complement of DDRCK.
DDR2 Memory | DDRCKE DDR20O |DDR2 clock enable signal.
1 Clock Enable
Output
1 DDR2 Memory |nDDRCS DDR20 |Active low chip select.
Chip Select
DDR2 Memory | nDDRRAS DDR20O |Active low row address strobe.
1 Row Address
Strobe
DDR2 Memory | nDDRCAS DDR20O | Active low column address strobe.
1 Column
Address Strobe
1 DDR2 Memory | nDDRWE DDR20O | Active low write enable.
Write Enable
1 DDR2 On Die | DDRODT DDR20O |DDR2 on die termination.
Termination
DDR2 Memory | DDRDMO DDR20O |Mask bit for lower byte of DDR2 data word.
1 Lower Byte
Mask
DDR2 Memory | DDRDM1 DDR20O |Mask bit for upper byte of DDR2 data word.
1 Upper Byte
Mask
DDR2 Memory | DDRDQSO DDR2I/ |Active high data strobe for lower byte of DDR2
1 Lower Byte DDR20O |data word.
Strobe High

© 2010 - 2015 Microchip Technology Inc.
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TABLE 2-5: DDR2 MEMORY PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
DDR2 Memory | nDDRDQSO0 DDR2I/ | Active low data strobe for upper byte of DDR2 data
1 Lower Byte DDR20O |word.
Strobe Low
DDR2 Memory | DDRDQS1 DDR2I/ | Active high data strobe for upper byte of DDR2
1 Upper Byte DDR20O |data word.
Strobe High
DDR2 Memory | nDDRDQS1 DDR2I/ |Active low data strobe for upper byte of DDR2 data
1 Upper Byte DDR20O |word.
Strobe Low
DDR2 Memory | DDRVREFO Al Reference voltage input pin for DDR2 Memory.
1 Reference DDRVREFO must be half the VDD18DDR voltage.
Voltage 0
DDR2 Memory | DDRVREF1 Al Reference voltage input pin for DDR2 Memory.
1 Reference DDRVREF1 must be half the VDD18DDR voltage.
Voltage 1
DDR2 Memory | DDRVREF2 Al Reference voltage input pin for DDR2 Memory.
1 Reference DDRVREF2 must be half the VDD18DDR voltage.
Voltage 2
DQS Enable |DDRFIFOWE_IN DDR2l |DQS enable input for timing match between DQS
1 Timing Match and system clock.
Input
DQS Enable |DDRFIFOWE_OU | DDR20O |DQS enable output for timing match between DQS
1 Timing Match |T and system clock.
Output
TABLE 2-6: HDMI PINS
Num Pins Name Symbol Buffer Description
Type
1 TMDS TXCP AO TMDS clock output differential positive signal.
Clock Positive
1 TMDS Clock |TXCN AO TMDS clock output differential negative signal.
Negative
1 TMDS Out0 | TXOP AO TMDS Output 0 differential positive signal.
Positive
1 TMDS Out0 | TXON AO TMDS Output 0 differential negative signal.
Negative
1 TMDS Out1 |[TX1P AO TMDS Output 1 differential positive signal.
Positive
1 TMDS Out1 | TX1IN AO TMDS Output 1 differential negative signal.
Negative
1 TMDS Out2 |TX2P AO TMDS Output 2 differential positive signal.
Positive
1 TMDS Out2 |TX2N AO TMDS Output 2 differential negative signal.
Negative
Voltage Swing | EXTSWING Al Connect this pin to an external resistor going to
1 Adjust ground. The resistor determines the amplitude of
the voltage swing. A low capacitive connection is
allowed. A value of 5K is recommended.
1 Hot Plug HPD IS Hot plug detect signal.
Detect

DS00001884A-page 14
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TABLE 2-7: EEPROM PINS
Num Pins Name Symbol Buffer Description
Type
EEPROM Data | EEDI IS This pin is driven by the EEDO output of the
1 In (PD) external EEPROM.
EEPROM Data | EEDO o8 This pin drives the EEDI input of the external
Out EEPROM.
Note:  This pin is also used for internal
1 production test purposes and should
never be pulled high. If connected to a
load, use of an external 4.7K pull-down
resistor is recommended.
EEPROM Chip |EECS o8 This pin drives the chip select output of the
Select external EEPROM.

Note:  The EECS output may tri-state briefly
during power-up. Some EEPROM
devices may be prone to false selection

1 during this time. When an EEPROM is
used, an external pull-down resistor is
recommended on this signal to prevent
false selection. Refer to your EEPROM
manufacturer’s datasheet for additional
information.

1 EEPROM EECLK o8 This pin drives the EEPROM clock of the external

Clock EEPROM.
TABLE 2-8: JTAG PINS
Num Pins Name Symbol Buffer Description
Type
1 JTAG Test | TDO 08 JTAG data output.
Data Out
JTAG Test |TCK IS JTAG test clock.

1 Clock

The maximum operating frequency of this clock is

25MHz.

1 JTAG Test |TMS IS JTAG test mode select.

Mode Select
1 JTAG Test |TDI IS JTAG data input.
Data Input
1 JTAG Test Port [nTRST IS JTAG test port reset input.
Reset

© 2010 - 2015 Microchip Technology Inc.
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TABLE 2-9: MISCELLANEOUS PINS
Num Pins Name Symbol Buffer Description
Type
LED LED o8/ Can be used to provide device status.
OoD8 Alternatively, the LED can be configured for a fast
(PU) or slow blink in accordance with the USB graphics
data receive rate.
I°S Clock  [I2SCLKALT1 IS I°S Clock alternate input 1. The I2S clock input pin
Alternate Input is selectable between the I2SCLKALTO or
1 I2SCLKALT1 pins.

1 Note: If the single data rate RGB interface is
enabled, [I2SCLKALT1 should be used.
I2SCLKALTO should be used in all other
cases.

General GP1024 IS/O8/ | This General Purpose 1/O pin is fully
Purpose /10 24 OD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-4
1 Interrupt INT IS For use by external transmitter to signal an event
requiring servicing.
External Reset | nEXTRST o8 Used to reset the external transmitter. The polarity
1 Output and period of the reset signal generated on this pin
is programmable via internal registers.
Switching nSW_MODE 08 When asserted, this pin can be used to place the
Regulator external switching regulator into power saving
Mode mode.

1 Note:  The SW_MODE Polarity bit of
Configuration Flags 0 controls the polarity
of the pin.

System Reset |nRESET IS This active-low pin allows external hardware to

] Input reset the device.

Note:  Assertion of NRESET is required following
power-on.

Detect VBUS_DET IS Detects the state of the upstream bus power.
Upstream ) o )
VBUS Power For bus powered operation, this pin must be tied

to VDD33IO.

1 For self powered operation, refer to the device

reference schematics.
Note: The VBUS_DET signal is deglitched for a
period of 10 ms.

