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Datasheet

RAA239101
Photoelectric Smoke Detector AFE IC

The RAA239101 is a low-power Analog Front-End
(AFE) IC; combined with a microcontroller,
photoelectric emitter/detector(s), horn, and minimal
external components, it forms a complete smoke
detector.

The IC operates from a 3V to 5V or 9V battery and
has an LDO to provide power to a microcontroller.
The battery-check feature can be used to signal an
alarm when the battery is low.

The IC provides an SPI bus for a microcontroller
interface and a general-purpose 10.

The RAA239101 provides a driver that can switch
between two LEDs to pulse the smoke detection LED
emitters with a DAC adjustable current. Two
photodiode receiver channels with programmable

gain amplification using an ADC allow the detection of
smoke by sensing the LED light scattered off of smoke

in a detection chamber.

A piezoelectric horn driver is also included to provide

an audible alarm.
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Features

* Ultra-low current consumption

* 9V or 3V to 5V battery operation

» LDO for microcontroller supply

» 10-bit ADC for measuring voltage on 7 analog pins

« Drives two LED emitters with 8-bit current DAC
control from 45mA to 600mA

» Two photodiode receivers with programmable gain
amplifiers

» General purpose 10
* Horn driver with clamp diodes

* SPIl interface

Applications

* Photoelectric smoke detectors
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Figure 1. Typical System Diagram
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RAA239101 1. Overview
1. Overview
11 Block Diagram
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Figure 2. Block Diagram
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RAA239101 1. Overview

1.2  Ordering Information

Part Number Part Package Description Pkg. Carrier Type
(Notes 2, 3) Marking (RoHS Compliant) Dwg. # (Note 1) Temp Range
RAA239101A2GNP#HAO 239101 32 Ld QFN L32.4X4F Reel, 6k -40 to +85°C

Notes:

1. See TB347 for details about reel specifications.

2. These Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach materials, and 100% matte
tin plate plus anneal (e3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations).
Pb-free products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC
J-STD-020.

3. For Moisture Sensitivity Level (MSL), see the RAA239101 device page. For more information about MSL, see TB363.
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RAA239101 2. Pin Information
2. Pin Information
21 Pin Assignments
-
)
I—I & 4 4 & I': - o
= - - ~ - < [a] [a)
< o o o ) o w w
o o o o o > | |
0:32: 1311 1301 1291 128, 1274 1261 125,
AFE_READY | 1 ! 124 | DGND
HORN_DIS | 2 1 123 | HVDD
PHOTO_OUT -?:-: |r2_2 GPI
ADC_IN 41 : : 121 | GPO
[l (Paddle) v C]
SDI| 5 1 1 AGND 1 120 | HGND
SEE 1 1 | S
spo|6 1 ; 19 | VSMKHORN
. 1 1 r -
SCLK| 7 1 | | 118 | HSILVER
S I I | S
SEN[g1 ‘TTTTTTTTTo------- *  117|HBRASS
191 1101 1111 1121 1131 1141 1151 1161
z ¥ 8 § & 2 23 8
uu_JI EI (gl § é '>5 § E
< 8 o - | T
Top View (not to scale)
2.2 Pin Descriptions
Shutdown State for Outputs
Pin Number Pin Name Type Description when AFE_EN is Low
1 AFE_READY Output Indicates AFE is ready to operate (active high) ov
2 HORN_DIS Input Horn is disabled when pulled high
Horn is enabled when pulled low
Includes weak internal pull-down resistor to activate the
horn in case MCU fails
3 PHOTO_OUT Output Transimpedance amplifier output Floating (+0.3V)
4 ADC_IN Input Analog-to-Digital converter input
5 SDI Input SPI data input
6 SDO Output SPI data output
7 SCLK Input SPI clock
8 SEN Input SPI enable (active high).
Includes weak internal pull-down resistor.
9 AFE_EN Input AFE enable (active high).
Includes weak internal pull-down resistor.
10 IODIR_TX Input GPIO direction control.
High on IODIR_TX drives GPO with TXRX data.
Low on IODIR_TX transfers the signal from GPI to TXRX.
Includes weak internal pull-down resistor

R16DS0131EU0201 Rev.2.01
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RAA239101 2. Pin Information
Shutdown State for Outputs
Pin Number Pin Name Type Description when AFE_EN is Low
11 PD_SEL Input Photodiode select.
Low for PD12P-PD1N
High for PD12P-PD2N
ADC conversion is initiated with rising edge transition
12 LED2EN Input LED2 enable (active high).
Connect DAC current to LED2
Includes a weak internal pull-down resistor
13 LED1EN Input LED1 enable (active high).
Connect DAC current to LED1
Includes a weak internal pull-down resistor
14 TXRX Input/Output | MCU transmit/receive pin. RX =0V
An external pull-down from TXRX to AGND is required. A
value of 10MQ or lower is recommended.
15 VMCU Output LDO output for 9V configuration. 2.7V or VgarT = 3V to 5V
Tie to HVDD for 3V to 5V configuration
16 HFEED Input Horn feedback
17 HBRASS Output Horn brass plate ov
18 HSILVER Output Horn silver plate Floating between 0V and
VSMKHORN
19 VSMKHORN Supply Supply for GPIO and horn circuits
20 HGND Ground Horn driver ground
21 GPO Output GPO signal output Floating between 0V and
VSMKHORN
22 GPI Input GPI signal input (includes weak pull-down)
23 HVDD Supply AFE supply from battery or AC/DC output (3V to 5V or 9V)
24 DGND Ground DAC ground
25 LED2 Output Current DAC output for driving LED2. If unused, connect to | Floating (open drain)
ground.
26 LED1 Output Current DAC output for driving LED1. If unused, connect to | Floating (open drain)
ground.
27 VBATT Input Battery input voltage for monitoring. Connect to a 3V to 5V
or 9V Battery +VE terminal
28, 31 PD12P Output Photodiode 1 and 2 anodes Floating
29 PD2N Input Photodiode 2 cathode. If unused, short to PD12P.
30 PD1N Input Photodiode 1 cathode. If unused, short to PD12P.
32 BATT_SEL Input Battery selection.
Tie to ground for 9V systems
Tie to HVDD for 3V to 5V systems
Paddle AGND Ground Analog ground (uses the paddle)
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RAA239101 3. Specifications

3. Specifications

3.1 Absolute Maximum Ratings

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions can adversely
impact product reliability and result in failures not covered by warranty.

Parameter Minimum Maximum Unit
HVDD, LED1, LED2, VBATT pins to DGND, VSMKHORN pin to HGND -0.3 13.2 \
GPI pin to AGND -0.3 15 \
GPO pin to HGND -0.3 17 \
HSILVER, HBRASS to HGND -0.3 VSMKHORN + 0.3 \
HSILVER, HBRASS clamp diode current for 10us -300 300 mA
HFEED to HGND -1.0 18 \Y
AGND to DGND, HGND to DGND, and AGND to HGND -0.3 0.3 \
PD12P, PD1N, PD2N, ADC_IN, and PHOTO_OUT to AGND -0.3 2.75 \Y
VMCU, BATT_SEL, and HORN_DIS pins to AGND -0.3 6 \
AFE_READY, SDI, SDO, SCLK, SEN, AFE_EN, IODIR_TX, PD_SEL, -0.3 VMCU + 0.3 \
LED2EN, LED1EN, and TXRX pins to AGND

3.2 ESD Ratings

ESD Model/Test Value Unit
Human Body Model (Tested per JS-001-2017) 2 kV
Charged Device Model (Tested per JS-002-2014) 750 \Y
Latch-Up (Tested per JESD78E; Class 2, Level A) 100 mA

3.3  Thermal Information

Thermal Resistance (Typical) 0,4 (°C/W) 8,c (°C/W)
32 Ld 4x4 QFN Package (Notes 4, 5) 41 5.5
Notes:
4. 6,, is measured in free air with the component mounted on a high-effective thermal conductivity test board with direct attach features.
See TB379.

5. For 0, the case temperature location is the center of the exposed metal pad on the package underside.

Parameter Minimum Maximum Unit
Maximum Junction Temperature +150 °C
Maximum Storage Temperature Range -65 +150 °C
Pb-Free Reflow Profile See TB493

3.4 Recommended Operating Conditions

Parameter Minimum Maximum Unit

Supply Voltage, HVDD (9V Input Configuration) 7.2 9.6

Supply Voltage, HVDD (3V to 5V Input Configuration) 2.55 5.5 \%
Supply Voltage, VSMKHORN (Horn and GPIO) 6.0 12 \%
Supply Voltage, VSMKHORN (Horn Only) 1.75 12 \Y
ADC_IN 0 2.066 \
Ambient Temperature -40 +85 °C
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Jun 27, 2022


https://www.renesas.com/www/doc/tech-brief/tb379.pdf
https://www.renesas.com/www/doc/tech-brief/tb493.pdf

RAA239101 3. Specifications

3.5 Electrical Specifications
Recommended operating conditions, HVDD = 9V, unless otherwise specified. Boldface limits apply across the ambient operating

temperature range -40°C to +85°C, unless otherwise stated.

