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5 Pin Configuration and Functions
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# 5-1. Pin Functions

ST PIN = TYPE(") DESCRIPTION

A2 1 | Target address selection A2 for I2C when the SP1/12C pin is low.

ADC-GND 32 | ADC ground. Must be connected to AGND.

ADCREFINGMP | 31 | 10| capacitor botween this in and AGND) when mermal Vgs 1s used t drve e ADG. -

AGND1 54 | Analog ground

AGND2 55 | Analog ground

AGND3 22 | Analog ground

AGND4 21 | Analog ground

ALARM 62 o Global alarm. Open-drain output. An external 10-kQ pullup resistor is required. This pin goes low (active) when one
(or more) analog channels are out of range.

AVCCH 56 | Eositive analog power for DAC6-OUT, DAC7-OUT, DAC8-OUT, DAC9-OUT, DAC10-OUT, and DAC11-OUT; must be
tied to AVCC2

AVCC2 23 | E’ositive analog power for DAC0-OUT, DAC1-OUT, DAC2-OUT, DAC3-OUT, DAC4-OUT, and DAC5-OUT; must be
tied to AVCC1

AVDD1 49 | Positive analog power supply

AVDD2 50 | Positive analog power supply

CHO 33 | Analog input of channel 0. CHO, CH1, CH2, and CH3 can be programmed as differential or single-ended.

CH1 34 | Analog input of channel 1. CHO, CH1, CH2, and CH3 can be programmed as differential or single-ended.

CH2 35 | Analog input of channel 2. CHO, CH1, CH2, and CH3 can be programmed as differential or single-ended.

CH3 36 | Analog input of channel 3. CHO, CH1, CH2, and CH3 can be programmed as differential or single-ended.

CH4 37 | Analog input of channel 4. CH4 to CH15 are single-ended.

CH5 38 | Analog input of channel 5. CH4 to CH15 are single-ended.

CH6 39 | Analog input of channel 6. CH4 to CH15 are single-ended.

CH7 40 | Analog input of channel 7. CH4 to CH15 are single-ended.

CH8 41 | Analog input of channel 8. CH4 to CH15 are single-ended.

CH9 42 | Analog input of channel 9. CH4 to CH15 are single-ended.

CH10 43 | Analog input of channel 10. CH4 to CH15 are single-ended.

CH11 44 | Analog input of channel 11. CH4 to CH15 are single-ended.

CH12 45 | Analog input of channel 12. CH4 to CH15 are single-ended.

CH13 46 | Analog input of channel 13. CH4 to CH15 are single-ended.

CH14 47 | Analog input of channel 14. CH4 to CH15 are single-ended.

CH15 48 | Analog input of channel 15. CH4 to CH15 are single-ended.

CNVT | External conversion trigger, active low. The falling edge initiates the sampling and conversion of the ADC.

CSI/A0 | Chip-select signal for SPI when the SPI/I2C pin high. Target address selection AQ for 12C when SPI/12C low.

D1-/GPIO4 29 110 Remote sensor D1 negative input when D1 enabled; GPIO-6 when D1 disabled. Pullup resistor required for output.

D1+/GPIO-5 30 110 Remote sensor D1 positive input when D1 enabled; GPIO-7 when D1 disabled. Pullup resistor required for output.

D2-/GPIO-6 27 /10 Remote sensor D2 negative input when D2 enabled; GP1O-6 when D2 disabled. Pullup resistor required for output.

D2+/GPIO-7 28 110 Remote sensor D2 positive input when D2 enabled; GPIO-7 when D2 disabled. Pullup resistor required for output.

DACO-OUT 26 (0] DAC channel 0 output

DAC1-OUT 25 (0] DAC channel 1 output

DAC2-OUT 24 (0] DAC channel 2 output

DAC3-OUT 20 (0] DAC channel 3 output

DAC4-OUT 19 (0] DAC channel 4 output

DAC5-OUT 18 (0] DAC channel 5 output

DAC6-OUT 51 (0] DAC channel 6 output

DAC7-OUT 52 (0] DAC channel 7 output

DAC8-OUT 53 (0] DAC channel 8 output

DAC9-OUT 59 (0] DAC channel 9 output

DAC10-OUT 60 (0] DAC channel 10 output

4
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# 5-1. Pin Functions (%i¥)

PIN
TYPE(") DESCRIPTION

NAME NO.

DAC11-OUT 61 (0] DAC channel 11 output
DAC clear control signal, digital input, active low. When low, all DACs associated with the DAC-CLR-0 pin enter a
CLEAR state, the DAC latch is loaded with a predefined code, and the output is set to the corresponding level.

DAC-CLR-0 17 | However, the DAC-data register does not change. When the DAC goes back to normal operation, the DAC latch is
loaded with the previous data from the DAC-data register and the output returns to the previous level, regardless of
the status of the SLDAC-n bit. When this pin is high, the DACs are in normal operation.
DAC clear control signal, digital input, active low. When low, all DACs associated with the DAC-CLR-1 pin enter a
CLEAR state, the DAC latch is loaded with a predefined code, and the output is set to the corresponding level.

DAC-CLR-1 63 | However, the DAC-data register does not change. When the DAC goes back to normal operation, the DAC latch is
loaded with the previous data from the DAC-data register and the output returns to the previous level, regardless of
the status of the SLDAC-n bit. When this pin is high, the DACs are in normal operation.
Data available indicator, active low output. In direct mode, the DAV pin goes low (active) when the conversion ends.

DAV 2 0} In auto mode, a 1-ps pulse (active low) appears on this pin when a conversion cycle completes (for details, see the
Primary ADC Operation and Register Maps sections). DAV stays high when deactivated.

DGND 6 | Digital ground

DGND2 64 | Digital ground

DVDD 8 | Digital power supply (3 V to 5 V). Must be the same value as AVpp.

GPIO-0 13 /o General-purpose digital input and output. This bidirectional, open-drain, digital I/O pin requires an external pullup
resistor. For more details, see the General-Purpose Input and Output Pins (GPIO-0 To GPIO-7) section.

GPIO-1 14 o) General-purpose digital input and output. This bidirectional, open-drain, digital I/O pin requires an external pullup
resistor. For more details, see the General-Purpose Input and Output Pins (GPIO-0 To GPIO-7) section.

GPIO-2 15 /o General-purpose digital input and output. This bidirectional, open-drain, digital I/O pin requires an external pullup
resistor. For more details, see the General-Purpose Input and Output Pins (GPIO-0 To GPIO-7) section.