1 I°2C Data 0 |12CSDAO IS/ Bi-directional I2C data 0 signal.

OD8
Note 2-3
1 I2C Clock 0 |12CSCLO 1S/ Bi-directional 12C clock 0 signal. All 12C
oD8 transactions are synchronous to the rising edge of
Note 2-3 |this clock. The device supports the I°C standard
mode of operation (100 Kb/s). As an 1°C master,
the device drives this clock.
I°C Data 1 |12CSDA1 IS/ Bi-directional I2C data 1 signal.
OD8
Note 2-3
1 General GPI027 IS/ This General Purpose 1/O pin is fully
Purpose 1/0 27 08/ programmable as either a push-pull output, an
oD8 open-drain output, or a Schmitt-triggered input.
(PU)
Note 2-4

DS00001884A-page 16
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TABLE 2-9: MISCELLANEOUS PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
I°C Clock 1 [I12CSCL1 IS/OD8 | Bi-directional 1°C clock 1 signal. All I°C
Note 2-3 |transactions are synchronous to the rising edge of
this clock. The device supports the I°C standard
mode of operation (100 Kb/s). As an 1°C master,
1 the device drives this clock.
General GPl1028 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 28 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-4
Audio Input | MCLK IS Audio input master clock. This clock is coherent
Master Clock with the S/PDIF audio input.
1 General GP1025 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 25 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-4
S/PDIF Audio | SPDIF IS Digital audio interface input. Supports PCM, Dolby
Input Digital, and DTS Digital audio transmission.
Note:  Usage of SPDIF requires the MCLK
audio input master clock pin.
1 1°S Data I2SDATA IS 12S Data input.
General GPI1026 IS/O8/ | This General Purpose 1/O pin is fully
Purpose 1/0 26 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-4
Audio Word |WS IS Specifies the 12S word select input of the audio
Select processor.
1 General GPI029 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 29 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-4
Audio CODEC | AUDIO_DIS 08 This pin is used for disconnecting an external USB
Disconnect audio CODEC.
Refer to the UFX7000 reference schematic for
1 additional details.
General GPIO30 IS/O8/ | This General Purpose I/O pin is fully
Purpose 1/0 30 oD8 programmable as either a push-pull output, an
(PU) open-drain output, or a Schmitt-triggered input.
Note 2-4
Note 2-3 If unused, this signal must be pulled to a valid state.
Note 2-4 The internal pull-up is disabled when the GPIO is configured as an O8 buffer type.
TABLE 2-10: 1/O POWER PINS, CORE POWER PINS, AND GROUND PINS
Num Pins Name Symbol Buffer Description
Type
SYS PLL Filter | SYSPLLP P System and pixel PLL filter pin.
Pin 1
1 Refer to the UFX7000 reference schematic for
additional details.
SYS PLL Filter | SYSPLLG P System and pixel PLL filter pin.

Pin 2

Refer to the UFX7000 reference schematic for
additional details.

© 2010 - 2015 Microchip Technology Inc.
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TABLE 2-10: 1/O POWER PINS, CORE POWER PINS, AND GROUND PINS (CONTINUED)
Num Pins Name Symbol Buffer Description
Type
3 +1.2 V HDMI |VvDD12HDMI P +1.2 V HDMI power input.
Power Input
3 HDMI Ground | VSSHDMI P HDMI ground.
3 +3.3 V VDAC |VDD33VDAC P +3.3 V Video DAC power input. (Note 2-5)
Power Input
+3.3 V VDAC |VDACREF P +3.3 V Video DAC reference voltage input.
1 Reference (Note 2-5)
Input
2 VDAC Ground | VSSVDAC P Video DAC ground.
1 +3.3 V USB3 |VvDD33USB3 P +3.3 V USB3 power input. (Note 2-5)
Power Input
1 +3.3 V USB |VDD33USB P +3.3 V USB power input. (Note 2-5)
Power Input
+1.2V USB |VDD12USBPLL P +1.2 V USB PLL supply input. (Note 2-5)
1 PLL Supply
Input
5 +1.2 V USB3 |VvDD12USB3 P +1.2 V USB3 power input. (Note 2-5)
Power Input
15 +1.8 V DDR2 |VDD18DDR P +1.8 V DDR2 power input. (Note 2-5)
Power Input
+3.3V I1/0 |VvDD33IO P +3.3 V I/O power input. (Note 2-5)
8 Power Input
+1.2 V Digital | VDD12CORE P +1.2 V digital core power input. (Note 2-5)
11 Core Power
Input
3 USB3 Ground |VSSUSB3 P USB3 Ground.
34 Ground VSS P Common Ground.
Note 2-5 Refer to Section 3.0, "Power Connections," on page 22 and the device reference schematics for
additional power connection information.
TABLE 2-11: NO-CONNECT PINS
Num Pins Name Symbol Buffer Description
Type
4 No Connect |NC - These pins must be left floating for normal device
operation.
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2.1 Pin Assignments