Min Max
Parameter Symbol Test Conditions (Note 6) Typ (Note 6) Unit
Mode Transitions
Battery Insertion/Boot-Up TBT9 BATT_SEL =0, 9V configuration 5 ms
Time, MCU load current = 10mA
9V Configuration VMCU LDO load cap = 10uF
AFE_EN = 0, AFE in Sleep mode
Battery Insertion/Boot-Up TBT3 BATT_SEL =1, 3V to 5V configuration 3 ms
Time, AFE_EN = 0, AFE in Sleep mode
3V to 5V Configuration
AFE Wake Up TAFE AFE_EN=0-->1 50 us
AFE_EN rising edge to AFE_READY
rising edge
HVDD Operating Voltage
Boot-Up Voltage 9V HVDD9_OK_R | BATT_SEL = 0, 9V configuration 6.33 6.60 6.86
Boot-Up Voltage 3V to HVDD3_OK_R | BATT_SEL = 1, 3V to 5V configuration 2.35 2.45 2.55
5V
UVLO/RESET Voltage HVDD9_OK_F | BATT_SEL = 0, 9V configuration 5.51 5.64 5.77 V
9V
UVLO/RESET Voltage HVDD3_OK_F | BATT_SEL = 1, 3V to 5V configuration 23 2.35 24 \
3Vto 5V
HVDD Supply Current
Sleep Mode Supply ISLPOV BATT_SEL = 0, 9V configuration 4 6.5 MA
Current, MCU load current = OpA
9V Configuration HORN_DIS = 1, horn disabled
IODIR_TX =0,
GPIO in Receive mode
AFE_EN = 0, AFE in Sleep mode
Sleep Mode Supply ISLP3V BATT_SEL =1, 3V to 5V configuration, 3 4 uA
Current, HVDD = 3.3V
3V to 5V Configuration MCU load current = OpA
HORN_DIS = 1, horn disabled
IODIR_TX = 0, GPIO in Receive mode
AFE_EN = 0, AFE in Sleep mode
Active Mode Supply IACT MCU load current = OpA 5 mA
Current HORN_DIS = 1, horn disabled
IODIR_TX =0, GPIO in Receive mode
AFE_EN = 1, AFE in Active mode
LED1EN =0, LED2EN =0, zero LED
current
ADC_EN = 0x1, ADC_EN buffer off
LDO Output (VMCU Pin, 9V Configuration)
VMCU LDO Effective CMCU BATT_SEL=0 10 50 uF
Decoupling Capacitance
LDO Output Voltage VLDO BATT_SEL=0 2.565 2.7 2.835 \
HVDD input range 7.2V to 9.6V
Maximum LDO Source ISRC BATT_SEL=0 30 mA
Current
Maximum LDO Sink ISNK BATT_SEL=0 0 MA
Current
LDO Source Current ICL BATT_SEL=0 50 100 150 mA
Limit VMCU pin shorted to ground
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RAA239101

3. Specifications

Recommended operating conditions, HVDD = 9V, unless otherwise specified. Boldface limits apply across the ambient operating
temperature range -40°C to +85°C, unless otherwise stated. (Continued)

Min Max
Parameter Symbol Test Conditions (Note 6) Typ (Note 6) Unit

Battery Monitor Load Current (VBATT Pin)
VBATT Pin Sleep Mode IBMS BATT_TEST_EN = 0x0 0 pA
Current
LED1EN to Battery TBLR AFE_EN =1, AFE in Active mode 0.65 us
Monitor Load Current LED1EN =0 -->1
Rising Edge Latency BATT_TEST_EN = 0x1
LED1EN to Battery TBLF AFE_EN = 1, AFE in Active mode 0.65 us
Monitor Load Current LED1EN=1-->0
Falling Edge Latency BATT_TEST_EN = 0x1
Battery Monitor Load IBMO AFE_EN =1, AFE in Active mode 0 mA
Current OmA LED1EN =1, LED2EN =0,

BATT_TEST_EN = 0x1

1mA* BATT_TEST_LOADI7:0]

BATT_TEST_LOAD = 0x00

LED_I_X2 = 0x0
Battery Monitor Load IBM100 AFE_EN =1, AFE in Active mode 95 100 105 mA
Current 100mA LED1EN =1, LED2EN =0,

BATT_TEST_EN = 0x1

1mA * BATT_TEST_LOADI7:0]

BATT_TEST_LOAD = 0x64

LED_I_X2 = 0x0
Battery Monitor Load IBM150 AFE_EN =1, AFE in Active mode 142.5 150 157.5 mA
Current 150mA LED1EN =1, LED2EN =0,

BATT_TEST_EN = 0x1

1mA* BATT_TEST_LOADI7:0]

BATT_TEST_LOAD = 0x96

LED_I_X2 = 0x0
LED Driver (LED1 and LED2 Drive Current)
LED1, LED2 Off Mode ILOFF LED1EN =0 and LED2EN =0 0 pA
Current
LED1, LED2 Parasitic CLED 50 pF
Drive Load Capability
LEDI[2:1]EN to LED[2:1] TLR AFE_EN = 1, AFE in Active mode 0.65 us
Rising Edge Latency LED1EN =0 — 1 or LED2EN =0 — 1

BATT_TEST_EN = 0x0
LEDI[2:1]EN to LED[2:1] TLF AFE_EN = 1, AFE in Active mode 0.65 us
Falling Edge Latency LED1EN=1—>0orLED2EN=1-0

BATT_TEST_EN = 0x0
LED Enable Minimum TLOV AFE_EN =1, AFE in Active mode 1 us
Non-Overlap LED1EN =1 -->0to LED2EN =0 --> 1

LED2EN =1 -->0to LED1EN=0-->1
LED1, LED2 Current TLED AFE_EN = 1, AFE in Active mode 2 us
Settling Time LED1EN =0 — 1 or LED2EN =0 — 1,

BATT_TEST_EN = 0x0

LED1 Current = 45mA + LED1[7:0] x TmA

LED2 Current = 45mA + LED1[7:0] x 1TmA

LED1[7:0] = OxFF, LED2[7:0] = OXFF

LED_CFGJ[7:0] = 0x00

LED1 pin = 1.0V, LED2 pin = 1.0V

LED1 to GND parasitic = 50pF

LED2 to GND parasitic = 50pF

R16DS0131EU0201 Rev.2.01

Jun 27, 2022

RENESAS

Page 10 of 34



RAA239101

3. Specifications

Recommended operating conditions, HVDD = 9V, unless otherwise specified. Boldface limits apply across the ambient operating
temperature range -40°C to +85°C, unless otherwise stated. (Continued)

Min Max
Parameter Symbol Test Conditions (Note 6) Typ (Note 6) Unit

LED1, LED2 2x Current TLED2X AFE_EN = 1, AFE in Active mode 2 us
Settling Time LED1EN =0 -->1or LED2EN =0 --> 1,

BATT_TEST_EN = 0x0

LED1 Current = 90mA + LED1[7:0] * 2mA

LED2 Current = 90mA + LED2[7:0] * 2mA

LED1[7:0] = OxFF, LED2[7:0] = OxFF

LED_CFGJ[7:0] = 0x01

LED1 Pin = 1.2V, LED2 Pin = 1.2V

LED1 to GND parasitic = 50pF

LED2 to GND parasitic = 50pF
Min DAC Current at IMIN1 AFE_EN =1, AFE in Active mode 40.5 45 49.5 mA
LED1, LED2 = 1.0V LED1EN =1 or LED2EN =1,

BATT_TEST_EN = 0x0

LED1 Current = 45mA + LED1[7:0] x TmA

LED2 Current = 45mA + LED1[7:0] x 1TmA

LED_CFGJ[7:0] = 0x00

LED1[7:0] = 0x00, LED2[7:0] = 0x00

LED1 pin = 1.0V, LED2 pin = 1.0V
Min DAC Current at IMIN1_2X AFE_EN = 1, AFE in Active mode 90 mA
LED1, LED2 = 1.2V LED1EN=1 or LED2EN =1,

BATT_TEST_EN = 0x0,

LED_CFGJ[7:0] = 0x01

LED1 Current = 90mA + LED1[7:0] * 2mA,

LED1[7:0] = 0x00

LED2 Current = 90mA + LED2[7:0] * 2mA,

LED2[7:0] = 0x00

LED1 Pin = 1.2V, LED2 Pin = 1.2V
Min DAC Current at IMINOS AFE_EN = 1, AFE in Active mode 45 mA
LED1, LED2 = 0.5V LED1EN =1 or LED2EN =1,

BATT_TEST_EN = 0x0

LED_CFGJ[7:0] = 0x00

LED1[7:0] = 0x00, LED2[7:0] = 0x00

LED1 pin = 0.5V, LED2 pin = 0.5V
Max DAC Current at IMAX1 AFE_EN =1, AFE in Active mode 270 300 330 mA
LED1, LED2 = 1.0V LED1EN =1 or LED2EN =1,

BATT_TEST_EN = 0x0

LED_CFGJ[7:0] = 0x00

LED1[7:0] = OxFF, LED2[7:0] = OxFF

LED1 pin = 1.0V, LED2 pin = 1.0V
Max DAC Current at IMAX1_2X | AFE_EN =1, AFE in Active Mode 600 mA
LED1, LED2 = 1.2V LED1EN=1 or LED2EN=1,

