MICROCHIP RE46C 1 9 1

CMOS Low-Voltage Photoelectric Smoke Detector ASIC
with Interconnect and Timer Mode

Features Package Types
» Two AA Battery Operation RE46C191
» Low Quiescent Current Consumption SOIC
* Local Alarm Memory Vgs[] 1 16 []LX
 Interconnect Up to 40 Detectors
+ Nine-Minute Timer for Sensitivity Control IRED[ | 2 15[ [Vast
» Temporal or Continuous Horn Pattern Vop[ ] 3 14 1HS
« Internal Low Battery and Chamber Test TEST[ | 4 13 _|HB
* All Internal Oscillator TEST2[ |5 12[J10
* Internal Infrared Emitter Diode (IRED) Driver
» Adjustable IRED Drive Current IRPL] 6 11 [JIRCAP
« Adjustable Hush Sensitivity IRN[]7 10| _]FEED
» Two Percent Low Battery Set Point RLED[ |8 9 [JGLED
* Pin-for-Pin Compatible with RE46C190
General Description RE46C191

SSOP
The RE46C191 is a low-power, low-voltage CMOS
photoelectric-type smoke detector IC. With minimal Vss[ |1 20[ JLX
external components, this circuit provides all the IRED[ |2 19[ ] VasT
required features for a photoelectric-type smoke Voo[13 18[THs
detector. bD
The design incorporates a gain-selectable photo TEST[ |4 17[_1HB
amplifier for use with an infrared emitter/detector pair. NC[]5 16[]10
To keep the standby current to a minimum, an internal
oscillatgr strobes ypower to the smoke detection TEST2[ |6 151 JIRCAP
circuitry every 10 seconds. If smoke is sensed, the NC[]7 14| | FEED
detection rate is increased to verify an Alarm condition.
A High-Gain mode is available for gush button chamber IRPL]8 13[ JGLED
testing. NC[ ]9 12 ]RLED
A check for a Low Battery condition is performed every IRN[] 10 11 JNC
86 seconds and the chamber integrity is tested once
every 43 seconds when in Standby mode. The temporal
horn pattern supports the NFPA 72 emergency Note:  See Table 2-1 for pin descriptions.
evacuation signal.

An interconnect pin allows multiple detectors to be
connected, such that when one unit alarms, all units
sound.

An internal nine-minute timer can be used for a
Reduced Sensitivity mode.
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RE46C191

Typical Block Diagram
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RE46C191

Typical Battery Applications
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Note 1: C2 islocated as close as possible to the device power pins. C1 is located closest to Vgs.

2: R3, R4 and C5 are typical values, and can be adjusted to maximize sound pressure.

3: DC-DC converter in High Boost mode (nominal Vggt = 9.6V) can draw current pulses of greater than 1A
and is very sensitive to series resistance. Critical components of this resistance are the inductor DC
resistance, the internal resistance of the battery and the resistance in the connections from the inductor
to the battery, from the inductor to the LX pin and from the Vgg pin to the battery. To function properly
under full load at Vpp = 2V, the total of the inductor and interconnect resistances must not exceed 0.3Q.
The internal battery resistance must not be more than 0.5Q, and a low ESR capacitor of 10 yF or more
must be connected in parallel with the battery to average the current draw over the boost
converter cycle.

4: Schottky diode D1 must have a maximum peak current rating of at least 1.5A. For best results, it must
have a forward voltage specification of less than 0.5V at 1A and low reverse leakage.

5: Inductor L1 must have a maximum peak current rating of at least 1.5A.
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RE46C191

1.0 ELECTRICAL CHARACTERISTICS

1.1  Absolute Maximum Ratings’

SUPPIY VOIBGE ...ttt b et sh et e bt b e ne e et et e n e b e e n e nr e enns Vpp = 5.5V; Vggt = 13V
Input Voltage Range Except FEED and TEST ........cooiiiiiiiiiii et V|y =-0.3V to Vpp + 0.3V
FEED Input Voltage Range
TEST INPUt VORAGE RANGE......cei ittt st ra e aae e sbne e e naeneas

[ QY o] | c= T [OOSR
MaXimUM TRCAP VOBGE ..ottt ettt et a et e ke e bt et e ettt e bt e eb e e e bt e ne e st e e be e et e e naneennees
Input Current Except FEED

Continuous Operating Current (HS, HB @Nd VBST) .oioviiuiiiiiiiiii i s lo =40 mA
Continuous Operating Current (IRED) .......co.uiiiiiiii ettt et ettt et s e e ne e teenenes loir =300 mA
SOrage TEMPEIATUIE .......oiviiiiitii ittt b et be et h et e bt b e er et e e nn et e et e e e nreneeennes Tstg =-55°C to +125°C
ESD HUMAN BOAY MOTEI ...ttt ettt sttt e bt ettt e et e e st e e te e s be e e saeesane e e Viugm = 2 kV
ESD MaChiNg MOGEI ........c.oouiiiieiccce ettt ettt Vum = 175V

1 Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above
those indicated in the operational listings of this specification is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.

1.2 Electrical Specifications

DC ELECTRICAL CHARACTERISTICS

DC Electrical Characteristics: Unless otherwise indicated, all parameters apply at Tp =-10°C to +60°C, Vpp = 3V,

VgsT = 4.2V, Typical Application (unless otherwise noted)(!%3)
Parameter Symbol -Il-fizt Min. Typ. Max. Units Conditions
Supply Voltage Vb Vb 2.0 — 5.0 \Y Operating
Supply Current Ipp1 Vpp — 1 2 WA | Standby, inputs low, no loads,
boost off, no smoke check
Standby Boost IBsT1 Vst — 100 — nA | Standby, inputs low, no loads,
Current boost off, no smoke check
IRCAP Supply ircap | IRCAP — 500 — pA | During smoke check
Current
Boost Voltage VBsT1 VgsT 3.0 3.6 4.2 \Y IRCAP charging for smoke
check, GLED operation,
lOUT =40 mA
VgsTt2 VgsT 8.5 9.6 10.7 \Y No local alarm,
RLED operation,
lout =40 mA, IO as an input

Note 1: Wherever a specific Vgg value is listed under test conditions, the Vggt is forced externally with the
inductor disconnected and the DC-DC converter NOT running.

2: Typical values are for design information only.

3: Limits over the specified temperature range are not production tested and are based on characterization
data. Unless otherwise stated, production test is at room temperature with guardbanded limits.

4: Not production tested.
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RE46C191

DC ELECTRICAL CHARACTERISTICS (CONTINUED)

DC Electrical Characteristics: Unless otherwise indicated, all parameters apply at Tp = -10°C to +60°C, Vpp = 3V,

VgsT = 4.2V, Typical Application (unless otherwise noted

)(1 12,3)

Test

Parameter Symbol Pin Min. Typ. Max. Units Conditions
Input Leakage linop IRP -200 — 200 pA |IRP =VpporVgg
IRN -200 — 200 pA |IRN =VpporVgg
lHF FEED — 20 50 MA | FEED =22V, VggT = 9V
ILF FEED -50 -15 — MA  |FEED =-10V, VggT = 10.7V
Input Voltage Low Vi1 FEED — — 27 Y FEED, Vggt = 9V
VL2 10 — — 800 mV | No local alarm, 10 as an input
Input Voltage High ViH1 FEED 6.2 — — \Y FEED, Vggt = 9V
A 10 2.0 — — \ No local alarm, 10 as an input
10 Hysteresis VHysT1 10 — 150 — mV
Input Pull-Down IpD1 TEST, 3 10 30 MA | ViN= VDD
Current TEST2
lpDIOS 10 20 — 80 MA | ViN= VDD
IPDlOZ 10 — — 140 |JA VlN =15V
Output Voltage Low Vor1 | HB,HS — — 500 mV  |lg. =16 mA, Vgt = 9V
Vo|_2 RLED — — 300 mV |o|_ =10 mA, VBST =9V
VOL3 GLED —_— —_— 300 mV lOL =10 mA, VBST = 3.6V
Output High Voltage Vont |HB,HS 8.5 — — \Y loL = 16 mA, Vggt = 9V
Output Current lloH1 10 -4 -5 — mA | Alarm, V,g =3V or V| = 0V,
VBST =9V
lloomp 10 5 15 — mA | At conclusion of local alarm or
test, V|o =1V
lIRED50 IRED 45 50 55 mA IRED on, VIRED = 1V,
Vgst = 5V, IRCAP =5V,
(50 mA option selected,
Tp = +27°C)
I|RED100 IRED 90 100 110 mA IRED on, V|RED = 1V,
Vgst = 5V, IRCAP =5V,
(100 mA option selected,
Tp=+427°C)
I|RED150 IRED 135 150 165 mA IRED on, V|RED = 1V,
Vgst = 5V, IRCAP =5V,
(150 mA option selected,
Tp=+27°C)
I|RED200 IRED 180 200 220 mA IRED on, V|RED = 1V,
Vgst =5V, IRCAP =5V,
(200 mA option selected,
Tp=+27°C)
IRED Current TCirED — — 0.5 — %/°C |VggT =5V, IRCAP =5V
Temperature (Note 4)
Coefficient
Note 1: Wherever a specific Vggr value is listed under test conditions, the Vggt is forced externally with the

inductor disconnected and the DC-DC converter NOT running.
2: Typical values are for design information only.