GPIO-3 16 /o General-purpose digital input and output. This bidirectional, open-drain, digital I/O pin requires an external pullup
resistor. For more details, see the General-Purpose Input and Output Pins (GPIO-0 To GPIO-7) section.

I0vDD 7 | Interface power supply

REF-DAC 58 | DAC reference input

REF-OUT 57 (0] Internal reference output

RESET 1 | Reset input, active low. A logic low on this pin causes the device to perform a hardware reset.

SCLK/SCL 5 | Serial clock input of the main serial interface. This pin functions as the SPI clock when the SPI/I12C pin is high. This
pin functions as the 12C clock when the SPI/I2C pin is low.

SDI/SDA 4 o) Serial interface data. This pin functions as SDI for the serial peripheral interface (SPI) when the SPI/12C pin (pin 12)
is high. This pin functions as SDA for the 12C interface when the SPI/I2C pin is low.

SDO/A1 10 /10 SDO for SPI when the SPI/12C pin is high. Target address selection A1 for [2C when the SP1/12C pin is low.

SPI/I2C 12 | Interface selection pin; digital input. When this pin is tied to IOVDD, the SPI is enabled and the 12C interface is
disabled. When this pin is tied to ground, the SP!I is disabled and the 12C interface is enabled.

(1)  Signal Types: | = Input, O = Output, /0 = Input or Output.

Copyright © 2023 Texas Instruments Incorporated BHEHZBTT 57— RN 2 (BB GPY) &85
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
AVDD pins to GND -0.3 6
DVDD pins to GND -0.3 6
Supply voltage \%
IOVDD pins to GND -0.3 6
AVCC pins to GND -0.3 6
Analog input pins to GND -0.3 AVpp + 0.3
Digital input pins to GND -0.3 IOVpp + 0.3
' ALARM, GPIO-[0:3], SCLK/SCL, SDI/SDA pins to ~0.3 6
Pin voltage GND \%
3:1:/:2'1?1; D1-/GPIO-5, D2+/GPI0O-6, D2-/GPIO-7 03 AVpp + 0.3
SDO and DAV pins to GND -0.3 IOVpp + 0.3
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

I JEDEC JS-001, all pins(") +2000
V(Esp) Electrostatic discharge : v
Charged device model (CDM), per ANSI/ESDA/ +500

JEDEC JS-002, all pins(?

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
AVpp (M Analog supply voltage 2.7 55 \%
DVpp Digital supply voltage 2.7 5.5 \%
10Vpp Digital 10 supply voltage 2.7 5.5 \Y
AVce Output buffer supply voltage 45 5.5 \%
Ta Operating ambient temperature -55 125 °C
(1)  AVpp must be greater than or equal to (Vger + 1.2 V).
6 BHEHZBTT 57— RN 2 (ZE R RRB G PY) &35 Copyright © 2023 Texas Instruments Incorporated
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6.4 Thermal Information

AFE11612-SEP
THERMAL METRIC(") PAP (HTQFP) UNIT
64 PINS
Oa Junction-to-ambient thermal resistance 33.7 °C/W
Oc(top) Junction-to-case (top) thermal resistance 9.5 °C/W
Oy Junction-to-board thermal resistance 9.0 °C/W
Wyr Junction-to-top characterization parameter 0.3 °C/W
Y Junction-to-board characterization parameter 8.9 °C/W
©yc(bot) Junction-to-case (bottom) thermal resistance 0.2 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.5 Electrical Characteristics

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5V1t05.5V,I0Vpp =2.7 V1o 5.5V, internal reference, and DAC outputs unloaded (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
DAC CHARACTERISTICS(")
Resolution 12 Bits
Full-scale output voltage VgRep =2.5V 0 5 \%
DNL Differential nonlinearity Specified 12-bit monotonic -1 1 LSB
INL Integral nonlinearity -1.25 1.25| LSB
TUE Total unadjusted error Ta=25°C -10 10 mV
Offset error Tp=25°C -2 2 mV
Offset error temperature drift +1 ppm/°C
Gain error External 2.5-V reference -0.15 0.15| %FSR
Gain error temperature drift +2 ppm/°C
Source within 200 mV of supply 10 mA
Load current(@
Sink within 300 mV of supply -10 mA
Short-circuit current(2) +30 mA
Capacitive load stability(®) 0 10| nF
DC output impedance(®) Midscale code 0.3 Q
Output voltage settling time sRe}ttTirfgkt%f/:ZL :SZE?O PF, 1/4 to 3/4 scale 3 us
Slew rate 1/4 to 3/4 scale transition, 10% to 90% 1.5 V/us
Output noise f=0.1 Hz to 10 Hz, midscale code uVpp
Output noise density i;‘;rg:cze‘ midscale code, external 81 nV/Hz
Code change glitch impulse 1 LSB change around major carrier 0.15 nV-s
Supply ramp-up glitch amplitude AV¢c = 0-V to 5-V, 2-ms ramp 5 mV
Digital feedthrough Device is not accessed 0.15 nV-s
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS PE) #55F 7
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6.5 Electrical Characteristics (¥tX)

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5V 1055V, I0Vpp =2.7 V to 5.5V, internal reference, and DAC outputs unloaded (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ADC CHARACTERISTICS
Resolution 12 Bits
Single-ended, 0 V to Vrgr 0 VRer
Single-ended, 0 V to 2 x Vggg 0 2 x VRer
Full-scale input voltage Fully differential, ViN+ — Vin-, _ v
P 9 0V to Veer VRer VRer
Fully differential, Vin+ — ViNo, -2 % 2xV
0Vto2xVger VRer REF
. GND - AVpp +
Absolute input voltage 0.2 0.2 \%
DNL Differential nonlinearity Specified 12-bit monotonic -1 1 LSB
INL Integral nonlinearity -1 1 LSB
Offset error -3 3 LSB
Offset error match +0.4 LSB
Single-ended mode, _5 5
external 2.5-V reference
. Differential mode, 0 V to Vg,
Gain error Vem = 1.25 V, external 2.5-V reference - 5 LsB
Differential mode, 0 V to 2 x VRgF, _5 5
Vem = 2.5V, external 2.5-V reference
Single-ended mode +0.
Gain error match LSB
Differential mode +
Differential mode, 0 V to Vg, -3 3
Vem = 1.25'V, external 2.5-V reference
Zero code error LSB
Differential mode, 0 V to 2 x VRgf, -3 3
Vewm = 2.5V, external 2.5-V reference
Zero code error match +0.5 LSB
Common-mode rejection Differential mode, 0 V'to 2 x Vrer, 67 dB
measured at dc
X 0Vto VREF 118
Input capacitance pF
0Vto2xVger 73
Input bias current Unselected ADC input +10 MA
External single analog channel,
) 500
auto-mode conversion
Conversion rate kSPS
External single analog channel,
: B 167
direct-mode conversion
Conversion time External single analog channel 2 us
Autocycle update rate All 16 single-ended inputs enabled 32 us
Throughput rate SCLK = 12 MHz, external single-channel 500| kSPS
INTERNAL TEMPERATURE SENSOR CHARACTERISTICS
AVpp =5V, Tp =-55°C to +125°C -4.5 4.5
Accuracy °C
AVpp =5V, Ta =0°C to 100°C -1.5 1.5
Resolution 0.125 °C
Conversion rate Remote temperature sensors disabled 15 ms