BATT_TEST_EN=0x0,

LED_CFGJ[7:0] = 0x01

LED1[7:0] = OxFF

LED2[7:0] = OxFF

LED1 Pin = 1.2V, LED2 Pin = 1.2V
Max DAC Current at IMAX05 AFE_EN =1, AFE in Active mode 300 mA
LED1, LED2 = 0.5V LED1EN =1 or LED2EN =1,

BATT_TEST_EN = 0x0

LED_CFGJ[7:0] = 0x00

LED1[7:0] = OxFF, LED2[7:0] = OxFF

LED1 pin = 0.5V, LED2 pin = 0.5V
Current DAC DNL IDNL AFE_EN =1, AFE in Active mode 1 LSB

LED1EN =1 or LED2EN =1,

BATT_TEST_EN = 0x0

LED1 pin = 1.0V, LED2 pin = 1.0V

R16DS0131EU0201 Rev.2.01
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RAA239101 3. Specifications

Recommended operating conditions, HVDD = 9V, unless otherwise specified. Boldface limits apply across the ambient operating
temperature range -40°C to +85°C, unless otherwise stated. (Continued)

Min Max
Parameter Symbol Test Conditions (Note 6) Typ (Note 6) Unit

Current DAC INL IINL AFE_EN =1, AFE in Active mode 2 LSB
LED1EN =1 or LED2EN =1,
BATT_TEST_EN = 0x0
LED_CFGJ[7:0] = 0x00

LED1 pin = 1.0V, LED2 pin = 1.0V

Current DAC DNL IDNL2X | AFE_EN = 1, AFE in Active mode 1 LSB
LED1EN = 1 or LED2EN = 1,
BATT_TEST_EN = 0x0,
LED_CFG[7:0] = 0x01

LED1 Pin = 1.2V

LED2 Pin = 1.2V

Current DAC INL IINL2X | AFE_EN = 1, AFE in Active Mode 2 LSB
LED1EN =1 or LED2EN = 1,
BATT_TEST_EN=0x0,
LED_CFG[7:0] = 0x01

LED1 Pin = 1.2V

LED2 Pin = 1.2V

Transimpedance Amplifier

Photodiode Parasitic CPD From PD1N to GND and PD2N to GND 25 pF
Capacitance
Transimpedance Gain GTIA AFE_EN =1, AFE in Active mode 36 40 44 MV/A

TIA_INPUTGAIN = 2.5MV/A
TIA_PGAGAIN = x16

AFE_EN = 1, AFE in Active mode 60 MV/A
TIA_INPUTGAIN = 3.75MV/A
TIA_PGAGAIN = x16

AFE_EN =1, AFE in Active mode 80 MV/A
TIA_INPUTGAIN = 5MV/A
TIA_PGAGAIN = x16

AFE_EN = 1, AFE in Active mode 160 MV/A
TIA_INPUTGAIN = 5MV/A
TIA_PGAGAIN = x32

Transimpedance Gain TTC AFE_EN = 1, AFE in Active mode 0.04 %I°C
Temperature Coefficient TIA_INPUTGAIN = 2.5MV/A
TIA_PGAGAIN = x16
Temperature = 0 to 50°C

Transimpedance Offset VTCMP AFE_EN = 1, AFE in Active mode 0.25 mV
Compensation LSB TIA_PGAGAIN = 0x0
Transimpedance Offset VTRNG AFE_EN = 1, AFE in Active mode 63.75 mV
Compensation Range TIA1_ICOMP = OxFF

TIA2_ICOMP = OxFF
TIA_PGAGAIN = 0x0

PD12P Pedestal VPED AFE_EN =1, AFE in Active mode 170 200 230 mV
PD12P Parasitic Load CPD12 10 pF

100 MQ
PHOTO_OUT Pedestal VPO AFE_EN = 1, AFE in Active mode 140 200 260 mV

TIA_INPUTGAIN = 2.5MV/A
TIA_PGAGAIN = x16
Photodiode input current = OnA

PHOTO_OUT Max VPOMAX AFE_EN = 1, AFE in Active mode 2.0 \Y
Output
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RAA239101 3. Specifications

Recommended operating conditions, HVDD = 9V, unless otherwise specified. Boldface limits apply across the ambient operating
temperature range -40°C to +85°C, unless otherwise stated. (Continued)

Min Max
Parameter Symbol Test Conditions (Note 6) Typ (Note 6) Unit
PHOTO_OUT RMS VNS AFE_EN =1, AFE in Active mode 7 mV
Output Noise TIA_INPUTGAIN = Ox1,
TIA_PGAGAIN = 0x2
Photodiode input current = OnA
PHOTO_OUT Load = 10kQ, 50pF
PHOTO_OUT Drive ZPO 50 pF
Load Capability
10 kQ
Transimpedance Settling TSETT AFE_EN = 1, AFE in Active mode 8 us
Time TIA_INPUTGAIN = 2.5MV/A
TIA_PGAGAIN = x16
Photodiode input current = OnA --> 25nA
PHOTO_OUT Load = 10kQ and 50pF
Settling time within £2.5% final value
VSMKHORN Supply Current
Active Mode Supply IVSIO AFE_EN=0 25 MA
Current with 1O Driver HORN_DIS = 1, Horn disabled
Enabled IODIR_TX =1, GPIO in transmit mode
General Purpose 10 (GPI and GPO pins)
GPIO Operation Range VINC HVDD 3V to 5V configuration, 2.55V to 5V 6 12 Vv
HVDD 9V configuration, 7.2V to 9.6V
GPO IR Drop for Logic 1 VIDR VSMKHORN = 6V to 12V 200 mV
Output Level IODIR_TX = 1, GPIO in Transmit mode
TXRX = 1, MCU sending 1 to GPIO
GPO Logic 1 Output VINC1 VSMKHORN = 6V 5.8 \Y
Level IODIR_TX = 1, GPIO in Transmit mode
TXRX =1, MCU sending 1 to GPIO
GPO Logic 0 Output VINCO VSMKHORN = 6V to 12V 0 \
Level IODIR_TX = 1, GPIO in Transmit mode
TXRX = 0, MCU sending 0 to GPIO
GPO Driver Output RSPU VSMKHORN =6V to 12V 20 35 Q
Pull-Up Impedance IODIR_TX = 1, GPIO in Transmit mode
at 300mV from the supply
GPO Driver Output RSPD VSMKHORN =6V to 12V 4.5 10 Q
Pull-Down Impedance IODIR_TX = 1, GPIO in Transmit mode
at 300mV above GND
GPI Resistance to GND RSMI 6 9 12 MQ
GPI Rising Logic 1 Input TIR1 IODIR_TX =0, 3 3.5 4 \
Threshold GPIO in Receive mode
TXRX = 1, GPIO sending 1 to MCU
GPI Falling Logic 0 Input TIFO IODIR_TX =0, 25 2.8 3.5 \Y
Threshold GPIO in Receive mode
TXRX =0, GPIO sending 0 to MCU
GPI Hysteresis for TIHRF IODIR_TX =0, 700 mV
Rising/Falling Logic GPIO in Receive mode
Levels
Horn Driver
HORN_DIS Pull-Down RHPD Current pulled from MCU VDD 8 13 17 MQ
Resistance
HBRASS Pull-Down RHBR HORN_DIS = high, horn disabled 500 800
Minimum Voltage on VHDM HORN_DIS = high, horn disabled 1.1
HORN_DIS to Disable
Horn
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RAA239101

3. Specifications

Recommended operating conditions, HVDD = 9V, unless otherwise specified. Boldface limits apply across the ambient operating
temperature range -40°C to +85°C, unless otherwise stated. (Continued)

Min Max
Parameter Symbol Test Conditions (Note 6) Typ (Note 6) Unit

Maximum Voltage on VHDX HORN_DIS = low, horn enabled 0.4 \Y
HORN_DIS to Enable
Horn
VSMKHORN Horn VHRNG HORN_DIS = 0, horn enabled 1.75 12 \
Operation Range
Drive Current (HSILVER IHSHB HORN_DIS = 0, horn enabled 15 mA
and HBRASS Pins) Type A horn

300mv below VSMKHORN or 300mV

above GND
SPI Serial Interface
SPI Frequency Capability FSPI 4 MHz
Logic Levels (I/O Buffers)
Low-Level Input Voltage Vi VMCU = 2.565V to 5V (0.19 x VMCU) \Y
Note 7 +0.083
High-Level Input Voltage ViH VMCU = 2.565V to 5V (0.87 x VMCU) \
Note 7 -0.25
Hysteresis on Input Vhys 0.334 x VMCU \Y
Note 7
Low-Level Output VoL 1TmA 0.4 \
Voltage
High-Level Output VoH 1TmA VMCU - 0.4 \
Voltage
ADC
Resolution ARES 10 bits
Input voltage range ARNG 0 2.066 \%
Conversion time ACT 10 us
Conversion rate ASF Assuming settled input signals 100 kSps
DNL ADNL 0.5 LSB
INL AINL 2 LSB
Total RMS noise ARMS From all sources in the ADC. 0.5 LSB

Excluding source noise

Note:

6. Parameters with MIN and/or MAX limits are 100% tested at +25C, unless otherwise specified. Temperature limits are established by
characterization and are not production tested.