3: Limits over the specified temperature range are not production tested and are based on characterization
data. Unless otherwise stated, production test is at room temperature with guardbanded limits.

4: Not production tested.
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RE46C191

DC ELECTRICAL CHARACTERISTICS (CONTINUED)

DC Electrical Characteristics: Unless otherwise indicated, all parameters apply at Tp = -10°C to +60°C, Vpp = 3V,
VgsT = 4.2V, Typical Application (unless otherwise noted)(1'2'3)

Parameter Symbol .I;fiit Min. Typ. Max. Units Conditions
Low Battery Alarm V|1 Vpp 2.05 2.1 2.15 \Y Falling edge,
Voltage 2.1V nominal selected
V| g2 Vbp 2.15 2.2 2.25 \ Falling edge,
2.2V nominal selected
Vg3 Vb 2.25 2.3 2.35 \% Falling edge,
2.3V nominal selected
V| B4 Vb 2.35 2.4 2.45 \% Falling edge,
2.4V nominal selected
Vg5 Vb 2.45 2.5 2.55 \% Falling edge,
2.5V nominal selected
ViBe Vb 2.55 2.6 2.65 \% Falling edge,
2.6V nominal selected
Vg7 Vpp 2.65 2.7 2.75 \% Falling edge,
2.7V nominal selected
VLB8 VDD 2.75 2.8 2.85 \ Falllng edge,
2.8V nominal selected
Low Battery VLBHYST VDD — 100 — mV
Hysteresis
IRCAP Turn-On V1r1 | IRCAP 3.6 4.0 4.4 \Y Falling edge, Vst = 5V,
Voltage louTt =20 mA
IRCAP Turn-Off VTR2 IRCAP 4.0 4.4 4.8 \% Rising edge, VgsT = 5V,
Voltage louT =20 mA

Note 1: Wherever a specific Vggt value is listed under test conditions, the Vggt is forced externally with the
inductor disconnected and the DC-DC converter NOT running.

2: Typical values are for design information only.

3: Limits over the specified temperature range are not production tested and are based on characterization
data. Unless otherwise stated, production test is at room temperature with guardbanded limits.

4: Not production tested.
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RE46C191

AC ELECTRICAL CHARACTERISTICS

AC Electrical Characteristics: Unless otherwise indicated, all parameters apply at T4 =-10° to +60°C, Vpp = 3V,
Vst = 4.2V, Typical Application (unless otherwise noted) (Notes 1 through 4).

Parameter ‘ Symbol ‘ Test Pin ‘ Min. | Typ. | Max. ‘ Units ‘ Conditions

Time Base

Internal Clock Period | Tpeik | — | 980 | 104 | 1.0 | ms [PROGSET, IO = High

RLED Indicator

On Time Ton1 RLED 9.80 10.4 11.0 ms Operating

Standby Period TeLep1 | RLED 320 344 368 ] Standby, no alarm

Local Alarm Period TpLep2a | RLED 470 500 530 ms Local Alarm condition
with temporal horn
pattern

TpLep2s | RLED 625 667 710 ms Local Alarm condition
with continuous horn
pattern

Hush Timer Period TpLeps | RLED 10 10.7 1.4 ] Timer mode, no local
alarm

External Alarm TeLepo | RLED LED IS NOT ON s Remote alarm only

Period

GLED Indicator

On Time Tonz GLED 9.8 10.4 11.0 ms Operating

Latched Alarm Period | Tp gps | GLED 40 43 46 s Latched Alarm condition,
LED enabled

Latched Alarm Pulse | Torep | GLED 1.25 1.33 1.41 S Latched Alarm condition,

Train (3x) Off Time LED enabled

Latched Alarm LED Tiatep | GLED 224 23.9 253 Hours |Latched Alarm condition,

Enabled Duration LED enabled

Smoke Check

Smoke Test Period Tperoa | IRED 10 10.7 1.4 Standby, no alarm

with Temporal Horn | 1., | IRED 1.88 2.0 2.12 s Standby (after one valid

Pattern smoke sample)

Tperoa | IRED 0.94 1.0 1.06 s Standby (after two
consecutive valid smoke
samples)

Tpersa | IRED 0.94 1.0 1.06 s Local alarm (after three
consecutive valid smoke
samples)

Tperapa | IRED 235 250 265 ms Push button test,
>1 chamber detections

313 333 353 ms Push button test,
no chamber detections
Tpersa | IRED 7.5 8.0 8.5 ] In remote alarm

Note 1:

See timing diagram for Horn Pattern (Figure 5-2).

2: TpgLk and Tgon are 100% production tested. All other AC parameters are verified by functional testing.
3: Typical values are for design information only.
4: Limits over the specified temperature range are not production tested and are based on characterization

data.
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RE46C191

AC ELECTRICAL CHARACTERISTICS (CONTINUED)

AC Electrical Characteristics: Unless otherwise indicated, all parameters apply at Tp =-10° to +60°C, Vpp = 3V,
VgsT = 4.2V, Typical Application (unless otherwise noted) (Notes 1 through 4).

with Continuous
Horn Pattern

Parameter Symbol | Test Pin Min. Typ. Max. Units Conditions
Smoke Test Period Tperos | IRED 10 10.7 1.4 s Standby, no alarm
with Continuous Horn | 1. . | IRED 25 2.7 2.9 s |Standby (after one valid
Pattern smoke sample)

Tperog | IRED 1.25 1.33 1.41 s Standby (after two
consecutive valid smoke
samples)

Teersg | IRED 1.25 1.33 1.41 s Local alarm (after three
consecutive valid smoke
samples)

Tperag | IRED 313 333 353 ms Push button test

Tpersg | IRED 10 10.7 1.4 s In remote alarm

Chamber Test Period | TpcTq IRED 40 43 46 Standby, no alarm

Long-Term Drift Tio IRED 400 430 460 s Standby, no alarm,

Sample Period long-term drift enabled

Low Battery

Low Battery Sample TpLB1 Vpp 320 344 368 ] RLED on

Period Tegz | Vob 80 86 92 s RLED off

Horn Operation

Low Battery Horn THPER1 HB 40 43 46 ] Low battery, no alarm

Period

Chamber Fail Horn THPER2 HB 40 43 46 ] Chamber failure

Period

Low Battery Horn THoN1 HB 9.8 10.4 11.0 ms Low battery, no alarm

On Time

Chamber Fail Horn ThoN2 HB 9.8 10.4 11.0 ms Chamber failure

On Time

Chamber Fail ThoF1 HB 305 325 345 ms Failed chamber,

Off Time no alarm, 3x chirp

Alarm On Time Thonza HB 470 500 530 ms Local or remote alarm

with Temporal Horn (Note 1)

Pattern

Alarm Off Time Thor2a HB 470 500 530 ms Local or remote alarm

with Temporal Horn (Note 1)

Pattern THOF3A HB 1.4 1.5 1.6 s Local or remote alarm
(Note 1)

Alarm On Time ThoNzB HB 235 250 265 ms Local or remote alarm

with Continuous (Note 1)

Horn Pattern

Alarm Off Time THoF2B HB 78 83 88 ms Local or remote alarm

(Note 1)

Note 1:

See timing diagram for Horn Pattern (Figure 5-2).

2: TpgLk and Tgon are 100% production tested. All other AC parameters are verified by functional testing.

3: Typical values are for design information only.