8 BRHCT BT — RNy (DB b B
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6.5 Electrical Characteristics (¥tX)

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5V 1055V, I0Vpp =2.7 V to 5.5V, internal reference, and DAC outputs unloaded (unless otherwise
noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
REMOTE TEMPERATURE SENSOR CHARACTERISTICS
AVpp =5V, Tp =-55°C to +125°C, 6 6
Tp =—-40°C to +150°C
Accuracy® °C
AVpp =5V, Tp =0°C to +100°C, 15 15
Tp =—-40°C to +150°C ’
Resolution 0.125 °C
) With resistance cancellation (RC = 1) 93
Conversion rate per sensor ms
Without resistance cancellation (RC = 0) 44
INTERNAL REFERENCE CHARACTERISTICS
Vrer-out |Internal reference voltage Ta =25°C, REF-OUT pin 2.48 2.5 2.52 \Y
Internal reference temperature coefficient | Tp = -55°C to +125°C 25 ppm/°C
Internal reference impedance 0.4 Q
Internal reference output noise f=0.1Hzto 10 Hz 13 MVpp
Internal reference noise density f=1kHz 260 nVAHz
Internal reference load current 5 mA
EXTERNAL REFERENCE CHARACTERISTICS
DAC reference input, REF-DAC pin 1.4 2.5 2.6
VREF Input voltage - - \%
ADC reference input, ADC-REF-IN pin 14 2.5 2.6
DAC reference input, Vggg = 2.5V 170
Input current MA
ADC reference input, Vggg = 2.5V 145
ADC reference buffer offset Ta=25°C -5 5 mV
DIGITAL INPUT CHARACTERISTICS
IOVpp =5V 2.1
Viy High-level input voltage \Y
|OVDD =33V 2.2
) IOVpp =5V 0.8
Vi Low-level input voltage \%
I0Vpp=3.3V 0.7
All except SCL, SDA, ALARM and GPIO -1 1
Input current MA
SCL, SDA, ALARM and GPIO -5 5
Input pin capacitance 5 pF
DIGITAL OUTPUT CHARACTERISTICS
IO0Vpp =5V, | =3 mA 4.8
Vou High-level output voltage oo SOURCE \%
|OVDD =33V, Isource = 3 mA 29
VoL Low-level output voltage Isink = 3 MA 0.4 \%
GPIO and ALARM, IOVpp =5V,
_ 0.4
lSINK =5mA
GPIO and ALARM, IOVpp =3.3 V,
= 0.4
. Isink =2 mA
VoL Open-drain low-level output voltage \
SDA and SCL, IOVpp =5V,
= 0.4
ISINK =3mA
SDA and SCL, I0Vpp =3.3V,
= 0.4
ISINK =3mA
High-impedance leakage -5 5 MA
Output pin capacitance 10 pF
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6.5 Electrical Characteristics (¥tX)

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5Vt05.5V,I0Vpp =2.7 V1o 5.5V, internal reference, and DAC outputs unloaded (unless otherwise

noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER CONSUMPTION CHARACTERISTICS
AVpp and DVpp combined, no DAC load,
DACs at midscale code and ADC at the 8 19
Ivob AVpp and DVpp supply current fastest autoconversion rate mA
AVpp and DVpp combined, power-down 16
mode ’
No DAC load, DACs at midscale code
lavee AV¢c supply current and ADC at the fastest autoconversion 7 mA
rate
No DAC load, DACs at midscale code
Power consumption and ADC at the fastest autoconversion 95 120 mW
rate, AVDD = DVDD =5 V, AVCC =5V

(1)
@)

@)
(4)

End point fit between codes 32 to 4095.

Overload condition protection. Junction temperature can be exceeded during current limit. Operation greater than the specified
maximum junction temperature can impair device reliability.
Specified by design and characterization. Not tested during production.

Tp is the external diode temperature.
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6.6 Timing Characteristics

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5V1t05.5V,I0Vpp =2.7 Vto 5.5V, internal reference, and DAC outputs unloaded (unless otherwise
noted)

MIN NOM MAX| UNIT
I2C STANDARD MODE TIMING REQUIREMENTS
fisoy (! I2C clock frequency 0 100 kHz
tLow) SCL clock low period 4.7 us
t(HiGH) SCL clock high period 4.0 us
tsusTa) Repeated start condition setup time 4.7 us
tHDSTA) Hold time aftc_er repeat_ed start c_ondition. 4.0 us

After this period, the first clock is generated
tsusto) Stop condition setup time 4.0 us
t@®ur) Bus free time between stop and start condition 4.7 us
t(subam) Data setup time 250 ns
tHppaT) Data hold time 0 3.45 us
triscL Clock rise time 1000 ns
trscL Clock fall time 300 ns
tr spA Data rise time 1000 ns
trspa Data fall time 300 ns
Cg Capacitive load for each bus line 400 pF
I2C FAST MODE TIMING REQUIREMENTS
fiscy (! I2C clock frequency 0 400 kHz
tow) SCL clock low period 1.3 us
t(HiGH) SCL clock high period 0.6 us
tsusTa) Repeated start condition setup time 0.6 us
T— Hold time aftfer repeat‘ed start cpndition. 06 us
After this period, the first clock is generated
tsusto) Stop condition setup time 0.6 us
t®uF) Bus free time between stop and start condition 1.3 us
tsubam) Data setup time 100 ns
tHopaT) Data hold time 0 0.9 us
tr.scL Clock rise time 20+0.1Cpg 300 ns
trscL Clock fall time 20+0.1Cp 300 ns
tr spA Data rise time 20+0.1Cpg 300 ns
trspa Data fall time 20+0.1Cpg 300 ns
Cg Capacitive load for each bus line 400 pF
tsp) Pulse duration of spike suppressed 0 50 ns
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 11
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6.6 Timing Characteristics (ft)