TABLE 2-12: 225-LFBGA PACKAGE PIN ASSIGNMENTS

NPL;rr]n Pin Name NPL:rr]n Pin Name Npulrr]n Pin Name NPu”r]n Pin Name
A1 DDRFIFOWE_IN B1 DDRVREFO C1 DDRDQ9 D1 DDRDQS1
A2 DDRFIFOWE_OUT B2 DDRDQ5 C2 DDRDQ11 D2 DDRDM1
A3 DDRDQ7 B3 DDRDQO C3 DDRDQ12 D3 DDRDQ14
A4 nDDRDQSO0 B4 DDRDQSO0 C4 DDRDQ2 D4 VDD18DDR
A5 DDRDMO B5 DDRDQ6 C5 VDD18DDR D5 VDD18DDR
A6 DDRDQ1 B6 DDRDQ3 C6 DDRDQ4 D6 DDRVREF2
A7 nDDRWE B7 DDRCKE Cc7 DDRBA1 D7 VDD18DDR
A8 DDRA10 B8 DDRBAO Cc8 DDRA1 D8 VDD18DDR
A9 DDRA3 B9 DDRA7 C9 DDRA5 D9 VDD18DDR
A10 DDRA9 B10 DDRA12 C10 nDDRRAS D10 VDD18DDR
A1 DDRCK B11 nDDRCK C11 VDD18DDR D11 VDD18DDR
A12 nDDRCAS B12 nDDRCS Cc12 DDRAO D12 VDD18DDR
A13 DDRA2 B13 DDRA6 C13 DDRODT D13 VDD18DDR
A14 DDRA4 B14 DDRA11 C14 VSS D14 TX2P
A15 DDRAS8 B15 VSS C15 EXTSWING D15 TX2N
EA1 nDDRDQS1 F1 DDRDQ13 G1 VSSUSB3 H1 USB3TXDP
E2 DDRDQ8 F2 DDRDQ10 G2 VSSUSB3 H2 USB3TXDM
E3 DDRDQ15 F3 DDRVREF1 G3 VDD33USB3 H3 VDD12USB3
E4 VDD18DDR F4 VDD18DDR G4 VSS H4 VDD12USB3
E5 VDD18DDR F5 VDD12CORE G5 VSS H5 VDD12CORE
E6 VDD12CORE F6 VSS G6 VSS H6 VSS
E7 VSS F7 VSS G7 VSS H7 VSS
E8 VDD12CORE F8 VSS G8 VSS H8 VSS
E9 VSS F9 VSS G9 VSS H9 VSS
E10 VDD12CORE F10 VSS G10 VSS H10 VSS
E11 VDD18DDR F11 VDD12CORE G111 VDD12CORE H11 VSSVDAC
E12 VSSHDMI F12 VSSHDMI G12 VSSHDMI H12 IREF
E13 VDD12HDMI F13 VDD12HDMI G13 VDD12HDMI H13 VSSVDAC
E14 TX1P F14 TXOP G14 TXCP H14 VDACR
E15 TX1N F15 TXON G15 TXCN H15 nVDACR
J1 USB3RXDP K1 [2CSDA1/ L1 USBDP M1 VDD33USB
GPI1027
J2 USB3RXDM K2 I2CSDAO L2 USBDM M2 NC
J3 VSSUSB3 K3 [2CSCL1/ L3 VBUS_DET M3 HPD
GPI028
J4 REXT K4 I2CSCLO L4 AUDIO_DIS/ M4 VDATAB4/VD3/G
GPIO30 P1020
J5 VSS K5 VDD12CORE L5 VDD33I0 M5 VDD33I0
J6 VSS K6 VSS L6 VDD12CORE M6 VDD33I0
J7 VSS K7 VSS L7 VSS M7 VDD33I0
J8 VSS K8 VSS L8 VDD12CORE M8 VDATAG4/VD9/G
P1012
J9 VSS K9 VSS L9 VSS M9 VDD33I0
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TABLE 2-12: 225-LFBGA PACKAGE PIN ASSIGNMENTS (CONTINUED)
Pin Pin Name Pin Pin Name Pin Pin Name Pin Pin Name
Num Num Num Num
J10 VSS K10 VSS L10 VDD12CORE M10 VDATARS5/
GPIO5
J11 VDD33VDAC K11 VDACREF L11 VDD33I0 M11 VDD33I0
J12 VDD33VDAC K12 VDAC_HSYNC L12 VDD33I0 M12 TDI
J13 VDD33VDAC K13 VDAC_VSYNC L13 WS/GPIO29 M13 INT
J14 VDACG K14 VDACB L14 MCLK/GPIO25 M14 EECS
J15 nVDACG K15 nVDACB L15 |SPDIF/I2SDATA/G| M15 EECLK
PIO26
N1 Xl P1 X0 R1 SYSPLLP
N2 VDD12USBPLL P2 SYSPLLG R2 VDATAB7/VDO/G
P1023
N3 USBRBIAS P3 VDATAB6/VD1/G R3 VDATABS/VD2/G
P1022 P1021
N4 VDATAB3/VD4/G P4 VDATAB2/VD5/G R4 VDATAB1/VD6/G
P1019 P1018 PI1O17
N5 VDATABO/ P5 HSYNC R5 VSYNC
GPIO16
N6 nBLANK P6 nVCLK R6 VCLK
N7 VDATAG7/ P7 VDATAG6/VD7/ R7 VDATAG5/VD8/
GPIO15 GPIO14 GPIO13
N8 VDATAG3/ P8 VDATAG2/ R8 VDATAG1/VD10/
GPIOM GPIO10 GPIO9
N9 | VDATAGO/VD11/G P9 VDATAR7/VD12/ R9 VDATARG6/
P108 GPIO7 GPIO6
N10 |VDATAR4/VD13/G| P10 |VDATAR3/VD14/G| R10 |VDATAR2/VD15/G
P104 P1O3 P102
N11 VDATAR1/ P11 VDATARO/ R11 nTRST
GPIO1 I2SCLKALTO/
GPIOO
N12 TDO P12 TCK R12 T™MS
N13 NEXTRST P13 nSW_MODE R13 NC
N14 NC P14 nRESET R14 LED/
12SCLKALT1/
GPIO24
N15 NC P15 EEDI R15 EEDO
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2.2 Buffer Types

TABLE 2-13: BUFFER TYPES
Buffer Type Description

IS Schmitt-triggered Input
08 Output with 8mA sink and 8mA source

OoD8 Open-drain output with 8mA sink

012 Output with 12mA sink and 12mA source

OD12 Open-drain output with 12mA sink
PU 50uA (typical) internal pull-up. Unless otherwise noted in the pin description, internal pull-

ups are always enabled.

Note: Internal pull-up resistors prevent unconnected inputs from floating. Do not rely on
internal resistors to drive signals external to the device. When connected to a load
that must be pulled high, an external resistor must be added.

PD 50uA (typical) internal pull-down. Unless otherwise noted in the pin description, internal pull-
downs are always enabled.

Note: Internal pull-down resistors prevent unconnected inputs from floating. Do not rely
on internal resistors to drive signals external to the device. When connected to a
load that must be pulled low, an external resistor must be added.

Al Analog input
AO Analog output
AlIO Analog bi-directional
DDR2I DDR2 input
DDR20O DDR2 output
RGB RGB output
ICLK Crystal oscillator input pin
OCLK Crystal oscillator output pin
P Power pin
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3.0 POWER CONNECTIONS

Figure 3-1 illustrates the power connections for UFX7000.

FIGURE 3-1: POWER CONNECTIONS
+3.3V +1.2V
10uF
Im p VDD33I0 (x8) VDD12CORE (x11) D PS |
= 0.1uF(x10)| =
1.0uF
1‘(\"(‘:7—4 "4 VDD33VDAC (x3) ® VDD12HDMI (x3) P —|
o
- VDAC § 0.1uF(x2) | =
Groud P g
i) O
1.0uF 8 P 1.0uF
J_—<>—| nMpd VDD33USB g by VDD12USBPLL ] —|
= 0.1uF N 01uF | =
+
1.0uF 1.0uF
J_—<>—| X VDD33USB3 VDD12USB3 (x2) tx»—é—»—|
= 0.1uF 0.1uF =
q SYSPLLP VSSVDAC (x2) D
VDAC Analog
Ground
an SYSPLLG VSSUSB3 (x3) ©
+1.8V b 2
o 2 S VSSHDMI (x3) bl——&
10uF $ 3
—{——+——=3 VDD18DDR (x15) | & o
0.1uF(x5) % VSS (x34)
[ 4 >
&
0.01uF(x7) I~ 1
' e

Note:

For additional power connection information, refer to the UFX7000 reference schematic.
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4.0 EEPROM

The UFX7000 uses an EEPROM to store the default values for the USB descriptors. It supports most Atmel 93C46x
type of EEPROMSs.

A 3-wire style 4K EEPROM that is organized for 256/512 x 8-bit operation must be used.

Various system level resets cause the EEPROM contents to be loaded into the UFX7000. After a reset, the EEPROM
controller attempts to read the first byte of data from the EEPROM. If the value 0xAS5 is read from the first address, then
the EEPROM controller will assume that an external Serial EEPROM is present.

The EEPROM Controller will then load the entire contents of the EEPROM into an internal 512 byte SRAM. The contents
of the SRAM are accessed by the device as needed (i.e., to fill Get Descriptor commands).

The UFX7000 may not respond to the USB host until the EEPROM loading sequence has completed. Therefore, after
reset the USB PHY is kept in the disconnect state until the EEPROM load has completed.

The EEPROM Controller also allows the Host system to read, write and erase the contents of the Serial EEPROM.

4.1 EEPROM Format
Table 4-1 illustrates the format in which data is stored inside of the EEPROM.

Note the EEPROM offsets are given in units of 16-bit word offsets. A length field with a value of zero indicates that the
field does not exist in the EEPROM. The UFX7000 will use the field’s hardware default value in this case.

Note 1: For the device descriptor the only valid values for the length are 0 and 18.
2: For the configuration and interface descriptor, the only valid values for the length are 0 and 18.
3: For the BOS Block, the length varies and is dependent on block components.
4: For the SS Configuration Block, the only valid values for the length are 0 and 1Eh.
5

The EEPROM programmer must ensure that if a string descriptor does not exist in the EEPROM, the refer-
encing descriptor must contain 00h for the respective string index field.

o

If all string descriptor lengths are zero, then a Language ID will not be supported.
7: All reserved EEPROM bits must be set to 0.