4: Limits over the specified temperature range are not production tested and are based on characterization

data.
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RE46C191

AC ELECTRICAL CHARACTERISTICS (CONTINUED)

AC Electrical Characteristics: Unless otherwise indicated, all parameters apply at Tp =-10° to +60°C, Vpp = 3V,
VgsT = 4.2V, Typical Application (unless otherwise noted) (Notes 1 through 4).

Parameter Symbol | Test Pin Min. Typ. Max. Units Conditions
Push-to-Test (PTT) Thona HB 9.8 10.4 11.0 ms Alarm memory active,
Alarm Memory On PTT
Time
PTT Alarm Memory THPER4 HB 235 250 265 ms Alarm memory active,
Horn Period PTT
Interconnect Signal Operation (10)

10 Active Delay TiobLy1 10 — 0 — s From start of local alarm

to 10 active

Remote Alarm Delay | T\opLy2a 10 0.780 1.00 1.25 s No local alarm,

with Temporal Horn from 1O active to alarm

Pattern

Remote Alarm Delay | T\opLy2s 10 380 572 785 ms No local alarm,

with Continuous Horn from 10 active to alarm

Pattern

10 Charge Tiobmp 10 1.23 1.31 1.39 s At conclusion of local

Dump Duration alarm or test

10 Filter TioFILT 10 — — 313 ms Standby, no alarm

Hush Timer Operation

Hush Timer Period T1PER — 8.0 8.6 9.1 Min No alarm

Low Battery TTPERLB — 7.73 8.22 8.71 Hours |No alarm

Hush Timer Period

EOL

End-of-Life TeoL — 314 334 354 Hours | EOL enabled, standby

Age Sample

Detection

IRED On Time TirON IRED — 100 — Us Prog Bits 32,33 = 1,1
IRED — 200 — us Prog Bits 32,33 = 0,1
IRED — 300 — us Prog Bits 32,33 = 1,0
IRED — 400 — us Prog Bits 32,33 = 0,0

Note 1: See timing diagram for Horn Pattern (Figure 5-2).
2: TpgLk and Tgon are 100% production tested. All other AC parameters are verified by functional testing.

3: Typical values are for design information only.

4: Limits over the specified temperature range are not production tested and are based on characterization

data.

TEMPERATURE SPECIFICATIONS

Electrical Characteristics.

Electrical Specifications: All limits specified for Vpp = 3V, Vggt = 4.2V and Vgg = 0V, except where noted in the

Parameter ‘ Sym. ‘ Min. | Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Operating Temperature Range Ta -10 — +60 °C
Storage Temperature Range Tste -55 — +125 °C
Thermal Package Resistances
Thermal Resistance, 16-Lead SOIC (150 mil.)| 6,5 | — [ 861 ]| — [ cw |

© 2013-2023 Microchip Technology Inc. and its subsidiaries
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RE46C191

2.0

PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1: PIN FUNCTION TABLE
RE46C191 | RE46C191 .
SOIC SSOP Symbol Function

1 1 Vss Connects to the negative supply voltage.

2 2 IRED Provides a regulated and programmable pulsed current for the infrared emitter
diode.

3 3 Vpp Connects to the positive supply or battery voltage.

4 4 TEST This input is used to invoke Test modes and the Timer mode. This input has an
internal pull-down.

5 6 TEST2 | Test input for Test and Programming modes. This input has an internal
pull-down.

6 8 IRP Connects to the anode of the photo diode.

7 10 IRN Connects to the cathode of the photo diode.

8 12 RLED An open-drain NMOS output used to drive a visible LED. This pin provides
load current for the low battery test and is a visual indicator for Alarm and Hush
modes.

9 13 GLED | An open-drain NMOS output used to drive a visible LED to provide visual
indication of an Alarm Memory condition.

10 14 FEED Usually connected to the feedback electrode through a current limiting resistor.
If not used, this pin must be connected to Vpp or Vgs.

11 15 IRCAP | Used to charge and monitor the IRED capacitor.

12 16 10 This bidirectional pin provides the capability to interconnect many detectors in
a single system. This pin has an internal pull-down device and a charge dump
device.

13 17 HB This pin is connected to the metal electrode of a piezoelectric transducer.

14 18 HS This pin is a complementary output to HB. It is connected to the ceramic
electrode of the piezoelectric transducer.

15 19 VasT Boosted voltage produced by DC-DC converter.

16 20 LX An open-drain NMOS output used to drive the boost converter inductor. The
inductor must be connected from this pin to the positive supply through a
low-resistance path.

— 57,9, 1 NC Not connected.

DS20005225H-page 10
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RE46C191

3.0 DETAILED DESCRIPTION

3.1 Standby Internal Timing

The internal oscillator is trimmed to +6% tolerance. Once
every ten seconds, the boost converter is powered up,
the IRCAP is charged from Vggt and the detection
circuitry is active for 3 ms. Prior to completion of the
3ms period, the IRED pulse is active for a
user-programmable duration of 100-400 ys. During this
IRED pulse, the photo diode current is integrated and
then digitized. The result is compared to a limit value
stored in EEPROM during calibration to determine the
photo chamber status. If a Smoke condition is present,
the period to the next detection decreases and
additional checks are made.

3.2 Smoke Detection Circuitry

The digitized photo amplifier integrator output is
compared to the stored limit value at the conclusion of
the IRED pulse period. The IRED drive is all internal,
and both the period and current are user
programmable. Three consecutive smoke detections
cause the device to go into Alarm mode, and activate
the horn and interconnect circuits. In Alarm mode, the
horn is driven at the high boost voltage level, which is
regulated based on an internal voltage reference, and
results in consistent audibility over battery life. RLED
turns on for 10 ms at a 2 Hz rate. In Local Alarm mode,
the integration limit is internally decreased to provide
alarm hysteresis. The integrator has three separate
gain settings:

* Normal and Hysteresis

» Reduced Sensitivity (Hush)

» High Gain for Chamber Test and PTT

There are four separate sets of alarm limits, which are
all user programmable:

* Normal Detection

» Hysteresis

* Hush

* Chamber Test and PTT Modes

In addition, there are user-selectable integrator gain
settings to optimize detection levels (see Table 4-1).

3.3 Supervisory Tests

Once every 86 seconds, the status of the battery
voltage is checked by enabling the boost converter for
10 ms and comparing a fraction of the Vpp voltage to
an internal reference. In each period of 344 seconds,
the battery voltage is checked four times. Three checks
are unloaded and one check is performed with the
RLED enabled, which provides a battery load. The
High Boost mode is active only for the loaded low
battery test. If the low battery test fails, the horn pulses
on for 10 ms every 43 seconds and continues to pulse
until the failing condition passes.

As an option, a Low Battery Silence mode can be
invoked. If a Low Battery condition exists and the TEST
input is driven high, the RLED turns on. If the TEST
input is held for more than 0.5 seconds, the unit enters
the PTT operation described in Section 3.4
“Push-to-Test Operation (PTT)”. After the TEST
input is driven low, the unit enters the Low Battery Hush
mode and the 10 ms horn pulse is silenced for eight
hours. The activation of the test button also initiates the
nine-minute Reduced Sensitivity mode described in
Section 3.6 “Reduced Sensitivity Mode”. After eight
hours, the audible indication resumes if the Low Battery
condition still exists.

Once every 43 seconds, the chamber test is activated
and the High Gain mode with chamber test limits is
internally selected. The chamber is checked by
amplifying background reflections. The Low Boost
mode is used for the chamber test.

If two consecutive chamber tests fail, the horn pulses
on for 10 ms three times, with the pulses separated by
330 ms every 43 seconds. The horn continues to pulse
until the failing condition passes.

Each of the two supervisory test audible indicators is
separated by approximately 20 seconds.

3.4 Push-to-Test Operation (PTT)

When the TEST input pin is activated (V|y), the smoke
detection rate increases to once every 250 ms after
one internal clock cycle. In PTT, the photo amplifier
High Gain mode is selected and background reflections
are used to simulate a Smoke condition. After the
required three consecutive detections, the device goes
into a Local Alarm condition. When the TEST input is
driven low (V| ), the photo amplifier normal gain is
selected after one clock cycle. The detection rate
continues at once every 250 ms until three consecutive
No Smoke conditions are detected. At this point, the
device returns to standby timing. In addition, after the
TEST input goes low, the device enters the Hush mode
(see Section 3.6 “Reduced Sensitivity Mode”).