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5V 1055V, I0Vpp =2.7 V to 5.5V, internal reference, and DAC outputs unloaded (unless otherwise
noted)

MIN NOM MAX| UNIT
I2C Hs MODE TIMING REQUIREMENTS, Cg = 400 pF
fisoy (! I2C clock frequency 0 1.7 MHz
tow) SCL clock low period 320 ns
tHiGH) SCL clock high period 120 ns
tsusTa) Repeated start condition setup time 160 ns
tHDsTA) Hold time after repeated start condition 160 ns
tsusto) Stop condition setup time 160 ns
t(subam) Data setup time 10 ns
tHopaT) Data hold time 0 150 ns
tr.scL Clock rise time 20 80 ns
tRscLt tC);iltock rise time after a repeated start condition and after an acknowledge 20 160 ns
trscL Clock fall time 20 80 ns
tr spA Data rise time 20 160 ns
trspa Data fall time 20 160 ns
Cg @ Capacitive load for each bus line 400 pF
tsp) Pulse duration of spike suppressed 0 10 ns
I2C Hs MODE TIMING REQUIREMENTS, Cg = 10 pF to 100 pF
fiscu I2C clock frequency 0 3.4 MHz
tow) SCL clock low period 160 ns
t(HiGH) SCL clock high period 60 ns
tsusTa) Repeated start condition setup time 160 ns
tHDsTA) Hold time after repeated start condition 160 ns
tsusto) Stop condition setup time 160 ns
t(supam) Data setup time 10 ns
tHopaT) Data hold time 0 70 ns
tr.scL Clock rise time 10 40 ns
tRscLt tC);iltock rise time after a repeated start condition and after an acknowledge 10 80 ns
trscL Clock fall time 10 40 ns
tr spA Data rise time 10 80 ns
trspa Data fall time 10 80 ns
Cg @ Capacitive load for each bus line 10 100 pF
tsp) Pulse duration of spike suppressed 0 10 ns
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6.6 Timing Characteristics (ft)

all minimum and maximum specifications at Ty = —55°C to +125°C, all typical specifications at Ty = 25°C, AVec=5.5V,
AVpp =DVpp=4.5Vt05.5V,I0Vpp =2.7 V1o 5.5V, internal reference, and DAC outputs unloaded (unless otherwise
noted)

MIN NOM MAX UNIT
SPI TIMING REQUIREMENTS
fiscLk) SCLK frequency 20 MHz
tscLkricH) |SCLK high time 8 .
tsckLowy | SCLK low time 8 -
tspisu) SDI setup time 5 —
t(soiHD) SDI hold time 4 -
tsoooLy; ©® | SDO output delay 3 20 ns
tcssu) CS setup time 5 -~
tcsHp) CS hold time 10 p~
tcshigry | CS high time 20 -

(1)  Use an SCL operating frequency of at least 1 kHz to avoid the 12C timeout function.
(2) For bus line loads where CB is between 100 pF and 400 pF, linearly interpolate the timing parameters.
(3) SDO loaded with 10-pF load capacitance.
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6.7 Timing Diagrams

1
1
scL
1

tHD,STA -

S = START Condition

_/' = Resistor Pull-Up Sr = Repeated START Condition
P = STOP Condition

6-1. Timing for Standard and Fast Mode Devices on I12C Bus

SDA

thp, par == ==

tHp, sTA - =15y par
SCL
,,,,, \ 7
~—trcL
troL—
tLow tow | |tich
- - . .
_/— = Current Source Pull-Up
Sr = Repeated START Condition
f - Resistor Pull-Up P = STOP Condition
6-2. Timing for High-Speed (Hs) Mode Devices on I2C Bus
14 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2023 Texas Instruments Incorporated
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te > o ts
<—t5—><—ts
(¢ {(
SDI %% X Bitzs ‘* X:(’ X Bt X Bto X/
) )
| - DontCare Bit 23 = MSB
Eq 6-3. Timing for SPI Single-Chip Write Operation
ty—— t N
_ ,:s—? e ﬁﬁ%‘ —
cs X ( ‘ X (6
t1
sax 777\ fm X «T{% KW LN 7\ N\ Z
F R
( bt (« («
sol 777, % Bit 23 ?( Bize X' Bto X7 Bzs X Btz X Bt1_ X 8o )@
) Read Comman antj Any Co)r)nmand
(( e p(
v b7 . . )Y . .
SDo /’/))/ X TN W Bitz2s X Bit22 X_% Bt1 X Bito )@

Data Read from the Register Selected
in the Previous Read Operation

Ed 6-4. Timing for SPI Single-Chip Read Operation

<—t4

‘—t8—'
—»|
cs J’ \

{(

))

SCLK m_/t— t —i\‘_ ta_j(

f— tg —re—tg —]

(

Command to B)

tjw JCH\ aa——e ‘-

(Command to A)

SDI V %

Bit 23 (A)

K

X

(
' Bito (A)
)

Bit 23 (B)

)

- 1y

(
Sbo %’/
)

B4 6-5. Timing for SPI Daisy-Chain Operation

(
7 X> Bit2s () X:Z(‘ Bit 0 (A) W
)
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6.8 Typical Characteristics: DAC

at +25°C (unless otherwise noted), Vrer generated by internal reference.