7. Compliance to datasheet limits is established by one or more methods: production test, characterization, and/or design.
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RAA239101 4. Applications Information

4. Applications Information

41 Power Supply Configurations
The RAA239101 is powered from either a 9V or a 3V to 5V power supply. The BATT_SEL pin configures the AFE

for the appropriate power supply voltage. The LEDs (LED1 and LEDZ2), GPIO, and Horn Driver can be supplied
from an independent supply using the VSMKHORN pin if required.

411 9V Configuration

When using a 9V configuration, the BATT_SEL pin must be tied to GND and the 9V supply is connected to HVDD.
The 2.7V LDO inside the AFE is automatically enabled and output on the VMCU pin. VMCU supplies the voltage
to the MCU. The LEDs (LED1 and LED2), GPIO, and Horn Driver can be connected to an independent supply or
tied to HVDD if required.

9V Battery
VDD vDD VDD VDD HVDD
RESET ‘|7—|
_w_
TOOLO VDD
- 9V Battery
Visible HVDD
Y Ny N LED
RESET P146 X X W HEDS
Programmer {
TOOLO P147 HVDD VMCU
TXDO P10 VSMKHORN 2‘4 E:
Diagnostics {
RXDO P75 | LED1EN LED1 |
VDD AVREFP P74 | LED2EN
-EW\J—| lT AVREFM P130 | HORN_DIS LED2 —
. P31 | I | TXRX PDIN[—WW |
: REGC P30 1 IODIR_TX PD12P H:l
! J_ L INTPO |- AFE READY PD2N]|
RL78/G13 <
- P73 | PD_SEL AFE
»
: T XT2 P50 | AFE_EN HFEED HORN
P16 - SEN HSILVER e
SCK20 | SCLK HBRASS
L SI120 [t SDO HGND 1
S02 - |
Test/ 0 1 SDI VBATT 9V Battery HVDD
Hush ? ANI2 N PHOTO_OUT GPO‘—} General Purpose Input/Output
INTP6 ANI3 »| ADC_IN Pl I:;r‘\:lat VSMKHORN Voltage
| BATT_SEL DGND
$ VSS i AGNDl !

Figure 3. Typical 9V Configuration System Diagram
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RAA239101 4. Applications Information

41.2 3V to 5V Configuration

When using a 3V to 5V configuration, the BATT_SEL pin must be tied to HVDD and the 3V to 5V supply is
connected to HVYDD, VMCU, and VBATT. The 2.7V LDO inside the AFE is automatically disabled and the VMCU
pin must be tied to HYDD. HVDD supplies the voltage to the MCU. The LEDs (LED1 and LED2), GPIO, and Horn
Driver can be connected to an independent supply or tied to HVDD if required.

VDD VDD VDD VDD 3-5V Battery
RESET l_
—A—
TOOLO vDD 9V from Battery
Visible or Boost Circuit
3 3 Y LEDs

P31 |- I TXRX PDIN

|—‘ REGC
P30 I0DIR_TX PD12P

I—_I__‘ XT1
INTPO AFE_READY PD2N
RL78/G13
= P73 PD_SEL
VDD

Yy

—— RESET P146]| X X
Programmer{
=1 TOOL0 P147| HVDD VMCU
N
=1 TXDO P10 VSMKHORN N
Diagnostics{
= RXDO P75 | LED1EN LED1
VDD | AVREFP P74 | LED2EN
-I:\N‘rlTAVREFM P130 -] HORN_DIS LED2

y

-
o AFE
-
[ P50 | AFE_EN HFEED onn
| -
P16 -1 SEN HSILVER KT
SCK20 »| scLK HBRASS
SI120 |-t sSDO HGND 1
I $020 | sDI VBATT f——ow— 3.5V Battery

Test/
Hush ANI2

N PHOTO_OUT GPO General Purpose Input/
o Output Pins at
INTP6 ANI3 | ADC_IN GPI VSMKHORN Voltage Level
L_ BATT_SEL DGND
r‘vss 1 VDD AGND 1 |

Figure 4. Typical 3V to 5V Configuration System Diagram

4.2 LED and Battery Monitor Path

The LED and battery monitor path is enabled by setting the AFE_EN pin high. The amount of current in the DAC
is set by LED1[7:0], LED2[7:0], and BATT_TEST_LOADI7:0]. The current is pulled from the appropriate pin
through the 8-bit DAC to DGND. The decoding of the LED1EN pin, LED2EN pin, and BATT_TEST_EN is shown
in Table 1.

Table 1. DAC Current Decoding

LED2EN | LED1EN Current
BATT_TEST_EN Pin Pin DAC Current Path Comment
0 0 0 0 None
0 0 1 45mA + LED1[7:0] x 1TmA, LED_I_X2 = 0x00 LED1 | To double LED1 current set register
90mA + LED1[7:0] x 2mA, LED_|_X2 = 0x01 0x0Ah LED_|_X2[0] = 0x01
0 1 0 45mA + LED2[7:0] x 1mA, LED_I_X2 = 0x00 LED2 | To double LED2 current set register
90mA + LED1[7:0] x 2mA, LED_|_X2 = 0x01 0x0Ah LED_|_X2[0] = 0x01
0 1 1 0 None |>25us, SOFTRESET[0] is asserted
and soft reset is started
1 0 0 0 None
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RAA239101 4. Applications Information

Table 1. DAC Current Decoding (Continued)

LED2EN | LED1EN Current
BATT_TEST_EN Pin Pin DAC Current Path Comment
1 0 1 BATT_TEST_LOAD[7:0] x TmA, LED_I_X2 = 0x00 | VBATT | To double BATT_TEST current set
BATT_TEST_LOAD[7:0] x 2mA, LED_|_X2 = 0x01 register 0XOAh LED_|_X2[0] = 0x01
1 1 0 0 None
1 1 1 0 None |>25us, SOFTRESET[0] is asserted
and soft reset is started
<25ps, not recommended (Battery
test restarts if LED1EN and AFE_EN
are H)
BATT_SEL
<
N
™M
u [Div 2.5]
X
| Dive jo
BATT_TEST_EN
B ———
D LED1EN N
LED2EN i
D > VBATT
BATT_TEST_LOAD[7:0] v < D
> M
. LED1
—LEDITOL, u =~ 8-BitDAC ~ 0
LED2[7:0] > X L
LED2
< O
AFE_EN  |ENABLE DGND

Figure 5. LED and Battery Monitor Path

See the Register Descriptions and the Electrical Specifications for further details.

4.3 Transimpedance Signal Path

The Analog Signal Path converts the photodiode current into a voltage that can be sampled by the ADC. The
enable signal for the Analog Signal Path is set by the AFE_EN pin. The photodiodes are set on a small voltage
pedestal on the PD12P pin and the gain of the TIA input stage is controlled by TIA_INPUTGAIN. Setting PD_SEL
low selects the PD1 path while setting PD_SEL high selects the PD2 path. Note: ADC must be disabled to allow
photodiode selection through the PD_SEL pin. When ADC is enabled, ADC_SAMPLEXxy registers control the
selection of the photodiodes. PGA gain is controlled by TIA_PGAGAIN. The offset contribution of the photodiode
chamber is determined by disconnecting the photodiodes from the TIA input by setting TIA_OPEN_PD = 1. This
offset is calibrated out by adjusting the current in the DAC using LED_COMP, TIA1_ICOMP, and TIA2_ICOMP.

The voltage at the PHOTO_OUT pin is calculated using Equation 1:

(EQ. 1) PHOTO_OUT = TIA_PGAGAIN ¢ (I_PDxN e TIA_INPUTGAIN + TIAx_ICOMP) + VPO

where,

* TIA_ PGAGAIN is 1.6x, 8x, 16x, or 32x

* |_PDxN is the current of Photodiode 1 or 2

« TIA_INPUTGAIN is 1.25, 2.5, 3.75, or 5MQ

* TIAX_ICOMP is compensation offset 1 or 2, which are -0.25mV*n, where n is 0 to 255
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* VPO is the PHOTO_OUT pedestal voltage, which is 200mV (typical)

AFE_EN PD_SEL LED1_EN  LED2_EN
‘ ENABLE LED_COMP
LogiC
TIA1_ICOMP
—_— ]
8-bit
TIA2_ICOMP )li DAC [
—
PD2N
L PD_SEL
\ Di—{ %ﬁ% TIA_INPUTGAIN
| =NABLE TIA_PGAGAIN
) PD2 PDIN =
PD_SEL - PHOTO_OUT
TIA_OPEN TIA _D_>
N i ENABLE
\ PD1
= PD12P P ‘ Vbias
= e

i_ 200mV

Figure 6. Transimpedance Signal Path

44 GPIO Circuit

The GPIO circuit is bi-directional and can send and receive signals from other devices connected to the GPIO
wire(s). Its main function is to level translate between the high voltage domain (VSMKHORN) on the GPIO wire(s)
and the low voltage domain (VMCU) on the MCU pins. See Electrical Specifications for further details.