© 2013-2023 Microchip Technology Inc. and its subsidiaries
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RE46C191

3.5 Interconnect Operation

The bidirectional 10 pin allows the interconnection of
multiple detectors. In a Local Alarm condition, this pin
is driven high (High Boost) immediately through a
constant-current source. Shorting this output to ground
does not cause excessive current. The IO is ignored as
input during a Local Alarm.

The 10 pin also has a NMOS discharge device that is
active for 1.3 seconds after the conclusion of any type
of Local Alarm. This device helps quickly discharge any
capacitance associated with the interconnect line.

If a remote, active-high signal is detected, the device
goes into Remote Alarm and the horn becomes active.
RLED is off, indicating a Remote Alarm condition.
Internal protection circuitry allows the signaling unit to
have a higher supply voltage than the signaled unit,
without excessive current draw.

The interconnect input has a 336 ms nominal digital
filter. This allows the interconnection to other types of
alarms (carbon monoxide, for example) that may have
a pulsed interconnect signal.

3.6 Reduced Sensitivity Mode

A Reduced Sensitivity or Hush mode is initiated by
activating the TEST input (V|y). If the TEST input is
activated during a Local Alarm, the unit is immediately
reset out of the Alarm condition and the horn is
silenced. When the TEST input is deactivated (V). ), the
device enters into a nine-minute nominal Hush mode.
During this period, the hush integration limit is selected.
The hush gain is user programmable. In Reduced
Sensitivity mode, the RLED flashes for 10 ms every
10 seconds to indicate that the mode is active. As an
option, Hush mode is canceled if any of the following
conditions exist:

* Reduced sensitivity threshold is exceeded
(high smoke level)

« An interconnect alarm occurs
* TEST input is activated again

3.7 Local Alarm Memory

An alarm memory feature allows easy identification of
any unit that had previously been in a Local Alarm
condition. If a detector has entered a Local Alarm
condition, the alarm memory latch is set when it exits
that Local Alarm. Initially, the GLED can be used to
visually identify any unit that had previously been in a
Local Alarm condition. The GLED flashes three times,
spaced 1.3 seconds apart. This pattern repeats every
43 seconds. The duration of the Flash is 10 ms. To
preserve battery power, this visual indication stops
after a period of 24 hours. The user is still able to
identify a unit with an active alarm memory by pressing
the PTT button. When this button is active, the horn
chirps for 10 ms every 250 ms.

If the Alarm Memory condition is set, the alarm memory
latch is reset any time the PTT button is pressed and
released.

The initial 24-hour visual indication is not displayed if a
Low Battery condition exists.

3.8 End-of-Life Indicator

As an option, after 14 days of continuous operation, the
device reads a stored age count from the EEPROM
and increment this count. After ten years of powered
operation, an audible warning occurs, indicating that
the unit must be replaced. This indicator is similar to the
chamber test failure warning in that the horn pulses on
three times for 10 ms, separated by 330 ms every
43 seconds. This indicator is separated from the low
battery indicator by approximately 20 seconds.

3.9 Photo Chamber Long-Term Drift
(LTD) Adjustment

As an option, the design includes an LTD adjustment
for the photo chamber. If the LTD adjustment is
selected during calibration, a normal no smoke
baseline integration measurement is made using Test
mode T8 and this value is stored in EEPROM. During
normal operation, a new baseline value is calculated by
making 64 integration measurements over a period of
eight hours. These measurements are averaged and
the result is used to calculate the LTD adjustment.

The LTD adjustment is scaled for the operating mode
and added to all four alarm limits stored in EEPROM
during calibration. It is calculated by subtracting the
original baseline from the averaged LTD value. The
new alarm limits are not stored in EEPROM. The alarm
limits cannot be adjusted to a value greater than
1.5 times the original alarm limit value stored in
EEPROM.

LTD sampling is suspended during a Hush, Local
Alarm or Remote Alarm condition. Any LTD values
being saved for a new LTD average calculation are
discarded when LTD sampling is suspended. The LTD
sampling is restarted after the Hush, Local Alarm or
Remote Alarm condition has ended.

DS20005225H-page 12
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40 USER PROGRAMMING MODES

User Programming modes provide the means to
configure the RE46C191 for a particular application.

Parametric programming allows the photo amp gain
and integration time to be adjusted for the particular
application, along with the IRED current. Table 4-1 lists
the parametric characteristics that can be selected for

the application.

TABLE 4-1:  PARAMETRIC PROGRAMMING("-23)

Parametric Programming Range Resolution

IRED Period 100-400 ps 100 us

IRED Current Sink 50-200 mA 50 mA

Low Battery Detection Voltage 2.1-2.8V 100 mV

Photo Detection Limits Typical Maximum Input Current (nA)

100 ps 200 ps 300 ps 400 ps

Normal/Hysteresis GF =1 58 29 19.4 14.5
GF=2 29 14.5 9.6 7.2
GF=3 14.5 7.2 48 3.6
GF=4 7.2 3.6 24 1.8

Hush GF =1 116 58 38.8 29
GF=2 58 29 194 14.5
GF=3 29 14.5 9.6 7.2
GF=4 14.5 7.2 4.8 3.6

Chamber Test GF =1 29 14.5 9.6 7.2
GF=2 14.5 7.2 4.8 3.6
GF=3 7.2 3.6 24 1.8
GF =4 3.6 1.8 1.2 0.9

Note 1: GF is the user-selectable photo integration Gain Factor. Once selected, it applies to all modes of
operation. For example, if GF = 1 and integration time is selected to be 100 us, the ranges are as follows:
Normal/Hysteresis = 58 nA, Hush = 116 nA and Chamber Test = 29 nA.

2: Nominal measurement resolution in each case is 1/63 of the maximum input range.
3: The same current resolution and ranges apply to the limits.

© 2013-2023 Microchip Technology Inc. and its subsidiaries
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Features programming allows a number of device
performance options to be selected or enabled. These

features are listed in Table 4-2.

In addition to

programming the RE46C191, the User Programming
modes provide the means to calibrate and test the

RE46C191 in its various operating modes.

TABLE 4-2: FEATURES PROGRAMMING

Features Options
Tone Select Continuous or NFPA Tone
Ten-Year End-of-Life Indicator Enable/Disable
Photo Chamber LTD Adjustment Enable/Disable
Low Battery Hush Enable/Disable

Hush Options

Option 1: Hush mode is not canceled for any reason. If the test button is
pushed during Hush, the unit reverts to normal sensitivity to test the
unit, but when it comes out of test, it resumes in Hush where it left off.

Option 2: The Hush mode is canceled if the reduced sensitivity
threshold is exceeded (high smoke level) and if an external
interconnect alarm is signaled. If the test button is pushed during Hush
after the test is executed, Hush mode is terminated.

DS20005225H-page 14
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4.1

Thirteen separate Programming and Test modes are
available for user customization. To enter these modes,
after power-up, TEST2 must be driven to Vpp and held
at that level. The TEST input is then clocked to step
through the modes. FEED and 10 are reconfigured to
become Test mode inputs, while RLED, GLED and HB
become Test mode outputs. The Test mode functions
for each pin are outlined in Table 4-3.

Calibration and Programming Procedures

When TEST2 is held at Vpp, TEST becomes a tri-state
input with nominal input levels at Vgg, Vpp and Vggt. A
TEST clock occurs whenever the TEST input switches
from Vgg to Vggt. The TEST Data column represents
the state of TEST when used as a data input, which is
either Vgg or Vpp. The TEST pin can therefore be used
as a clock to change modes and a data input once a
mode is set. Other pin functions are described in
Section 4.2 “User Selections”. Vggr is nominally 5V

and Vpp is nominally 3V as shown in Figure 4-1.