1 1.25
0.8 1
@ 06 —~ 075
) 2
> 04 =4 05
E z
3 0.2 5 0.25
= <
5 O o <_;5 0
35 0.2 Z -0.25
5 g
o -04 2 -0.5
() -
£ .06 £ 075
-0.8 -1
1 -1.25
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Code Code
VREF =25V VREF =25V
6-6. Differential Linearity Error vs Code 6-7. Integral Linearity Error vs Code
1 1.25
—— DNL Max —— INL max
0.75 —— DNL Min 1 — INL min
o =~ 0.75
42 os @ -
= 2 05
= >
§ 025 £ o025
= ]
s 0 £ 0
= f=
T 025 2 025 ]
g o - -
5] 05 o -0.5
-0. =
£ £ 075
-0.75 -1
1 -1.25
55 -40 -25 -10 5 20 35 50 65 80 95 110 125 -55 40 25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
VREF =25V VREF =25V
6-8. Differential Linearity Error vs Temperature 6-9. Integral Linearity Error vs Temperature
0.15 2
1.6
0.1 12
Z 005 s 08
e E o4
£ 5
g ° o o ——
- 8 04
5 -0.05 S s
0.1 -1.2
-1.6
-0.1 -
-55 -40 25 -10 5 20 35 50 65 80 95 110 125 -55 -40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
VgRep =25V Code = 020h Code = 020h
6-10. Gain Error vs Temperature 6-11. Offset Error vs Temperature
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6.8 Typical Characteristics: DAC (continued)

at +25°C (unless otherwise noted), Vrer generated by internal reference.

3 5
—— F80h
2.9 ™~ — FCOh
28 4.95 \\ FEOh
’ _ FFOh
s 27 E 49 ™~ —— FFFh
é_ 26 E— \\
& 25 3 485
=~
% 2.4 A S
S 23 AN s 48
2.2
4.75
2.1 \\
2 4.7
-35 -30 -25 20 -15-10 -5 0 5 10 15 20 25 30 35 0 1 2 3 4 5 6 7 8 9 10
Current (mA) Current (mA)
AVCC =55V Code = 800h VRep =25V AVCC =55V VRep =25V
6-12. Output Voltage vs Output Current 6-13. Output Voltage vs Source Current Capability
300 6
—— 080h
250 T oo 55
020h -
N \ 010h
Z 200 —— 000h s
= <
g N £
3 150 ~ £ 45
(e} N I}
S \ S
£ 100 ™ ° 4
s \\\
50 ™ 3.5
\\
0 3
10 -9 8 -7 -6 5 -4 3 2 -1 0 -55 -40 -25 -10 5 20 35 50 65 80 95 110 125
Current (mA) Temperature (°C )
Ayc=55V VRer =2.5V VRer =2.5V Code = 800h
6-14. Output Voltage vs Sink Current Capability 6-15. Supply Current vs Temperature
1750 10
8
= 1500
£ 6
2 1250 4 l | |
= = ol AT b b
2 1000 5 2 I hi '
3 g °
% 750 S
3 \
S 500 N 4 1t T |[|| '|||||
w
S N 61 j ! I
Z 250
\\\___ -8
0 -10
10 20 50 100 1000 10000 100000 1000000 0o 1 2 3 4 5 6 7 8 9 10
Frequency (Hz) Time (s)
VREF =25V VREF =25V Code = 800h
6-16. DAC Noise Voltage vs Frequency 6-17. DAC Noise (0.1 Hz to 10 Hz)
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6.8 Typical Characteristics: DAC (continued)

at +25°C (unless otherwise noted), Vrer generated by internal reference.

Small Signal (LSB)

2 16
—— DAC SS
1.5 —— DACLS |14
— CS
1 12
0.5 10 =
\ s
0 8 (%’
\~__/-/‘ S
-0.5 6 &
—
-1 4
1.5 //- 2
2 0
-3 0 3 6 9 12
Time (us)
VRep =25V R.=2 kQ C|_ =250 pF

6-18. Settling-Time Rising Edge

Small Signal (LSB)

16
—— DAC SS
—— DACLS |14
— TS
12
.
©
(/wawwﬁu\_ s {%,
[}
j=d
I 6 3
l’ “
AN | 2
' 0
0 3 6 9 12
Time (us)
VREF =25V R|_ =2kQ C|_ =250 pF
6-19. Settling-Time Falling Edge
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6.9 Typical Characteristics: ADC

t +25°C (unless otherwise noted). Vrer generated by internal reference.

1 1
0.8 0.8
o
@ 06 g 0.6
> 04 =4 04
& =
é 0.2 S 0.2
0 £ 0
2 5
T -0.2 Z 02
@ T
5 -0.4 B 04
£ 06 = 06
o
-0.8 -0.8
-1 -1
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Code Code
0 to VRer range VRep =25V 0 to VRgr range VRep =25V
(single-ended (single-ended
mode) mode)
6-20. Differential Linearity Error vs Code 6-21. Integral Linearity Error vs Code
1 1
0.8 0.8
o
% 08 g 0.6
> 04 =4 04
g 0.2 £ 02
Q . = .
f= ©
S o £ o0
= 5
© -0.2 Z -02
® T
3 0.4 g 04
£ 06 = 06
o
-0.8 -0.8
-1 -1
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Code Code
0to 2 x Vggr range VRep =25V 0 to 2 x Vggr range VRep =25V
(single-ended (single-ended
mode) mode)
6-22. Differential Linearity Error vs Code 6-23. Integral Linearity Error vs Code
1 1
0.8 0.8
o
@ 06 g 0.6
> 04 4 04
& =
é 0.2 § 0.2
0 £ 0
2 *‘mm”m'm vhna "““mmm. 5 *'M“ l IW Wliowirn
T -0.2 Z -02
© s
& 04 > -0.4
£ 06 £ 06
o
-0.8 -0.8
-1 -1
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Code Code
0 to VRer range VRep =25V 0 to VRer range VRep =25V
(Differential Mode) (Differential Mode)
6-24. Differential Linearity Error vs Code 6-25. Integral Linearity Error vs Code
Copyright © 2023 Texas Instruments Incorporated BHEHC BT T2 71— N2 (D kO Ad) 225 19

English Data Sheet: SLASF77


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

AFE11612-SEP
JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023

6.9 Typical Characteristics: ADC (continued)

t +25°C (unless otherwise noted). Vrer generated by internal reference.