D VSMKHORN

0.1pF
GPIO VSMKHORN !

GPO
General Purpose D< < Tx M
Input/Output Pins at u TXRX MCU
VSMKHORN Voltage Level D GPI ) a X
IODIR_TX

i VMCU
-

[]I'T'I

Figure 7. GPIO Path

441 Receive Mode

Tri-stating or setting IODIR_TX pin low (IODIR_TX = 0) places the GPIO circuit in Receive mode. The transmit
circuit connected to the GPO pin is tri-stated, and the TXRX pin is configured as a digital output. The receiver
circuit-level shifts the signal down to the VMCU voltage domain before driving it out on the TXRX pin.
VSMKHORN is not required for Receive mode (IODIR_TX = 0) and is lowered to GND (if required) to save power.
The IODIR_TX pin has a weak pull-down to ensure that the GPIO circuit is in Receive mode if the MCU tri-states

its digital interface.
D VSMKHORN

0.1yF
GPIO VSMKHORN| g
—= —
General Purp0§e D‘ TXRX MCuU
IpuluBU et {I:I oo, o >—
/| TlopIR_Tx 0
Receive Mode i VMCU e
e
Figure 8. GPIO in Receive Mode
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442 Transmit Mode

Setting the IODIR_TX pin high (IODIR_TX = 1) places the GPIO circuit in Transmit mode. The TXRX pin is
configured as a digital input, and its signal is level shifted to the VSMKHORN voltage domain and driven out the
GPO pin. Note: Set VSMKHORN to an appropriate voltage before entering Transmit mode and you can set
VSMKHORN to GND (if required) after exiting Transmit mode (IODIR_TX = 0) to save power. The IODIR_TX pin
has a weak pull-down to ensure that the GPIO circuit does not enter Transmit mode if the MCU tri-states its digital

interface.
Transmit Mode VSMKHORN
<+
I | 0.1yF
GPIO VSMKHORN]|
_— —— !

GPO \
General Purpose { D< A\ N ﬁ_
O

Input/Output Pins at TXRX MCU

VSMKHORN Voltage Level GPI

IODIR_TX 1

VMCU
—

0]

Figure 9. GPIO in Transmit Mode

4.5 Horn Driver Circuit

The horn driver circuit is designed to drive piezoelectric horns. The supply voltage for the circuit is VSMKHORN.
The horn driver circuit is independent of all other supplies on the chip. The HSILVER and HBRASS pins have
built-in diodes to clamp reactive kickback energy from the piezoelectric horn as shown in Figure 10. The HSILVER
and HBRASS pins are clamped to be within a diode drop of the VSMKHORN and HGND voltages. The horn is
controlled by the HORN_DIS pin and is disabled when the HORN_DIS pin is pulled high (>~1.0V) by the MCU.
The Horn is enabled when the HORN_DIS pin is driven low (<~0.5V) by the MCU or when the MCU ftri-states its
digital outputs and the HORN_DIS pin is pulled low by the internal pull-down resistor. Figure 11 shows the input
circuit connected to the HORN_DIS pin.

Horn Driver VSMKHORN gumy VSMKHORN

HFEED — _L " VSMKHORN
D 0ApF

“ | HSILVER { )
N N

HBRASS D ?
HGND R HGND.~
D ! HSILVER and HBRASS
clamp diode detail

Figure 10. Horn Driver Circuit

MCU D VMCU

D HORN_DIS

VMCU

VMCU I
MCU _D_ .

Horn Driver — Horn Disabled

~av <
HORN_DIS | I — Undetermined

| ~04V
I — Horn Enabled

ov

Figure 11. HORN_DIS Input Circuit
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When the horn is disabled (HORN_DIS > ~1.0V), the HSILVER pin is tri-stated and the HBRASS pin is pulled low
using an internal ~250Q pull-down resistor. The HGND pin keeps the horn ground noise out of the other critical
analog circuits on the chip. When the horn is disabled, you can set VSMKHORN to GND if required to save
system power. This is assuming that the MCU has a way to turn on the VSMKHORN supply. See the Electrical
Specifications table, Horn Driver for further details on the horn driver circuit.

Figure 12 shows the typical horn driver circuit. The purpose of C2 is to attenuate the signal swing on HFEED and
it is vital that the voltages on HFEED, HSILVER, and HBRASS stay within their recommended operating ranges.
The external component values (R1, R2, C1, and C2) depend on the specific horn selected.

VSMKHORN
0.1pF
Horn Driver VSMKHORN !

Type A
HFEED

11
M F2$
IG

Cq
vmcu HSILVER

<
R2 :D
HBRASS

0 OO

DHORN_DIS J

Ll HGND D

Figure 12. Typical Horn Driver Circuit

46 10-Bit ADC

A 10-bit, 100ksps, 2.0196mV/LSB, 0V to 2.066V ADC is included in the AFE. The ADC is enabled by setting
ADC_EN = 0x1 and then asserting the AFE_EN pin. The ADC is ready to perform conversions when the AFE
wakes up and asserts the AFE_READY pin. The PD_SEL pin signals the start of the ADC conversion and also
controls the following:

» Photodiode input mux selection
» ADC input mux selection

* The location of the converted data.

AFE_EN AFE_EN
O—— " PD[7:0]_SEL - -
i AFE_READY __J

3-Bit MUX Photo Diode Select R L" 2 3 4 5 6 70

Count | Control 4

PD_SEL ADC_CONV
O0— 1
MUX[7:0]_SEL
3-Bit
Count
3-Bit MUX ==  ADCO_92,ADC0_10
Count | Control
== ADC1 92,ADC1_10
ADC_IN
D . i ADC EN A» ADC2_92,ADC2_10
BATT_SE| ; ==  ADC3_92,ADC3_10
D_L> MUX
TIA PGA Output
VBATT e > v » ADC4_92,ADC4_10
WMCU o i J '3 ==§  ADC5_92,ADC5_10
LED1 —__ Divé > x ==  ADC6_92,ADC6_10
LEDZ —  Divé > - =
ED12P o > =P ADC7_92,ADC7_10
Internal Test

ADC_CONV_DONE

Figure 13. 10-Bit ADC
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4.6.1 Photodiode and ADC Mux Selection

The selection of the photodiode in the TIA path is controlled by the registers PD[7:0]_SEL. The selection of the
ADC input mux is controlled by MUX[7:0]_SEL. The 3-bit counters (reset when AFE_EN pin = low) in each mux
ensures that each ADC sample can be independently configured. If more than eight ADC samples are taken
during one AFE_EN = 1 interval, the counters simply wrap around and continue.

Table 2. ADC Selection Control

Photo Diode ADC MUX

Selection Selection

Interval Start Interval End Register Register
AFE_EN pin = low AFE_EN pin = high PDO_SEL MUXO0_SEL
AFE_EN pin = high ADC sampled after 1st rising edge of PD_SEL PDO_SEL MUXO_SEL
ADC sampled after 1st rising edge of PD_SEL ADC sampled after 2nd rising edge of PD_SEL PD1_SEL MUX1_SEL
ADC sampled after 2nd rising edge of PD_SEL ADC sampled after 3rd rising edge of PD_SEL PD2_SEL MUX2_SEL
ADC sampled after 7th rising edge of PD_SEL ADC sampled after 8th rising edge of PD_SEL PD7_SEL MUX7_SEL
ADC sampled after 8th rising edge of PD_SEL ADC sampled after 9th rising edge of PD_SEL PDO_SEL MUXO_SEL

(wrap around) (wrap around)

4.6.2 ADC Data Memory

There is enough memory in the AFE to save eight ADC conversions. The memory is reset at the rising edge of
AFE_EN. If more than eight ADC samples are taken during one AFE_EN = 1 interval, the conversion counter
wraps around and the memory is reused.

Table 3. ADC Data Memory

ADC Conversion Count (AFE_EN = 1) ADCJ9:0] Data Location
1st ADCO0_92,ADCO0_10
2nd ADC1_92,ADC1_10
3rd ADC2_92,ADC2_10
4th ADC3_92,ADC3_10
5th ADC4_92,ADC4_10
6th ADC5_92,ADC5_10
7th ADC6_92,ADC6_10
8th ADC7_92,ADC7_10
9th ADCO0_92,ADCO0_10 <-- Wrap around

4.6.3 AFE & ADC Timing

Figure 14 shows a typical use case for the AFE using the internal ADC (ADC_EN = 1). When the AFE_EN pin is
low, the AFE is held in Sleep mode with only the following blocks powered up: Bandgap, 2.7V LDO (for the 9V
configuration), and the Digital Registers/Interface. Setting the AFE_EN pin high wakes up the AFE and asserts
the AFE_READY pin.