TABLE 4-1: EEPROM FORMAT

EEPROM Address EEPROM Contents
00h 0xA5
01h Full-Speed Polling Interval for Interrupt Endpoint
02h Hi-Speed Polling Interval for Interrupt Endpoint
03h Super-Speed Polling Interval for Interrupt Endpoint
04h Configuration Flags 0 [7:0]
05h Configuration Flags 0 [15:8]
06h Configuration Flags 0 [23:16]
07h Configuration Flags 0 [31:24]
08h Configuration Flags 1 [7:0]
09h Configuration Flags 1 [15:8]
O0Ah Configuration Flags 1 [23:16]
0Bh Configuration Flags 1 [31:24]
0Ch Configuration Flags 2 [7:0]
0Dh Configuration Flags 2 [15:8]
OEh Configuration Flags 2 [23:16]
OFh Configuration Flags 2 [31:24]
10h Configuration Flags 3 [7:0]
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TABLE 4-1: EEPROM FORMAT (CONTINUED)

EEPROM Address EEPROM Contents
11h Configuration Flags 3 [15:8]
12h Configuration Flags 3 [23:16]
13h Configuration Flags 3 [31:24]
14h Software Configuration Data Structure Length (bytes)
Note 4-1
15h Software Configuration Data Structure Word Offset
Note 4-1
16h - 1Fh RESERVED
20h Enable bits for GPIOs [7:0]
0 = GPIO
1 = Default pin function
21h Enable bits for GPIOs [15:8]
0 = GPIO
1 = Default pin function
22h Enable bits for GPIOs [23:16]
0 = GPIO
1 = Default pin function
23h Enable bits for GPIOs [31:24]
0 = GPIO
1 = Default pin function
24h Buffer type bits for GPIOs [7:0]

0 = Open-drain driver
1 = Push/pull driver

25h Buffer type bits for GPIOs [15:8]

0 = Open-drain driver
1 = Push/pull driver

26h Buffer type bits for GPIOs [23:16]

0 = Open-drain driver
1 = Push/pull driver

27h Buffer type bits for GPIOs [31:24]

0 = Open-drain driver
1 = Push/pull driver

28h Direction bits for GPIOs [7:0]

0 = Input
1 = Output

29h Direction bits for GPIOs [15:8]

0 = Input
1 = Output

2Ah Direction bits for GPIOs [23:16]

0 = Input
1 = Output

2Bh Direction bits for GPIOs [31:24]

0 = Input
1 = Output
2Ch Data bits for GPIOs [7:0]

If GPIO is enabled as an output, the corresponding bit determines the signal
level on the pin.
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TABLE 4-1: EEPROM FORMAT (CONTINUED)

EEPROM Address EEPROM Contents

2Dh Data bits for GPIOs [15:8]
If GPIO is enabled as an output, the corresponding bit determines the signal
level on the pin.

2Eh Data bits for GPIOs [23:16]
If GPIO is enabled as an output, the corresponding bit determines the signal
level on the pin.

2Fh Data bits for GPIOs [31:24]
If GPIO is enabled as an output, the corresponding bit determines the signal
level on the pin.

30h Language ID [7:0]

31h Language ID [15:8]

32h Manufacturer ID String Descriptor Length (bytes)

33h Manufacturer ID String Descriptor EEPROM Word Offset

34h Product Name String Descriptor Length (bytes)

35h Product Name String Descriptor EEPROM Word Offset

36h Serial Number String Descriptor Length (bytes)

37h Serial Number String Descriptor EEPROM Word Offset

38h Configuration String Descriptor Length (bytes)

3%h Configuration String Descriptor Word Offset

3Ah Interface String Descriptor Length (bytes)

3Bh Interface String Descriptor Word Offset

3Ch Binary Object Store (BOS) Block Length (bytes) Note 4-2

3Dh Binary Object Store (BOS) Block Word Offset

3Eh Super-Speed Device Descriptor Length (bytes)

3Fh Super-Speed Device Descriptor Word Offset

40h Super-Speed Configuration Block Length (bytes)
Note 4-3

41h Super-Speed Configuration Block Word Offset
Note 4-3

42h Hi-Speed Device Descriptor Length (bytes)

43h HI-Speed Device Descriptor Word Offset

44h Hi-Speed Configuration and Interface Descriptor Length (bytes)

45h Hi-Speed Configuration and Interface Descriptor Word Offset

46h Full-Speed Device Descriptor Length (bytes)

47h Full-Speed Device Descriptor Word Offset

48h Full-Speed Configuration and Interface Descriptor Length (bytes)

49h Full-Speed Configuration and Interface Descriptor Word Offset

Note:  Locations 4Ah and above may be used for any purpose. I

Note 4-1 Refer to the software programming manual for information concerning this data structure.

Note 4-2 This block may include Binary Object Store (BOS) Descriptor, USB 2.0 Extension Descriptor, Super-
Speed Device Capabilities Descriptor, and Container ID Descriptor.

Note 4-3 This block must include the following descriptors in the following order:
SS Configuration descriptor
SS Interface descriptor
Bulk-Out Endpoint Companion descriptor
Interrupt Endpoint Companion descriptor
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Table 4-2 describes Configuration Flags 0. If a configuration descriptor exists in the EEPROM, its values must agree
with analogous values contained in the Configuration Flags 0. If they do not, unexpected results and untoward operation
may occur.

TABLE 4-2: CONFIGURATION FLAGS 0

Bits Description

31:13 |RESERVED

12 Port Swap
Swaps the mapping of the USBDP and USBDM pins.

0 = USBDP maps to the USB D+ line and USBDM maps to the USB D- line.
1 = USBDP maps to the USB D- line. USBDM maps to the USB D+ line.

Note:  Only for USB 2.0 operation. Does not affect USB 3.0 operation. USB 3.0 pins can not be
swapped.

11 SW_MODE Polarity
This bit selects the polarity of the nSW_MODE pin.

0 = Active low
1 = Active high

10 LED Buffer Type
Specifies the LED output buffer type.

0 = open-drain driver
1 = push/pull driver

9 LED Polarity
Indicates the polarity of the LED pin.

0 = Active low
1 = Active high

8 LED Enable
0 = LED disabled
1 = LED enabled

7 Interrupt Pin Polarity
Indicates the polarity of the INT pin.

0 = Active low
1 = Active high

6 External Reset Polarity
Determines the polarity of the external reset pin (hEXTRST)

0 = Active low
1 = Active high

5:4 Squelch Threshold
Varies reference voltage levels for squelch and HS Disconnect.

00 = Default

01 = -25mV Change
10 = +25mV Change
11 = RESERVED

3 LPM Enable
This bit enables the support of the Link Power Management (LPM) protocol.

0 = LPM not supported
1 = LPM supported.
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TABLE 4-2: CONFIGURATION FLAGS 0 (CONTINUED)

Bits

Description

2:1

PHY Boost
This field provides the ability to boost the electrical drive strength of the HS output current to the
upstream port.

00 = Normal electrical drive strength

01 = Elevated electrical drive strength (+4% boost)
10 = Elevated electrical drive strength (+8% boost)
11 = Elevated electrical drive strength (+12% boost)

Power Method
This bit controls the device’s USB power mode.

0 = The device is bus powered.
1 = The device is self powered.

Note:

LPM Enable and Power method specified in Configuration Flags 0 must agree with analogous quantities
specified in descriptors. If they do not, unexpected results and untoward operation may occur.