TABLE 4-3:  TEST MODE FUNCTIONS®
g Description ::-Fosc.ll; Li?: TEST2| FEED [o) RLED | GLED HB
ViH Vest| Voo | Vob | Vest Vop — — —
Vi Vss | Vss Vss Vss Vss — — —
TO |Horn Test 0 HornEn | Vpp FEED 10 RLED | GLED HB
T1 |Low Battery test 1 [NotUsed| Vpp FEED LBstrb RLEDen | GLEDen LBout
T2 |Photo Gain Factor (2 bits)| 2 |ProgData| Vpp |ProgCLK |ProgEn 14 bits| RLED | GLED HB
Integ. Time (2 bits) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
IRED Current (2 bits) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
Low Battery Trip (3 bits) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
LTD Enable (1 bit) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
Hush Option (1 bit) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
LB Hush Enable (1 bit) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
EOL Enable (1 bit) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
Tone Select (1 bit) 2 |ProgData| Vpp |ProgCLK|ProgEn 14 bits| RLED | GLED HB
T3 |Norm. Lim. Set (6 bits) 3 [NotUsed| Vpp | CalCLK IntLat(® Gamp | IntegOut Skaompm
T4 [Hyst. Lim. Set (6 bits) 4 |NotUsed| Vpp | CalCLK IntLat(®) Gamp | IntegOut | SmkComp!?
T5 |Hush Lim. Set (6 bits) 5 |NotUsed| Vpp | CalCLK IntLat(®) Gamp | IntegOut | SmkComp(?)
T6 |Ch. Test Lim. Set (6 bits) 6 |NotUsed| Vpp | CalCLK IntLat(®4) Gamp | IntegOut Skaompm
ProgEn 24 bits
T7 |Serial Read/Write ProgData| Vpp |ProgCLK ProgEn RLED | GLED | Serial Out
T8 [LTD Baseline (6 bits) 8 [NotUsed| Vpp | MeasEn ProgEn Gamp |IntegOut HB
T9 |Norm. Lim. Check 9 [NotUsed| Vpp | MeasEn Not Used Gamp |IntegOut| SCMP)
T10 |Hyst. Lim. Check 10 |[NotUsed| Vpp | MeasEn Not Used Gamp |IntegOut| SCMP(2)
T11 |Hush Lim. Check 11 |NotUsed| Vpp | MeasEn Not Used Gamp |IntegOut| SCMP(?)
T12 [Ch Test Lim. Check 12 [NotUsed| Vpp |MeasEn| NotUsed | Gamp |IntegOut| SCMP?)

Note 1:

SmkComp (HB) — digital comparator output (high if Gamp < IntegOut; low if Gamp > IntegOut).

2: SCMP (HB) — digital output representing comparison of measurement value and associated limit. Signal is
valid only after MeasEn has been asserted and measurement has been made.
(SCMP high if measured value > limit; low if measured value < limit).

3: IntLat (IO) — digital input used for two purposes. If FEED is at a high logic level, then a low-to-high
transition on IntLat initiates an integration cycle. If FEED is at a low logic level, then a low-to-high transition
on IntLat latches the present state of the limits (Gamp level) for later storage. T2-T5 limits are latched, but

not stored until ProgEn is asserted in T6 mode.

4: Atthe end of T6 mode, to store the limits, the 1O input must be pulsed twice consecutively with FEED held
low. The first pulse latches the data and the second stores them in EEPROM.

5: Test modes are only intended for product development and agency certification.

© 2013-2023 Microchip Technology Inc. and its subsidiaries
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4.2

User Selections

Prior to smoke calibration, the user must program the
functional options and parametric selections. This
requires that 14 bits, representing selected values, be
clocked in serially using TEST as a data input and
FEED as a clock input and then be stored in the internal
EEPROM.

RE46C191
/
_|_—|I Vss LX [1e}—
I oy
+V'I & IRED VBST 15 . V2
3V — 5V —
I E Voo HS E_ -
— [4]tesT HB [13] —
[5]TEST2 10 [12—
—8|IrP IRCAP[11] .
+
5V o=
‘ v 02 Ny ’ —17{IRN FEED [0} ™ =
b3 8|RLED GLED[9]
Smoke
Chamber

Monitor RLED,

GLED and HB

V4 V5 + V6 V7

FIGURE 4-1:

The detailed steps are as follows:

1.

Power up with bias conditions as shown in
Figure 4-1. At power-up,
TEST = TEST2 = FEED =10 = Vgg.

2. Drive TEST2 input from Vgg to Vpp and hold at
Vpp through Step 5 below.
3. Using TEST as data and FEED as clock, shift in
values as selected from Register 4-1.
Note:  For Test mode T2, only 14 bits (bits 30-43)

are loaded. For Test mode T8, all

44 bits (bits 0-43) are loaded.

The minimum pulse width for FEED is 10 us, while the
minimum pulse width for TEST is 100 ps. For example,
for the following options, the sequence is:

Nominal Application Circuit for Programming.

Data= 0 0 0 1 1 000100001
Bit = 3031323334 353637 383940414243
Photo Amp Gain Factor = 1

Integration Time = 200 ps
IRED Current = 100 mA
Low Battery Trip = 2.5V

LT

Hush Option

To
4.

D, Low Battery Hush and EOL are All Disabled
= Never Cancel

ne Select = Temporal

After shifting in data, pull 1O input to Vpp, then
Vgs (minimum pulse width of 10 ms) to store
Shift register contents into the memory.

If any changes are required, power down the
part and return to Step 1. All bit values must be
reentered.

DS20005225H-page 16
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REGISTER 4-1: CONFIGURATION SETTINGS AND CALIBRATION SETTINGS
w w w w
TS EOL LBH | HUSH
bit 43 bit 40
w W W W W W W w
LTD LB2 LB1 LBO IRC1 IRCO IT1 ITO
bit 39 bit 32
W w w w w w w W
PAGF1 PAGFO NL5 NL4 NL3 NL2 NL1 NLO
bit 31 bit 24
w W W W W W W w
HYL5 HYL4 HYL3 HYL2 HYL1 HYLO HUL5 HUL4
bit 23 bit 16
w W W W W W W w
HUL3 HUL2 HUL1 HULO CTL5 CTL4 CTL3 CTL2
bit 15 bit 8
W w w w w w w W
CTL1 CTLO LTD5 LTD4 LTD3 LTD2 LTD1 LTDO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 43

bit 42

bit 41

bit 40

bit 39

bit 38-36

TS: Tone Select

1 = Temporal horn pattern
0 = Continuous horn pattern

EOL.: End-of-Life Enable

1 = Enable
0 = Disable
LBH: Low Battery Hush Enable
1 = Enable
0 = Disable

HUSH: Hush Option

1 = Canceled for high smoke level, interconnect alarm or second push of TEST button (as described above)
0 = Never cancel

LTD: Long-Term Drift Enable

1 = Enable
0 = Disable

LB[2:0]: Low Battery Trip Point

000 =21V
001 =22V
010 =23V
011 =24V
100 =2.5V
101 =2.6V
110=2.7V
111 =28V

© 2013-2023 Microchip Technology Inc. and its subsidiaries
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REGISTER 4-1: CONFIGURATION SETTINGS AND CALIBRATION SETTINGS (CONTINUED)

bit 35-34

bit 33-32

bit 31-30

bit 29-24

bit 23-18

bit 17-12

bit 11-6

bit 5-0

IRC[1:0]: IRED Current

00 =50 mA

01 =100 mA

10 =150 mA

11 =200 mA

IT[1:0]: Integration Time

00 =400 us

01 =300 ps

10 =200 us

11 =100 us

PAGF[1:0]: Photo Amplifier Gain Factor
00=1

01=2

10=3

11=4

NL[5:0]: Normal Limits (Section 3.2 “Smoke Detection Circuitry”)

000000=0
000001 =1

111110 =62
111111 =63

HYL[5:0]: Hysteresis Limits (Section 3.2 “Smoke Detection Circuitry”)

000000=0
000001 =1

111110 =62
111111 =63

HUL[5:0]: Hush Limits (Section 3.6 “Reduced Sensitivity Mode”)

000000=0
000001 =1

111110 =62
111111 =63

CTL[5:0]: Chamber Test Limits (Section 3.3 “Supervisory Tests”)

000000=0
000001 =1

111110 =62
111111 =63

LTD[5:0]: Long-Term Drift Sample (Section 3.9 “Photo Chamber Long-Term Drift (LTD) Adjustment”)

000000=0
000001 =1

111110 =62
111111 =63

DS20005225H-page 18 © 2013-2023 Microchip Technology Inc. and its subsidiaries
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Mode T2 — User Selections

Voo
TEST2

Vss ——
—{}—
Min Tsetup2 =2 ps
Vast

TEST .
bitd2 | bitd3

Min PW3 = 100 s

Vast
FEED
Vss
Min Tsetup1 = 1 us Min Thold1 =1 us Min PW1 =10 ps Min T1 =20 ps Min Td1 =2 ps
Voo

. i

Vss
Vasr E‘sz = 1?@
HB
Vss
FIGURE 4-2: Timing Diagram for Mode T2.
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As an alternative to Figure 4-1, Figure 4-3 can be used
to program while in the application circuit. Note that in
addition to the five programming supplies, connections
to Vgg are needed at TP1 and TP2.