After the MCU sees the rising edge of AFE_READY, the MCU can assert the PD_SEL pin (ADC_CONV) to start
the first ADC conversion. When the conversion is complete, the ADC_COMPLETE bit is set. This bit should be
read and verified as high before using the data. Figure 14 shows an example of four ADC conversions measuring
the dark and illuminated levels for each photodiode. The X in the figure shows where the ADC samples the
PHOTO_OUT signal. When the final ADC conversion finishes, the AFE is powered down by setting the AFE_EN
pin low. Use a low-pass filter from the PHOTO_OUT pin to the ADC_IN pin (a typical value of 100kQ and 47pF).
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It is acceptable to connect ADC_IN to an external source, instead of PHOTO_OUT. When using an external
source, the ADC_IN signal must remain low/ground potential when AFE_EN is low. ADC_IN should only be
applied after AFE_EN is valid/high, and removed before AFE_EN going low. PHOTO_OUT can still be sampled
through the Channel 2 selection of the ADC input multiplexer, as shown in Figure 13.

AFE_EN

a

AFE_READY
j— ™ |

Tde€

> T3le
PD_SEL (ADC_CONV) | | | | | | | |

l€ T4 »| |€ T4 > |€ T2 »] | T4 >
> 7l > 7l > e | T7le > T
PDO_SEL =0 PD1_SEL=0 PD2_SEL= 1 PD3_SEL= 14 PD4_SEL=0 PDO_SEL=0
Photodiode1 i i i i 1 i 1
Photodiode Selection
i MUXO0_SEL =1 MUX1_SEL = MUX2_SEL = MUX3_SEL = MUX4_SEL =1 MUXO0_SEL =1
ADC MUux S+ lection TIAPGA TIA PGA TIA PGA TIA PGA TIA PGA TIA PGA ‘
— T6 i—»|
LED1EN
€ T6 i
LED2EN
ADC_IN \
PD1
LED1 Currént
PD2
w -
PHOTO_OUT o o0z \\
Dark Current Dark Current

X =S/H of ADC —» X X

X X
Photodiode 1, Dark Curre nt
Photodiode 1, LED1 Current
Photodiode 2, Dark Current :
Photodiode 2, LED2 Current :-—>

Figure 14. AFE and ADC Timing Diagram

Table 4. AFE and ADC Timing

Interval Description Min | Typ | Max | Unit Comment

T AFE Wake Up 50 | ps | AFE wake up and settle time

T2 MCU Turnaround 3 us | AFE sends AFE_READY = 1 signal to MCU and MCU asserts the
PD_SEL pin. Duration depends upon MCU speed.

T3 PD_SEL High 1 us | AFE only looks at rising edge of PD_SEL (ADC Conversion)

T4 ADC Conversion Period 10 Js | 100K Samples/Sec
Rising edge to rising edge

T5 ADC completion to AFE_EN 1 us | From completion of final ADC conversion to falling edge of AFE_EN

falling edge
T6 Min LED on time 8 ps | Limited by the bandwidth of the TIA signal path.
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4.7 Serial Interface

The volatile registers are accessed through a 4MHz, 4-wire serial interface that operates on the VMCU power
domain. The serial interface follows a simple SPI protocol where SEN enables the interface, SCLK is the interface
clock supplied by the MCU, SDI is the data input from the MCU, and SDO is the data output to the MCU. To
reduce noise coupling into the sensitive analog circuits, do not use the SPI when the AFE is active (AFE_EN

pin = high).

VMCU

0]

Volatile Registers

SCLK

SPI State Machine

nlululin

Figure 15. Serial Interface

471  SPI Write Operation

To write to the RAA239101, the master (controller) must drive SEN High and send the header byte, followed by
data bytes to be written, and drive SEN low to terminate the transaction as seen in Figure 16. The Most
Significant Bit (MSB) of the header byte is the R/Wb bit that must be set to 0 for a Write operation. Bit 2, Al,
indicates whether the transaction is going to be a single-byte write operation or a multi-byte write. The register
address is the 6-bit address of the register. Following this, the master needs to send the data bytes. When all
eight bits of data are received, they get written to the specified register address, and the RAA239101 increments
the register address. For single-byte transactions with Al = 0, the RAA239101 goes into a wait state and waits for
SEN to go low. For multi-byte transactions with Al = 1, the RAA239101 keeps writing the subsequently received
data bytes to sequentially incrementing addresses until SEN goes low. If SEN goes low in the middle of a
transaction, the data byte that is not fully received is not written and the transaction is terminated.

Master updates SDI on falling
edge of SCLK

SEN | \_

SDI RIWbX Al | A ) :X AL0] XDO[7]XDO[G] i: XDO[O] X D1[7]XD1[6]X :X D1[0]X

pata |1 2 [ 8 9 [ 10 [....] 16 17 [ 18 [ .... | 24
Protocol
RWb | Al Address[5:0] Write Data0 [7:0] Write Data1 [7:0]*
Legend: Header | Data | A Only present for Multi Word Transactions

Figure 16. SPI Write Operation

Table 5. SPI Data Definitions

Term Definition
R/Wb Read/Write bit. 1 indicates a Read operation, 0 indicates a Write operation
Al Auto Increment. 1 indicates multi-byte transfer, 0 indicates single-byte transfer
Address[5:0] 6-bit register address of the register to be written/read
Read Data n[7:0] Data in the register at address, Address [7:0] + n
Write Data n[7:0] Data to be written to the register at address, Address [7:0] + n
R16DS0131EU0201 Rev.2.01 RENESAS Page 23 of 34

Jun 27, 2022



RAA239101 4. Applications Information

4.7.2 SPI Read Operation

To read from the RAA239101, the master (controller) needs to drive SEN High and then send the header byte.
The RAA239101 then sends the data bytes from the requested register(s) and finally the master drives SEN low
to terminate the transaction. The MSB of the header byte is the R/Wb bit that must be set to 1 for a Read
operation. Bit 2, Al, indicates whether the transaction is going to be a single-byte read operation or a multi-byte
read. The register address byte is the 6-bit address of the register. Following this, the RAA239101 sends the data
from the requested register. When all eight bits of data from the requested register address are sent, the
RAA239101 increments the register address. If it is a single-byte transaction, (Al = 0), the RAA239101 goes into a
wait state and waits for SEN to go low. For multi-byte transactions with Al = 1, the RAA239101 keeps sending
data bytes from sequentially incrementing addresses until SEN goes low. When SEN is low, SDO is driven low.
Activity on SDO before DO[7] is ignored.

Master updates SDI on Slave updates SDO after Master samples SDO on
falling edge of SCLK falling edge of SCLK rising edge of SCLK

\ \

SEN | ; \ / \_
scLk m WU S AL A B I AR B U

sDI XRNVbIX Al | As) X: :X Al0] :X

|
|
|
soo DOin [ pots | ... | poror | o171 | o1ier] ... | p1ror

T
1 2 | 8 9 [ 10 [ ....] 16 | 17 | 18 | .... [ 24

Data
Protocol | rwb | Al Address[5:0] Read Data0 [7:0] Read Dataf [7:0]*
Legend: Header | Data | A Only present for Multi Word Transactions

Figure 17. SPI Read Operation

4.7.3 SPI Timing
Figure 18 shows the timing for the SPI.

—T—re——T——>

SEN /l
«—T,—> T, Ta—>
SCLK
/| W— ) I A VA

—>»| €Ty

N

4< Ts> T
O I VG

Figure 18. SPI Timing

Table 6. SPI Timing

Interval Parameter Min Typ Max Unit
Ty Clock Period 200 ns
T, Enable Lead Time 125 ns
T3 Enable Lag Time 125 ns
T4 Clock High or Low Time 100 ns
Ts Data Set-Up Time (Input) 20 ns
Ts Data Hold Time (Input) 20 ns
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Table 6. SPI Timing (Continued)

Interval Parameter Min Typ Max Unit
T, Data Held After Clock Edge (Output) 6 35 ns
CL Load Capacitance 40 pF

4.8 Soldering Guidelines

The RAA239101 package has tin (Sn) plated surfaces and is compatible with both tin-silver-copper (SnAgCu, also
known as SAC) lead-free solder paste as well as tin-lead (SnPb) solder paste. The package can be used with a
standard SnPb reflow profile with a 220°C to 235°C peak temperature. It is compatible with no-clean flux;
however, Renesas recommends purging with nitrogen during the reflow when using solder with no-clean flux. For
more information, see TB389.

4.9 Layout Guideline and Power Supply Bypassing

Good printed circuit board (PCB) layout is necessary for optimum performance. The following are
recommendations to achieve optimum high frequency performance from your PCB.

» To optimize thermal performance, solder the exposed thermal pad of the RAA239101 to GND. Place the PCB
vias below the exposed thermal pad of the device and connected to GND to transfer heat away from the device
(see General PowerPAD Design Considerations). If the thermal pad is not connected to GND, should be
electrically isolated.

* Maximize use of AC de-coupled PCB layers. Route all signal I/O lines over continuous ground planes (for
example, no split planes or PCB gaps under these lines). Avoid vias in the signal 1/O lines.

* When testing, use good quality connectors and cables, match cable types, and keep cable lengths to a
minimum.

* A minimum of two power supply decoupling capacitors are recommended (typically 10uF and 0.1uF) per supply
and placed as close to the IC as possible. Avoid placing vias between the capacitor and the device because
vias add unwanted inductance. Larger value capacitors can be placed farther away.

» Maintain a low-impedance path connection from the VBATT pin to the battery terminal to reduce voltage drop
when battery load test is performed. Renesas also recommends isolating the battery momentarily from the
VMCU and the rest of the circuitry while performing a battery load test.