Table 4-3 describes Configuration Flags 1.

TABLE 4-3: CONFIGURATION FLAGS 1

Bits Description
31:30 |RESERVED
29:24 | TX De-Emphasis At 3.5 dB
This field sets the TX driver de-emphasis value for the case where pipe_tx_deemph is set to 1 (the
default setting for USB 3.0). This field may be used to tune at the board level for RX eye compliance,
in order to account for different device or host channel loss in the PCB traces.
23:22 |RESERVED
21:16 | TX De-Emphasis at 6 dB
This field sets the TX driver de-emphasis value for the case where pipe_tx_deemph is set to 0 (this
should never happen for USB 3.0). This field is provided for completeness and as a 2nd potential launch
amplitude.
15 RESERVED
14:8 | TX Amplitude For Full Swing Mode
This field sets the launch amplitude of the transmitter when pipe_tx_swing is set to 0 (the default setting
for USB 3.0 for the required 1.0V launch amplitude). This field may be used to tune at the board level
for RX eye compliance, in order to account for different device or host channel loss in the PCB traces.
7 RESERVED
6:0 TX Amplitude For Low Swing Mode

This field sets the launch amplitude of the transmitter when pipe_tx_swing is set to 1 (this should never
happen for USB 3.0). This field is provided for completeness and can be sued to set an alternate launch
amplitude, if desired.

Table 4-4 describes Configuration Flags 2.

TABLE 4-4: CONFIGURATION FLAGS 2

Bits Description
31:13 |RESERVED
12:8 |Loss Of Signal Detection Threshold Level
This field sets the signal level for the detection of loss of signal.
75 RESERVED
4:0 TX Termination Offset

This field allows the termination impedance of the transmitter to be shifted off from the nominal value of
50 ohms after calibration. This allows the user to potentially optimize the signal integrity of the link. Use
of this signal is optional. When not used it should be set to 00h.
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Table 4-5 describes Configuration Flags 3.

TABLE 4-5: CONFIGURATION FLAGS 3
Bits Description

31:3 |RESERVED

2:1 Spread Spectrum Clock Range

This field selects the range of modulation to insert. It specifies the amount of clock spreading that will
be added and applies a fixed offset to the phase accumulator. The following values select the indicated
PPM downspread of the clock:

00 = 5000
01 = 4500
10 = 4000
11 = 3025

0 Spread Spectrum Enable

When set, this bit enables spread spectrum clock production in the USB 3.0 SuperSpeed PHY, required
for transmitting 5Gb/sec Super Speed data. When this bit is de-asserted, Spread Spectrum Clock Range
is ignored.

4.2 EEPROM Defaults

The signature value of 0xA5 is stored at address 0. A different signature value indicates to the EEPROM controller that
no EEPROM is attached to the device. In this case, the hardware default values used are as shown in Table 4-6.

TABLE 4-6: EEPROM DEFAULTS

Field Default Value
Full-Speed Polling Interval 01h
Hi-Speed Polling Interval 04h
Super-Speed Polling 06h
Interval
Maximum Burst Size for 07h
Bulk-Out Endpoint
Configuration Flags 0 00000008h
Configuration Flags 1 16206935h
Configuration Flags 2 00000900h
Configuration Flags 3 00000005h
Maximum Power Note 4-4
Vendor ID 0424h
Product ID 9D00h

Note 4-4 Default value is FAh (500mA) when operating in USB 2.0 mode and 70h (900mA) when operating in
USB 3.0 mode.

4.3 EEPROM Auto-Load

Certain system level resets (POR, nRESET, and Software Reset) cause the EEPROM contents to be loaded into the
device. After a reset, the EEPROM controller attempts to read the first byte of data from the EEPROM. If the value 0xA5
is read from the first address, then the EEPROM controller will assume that an external Serial EEPROM is present.

4.4 Customized Operation Without EEPROM

The device provides the capability to customize operation without the use of an EEPROM. Descriptor information and
initialization quantities normally fetched from EEPROM and used to initialize descriptors and elements of the Control
and Status Registers may be specified via proprietary vendor commands over the USB bus.
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5.0 OPERATIONAL CHARACTERISTICS

5.1 Absolute Maximum Ratings*

+3.3V Supply Voltage (vbb33io, vbD33usB, vDD33USB3, VDD33VDAC, SYSPLLP) (NOtE 5-1) ..oooiviiiiiiiiiieee e, 0V to +3.6V
+1.8V Supply Voltage (vDD18DDR) (NOLE 5-1) ...t e e e e e etee e e e ennneeas 0V to +1.9V
+1.2V Supply Voltage (vbb12coRE, vDD12UsSB3, vDD12USBPLL, VDD12HDMI) (NOTE 5-1) weiviiiiiiiie e 0V to +1.32V
Positive voltage on XI, with reSpect t0 groUNd .............ooiiiiiiii e s +4.6V
Positive voltage on XO, with reSpect t0 GroUN ...........couiiiiiiiiiiie et ae et e e e e s enane s +2.5V
RS (o] r=To TR [T oo =Y = Uy SRS -55°C to +150°C
Lead Temperature RANGE .........cccoiuiiiiiieiiiiie ettt et et ee e e e anees Refer to JEDEC Spec. J-STD-020
HBM ESD PeIfOIMANCE ... .. ettt ettt ettt e e e ettt e e e e e st e e e e e e nnseeaeeeannteeeanneeeaaeannens .JEDEC Class 2

Note 5-1 When powering this device from laboratory or system power supplies, it is important that the absolute
maximum ratings not be exceeded or device failure can result. Some power supplies exhibit voltage
spikes on their outputs when AC power is switched on or off. In addition, voltage transients on the
AC power line may appear on the DC output. If this possibility exists, it is suggested that a clamp
circuit be used.

*Stresses exceeding those listed in this section could cause permanent damage to the device. This is a stress rating
only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Functional
operation of the device at any condition exceeding those indicated in Section 5.2, "Operating Conditions**", Section 5.5,
"DC Specifications”, or any other applicable section of this specification is not implied. Note, device signals are NOT 5
volt tolerant unless specified otherwise.

5.2 Operating Conditions**

+3.3V Supply Voltage (vDD3310, VDD33USB, VDD33USBS3, VDD33VDAC, SYSPLLP).....uuveeeutrterusreesireesssteessmseeesnneeessneesnnees +3.3V +/- 5%
+1.8V SUPPIY VOItAGE (VDD1BDDR) ... .eveeeeueieeeuereesieeeeaitieesteeeanseeeeaneeessseeesnneeeaseeeaaneeeesnseeeanseeesnneeeenneeeeanseeesnnes +1.8V +/- 5%
+1.2V Supply Voltage (vDD12CORE, VDD12USB3, VDD12USBPLL, VDDAZHDMI). .. .uveeesereeeautreesuseeessreesssseessmneeesnneeesnseeesnnees +1.2V +/- 5%
Ambient Operating Temperature in Sll AIF (Ta) ... oevrererereereeseisee e e eeens 0°C to +70°C
Maximum JUNCHON TEMIPEIATUIE .......cooiiiiiiiii ettt e b et e st e et e e e e eneeesaneee s +110°C

**Proper operation of the device is guaranteed only within the ranges specified in this section.
5.3 Package Thermal Specifications

TABLE 5-1: PACKAGE THERMAL PARAMETERS

Parameter Symbol Value Units Comments
Thermal Resistance Oa 28.7 °C/W | Measured in still air from the die to ambient air
Thermal Resistance O)c 10.4 °C/W |Measured from the die to the case
Junction-to-Top-of-Package Yir 0.38 °C/W | Measured in still air
Note:  Thermal parameters are measured or estimated for devices in a multi-layer 2S2P PCB per JESD51. I
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54 Current Consumption

This section details the current consumption of the device as measured during various modes of operation and power
states. Current consumption values are provided for each power rail (+3.3V, +1.8V, +1.2V). Power dissipation is deter-
mined by temperature, supply voltage, and external source/sink requirements.