1 1
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Code Code

0 to 2 x Vggf range
(Differential Mode)

VRep =25V 0 to 2 x Vggf range

(Differential Mode)

VREF =25V

6-26. Differential Linearity Error vs Code 6-27. Integral Linearity Error vs Code
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Temperature (°C)
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(Differential Mode)

6-30. Differential Linearity Error vs Temperature
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6-28. Differential Linearity Error vs Temperature 6-29. Differential Linearity Error vs Temperature
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6-31. Differential Linearity Error vs Temperature
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6.9 Typical Characteristics: ADC (continued)

t +25°C (unless otherwise noted). Vrer generated by internal reference.
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6.9 Typical Characteristics: ADC (continued)

t +25°C (unless otherwise noted). Vrer generated by internal reference.
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6.10 Typical Characteristics: Internal Reference

at +25°C (unless otherwise noted)
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2.505 1000
=
2.503 I 800
>
< [=
b / z
% 2.501 B 600
= / 8
> L— =
= — £ 400
3 2499 8
3 - 5 \
[ ™
ko] na
2.497 5 200 g
N
0
2.495 100 1000 10000 100000 1000000
10 -8 6 -4 -2 0 2 4 6 8 10 Frequency (Hz)
Output Current (mA)
6-46. Internal Reference Noise vs Frequenc
6-45. Output Voltage vs Output Current q y

20

15

10

Noise (uV)
o

-5 A L I I 1 ] T i

Time (s)

6-47. Internal Reference Noise (0.1 Hz to 10 Hz)
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6.11 Typical Characteristics: Temperature Sensor

at +25°C (unless otherwise noted)
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6-48. Local Temperature Error vs Temperature
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6-49. Remote Temperature Error vs Temperature
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6.12 Typical Characteristics: Digital Inputs

at +25°C (unless otherwise noted)
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7 Detailed Description
7.1 Overview

The AFE11612-SEP is a highly integrated analog monitor and control device with gate bias switch control that is
capable of voltage and temperature supervision.

The AFE11612-SEP features twelve 12-bit digital-to-analog converters (DACs) that all operate at a 0-V to 5-V
output voltage range. The device also features a 2.5-V internal reference, with an output current limited to
200 mA.

The AFE11612-SEP external signal supervisor uses an accurate analog-to-digital converter (ADC) that samples
input data using two unique conversion modes. The supervisor is capable of monitoring high-voltage external
inputs, high-common mode current sense inputs, and the device internal temperature. Communication to the
device is performed through an SPI- and 12C-compatible interface.

7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 Primary ADC Operation

The device has two analog-to-digital converters (ADCs): a primary ADC and a secondary ADC. The primary
ADC features a 16-channel multiplexer, an on-chip track-and-hold, and a successive approximation register
(SAR) ADC based on a capacitive digital-to-analog converter (DAC). This ADC runs at 500 kSPS and converts
the analog channel inputs, CHO to CH15. The analog input range for the device can be selected as 0 V to Vrgr
or 0 V to (2 x Vger). The analog input can be configured for either single-ended or differential signals. The
device has an on-chip 2.5-V reference that can be disabled when an external reference is preferred. If the
internal ADC reference is to be used elsewhere in the system, the output must first be buffered. The various
monitored and uncommitted input signals are multiplexed into the ADC. The secondary ADC is a part of the
temperature-sensing function that converts the analog temperature signals.

7.3.1.1 Analog Inputs

The device has 16 uncommitted analog inputs; 12 of these inputs (CH4 to CH15) are single-ended. The inputs
for CHO to CH3 can be configured as four single-ended inputs or two fully-differential channels, depending on
the setup of the ADC channel registers, ADC Channel Register 0 and ADC Channel Register 1. See =252~
7.6 for details. [X| 7-1 shows the device equivalent input circuit. The (peak) input current through the analog
inputs depends on the sample rate, input voltage, and source impedance. The current into the device charges
the internal capacitor array during the sample period. After this capacitance is fully charged, there is no further
input current. The source of the analog input voltage must be able to charge the input capacitance to a 12-bit
settling level within the acquisition time. When the converter goes into hold mode, the input impedance is greater
than 1 GQ.

AVpp
400Q 40 pF
500 A —|
CHO o—
o—
. .
. — GND .
AVpp
L] L]
50 Q o
CH3 o—e
— GND
AVpp
Device in Hold Mode q
L
50 Q o — GND
CH4
. .
. — GND .
AVpp
50 Q

CH15

L]
L]
o

— GND
50 Q 400 40 pF
ADC-GND D—’\N\,—/c AN o I I
B 7-1. Equivalent Input Circuit
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7.3.1.1.1 Single-Ended Analog Input

In applications where the signal source has high impedance, buffer the analog input. The analog input range can
be programmed to be either 0 V to Vggr or 0 V to (2 x VRgg). In 2 x Vreg mode, the input is effectively divided by
two before the conversion takes place. The voltage with respect to GND on the ADC analog input pins cannot
exceed AVpp.

7.3.1.1.2 Fully Differential Input
When the device is configured as a differential input, the differential signal is defined as Vpy, as shown in

7-2(a). The differential signal is the equivalent of the difference between the V1 and V2 signals, as shown in [X|
7-2(b). The common-mode input Veommon is equal to (V1 +V2) /2,

Eq 7-2. Fully Differential Analog Input

When the conversion occurs, only the differential mode voltage (Vpy) is converted; the common-mode voltage
(Vcommon) is rejected. This process results in a virtually noise-free signal with a maximum amplitude of —=Vggr to
+VRer for the Vrer range, or (—2 x VRep) to (+2 x VRep) for the (2 x Vggg) range. The results are stored in
straight binary or 2's complement format.

7.3.1.2 ADC Trigger Signals (See AFE configuration register 0)

The ADC can be triggered externally by the falling edge of the external trigger CNVT, or internally by writing to
the ICONV bit in AFE Configuration Register 0. The ADC channel registers specify which external analog
channel is converted.

When a new trigger activates, the ADC stops any existing conversion immediately and starts a new cycle. For
example, the ADC is programmed to sample channel 0 to channel 3 repeatedly (auto-mode). During the
conversion of channel 1, an external trigger is activated. The ADC stops converting channel 1 immediately and
starts converting channel 0 again, instead of proceeding to convert channel 2.
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7.3.1.3 Double-Buffered ADC Data Registers

The host can access all 16, double-buffered ADC data registers, as shown in [X| 7-3. The conversion result from
the analog input with channel address n (where n = 0 to 15) is stored in the ADC-n-data register. When the
conversion of an individual channel completes, the data are immediately transferred into the corresponding
ADC-n temporary (TMPRY) register, the first stage of the data buffer. When the conversion of the last channel
completes, all data in the ADC-n TMPRY registers are simultaneously transferred into the corresponding ADC-n-
data registers, the second stage of the data buffer. However, if a data transfer is in progress between any ADC-
n-data register and the AFE shift register, no ADC-n-data registers are updated until the data transfer is
complete. The conversion result from channel address n is stored in the ADC-n-data register. For example, the
result from channel 0 is stored in the ADC-0-data register, and the result from channel 3 is stored in the ADC-3-
data register.
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CH1 Qut-of-Limit
CH2 Alarm

CH3

CH4 —  peeemessscscasessecscaeesea- .