R1 T Voo Monitor RLED,
GLED and HB
Vi —'\VVV L1
= 100 l 10 pH
— L C1 Vest
v |” 10 pF Push To RE46C191 @)
co Test/Hush v o1
1 pF
sty v Lx [ —Df v
—[Z|RED  Vewr [ T
4@ Vob HS E R4 C5| R3 -
- c4
[2]TEST HB 73] 1,507 1 nF| 200 =
SMOKE 47 uF
CHAMBER| | —[E|TEST2 io[2 — =
_I —
D2\~ v — 1
N —6|IRP IRCAP[11]
N D3
[7IrN FEED [0}
[8]rRLED GLED[9}-¢
) L
FIGURE 4-3: Circuit for Programming in the Typical Application.
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4.3 Smoke Calibration

A separate Calibration mode is entered for each
Measurement mode (Normal, Hysteresis, Hush and
Chamber Test), so that independent limits can be set
for each. In all Calibration modes, the integrator output
can be accessed at the GLED output.

The Gamp output voltage, which represents the smoke
detection level, can be accessed at the RLED output.
The SmkComp output voltage is the result of the
comparison of Gamp with the integrator output and can
be accessed at HB. The FEED input can be clocked to
step up the smoke detection level at RLED. Once the
desired smoke threshold is reached, the TEST input is
pulsed low-to-high to store the result.

The procedure is described in the following steps:

1. Power up with the bias conditions shown in
Figure 4-1.

2. Drive TEST2 input from Vgg to Vpp to enter
Programming mode. TEST2 remains at Vpp
through Step 8 described below.

3. Apply three clock pulses to the TEST input to
enter T3 mode. This initiates the Calibration
mode for normal limits setting. The integrator
output appears at GLED and the smoke detec-
tion level at RLED.

At this point, clock FEED to increase the smoke
detection level as needed. Pulling 10 high with
FEED at a high logic level initiates an
integration. The integrator output signal appears
at GLED. The sequence of incrementing the
limit, performing an integration and monitoring
the HB output for the resulting comparison, can
be repeated until the desired threshold is
reached. Once the desired smoke threshold is
reached, with FEED held low, the 10 input must
be pulsed low-to-high to latch the smoke
detection level.

Apply a fourth clock pulse to the TEST input to
enter T4 mode. This initiates the Calibration
mode for hysteresis limits. The sequence in
Step 4 must be repeated to set the hysteresis
limit.

Apply a clock pulse to the TEST input again to
enter T5 mode and initiate calibration for hush
limits. Repeat Step 4 to set the hush limit.
Apply clock pulse to the TEST input a sixth time
to enter T6 mode and initiate calibration for
chamber test limits. Repeat Step 4 to set the
chamber test limit.

After pulsing the 10 input to latch the chamber
test limit, the IO must be pulsed low-to-high a
second time to store the limits in memory.

Mode T3 - T6 - Limits Setting

Voo
TEST2
A2

ss 4»‘ ‘_7
Min Tsetup2 = 2 ps

Vest
TEST
Vs:

Lk

Min PW3 =100 ps

Voo
10
Vss

Min PW4 =2 ms

Vest
FEED
Vss
e — L
Min Td2 = 10 ps Min PW1 = 10 ps in T1 =20 ps

reJre Jresre Jre s Ut b

Min PW2 = l(} ms

GLED M
LI

N

IRED

Vest
HB
Vss

RLED W

FIGURE 4-4:

Timing Diagram for Modes T3 to T6 Limits Setting.
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4.4 Serial Read/Write

As an alternative to the steps in Section 4.3 “Smoke
Calibration”, if the system has been well
characterized, the limits and baseline can be entered
directly from a Serial Read/Write Calibration mode.

To enter this mode, follow these steps:

1. Set up the application as shown in Figure 4-1.

2. Drive TEST2 input from Vgg to Vpp to enter the
Programming mode. TEST2 remains at Vpp
until all data have been entered.

3. Clock the TEST input to mode T7 (High = Vggr,
Low = Vgg, seven clocks). This enables the
Serial Read/Write mode.

TEST now acts as a data input (High = Vpp,
Low =Vgg). FEED acts as the clock input
(High = Vggr, Low = Vgg). Clock in the limits,
LTD baseline, functional and parametric options.
The data sequence follows the pattern
described in Register 4-1. A serial data output is
available at HB.

Pulse 10 to store all 44 bits into the EEPROM
memory.

Mode T7 — Serial Read Write

Voo
TEST2
V.

ss
— k=

Min Tsetup2 = 2 us

Min PW3 = 100 us Min T2 = 120 ps

FEED

Vest
b 00,6060, E0 60,60 Ch 0 O U v o oo
bitd1 | bit42
Vo — — — - = — = —T IS

ffffff B 1

ol A A ] R —k—

Min Tsetup1 = 1 ps Min Thold1 =1 s Min PW1 =10 ps

Min T1 =20 ps Min Td1 =2 ps

[ ]

Min PW2 =10 ms

bit0

FIGURE 4-5:

Timing Diagram for Mode T7.
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The RE46C191 is shipped with the programming values
shown in Table 4-4. These are not recommended values
for a smoke detector design. The smoke detector must
be calibrated using the Test modes provided.

TABLE 4-4: REGISTER 4-1 PROGRAMMING VALUES

Bit Value 0 0 0 0
Bit Name TS EOL LBH HUSH
Bit Count bit 43 bit 40
Bit Value 0 1 1 0 0 1 1 0
Bit Name LTD LB2 LB1 LBO IRC1 IRCO IT1 ITO
Bit Count bit 39 bit 32
Bit Value 0 1 0 1 0 0 0 0
Bit Name PAGF1 PAGFO NL5 NL4 NL3 NL2 NL1 NLO
Bit Count bit 31 bit 24
Bit Value 0 1 0 0 0 0 0 0
Bit Name HYL5 HYL4 HYL3 HYL2 HYL1 HYLO HUL5 HUL4
Bit Count bit 23 bit 16
Bit Value 1 0 0 0 0 0 0 0
Bit Name HUL3 HUL2 HUL1 HULO CTL5 CTL4 CTL3 CTL2
Bit Count bit 15 bit 8
Bit Value 1 0 1 1 0 0 0 1
Bit Name CTLA1 CTLO LTD5 LTD4 LTD3 LTD2 LTD1 LTDO
Bit Count bit 7 bit 0

© 2013-2023 Microchip Technology Inc. and its subsidiaries DS20005225H-page 23



RE46C191

4.5 LTD Baseline Measurement

If the LTD adjustment is enabled, an LTD baseline must To complete the LTD baseline measurement, follow
be set. If an accurate value is known based on previous these steps:
chamber characterization, it can be loaded above in T7 1. Set up the application as shown in Figure 4-1.

with the serial data. If not, zeros can be entered as

placeholders in T7 and an LTD baseline measurement . :

must be made. To do this, the unit must be connected Programming mode. TEST2 must remain at Vpp

to its smoke chamber and placed in a No Smoke until the measurement is completed.

condition. 3. Apply eight clock pulses (Vgg to Vggr) to the
TEST input to enter T8 mode. This initiates the
LTD baseline measurement.

4. Pulse FEED from Vgg to Vggt to make the
baseline measurement. The duration of this
pulse is at least 2 ms.

5. To save the LTD baseline measurement to
EEPROM, pulse 10 from Vgg to Vpp with FEED
held low. The duration of this pulse is at least
10 ms.

2. Drive the TESTZ2 input from Vgg to Vpp to enter

Mode T8 — Long-Term Drift Baseline Measurement

Voo
TEST2
Vss

—»‘ F—Min Tsetup2 =2 us

= JTTUrrrl

VBST
VDD
FEED
Vss -
— [—
Min PW5 =2 ms
GLED /
Vss

Vest \—‘

RLED ﬂ

o L
Vss
~—

Min PW2 =10 ms

FIGURE 4-6: Timing Diagram for Mode T8.
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4.6 Limits Verification

After all limits and the LTD baseline are entered and
stored into the memory, additional Test modes are
available to verify if the limits are functioning as
expected.