Note:  All current consumption values were measured with power supplies at nominal voltages unless otherwise
noted.

54.1 SUSPEND POWER STATE
TABLE 5-2: SUSPEND SUPPLY CURRENT

Parameter Typical Unit
+3.3V Supply Current (Device Only) 0.7 mA
(VDD33I0, VDD33USB, VDD33USB3, VDD33VDAC, SYSPLLP)
+1.8V Supply Current (Device Only) 0.0 mA
(VDD18DDR)
+1.2V Supply Current (Device Only) 1.5 mA
(VDD12CORE, VDD12USB3, VDD12USBPLL, VDD12HDMI)

5.4.2 OPERATIONAL
54.21 Super-Speed

TABLE 5-3: TYPICAL SUPER-SPEED OPERATIONAL SUPPLY CURRENT (MA)

Static Image Full Screen Video
Parameter
1280X1024 | 1600X1200 | 1920X1200 | 1280X1024 | 1600X1200 | 1920X1200
(DDR2-667) | (DDR2-667) | (DDR2-667) | (DDR2-667) | (DDR2-667) | (DDR2-667)
Video DAC Interface Enabled
+3.3V Supply Current (Dev. Only) 102 102 104 102 102 104
(vDD33IO, VDD33USB, VDD33USB3, VDD33VDAC,
SYSPLLP)
+1.8V Supply Current (Dev. Only) 39 45 48 59 65 74
(VDD18DDR)
+1.2V Supply Current (Dev. Only) 287 295 298 310 319 325
(VDD12CORE, VDD12USB3, VDD12USBPLL,
VDD12HDMI)
HDMI Interface Enabled (with Audio)
+3.3V Supply Current (Dev. Only) 29 29 29 29 29 29
(vDD33I0, VDD33USB, VDD33USB3, VDD33VDAC,
SYSPLLP)
+1.8V Supply Current (Dev. Only) 39 45 49 58 67 74
(VDD18DDR)
+1.2V Supply Current (Dev. Only) 307 323 323 327 346 350
&/\I/DDIEJZZI—!CDOMRI;E VDD12USB3, VDD12USBPLL,
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5.4.2.2 High-Speed
TABLE 5-4: TYPICAL HIGH-SPEED OPERATIONAL SUPPLY CURRENT (MA)
Static Image Full Screen Video
Parameter

1280X1024 | 1600X1200 | 1920X1200 | 1280X1024 | 1600X1200 | 1920X1200

(DDR2-667) | (DDR2-667) | (DDR2-667) | (DDR2-667) | (DDR2-667) | (DDR2-667)
Video DAC Interface Enabled
+3.3V Supply Current (Dev. Only) 77 78 79 78 78 79
(vDD33I0, VDD33USB, VDD33USB3, VDD33VDAC,
SYSPLLP)
+1.8V Supply Current (Dev. Only) 39 45 48 58 67 75
(VDD18DDR)
+1.2V Supply Current (Dev. Only) 181 189 192 203 215 222
(VDD12CORE, VDD12USB3, VDD12USBPLL,
VDD12HDMI)
HDMI Interface Enabled (with audio)
+3.3V Supply Current (Dev. Only) 5.0 5.0 5.0 5.2 5.2 5.2
(vDD33IO, VDD33USB, VDD33USB3, VDD33VDAC,
SYSPLLP)
+1.8V Supply Current (Dev. Only) 39 45 49 60 67 76
(VDD18DDR)
+1.2V Supply Current (Dev. Only) 201 218 218 223 242 255
(VDD12CORE, VDD12USB3, VDD12USBPLL,
VDD12HDMI)
55 DC Specifications
TABLE 5-5: I/O BUFFER CHARACTERISTICS

Parameter Symbol MIN TYP MAX Units Notes

IS Type Input Buffer
Low Input Level Viu -0.3 \
High Input Level Vil 3.6 \
Negative-Going Threshold Vit 1.01 1.19 1.39 \ Schmitt trigger
Positive-Going Threshold ViuT 1.39 1.59 1.8 \Y Schmitt trigger
SchmittTrigger Hysteresis Vhys 336 399 485 mV
(Vg - Vier)
08 Type Output Buffer
Low Output Level VoL 0.4 loL = 8mA
High Output Level VoH VDD33IO - 0.4 lon = -8mMA
OD8 Type Output Buffer
Low Output Level VoL 0.4 \ loL = 8mA
RGB Type Output Buffer
Low Output Level VoL 0.4 loL = 8mA
High Output Level VoH VDD33I0 - 0.4 lon = -8mA
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TABLE 5-5: I/O BUFFER CHARACTERISTICS (CONTINUED)
Parameter Symbol MIN TYP MAX Units Notes

DDR2I Type Input Buffer Note 5-2
Termination Voltage Vit VRer - 0.04 VREF VRer + 0.04 \Y Note 5-3
Low Input Level (DC) ViLde) -0.3 Vger - 0.125 \Y Note 5-3
High Input Level (DC) ViH(de) VRer + 0.125 VDD18DDR + 0.3 \ Note 5-3
Low Input Level (AC) ViL(ac) VRer - 0.25 v Note 5-3
High Input Level (AC) ViH(ac) Vgeg + 0.25 \Y Note 5-3
DDR20O Type Output Buffer Note 5-2
Termination Voltage Vi Vger - 0.04 VREr Vger + 0.04 \Y Note 5-3
Low Output Level (DC) VoL(dc) 0.28 \ Note 5-4
High Output Level (DC) VoH(dg) | VPP18DDR(min) - 0.2 \ Note 5-5
Low Output Level (AC) VoL(ac) V1tmin - 0.603 \ Note 5-4
High Output Level (AC) Vorgag | VTTmax +0.603 % Note 5-5
ICLK Type Buffer (XI Input) Note 5-6
Low Input Level ViL -0.3 0.5 \Y

High Input Level ViHi 1.08 1.32 \Y

Note 5-2 All values apply to both full-strength and half-strength operation unless otherwise stated.
Note 5-3 VRer equals DDRVREF[0:2].
Note 5-4 loL equals 13.4mA for full-strength operation and 6.7mA for half-strength operation.
Note 5-5 lon equals -13.4mA for full-strength operation and -6.7mA for half-strength operation.
Note 5-6 Xl can optionally be driven from a 25MHz single-ended clock oscillator. A 25MHz oscillator, or other
single-ended clock source that meets the ICLK DC buffer characteristics and the specifications in
Section 5.7, "Clock Circuit," on page 38, is required when utilizing the Digital RGB interface. Do not
use a crystal when operating in Digital RGB mode.
TABLE 5-6: VIDEO DAC - DC CHARACTERISTICS
Parameter Symbol MIN TYP MAX Units
Output Voltage - 1.28 \%
Output Current per Channel - 17 mA
Video DAC Resolution - 10 bits
Integral Non-linearity Error INL +/-2 LSB
Differential Non-linearity Error DNL +/-0.5 LSB

5.6 AC Specifications

This section details the various AC timing specifications of the device.