CH5 ! i

CHe ADC (M :59 ADC-0 j‘> ADC-0 [t To Shift
CH7 E— Temporary Data Register

CH8 ! .
! 1

Differential

N —A—

Single-Ended/

CH10 Input .
CH11 Range

CH12 Selection °
CH183O— | | || rTTTmmmsssssssssssseessssees H

Single-Ended
(e}
T
©

CH14

H 1
H 1
L CH15 TN ADCT [N ADCT :>
/| Temporary Data H
1
1
1

ICONV
(Internal
Trigger)

1
1
1
TN ADCHTS N ADCHS
/| Temporary Data

CONVERT

DAVF Bit
1 (External Trigger) >

DAV Pin

K 7-3. Double-Buffered ADC Structure

7.3.1.3.1 ADC Data Format

For a single-ended input, the conversion result is stored in straight binary format. For a differential input, the
results are stored in 2's complement format.

7.3.1.4 SCLK Clock Noise Reduction

To avoid noise caused by the bus clock, Tl recommends that no bus clock activity occur for at least the
conversion process time immediately after the ADC conversion starts.

7.3.1.5 Data Available Pin (DAV)

DAV is an output pin that indicates the completion of ADC conversions. The DAVF bit in AFE configuration
register 0 determines the status of the DAV pin. In direct mode, after the selected group of input channels are
converted and the ADC is stopped, the DAVF bit is set to 1 and the DAV pin is driven to logic low (active). In
ADC auto mode, each time the group of input channels are sequentially converted, a 1-us pulse (low) appears
on the DAV pin.
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7.3.1.6 Convert Pin (CNVT)

CNVT is the input pin for the external ADC trigger signal. ADC channel conversions begin on the falling edge of
the CNVT pulse. If a CNVT pulse occurs when the ADC is already converting, then the ADC continues
converting the current channel. After the current channel completes, the existing conversion cycle finishes and a
new conversion cycle starts. The selected channels specified in the ADC channel registers are converted
sequentially in order of enabled channels.

7.3.1.7 Analog Input Out-of-Range Detection (See The Analog Input Out-of-Range Alarm Section)

The CHO to CH3 analog inputs and the temperature inputs are implemented with out-of-range detection. When
any of these inputs is out of the preset range, the corresponding alarm flag in the status register is set. If any
inputs are out of range, the global out-of-range pin ( ALARM) goes low. To avoid a false alarm, the device is
implemented with false-alarm protection. See the Alarm Operation section for more details.

7.3.1.8 Full-Scale Range of the Analog Input

The gain bit of the ADC gain register determines the full-scale range of the analog input. Full-scale range is Vrgr
when ADGn = 0, or (2 x Vggr) when ADGn = 1. If a channel pair is configured for differential operation, the input
ranges are either +Vrer or £(2 x Vgeg). In (2 x Vrep) mode, the input is effectively divided by two before the
conversion takes place. Each input must not exceed the supply value of AVpp + 0.2 V or AGND - 0.2 V. When
the REF-OUT pin is connected to the REF-ADC pin, the internal reference is used as the ADC reference. When
an external reference voltage is applied to the REF-ADC pin, the external reference is used as the ADC
reference.
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7.3.2 Secondary ADC and Temperature Sensor Operation

The device contains one local and two remote temperature sensors. The temperature sensors continuously
monitor the three temperature inputs, and new readings are automatically available every cycle. The on-chip
integrated temperature sensor (shown in [%| 7-4) is used to measure the device temperature. Two remote diode
sensor inputs are used to measure the two external temperatures. All analog signals are converted by the
secondary ADC that runs in the background at a lower speed. The measurement relies on the characteristics of
a semiconductor junction operation at a fixed current level. The forward voltage of the diode (Vgg) depends on
the current passing through the diode and the ambient temperature. The change in Vgg when the diode operates
at two different currents (a low current of I oy and a high current of Iy g) is shown in = 1:

nkT (IHIGH)

Ve nich = Ve Low = q In

(1

I Low

where:

* kis Boltzmann's constant.

» qis the charge of the carrier.

* T is the absolute temperature in kelvins (K).
* nis the ideality of the transistor as a sensor.

lLow lhigH
SWi1 SW2
. Second ADC Local
Mux LEZ:(;goi'i%nal and Signal [—» Temperature
9 Processing Registers
Diode
Temperature
Sensor

7-4. Integrated Local Temperature Sensor

The remote sensing transistor can be a discrete, small-signal type transistor or a substrate transistor built within
the microprocessor. This architecture is shown in 7-5. An internal voltage source biases the D— pin above
ground to prevent the ground noise from interfering with measurement. An external capacitor (up to 330 pF) can
be placed between D+ and D- to further reduce noise interference.

Remote
lLow ligH Temperature
Registers
SWi1 Sw2
. Second ADC
D+ LPF and Signal -
Mux — Conditioning and Signal
o Processing
+
D-
Vaias
B 7-5. Remote Temperature Sensor
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The device has three temperature sensors: two remote (D1 and D2) and one on-chip (LT). If any sensor is not
used, the sensor can be disabled by clearing the corresponding enable bit (bits D2EN, D1EN, and LTEN of the
temperature configuration register). When disabled, the sensors are not converted. The device continuously
monitors the selected temperature sensors in the background, leaving the user free to perform conversions on
the other channels. When one monitor cycle finishes, a signal passes to the control logic to automatically initiate
a new conversion.

The analog sensing signal is preprocessed by a low-pass filter and signal-conditioning circuitry, and then
digitized by the ADC. The resulting digital signal is further processed by the digital filter and processing unit. The
final result is stored in the LT-temperature-data register, the D1-temperature-data register, and the D2-
temperature-data register, respectively. The format of the final result is in 2's complement, as shown in # 7-1.