The procedure is described in the following steps:

1. Power up with the bias conditions shown in
Figure 4-1.

2. Drive the TESTZ2 input from Vgg to Vpp to enter
the Programming mode. TEST2 remains at Vpp
through Step 7 described below.

3. Apply nine clock pulses to the TEST input to
enter T9 mode. This initiates the Verification
mode for normal limits setting. The integrator
output appears at GLED and the smoke
detection level, Gamp, at RLED.

4. At this point, pulse FEED high for at least 2 ms
to initiate a smoke check. When the smoke
detection level exceeds the alarm threshold, the
HB output is asserted high. The test is repeated
each time FEED is clocked high.

5. Apply a clock pulse to the TEST input to enter
T10 mode. This initiates the Verification mode
for hysteresis limits. The sequence in Step 4
must be repeated to verify the hysteresis limit.

6. Apply a clock pulse to the TEST input again to
enter T11 mode and initiate verification for hush
limits. Repeat Step 4 to verify the hush limit.

7. Apply a clock pulse to the TEST input again to
enter T12 mode and initiate verification for
chamber test limits. Repeat Step 4 to verify the
chamber test limit.

Mode T9 — T12 - Limits Verification

\

DD
TEST2
Vss

Min TsetupZ 2ps

Mln PW3 100 us M|nT2 12 us

L]

Min TdL 10 s

[«—

Min PW5 =2 ms

A

FIGURE 4-7:

The equation for digitizing the integrator voltage, VNt
that displays on GLED is shown in Equation 4-1, where
DV represents the digitized value and V |yt is measured
in volts.

Timing Diagram for Mode T9-T12.

EQUATION 4-1:

Viyp—0.20

DV = Integer( 0.0375
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4.7 Horn Test

Test mode TO allows the horn to be enabled indefinitely
for audibility testing. TEST must go high to Vpp first,
then TEST2. Enabling the horn indefinitely allows Vggt
to reach the high VggT level and the horn to achieve the
necessary sound pressure level.

Mode TO — Horn Function

V

DD
TEST2

VSS

— |—

Min Tsetup2 =2 ps

VDD

TEST |

Vss Horn Enabled

FIGURE 4-8: Timing Diagram for Mode TO.

4.8 Low Battery Test

This mode allows the user to enable the internal low
battery circuitry to perform a low battery test. To
implement this test, the 5V power supply needs to be
diode-connected to Vggt and IRCAP. This allows the
boost converter to turn on properly as described in
Step 4.

To enter the low battery test mode, follow these steps:

1. Power up with the bias conditions shown in
Figure 4-1.

2. Drive the TESTZ2 input from Vgg to Vpp to enter
the Programming mode. TEST2 remains at Vpp
through the following steps.

3. Apply one clock pulse to the TEST input to enter
the T1 mode.

4. Drive the 10 input from Vgg to Vpp. This enables
the boost converter and turn on the RLED driver.

5. Monitor the HB output for the low battery
comparator status.

Mode T1 - Low Battery Test
Voo
TEST2
Vss
Min Tsetup2 = 2 ps
VBST
TEST
Vss
Min PW3 =100 ps
VDD
10
Vss ‘
Low Battery Check Enabled
VBST
HB
Vss Low Battery
Failure
FIGURE 4-9: Timing Diagram for Mode T1.
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5.0 APPLICATION INFORMATION

5.1 Standby Current Calculation and
Battery Life

Table 5-1 shows a calculation of standby current for the
battery life based on the following parameters:

The supply current shown in the DC Electrical Vear =3
Characteristics table is only one component of the VBsT1 = 36
average standby current. In most cases, the supply VesT2 = 9
current can be a small fraction of the total because Boost Capacitor Size = 4.70E-06
power consumption generally occurs in relatively Boost Efficiency = 8.50E-01
infrequent bursts and depends on many external ) _ )
factors. These include the values selected for IRED IRED On Time : 2.000E-04
current and integration time, the Vggt and IR capacitor IRED Current = 1.000E-01
sizes and leakages, the Vgt level and the magnitude
of any external resistances that adversely affect boost
converter efficiency.
TABLE 5-1: STANDBY CURRENT CALCULATION
. . Average IgaT
Ipp Component Voltage | Current | Duration | Energy | Period Power | Contribution IgaT
v) (A) (s) ) (s) W A (HA)
(W) (A)
Fixed Ipp 3 1.00E-06 — — — 3.00E-06 1.00E-06 1.0
Photo Detection Current
Chamber Test 3.6 1.00E-03 | 3.0E-03 | 1.08E-05 43 2.95E-07 9.85E-08 0.1
(excluding IR drive)
IR Drive during 3.6 0.10 2.00E-04 | 7.20E-05 43 1.97E-06 6.57E-07 0.7
Chamber Test
Smoke Detection 3.6 1.00E-03 | 3.0E-03 | 1.08E-05| 10.75 1.18E-06 3.94E-07 0.4
(excluding IR drive)
IR Drive during 3.6 0.10 2.00E-04 | 7.20E-05 | 10.75 | 7.88E-06 2.63E-06 2.6
Smoke Detection
Low Battery Check Current
Loaded Test
Load 9 2.00E-02 | 1.00E-02 | 1.80E-03 344 6.16E-06 2.05E-06 21
Boost VBsT1 — — 6.85E-05 344 2.34E-07 7.81E-08 0.1
to Vesto
Unloaded Test
Load 3.6 1.00E-04 | 1.00E-02 | 3.60E-06 43 9.85E-08 3.28E-08 0.0
Total| 6.94E-06 6.9

The following paragraphs explain the components in
Table 5-1 and the calculations in the example.

5.1.1 FIXED Ipp

The Ipp is the Supply Current shown in the DC
Electrical Characteristics table.

5.1.2 PHOTO DETECTION CURRENT

Photo detection current is the current drawn due to the
smoke testing every 10.75 seconds and the chamber
test every 43 seconds. The current for both the IR
diode and the internal measurement circuitry comes
primarily from VggT, so the average current must be
scaled for both on time and boost voltage.

The contribution to Igar is determined by first
calculating the energy consumed by each component
given its duration. An average power is then calculated
based on the period of the event and the boost
converter efficiency (assumed to be 85% in this case).
An |Igat contribution is then calculated based on this
average power and the given Vgar. For example, the IR
drive contribution during a chamber test is detailed in
Equation 5-1:

EQUATION 5-1:

3.6V x0.14 x200us
43s x0.85 x3V

= 0.657uA

© 2013-2023 Microchip Technology Inc. and its subsidiaries

DS20005225H-page 27



RE46C191

5.1.3 LOW BATTERY CHECK CURRENT

The low battery check current is the current required for
the low battery test. It includes both the loaded (RLED
on) and unloaded (RLED off) tests. The boost
component of the loaded test represents the cost of
charging the boost capacitor to the higher voltage level.
This has a fixed cost for every loaded check because
the capacitor is gradually discharged during
subsequent operations and the energy is generally not
recovered. The other calculations are similar to those
shown in Equation 5-1. The unloaded test has a
minimal contribution because it involves only some
internal reference and comparator circuitry.

5.1.4 BATTERY LIFE

When estimating the battery life, several additional
factors must be considered. These include battery
resistance, battery self-discharge rate, capacitor
leakages and the effect of the operating temperature
on all of these characteristics. Some number of false
alarms and user tests must also be included in any
calculation.

For 10-year applications, a 3V spiral wound lithium
manganese dioxide battery with a laser seal is recom-
mended. These can be found with capacities of 1400 to
1600 mAh.