Note 1:

3.0 Specification for detailed USB timing information.

2: The DDR2 interface timing adheres to the JESD79-2E Specification. Refer to the JESD79-2E Specification
for detailed DDR2 timing information.

3: The HDMI interface timing adheres to the HDMI 1.3 Specification. Refer to the HDMI 1.3 Specification for
detailed HDMI timing information.

The USB interface timing adheres to the USB 3.0 Specification. Refer to the Universal Serial Bus Revision
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4.

5.6.1

Power supplies must adhere to the following rules:

The S/PDIF interface timing adheres to the IEC 60958 2-channel PCM Specification. Refer to the IEC 60958
2-channel PCM Specification for detailed S/PDIF timing information.

The IS interface timing adheres to the NXP 12S Bus Specification. Refer to the NXP 12S Bus Specification
for detailed 12S timing information.

The 12C interface timing adheres to the NXP 12C-Bus Specification. Refer to the 12C-Bus Specification for
detailed 12C timing information.

POWER SEQUENCE TIMING

All power supplies of the same voltage must be powered up/down together.

There is no power-up sequencing requirement, however all power supplies must reach operational levels within
the time periods specified in Table 5-7.

There is no power-down sequencing or timing requirement, however the device must not be powered for an

extended

period of time without all supplies at operational levels.

Following power-on, or if a power supply brownout occurs (i.e., one or more supplies drops below operational lim-
its), a power-on reset must be executed once all power supplies reach operational levels. Refer to section Section
5.6.2, "Power-On Reset Timing," on page 34 for power-on reset requirements.

With the exception of HPD, VBUS_DET, I12CSDAJ[0:1], and I2CSCL[0:1], do not drive input signals without power
supplied to the device.

Note 1: Violation of these specifications may damage the device.
2: Power sequencing requirements are preliminary and subject to change.
FIGURE 5-1: POWER-ON TIMING

Y tpon —»
Al gus%liogzﬁsr VI
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TABLE 5-7: POWER-ON TIMING VALUES

Symbol

Description MIN TYP MAX Units

tpon

Power supply turn on time 0 25 mS
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5.6.2 POWER-ON RESET TIMING

This diagram illustrates the nRESET timing requirements in relation to power-on. A hardware reset (nRESET assertion)
is required following power-up. For proper operation, NRESET must be asserted for no less than t,5. The nRESET pin
can be asserted at any time, but must not be deasserted before t,,q after all external power supplies have reached
operational levels.

FIGURE 5-2: NRESET POWER-ON TIMING

All External ‘

Vo
Power Supplies 7
tpurst(:l

M toursty trstia—
s \ /

TABLE 5-8: NRESET POWER-ON TIMING VALUES

nRESET

Symbol Description MIN TYP MAX Units
tourstd External power supplies at operational levels to NRESET 25 Note 5-7 mS
deassertion
toursty Exlt_grnal power supplies at operational levels to NRESET 0 nS
vali
trstia NRESET input assertion time 100 us
Note:  nRESET deassertion must be monotonic. I

Note 5-7 For bus-powered applications, a typical value of 200 mS is recommended to allow time for connector
mating. Permanently attached and/or self-powered applications do not require this longer reset time.

5.6.3 RESET TIMING

Figure 5-3 illustrates the nRESET pin timing requirements. When used, nRESET must be asserted for no less than t,g;,-

Note: A hardware reset (nRESET assertion) is required following power-on. Refer to Section 5.6.2, "Power-On
Reset Timing," on page 34 for additional information.

FIGURE 5-3: NRESET TIMING

ritrstiag’

nRESET /

TABLE 5-9: NRESET TIMING VALUES
Symbol Description MIN TYP MAX Units

trstia NRESET input assertion time 1 uS
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5.6.4 VIDEO DAC TIMING

The following table specifies the Video DAC timing characteristics for the device. All values are measured with the Video
DAC in 17mA full scale mode.

TABLE 5-10: VIDEO DAC - AC CHARACTERISTICS

Parameter MIN TYP MAX Units
Frequency 25 200 MHz
Analog Output Delay 0.4 0.5 0.8 nS
Analog Output Rise Time 0.31 nS
Analog Output Fall Time 0.5 nS
Analog Output Settling Time 0.7 nS

5.6.5 DIGITAL RGB TIMING
The following sub-sections specify the Digital RGB timing requirements for the device in DDR and SDR modes of oper-

ation.

5.6.5.1 DDR Mode

FIGURE 5-4: DIGITAL RGB TIMING - DDR MODE

1:vsu 1:vhd 1:vsu tvhd
VDATAR[7:0] M e
VDATAGI7:0] i . S & )
VDATAB[7:0] . foy tng tosu
nBLANK \ 7
HSYNC \ /
VSYNC \ /
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TABLE 5-11: DIGITAL RGB TIMING VALUES - DDR MODE
Symbol Description MIN TYP MAX Units
fuelk VCLK Frequency 165 MHz
tysu Video Setup Output Delay 0.8 nS
tvhd Video Hold Output Delay 0.5 nS
Note: RGB timing values are with respect to an equivalent test load of 5 pF. I
5.6.5.2 SDR Mode
FIGURE 5-5: DIGITAL RGB TIMING - SDR MODE
| [ | |
1:vsu tvhd
VDATAR][7:0] P
VDATAGI7:0] - a8 5 = »
VDATAB[7:0]
1:vhd tvsu tvhd 1:vsu
Md
V“

nBLANK

HSYNC

VSYNC

I

TABLE 5-12: DIGITAL RGB TIMING VALUES - SDR MODE
Symbol Description MIN TYP MAX Units
fuelk VCLK Frequency 165 MHz
tysu Video Setup Output Delay 25 nS
tyhd Video Hold Output Delay 1.5 nS
Note:  RGB timing values are with respect to an equivalent test load of 5 pF.

DS00001884A-page 36

© 2010 - 2015 Microchip Technology Inc.




UFX7000

5.6.6 EEPROM TIMING

The following specifies the EEPROM timing requirements for the device:

FIGURE 5-6: EEPROM TIMING
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TABLE 5-13: EEPROM TIMING VALUES

Symbol Description MIN TYP MAX Units
tokeyc EECLK Cycle time 1110 1130 ns
tekh EECLK High time 550 570 ns
toki EECLK Low time 550 570 ns

teshekh EECS high before rising edge of EECLK 1070 ns
tekicsl EECLK falling edge to EECS low 30 ns
tavekh EEDO valid before rising edge of EECLK 550 ns

tekhinvid EEDO invalid after rising edge EECLK 550 ns
tdsckh EEDI setup to rising edge of EECLK 90 ns
tdhekh EEDI hold after rising edge of EECLK 0 ns
tokidis EECLK low to data disable (OUTPUT) 580 ns
teshdv EEDIO valid after EECS high (VERIFY) 600 ns
tdhcsl EEDIO hold after EECS low (VERIFY) 0 ns
tesl EECS low 1070 ns

Note: EEPROM timing values are with respect to an equivalent test load of 25 pF. I
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5.6.7 JTAG TIMING

This section specifies the JTAG timing of the device.