* Printed Circuit Board (PCB) layout of the PD1N, PD2N, PD12P1, and PD12P2 traces are critical to proper
operation. Because of the high input impedance of the TIA, the PD1N and PD2N pins are susceptible to
leakage on the PCB. To mitigate leakage issues, the PD12P1 and PD12P2 pins have been positioned on either
side of the PD1N and PD2N pins to act as a guard. Note: The PD12P1 and PD12P2 pins must be connected
under the IC to block leakage to the ground pad. A guard ring trace made out of the PD12P1-2 net needs to
completely surround the PD1N and PD2N traces all the way to the photo diodes. The guard ring trace must not
have solder mask so it can effectively collect leakage currents. Keep the length of the traces to the photodiodes
as short as possible.

4.10 General PowerPAD Design Considerations

For optimal thermal performance, use vias to distribute heat away from the IC and to a system power plane. Fill
the thermal pad area with vias that are spaced 3x their radius (typically), center-to-center, from each other. The
via diameters should be kept small, but they should be large enough to allow solder wicking during reflow. To
optimize heat transfer efficiency, do not connect vias using thermal relief patterns. Vias should be directly
connected to the plane with plated through-holes.

Connect all vias to the correct voltage potential (power plane) indicated in the datasheet. For the RAA239101, the
thermal pad potential is ground (GND).
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RAA239101 5. Register Address Map
5. Register Address Map

Addr Name R/W POR Description

0x00 CHIP_ID_REV R 0x32 Chip ID and Revision

0x01 TIA RwW 0x36 TIA Settings

0x02 TIA1_ICOMP RW 0x00 TIA1 Offset Compensation

0x03 TIA2_ICOMP RW 0x00 TIA2 Offset Compensation

0x04 TIA_TEST RW 0x00 TIA_TEST Settings

0x05 LED1 RwW 0x00 LED1 Settings

0x06 LED2 RW 0x00 LED2 Settings

0x09 STATUS_CTL RW 0x00 Status and Control Register

0x0A LED_CFG RW 0x00 LED Drive Configuration

0x0B ADC_CFG RW 0x01 ADC Configuration

0x0C ADC_SAMPLE10 RwW 0x00 ADC Sample 1 and 0 mux selection

0x0D ADC_SAMPLE32 RwW 0x00 ADC Sample 3 and 2 mux selection

0x0E ADC_SAMPLE54 RW 0x00 ADC Sample 5 and 4 mux selection

O0xOF ADC_SAMPLE76 RW 0x00 ADC Sample 7 and 6 mux selection

0x10 ADC_DATAOH R 0x00 ADC Sample 0 bits 9:2

0x11 ADC_DATAOL R 0x00 ADC Sample 0 bits 1:0

0x12 ADC_DATA1TH R 0x00 ADC Sample 1 bits 9:2

0x13 ADC_DATA1L R 0x00 ADC Sample 1 bits 1:0

0x14 ADC_DATA2H R 0x00 ADC Sample 2 bits 9:2

0x15 ADC_DATA2L R 0x00 ADC Sample 2 bits 1:0

0x16 ADC_DATA3H R 0x00 ADC Sample 3 bits 9:2

0x17 ADC_DATA3L R 0x00 ADC Sample 3 bits 1:0

0x18 ADC_DATA4H R 0x00 ADC Sample 4 bits 9:2

0x19 ADC_DATA4L R 0x00 ADC Sample 4 bits 1:0

0x1A ADC_DATASH R 0x00 ADC Sample 5 bits 9:2

0x1B ADC_DATA5L R 0x00 ADC Sample 5 bits 1:0

0x1C ADC_DATA6H R 0x00 ADC Sample 6 bits 9:2

0x1D ADC_DATA6L R 0x00 ADC Sample 6 bits 1:0

Ox1E ADC_DATA7H R 0x00 ADC Sample 7 bits 9:2

Ox1F ADC_DATAT7L R 0x00 ADC Sample 7 bits 1:0
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6. Register Descriptions

6.1 CHIP_ID_REV

Addr Bit Name R/W POR Description
0x00 7:4 CHIP_ID R 0x3 [ ChipID
3:0 CHIP_REV R 0x2 | Chip Revision
6.2 TIA
Addr Bit Name R/W POR Description
0x01 7:5 SPAREO RwW 0x1 Reserved (Set to 0 when writing to this register)
4 LED_COMP RwW 0x1 | TIA Offset Compensation Enable
0x0 = TIA Offset Compensation enabled entire time that AFE_EN pin is high
0x1 = TIA Offset Compensation enabled only when and LED is illuminated
3:2 TIA_INPUTGAIN RW 0x1 | TIA Input Gain:
0x0 = 1.25MQ
0x1 =2.5MQ
0x2 = 3.75MQ
0x3 = 5MQ
1:.0 TIA_PGAGAIN Rw 0x2 | TIAPGA Gain:
0x0 = 1.6X
0x1 =8X
0x2 = 16X
0x3 = 32X
6.3 TIA1_ICOMP
Addr Bit Name R/W POR Description
0x02 7:0 TIA1_ICOMP Rw 0x00 | TIA1 Compensation = -0.25mV * TIA1_ICOMP[7:0] * TIA_PGAGAIN
0x00 OmV * TIA_PGAGAIN
0x01 -0.250mV * TIA_PGAGAIN
OXFE -63.50mV * TIA_PGAGAIN
OxFF -63.75mV * TIA_PGAGAIN
6.4 TIA2_ICOMP
Addr Bit Name R/W POR Description
0x03 7:0 TIA2_ICOMP RwW 0x00 | TIA2 Compensation =-0.25mV * TIA2_ICOMP[7:0] * TIA_PGAGAIN
0x00 OmV * TIA_PGAGAIN
0x01 -0.250mV * TIA_PGAGAIN
OxFE -63.50mV * TIA_PGAGAIN
OxFF -63.75mV * TIA_PGAGAIN
6.5 TIA_TEST
Addr Bit Name R/W POR Description
0x04 75 RESERVED RW 0x0 | Reserved (Set to 0 when writing to this register)
4 TIA_OPEN RW 0x00 | Disconnect Photodiode from TIA Input
0x0 = Normal Operation
0x1 = Disconnects the Photodiodes from the TIA inputs to calibrate out TIA
offsets at the system level
3:.0 RESERVED RwW 0x0 | Reserved (Set to 0 when writing to this register)
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6.6 LED1
Addr Bit Name R/W POR Description
0x05 7:0 LED1 RW 0x0 |LED1 Current = 45mA + (1mA*LED1[7:0])
LED1 Current is doubled if the LED_|_X2 bit is set in the LED_CFG register
0x0Ah
The LED1 current is active when the AFE_EN pin is high, LED1EN Pin is high,
the LED2EN Pin is low, and BATT_TEST_EN = 0x0.
6.7 LED2
Addr Bit Name R/W POR Description
0x06 7:0 LED2 RW 0x0 |LED2 Current = 45mA + (1mA*LED2[7:0])
LED2 Current is doubled if the LED_I|_X2 bit is set in the LED_CFG register
0x0Ah

The LED2 current is active when the AFE_EN pin is high, LED2EN Pin is high,
the LED1EN Pin is low, and BATT_TEST_EN = 0x0

6.8 BATT_TEST1

Addr Bit Name R/W POR Description

0x07 7:0 BATT_TEST_LOAD RW 0x0 |Load Current Applied to the Battery Test = 1mA*BATT_TEST_LOADI7:0]
BATT_TEST_LOAD current is doubled if the LED_I_X2 bit is set to Ox1 in the
LED_CFG register Ox0Ah.

The VBATT current is active when the AFE_EN pin is high, LED1EN Pin is high,
the LED2EN Pin is low, and BATT_TEST_EN = 0x1.

6.9 BATT_TEST2

Addr Bit Name R/W POR Description
0x08 71 RESERVED RW 0x0 | Reserved (Set to 0 when writing to this register)
0 BATT_TEST_EN RW 0x0 | Battery Test Enable for VBATT Pin

0x0 = Loaded Battery Test Disabled

0x1 = Loaded Battery Test Enabled

Battery Load (set by BATT_TEST_LOAD) is applied when AFE_EN pin is high,
LED1EN pin is high, and LED2EN pin is low.

Note: BATT_TEST_EN is reset to 0x0 at the falling edge of AFE_EN.
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6.10 STATUS_CTL

Addr Bit Name R/W POR Description

0x09 7 SOFTRESET RW 0x0 | Reset All Registers and Reload from OTP
0x0 = Normal operation, do nothing
0x1 = Reset all registers and reload from OTP

Alternate approach to perform a software reset:

- When LED1EN and LEDEN2 pins are both high for >25us, SOFTRESET is
asserted and Soft Reset is started. Note: If LED1EN and LED2EN pins remain
high, the AFE continues to reset every 25ps.