51.5 FUNCTIONAL TIMING DIAGRAMS
Standby, No Alarm (not to Scale)
IRED 1T 1T 1uwr +— 1TUrr 1 17 1711 I 1ror 1 1 rwr
Chamber Test " " " " "
(Intemal Signal)
e —
Low Battery Test " “ ,,,,,,, " "
(Intemnal signal)
F 4
i
RLED I I
i T 1
LTD Sample 1 [
I Tiro I
EOL Nl 0
Low Supply Test Failure
Low Battery Test ﬂ “ ,,,,,, “ "
(Intemnal signal)
RLED I |
~f-
HORN 1 | | I I
b Tooern —|
Chamber Test Failure
Chamber Test " " “ J
(Internal Signal)
i
HORN ﬂqﬂ L L 01
ML
FIGURE 5-1: RE46C191 Timing Diagram — Standby, No Alarm, Low Supply Test Failure and

Chamber Test Failure.
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Local Alarm with Temporal Horn Pattern (not to Scale)
No Alarm ———je————— 1L ocal Alarm
Tiron
IRED [ | | | I |
: f—— Tocrr —
~I-
RLED [ [ [ [ [ [ [ [ [ [ [
|
f—Tionen —h— Trorzn —] f Trorsn |
HORN | ] | |
TiooLys
10 as Output |
Local Alarm with International Horn Pattern (not to Scale)
No Alam ———s}e——— Local Alarm
Tiron
-
IRED | I I
k Teere {
Tow
~i-
RLED I I I
k Toueozs |
Tionzs Tiorzs
HORN | L | L L | L | L
Tooun
10 as Output |
Interconnect as Input with Temporal Horn pattern (not to Scale)
Tiorur
10 as Input
_ 1 L1
Je—Tiootn —|
HORN
Interconnect as Input with International Horn Pattern (not to Scale)
TiorLT
10 as Input
_ L1
f— Toorve—{
FIGURE 5-2: RE46C191 Timing Diagram — Local Alarm with Temporal Horn Pattern, Local Alarm

with International Horn Pattern, Interconnect as Input with Temporal Horn Pattern and Interconnect as
Input with International Horn Pattern.
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Alarm Memory (not to Scale)

Alarm Memory

Alarm, No Low Battery Alarm Memory; No Alarm; No Low Battery Alarm Memory After 24 Hour Timer Indication

ReED  [ITNTULURLTTI | | | | | |

—-||<— —u| |~— I-— Toieor ——| l'_TpLEm_'I
GLED T
AR
ont I‘iLEDTPLEm X
IL' Tiaep —'|

THON4

ke LTI LA
|l

THPER4

TEST |. ,,,,,,,,,,,,,,

Hush Timer (not to Scale)

Alarm, No Low Battery Timer Mode; No Alarm; No Low Battery Standby, No Alarm
RLED  [IIITUUULLLLLT | | | | | |
_’II‘_ _.I |._ I'_ Teiens _’l |'_ TPLEDw_'I
Tont Thien2
If Trer —.l

He [T

TEST N

FIGURE 5-3: RE46C191 Timing Diagram — Alarm Memory and Hush Timer.
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

16-Lead Narrow SOIC (3.90 mm)

INIRINININININ]

XXXXXXXXXXXXX
XXXXXXXXXXXXX

O & YYWWNNN

IRINIRIRIRIRIE

20-Lead SSOP (5.30 mm)

UL

XXXXXXXXXXX
XXXXXXXXXXX

R\ YYWWNNN

O

Example

INInIniNInininl

RE46C191
V/SLes
O &\ 2051256

IRINIRININIRIN

Example

UL

RE46C191
VISSes
R\ 2051256

O

JUUuunuy JUIUnumot

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator @
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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16-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

2X
M\ Jo.10[c[AB|

1 {7 — T E
L0
7.0
SEEEE /] |
=2 U0 UL U U U e
—I [ -
16X b
- [$lozs@[c[A8]D]
TOP VIEW
A=
* * //10.10|C
A A2 él: j i
SEATING - - - - B B -
PLANE o SIDE VIEW [™Jo.10]C] A<J

VIEW A-A

Microchip Technology Drawing C04-108-SL Rev D Sheet 1 of 2
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16-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

—~— 02

% .
AC\

Lo J| [T.7

SEATING

PLANE L
—— (L1) |
DETAIL B
Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Number of Terminals N 16
Pitch e 1.27 BSC
Overall Height A - - 1.75
Standoff § A1 1.25 - -
Molded Package Thickness A2 0.10 - 0.25
Overall Length D 9.90 BSC
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Terminal Width b 0.31 - 0.51
Terminal Thickness C 0.10 - 0.25
Corner Chamfer h 0.25 - 0.50
Terminal Length L 0.40 - 1.27
Footprint L1 1.04 REF
Lead Bend Radius R1 0.07 - -
Lead Bend Radius R2 0.07 - -
Foot Angle 0 0° - 8°
Mold Draft Angle 01 0° - 15°
Lead Angle 02 0° - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

5. Datums A & B to be determined at Datum H.
Microchip Technology Drawing C04-108-SL Rev D Sheet 2 of 2
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16-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

R

= LTI

/ SILK SCREEN

SR RRRRER

-

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width (X16) X 0.60
Contact Pad Length (X16) Y 1.50
Contact Pad to Center Pad (X16) G 3.90
Contact Pad to Contact Pad (X14) | G1 0.67

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2108-SL Rev D
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20-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging
!

ﬁﬂﬂﬂﬂ}ﬂﬂﬂﬂﬂ
s —

|
G~ |~ [$[o15@][c[A]e]
TOP VIEW
¢ o

— A1

— fz_luﬂumuﬂuﬂuﬂuﬂmjﬂmjﬂ\ )

PLANE ? 20X ,J
(D fo10]c] A
SIDE VIEW

=]
S

\

: BN

(L1)

VIEW A-A

Microchip Technology Drawing C04-072 Rev C Sheet 1 of 2
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20-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits| MIN | NOM | MAX
Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 6.90 7.20 7.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness C 0.09 - 0.25
Foot Angle % 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.20mm per side.

3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-072 Rev C Sheet 2 of 2
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20-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

"

sl

SILK SCREEN

—UNDANGNER

T
[ —— X1

—IEl~—

RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.00
Contact Pad Width (X20) X1 0.45
Contact Pad Length (X20) Y1 1.85
Contact Pad to Center Pad (X18) G1 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2072 Rev C
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APPENDIX A: REVISION HISTORY

Revision H (May 2023)

The following is the list of modifications:
» Updated Section “General Description”.
» Updated Section 6.0 “Packaging Information”.

» Updated Section “Product Identification
System”.

Revision G (February 2021)

The following is the list of modifications:

1. Corrected Table 4-4.
2. Minor typographical errors.

Revision F (February 2021)

The following is the list of modifications:

1. Added 20-Lead SSOP package option and
related information throughout the document.

2. Updated Table 4-3.
3. Updated Section 4.7 “Horn Test”.

Revision E (October 2017)

The following is the list of modifications:
1. Removed “Confidential” from the document.

Revision D (December 2015)

The following is the list of modifications:

1. Updated Section4.1 “Calibration and
Programming Procedures”.

Updated Section 4.4 “Serial Read/Write”.
Added Table 4-4.

Updated Section 4.6 “Limits Verification”.
Added Equation 4-1.

o ke

Revision C (October 2014)

The following is the list of modifications:

1. Added LX Voltage specification in the Absolute
Maximum Ratingst section.

2. Updated Table 4-3.

3. Updated Section 4.7 “Horn Test”.

Revision B (January 2014)

The following is the list of modifications:

1. Updated the IRED on Time parameter condition
in the “AC Electrical Characteristics” section.

2. Updated Register 4-1.
3. Updated Section 4.7 “Horn Test”.

Revision A (November 2013)

» Original release of this document.
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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. X XX X X Examples:
T —l_ T T a) RE46C191S16F: 16-Lead SOIC package,
Device Package Number Tape and Reel Lead Lead Free
of Pins Option Free b) RE46C191S16TF:  16-Lead SOIC package,
Tape and Reel,
Lead Free
Device: RE46C191: CMOS Photoelectric Smoke Detector ASIC c) RE46C191SS20: 20-Lead SSOP package

d) RE46C191SS20T: 20-Lead SSOP package,
Tape and Reel

Package: SL = Plastic Small Outline — Narrow, 3.90 mm Body,
16-Lead (SOIC)
SS = Plastic Shrink Small Outline — 5.30 mm Body,

20-Lead (SSOP)

Number of Pins: 16 = 16-Lead
20 = 20-Lead
Tape and Reel T = Tape and Reel®
Option:
Lead Free: F = Lead Free packaging

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 Microchip for package availability with
the Tape and Reel option.
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at
https://www.microchip.com/en-us/support/design-help/cli-
ent-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions 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 unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.
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