FIGURE 5-7: JTAG TIMING
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TABLE 5-14: JTAG TIMING VALUES

Symbol Description MIN TYP MAX Units
tickp TCK clock period 66.67 80 nS
tteknhl TCK clock high/low time tickp 0.4 tickp 0.6 nS
tsu TDI, TMS setup to TCK rising edge 10 nS
th TDI, TMS hold from TCK rising edge 10 nS
tdov TDO output valid from TCK falling edge 16 nS
t4oinvid TDO output invalid from TCK falling edge 0 nS
trst nTRST assertion time 10 mS

| Note:  JTAG timing values are with respect to an equivalent test load of 25 pF I

5.7 Clock Circuit

The device can accept either a 25MHz crystal (preferred) or a 25MHz single-ended clock oscillator (+/- 50ppm) input. If
the single-ended clock oscillator method is implemented, XO should be left unconnected and Xl should be driven with
a nominal 0-1.2V clock signal. The input clock duty cycle is 40% minimum, 50% typical and 60% maximum.

It is recommended that a crystal utilizing matching parallel load capacitors be used for the crystal input/output signals
(XI/XO). See Table 5-15 for the recommended crystal specifications.

Note: A 25MHz oscillator, or other single-ended clock source that meets the specifications of this section and
Section 5.5, "DC Specifications," on page 31, is required when utilizing the Digital RGB interface. Do not
use a crystal when operating in Digital RGB mode.
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TABLE 5-15: CRYSTAL SPECIFICATIONS

Parameter Symbol MIN NOM MAX Units Notes
Crystal Cut AT, typ
Crystal Oscillation Mode Fundamental Mode
Crystal Calibration Mode Parallel Resonant Mode
Frequency Ffund - 25.000 - MHz
Frequency Tolerance @ 25°C Fiol - - +/-50 PPM Note 5-8
Frequency Stability Over Temp Ftemp - - +/-100 PPM Note 5-8
Frequency Deviation Over Time Fage - +/-3t05 - PPM Note 5-9
Total Allowable PPM Budget - - +/-150 PPM
Shunt Capacitance Co - 7 typ - pF
Load Capacitance CL - 20 typ - pF
Drive Level Pw 300 - - uw
Equivalent Series Resistance R4 - - 50 Ohm
Operating Temperature Range 0 - 70 °C
XI Pin Capacitance - 3 typ - pF Note 5-10
XO Pin Capacitance - 3 typ - pF Note 5-10

Note 5-8
dependant.

Note 5-9
Note 5-10

Frequency Deviation Over Time is also referred to as Aging.

The maximum allowable values for Frequency Tolerance and Frequency Stability are application

This number includes the pad, the bond wire and the lead frame. PCB capacitance is not included

in this value. The XO/XI pin and PCB capacitance values are required to accurately calculate the
value of the two external load capacitors. These two external load capacitors determine the accuracy
of the 25.000 MHz frequency.

© 2010 - 2015 Microchip Technology Inc.
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PACKAGE OUTLINE

6.0

225-LFBGA PACKAGE DEFINITION

FIGURE 6-1
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APPENDIX A: DATA SHEET REVISION HISTORY

TABLE A-1:

REVISION HISTORY

Revision Level & Date

Section/Figure/Entry

Correction

DS00001884A (02-10-15)

Replaces previous SMSC version Rev. 1.4 (06-24-13)

Reel size is changed to 1,500

pieces.

Rev. 1.4 (06-24-13)

Table 5-5, “I/O Buffer
Characteristics,” on page 31

Updated ICLK buffer VIHI values.

Section 5.7, "Clock Circuit,"
on page 38

Updated sentence “...XI should be driven with a
nominal 0-3.3V clock signal.” to “...XI should be
driven with a nominal 0-1.2V clock signal”.

Rev. 1.3 (09-27-12)

Table 2-2, “Digital RGB Pins,”

on page 7 and Table 2-9,
“Miscellaneous Pins,” on
page 16

Added note to Buffer Type column of all GPIO pin
descriptions: “The internal pull-up is disabled when
the GPIO is configured as an O8 buffer type.”

Table 2-9, “Miscellaneous
Pins,” on page 16

Added note to SPDIF pin “Usage of SPDIF requires
the MCLK audio input master clock pin.”

Rev. 1.2 (09-16-11)

Section 5.4.2, "Operational,"
on page 30

Added final power numbers.

Section 6.0, "Package
Outline," on page 40

Updated package drawings & specifications.

Rev. 1.1 (05-13-11)

Section 5.2, "Operating
Conditions™," on page 29

+3.3V, +1.8V, and +1.2V power supply operating
ranges updated to +/-5%. Junction temperature
updated to show maximum only.

Table 2-1, “USB Pins,” on
page 7, Table 2-2, “Digital
RGB Pins,” on page 7,
Note 5-6 on page 32, and
Section 5.7, "Clock Circuit,"
on page 38

Added note regarding not using a crystal in Digital
RGB mode:

“A 25Mhz oscillator, or other single ended clock
source that meets the specifications in Sections 5.5
and 5.7, is required when utilizing the Digital RGB
interface. Do not use a crystal when operating in
Digital RGB mode.”

Rev. 1.0 (12-16-10)

All

Initial Release
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at www.microchip.com. This web site is used as a means to make
files and information easily available to customers. Accessible by using your favorite Internet browser, the web site con-
tains the following information:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

» General Technical Support — Frequently Asked Questions (FAQ), technical support requests, online discussion
groups, Microchip consultant program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of semi-
nars and events, listings of Microchip sales offices, distributors and factory representatives

CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip’s customer notification service helps keep customers current on Microchip products. Subscribers will receive
e-mail notification whenever there are changes, updates, revisions or errata related to a specified product family or
development tool of interest.

To register, access the Microchip web site at www.microchip.com. Under “Support”, click on “Customer Change Notifi-
cation” and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers should contact their distributor, representative or field application engineer (FAE) for support. Local sales

offices are also available to help customers. A listing of sales offices and locations is included in the back of this docu-
ment.

Technical support is available through the web site at: http://www.microchip.com/support
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. - XXX - X
Device Package Tape and Reel
Option
Device: UFX7000
Package: VE = 225-ball LFBGA
Tape and Reel Blank = Tray packaging
Option: TR = Tape and Reel @

Examples:

a)  UFX7000-VE = 225-ball LFBGA
RoHS Compliant Package
0 to +70° C Temp Range

Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This
identifier is used for ordering purposes and is
not printed on the device package. Check
with your Microchip Sales Office for package
availability with the Tape and Reel option.
Reel size is 1,500 pieces.

© 2010 - 2015 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications. MICROCHIP MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Micro-
chip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend, indemnify and hold
harmless Microchip from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights.

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC, FlashFlex, flexPWR, JukeBlox, KEELOQ, KEELOQ logo, Kleer, LANCheck,
MediaLB, MOST, MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, pPIC32 logo, RightTouch, SpyNIC, SST, SST Logo, SuperFlash and
UNI/O are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

The Embedded Control Solutions Company and mTouch are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM, dsPICDEM.net, ECAN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, KleerNet, KleerNet logo, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK,
MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, RightTouch logo, REAL ICE, SQlI, Serial
Quad I/0O, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in
other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2010 - 2015, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
ISBN: 9781632769909

QUALITY MANAGEME NT SYSTEM Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
CERTIFIED BY DNV Tempe, Arizona; Gresham, Oregon and design centers in California

and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
— ISO/TS 1 694.9 — devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Austin, TX
Tel: 512-257-3370
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Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
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Tel: 630-285-0071
Fax: 630-285-0075
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