6 REG_VALID RwW 0x0 | Registers Valid
0x0 = OTP download to registers has not completed or has failed
0x1 = OTP download to registers has completed successfully

5:2 SPARE2_RO R 0x0 | Spare Bits
1 RESERVED R 0x0 | Reserved Read-Only Bit
0 AFE_READY R 0x0 | AFE_READY State

0x0 = AFE failed to power up and stay powered up during the previous AFE
Enable event

0x1 = AFE powered up properly at the previous AFE Enable event

Note: AFE_READY is set to 0x0 at Battery Insertion/Bootup and at the rising
edge of AFE_EN

6.11 LED_CFG

Addr Bit Name R/W POR Description
0X0A 71 RSVD R 0x0 | Reserved
0 LED_I_X2 RW 0x0 | O0x0 = Normal LED1, LED2, and battery test currents

0x1 = Double LED1, LED2, and battery test currents

6.12 ADC_CFG

Addr Bit Name R/W POR Description
0X0B 74 RSVD R 0x0 |Reserved
3:2 SPARE4 RW 0x0 |Reserved
1 ADC_EN RW 0x0 |ADC Enable

0x0 = ADC powered down
0x1 = ADC is powered up when ADC_EN = 0x1 and AFE_EN pin = high

0 ADC_CONV_DONE R 0x1 ADC Conversion Done (AKA OK to start new ADC conversion)

0x0 = ADC conversion is in progress. (~8.5us)

0x1 = ADC conversion has completed

Note: ADC_CONV_DONE is also set to 0x1 at ADC Power up which occurs at
the rising edge of AFE_EN
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6.13 ADC_SAMPLE10

Addr Bit Name R/W POR Description
0xocC 7 PD1_SEL RwW 0x0 | Photo Diode selection for ADC Sample 1
See PDO_SEL for decoding
6:4 MUX1_SEL RW 0x0 | ADC Input Mux Selection for Sample 1
See MUXO0_SEL for decoding
3 PDO_SEL RwW 0x0 | Photo Diode selection for ADC Sample 0
0x0 = Photo Diode 1
0x1 = Photo Diode 2
2:0 MUXO0_SEL RW 0x0 | ADC Input Mux Selection for Sample 0
0x0 = ADC_IN Pin
0x1 = TIA PGA Output
0x2 = VMCU PIN DIVIDE BY 2.5
0x3 = VBATT Pin divide by 2.5 (3V Battery / 2.5)
VBATT Pin divide by 6 (9V Battery / 6)
0x4 = LED1 Pin divide by 6
0x5 = LED2 Pin divide by 6
0x6 = PD12P Pin
0x7 = INTERNAL_TEST Renesas Use Only
6.14 ADC_SAMPLE32
Addr Bit Name R/W POR Description
0X0D 7 PD3_SEL RwW 0x0 | Photo Diode selection for ADC Sample 3
See PDO_SEL for decoding
6:4 MUX3_SEL RW 0x0 | ADC Input Mux Selection for Sample 3
See MUXO_SEL for decoding
3 PD2_SEL RwW 0x0 | Photo Diode selection for ADC Sample 2
See PDO_SEL for decoding
2:0 MUX2_SEL RW 0x0 | ADC Input Mux Selection for Sample 2
See MUXO0_SEL for decoding
6.15 ADC_SAMPLE54
Addr Bit Name R/W POR Description
0XO0E 7 PD5_SEL RW 0x0 | Photo Diode selection for ADC Sample 5
See PDO_SEL for decoding
6:4 MUX5_SEL RW 0x0 | ADC Input Mux Selection for Sample 5
See MUXO0_SEL for decoding
3 PD4_SEL RwW 0x0 | Photo Diode selection for ADC Sample 4
See PDO_SEL for decoding
2:0 MUX4_SEL RW 0x0 | ADC Input Mux Selection for Sample 4
See MUXO0_SEL for decoding
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6.16 ADC_SAMPLE76

Addr Bit Name R/W POR Description
0XOF 7 PD7_SEL RwW 0x0 | Photo Diode selection for ADC Sample 7
See PDO_SEL for decoding
6:4 MUX7_SEL RW 0x0 | ADC Input Mux Selection for Sample 7
See MUXO0_SEL for decoding
3 PD6_SEL RwW 0x0 | Photo Diode selection for ADC Sample 6
See PDO_SEL for decoding
2:0 MUX6_SEL RW 0x0 | ADC Input Mux Selection for Sample 6
See MUXO0_SEL for decoding
6.17 ADC_DATAOH
Addr Bit Name R/W POR Description
0X10 7:0 ADCO0_92 R 0x00 | ADC[9:2] for Sample O, cleared at rising edge of AFE_EN Pin
6.18 ADC_DATAOL
Addr Bit Name R/W POR Description
0X11 7:6 ADCO_10 0x0 | ADC[1:0] for Sample 0, cleared at rising edge of AFE_EN Pin
5:0 ADCO_RSVD 0x00 |Reserved
6.19 ADC_DATA1H
Addr Bit Name R/W POR Description
0X12 7:0 ADC1_92 R 0x00 | ADC[9:2] for Sample 1, cleared at rising edge of AFE_EN Pin
6.20 ADC_DATA1L
Addr Bit Name R/W POR Description
0X13 7:6 ADC1_10 0x0 | ADC[1:0] for Sample 1, cleared at rising edge of AFE_EN Pin
5:0 ADC1_RSVD 0x00 |Reserved
6.21 ADC_DATA2H
Addr Bit Name R/W POR Description
0X14 7:0 ADC2_92 R 0x00 | ADCI9:2] for Sample 2, cleared at rising edge of AFE_EN Pin
6.22 ADC_DATA2L
Addr Bit Name R/W POR Description
0X15 7:6 ADC2_10 0x0 | ADC[1:0] for Sample 2, cleared at rising edge of AFE_EN Pin
5:0 ADC2_RSVD 0x00 |Reserved
6.23 ADC_DATA3H
Addr Bit Name R/W POR Description
0X16 7:0 ADC3_92 R 0x00 | ADCJ9:2] for Sample 3, cleared at rising edge of AFE_EN Pin
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6.24 ADC_DATA3L

Addr Bit Name R/W POR Description
0X17 7:6 ADC3_10 0x0 | ADC[1:0] for Sample 3, cleared at rising edge of AFE_EN Pin
5:0 ADC3_RSVD 0x00 |Reserved
6.25 ADC_DATA4H
Addr Bit Name R/W POR Description
0X18 7:0 ADC4_92 R 0x00 | ADC[9:2] for Sample 4, cleared at rising edge of AFE_EN Pin
6.26 ADC_DATAA4L
Addr Bit Name R/W POR Description
0X19 7:6 ADC4_10 0x0 | ADC[1:0] for Sample 4, cleared at rising edge of AFE_EN Pin
5:0 ADC4_RSVD 0x00 |Reserved
6.27 ADC_DATA5H
Addr Bit Name R/W POR Description
0X1A 7:0 ADC5_92 R 0x00 | ADC[9:2] for Sample 5, cleared at rising edge of AFE_EN Pin
6.28 ADC_DATASL
Addr Bit Name R/W POR Description
0X1B 7:6 ADC5_10 0x0 | ADC[1:0] for Sample 5, cleared at rising edge of AFE_EN Pin
5:0 ADC5_RSVD 0x00 |Reserved
6.29 ADC_DATAG6H
Addr Bit Name R/W POR Description
0Xx1C 7:0 ADC6_92 R 0x00 | ADC[9:2] for Sample 6, cleared at rising edge of AFE_EN Pin
6.30 ADC_DATA6L
Addr Bit Name R/IW POR Description
0X1D 7:6 ADC6_10 0x0 | ADC[1:0] for Sample 6, cleared at rising edge of AFE_EN Pin
5:0 ADC6_RSVD 0x00 |Reserved
6.31 ADC_DATA7H
Addr Bit Name R/W POR Description
0X1E 7:0 ADC7_92 R 0x00 | ADC[9:2] for Sample 7, cleared at rising edge of AFE_EN Pin
6.32 ADC_DATA7L
Addr Bit Name R/W POR Description
0X1F 7:6 ADC7_10 0x0 | ADCI1:0] for Sample 7, cleared at rising edge of AFE_EN Pin
5:0 ADC7_RSVD 0x00 |Reserved
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7. Revision History

Rev. Date Description

2.01 Jun 27, 2022 Updated all text references to 3.3V configuration to 3V to 5V.

Updated VMCU maximum value from 3.6V to 6V in the abs max section.

Updated HVDD Supply Voltage from 3.3V to 5.5V and added min and max spec for ADC_IN.
Added Maximum value for HYDD Supply Current (sleep mode).

Updated the AFE and ADC Timing Section

Updated Figure 14.

Updated CHIP_ID_REV Register POR values.

2.00 May 20, 2021 Updated Voltage from 3V-5V to 3.3V throughout document.

Updated the abs max rating for the VMCU, BATT_SEL, and HORN_DIS pins to AGND maximum spec from
6V to 3.6V.

Updated the Horn Driver Circuit section.

1.01 May 4, 2021 Updated the AFE & ADC Timing section.
Updated Pin 14 description.
Updated Figures 1, 3,4, 7, 8, and 9.

1.00 Jan 15, 2021 Initial release
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8. Package Outline Drawing

For the most recent package outline drawing, see L32.4x4F.
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