#+ 7-1. Temperature Data Format

TEMPERATURE (°C) DIGITAL CODE
+255.875 011111111111
+150 010010110000
+100 001100100000
+50 000110010000
*+25 000011001000
+1 000000001000

0 000000000000

1 111111111000
-25 111100111000
-50 111001110000
~100 110011100000
-150 101101010000
-256 100000000000

7.3.2.1 Remote Sensing Diode

Errors in remote temperature sensor readings are typically the consequence of the ideality factor and current
excitation used by the device versus the manufacturer-specified operating current for a given transistor. Some
manufacturers specify a low-level (I ow) and high-level (Iqgn) current for the temperature-sensing substrate
transistors. The device uses 6 YA for I oy and 120 pA for Iyigy. The device is designed to function with discrete
transistors, such as the 2N3904 and 2N3906. If an alternative transistor is used, the device operates as
specified, as long as the following conditions are met:

1. Base-emitter voltage is greater than 0.25 V at 6 yA, at the highest sensed temperature.

2. Base-emitter voltage is less than 0.95 V at 120 pA, at the lowest sensed temperature.

3. Base resistance is less than 100 Q.

4. Tight control of Vgg characteristics indicated by small variations in hgg (that is, 50 to 150).
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7.3.2.2 Ideality Factor

The ideality factor (n) is a measured characteristic of a remote temperature sensor diode as compared to an
ideal diode. The device allows for different n-factor values, according to 3% 7-2. The device is trimmed for a
power-on reset (POR) value of n = 1.008. If n is different, the n-factor correction register can be used. The value
(NapyusT) Written in this register must be in 2's complement format, as shown in 3 7-2. This value is used to

adjust the effective n-factor according to = 2 and =X 3.

# 7-2. n-Factor Range (Single Byte)

Napyust
BINARY HEX DECIMAL Nere
0111 111 7F 127 1.747977
0000 1010 0A 10 1.042759
0000 1000 08 8 1.035616
0000 0110 06 6 1.028571
0000 0100 04 4 1.021622
0000 0010 02 2 1.014765
0000 0001 01 1 1.011371
0000 0000 00 0 1.008
1111 1111 FF -1 1.004651
1111 1110 FE -2 1.001325
1111 1100 FC —4 0.994737
1111 1010 FA -6 0.988235
1111 1000 F8 -8 0.981818
1111 0110 F6 -10 0.975484
1000 0000 80 -128 0.706542
Mo = 1.008 x 300
*"" 300 - Napyust @)
300 x 1.008
NADJUST =300 - —11 .
€
(3)

where:

* nerr is the actual ideality of the transistor used and

*  NapyusT is the corrected ideality used in the calculation.
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7.3.2.3 Filtering

7-6(a) and 7-6(b) show the connection of recommended NPN or PNP transistors, respectively. Remote
junction temperature sensors are usually implemented in a noisy environment. Noise is most often created by
fast digital signals, and can corrupt measurements. The device has a built-in 65-kHz filter on the D+ and D—
inputs to minimize the effects of noise. However, a bypass capacitor placed differentially across the inputs of the
remote temperature sensor can make the application more robust against unwanted coupled signals. If filtering
is required, limit the capacitance between D+ and D— to 330 pF or less for good measurement performance. This
capacitance includes any cable capacitance between the remote temperature sensor and the device.

2N3904 2N3906

(a) NPN (b) PNP

7-6. Remote Temperature Sensor Using Transistor

7.3.2.4 Series Resistance Cancellation

Parasitic resistance (in series with the remote diode) to the D+ and D- inputs of the device is caused by a variety
of factors, including printed circuit board (PCB) trace resistance and trace length. This series resistance appears
as a temperature offset in the remote sensor temperature measurement, and causes more than 0.45°C error per
ohm. The device implements a technology to automatically cancel out the effect of this series resistance, thus
providing a more accurate result without requiring user characterization of this resistance. With this technology,
the device is able to reduce the effects of series resistance to typically less than 0.0075°C per ohm. The
resistance cancellation is disabled when the RC bit in the temperature configuration register is cleared (0).

7.3.2.5 Reading Temperature Data

Temperature is always read as 12-bit data. When the conversion finishes, the temperature is sent to the
corresponding temperature-data register. However, if a data transfer is in progress between the temperature-
data register and the AFE shift register, the temperature-data register is frozen until data transfer completes.

7.3.2.6 Conversion Time
The conversion time depends on the type of sensor and configuration, as shown in # 7-3.

# 7-3. Conversion Times

MONITORING PROGRAMMABLE
TEMPERATURE SENSOR CYCLE TIME (ms) DELAY RANGE (s)
Local sensor is active, remote sensors are disabled or in power-down 15 0.48 to0 3.84
One remote sensor is active and RC = 0, local sensor and one remote sensor are disabled
B 44 1.40to 11.2
or in power-down
On_e remote sensor is active and RC = 1, local sensor and one remote sensor are disabled 93 29710 23.8
or in power-down
One remote sensor and local sensor are active and RC = 0, one remote sensor is disabled
. 59 1.89to 15.1
or in power-down
Oqe remote sensor and local sensor are active and RC = 1, one remote sensor is disabled 108 3.45 to 27.65
or in power-down
Two remote sensors are active and RC = 0, local sensor is disabled or in power-down 88 2.81t022.5
Two remote sensors are active and RC = 1, local sensor is disabled or in power-down 186 5.951t047.6
All sensors are active and RC is 0 103 3.92 to 26.38
All sensors are active and RC is 1 201 6.43 t0 51.45
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 33

English Data Sheet: SLASF77


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

AFE11612-SEP

JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

7.3.3 Reference Operation
This section describes the operation of the internal and external references.
7.3.3.1 Internal Reference

The device includes a 2.5-V internal reference. The internal reference is externally available at the REF-OUT
pin. A 100-pF to 10-nF capacitor is recommended between the reference output and GND for noise filtering. The
internal reference is a bipolar transistor-based, precision band-gap voltage reference. The output current is
limited by design to approximately 100 mA.

The internal reference drives all temperature sensors. When connecting the REF-OUT pin to the REF-DAC pin,
the internal reference functions as the DAC reference.

The ADC-REF-IN/CMP pin has a dual function. When an external reference is connected to this pin, the external
reference is used as the ADC reference. When a compensation capacitor (4.7 uF, typical) is connected between
this pin and AGND, the internal reference is used as the ADC reference. When using an external reference to
drive the ADC, the ADC-REF-INT bit in AFE configuration register 0 must be cleared (0) to turn off the ADC
reference buffer. When using the internal reference to drive the ADC, the ADC-REF-INT bit in AFE configuration
register 0 must be set to 1 to turn on the ADC reference buffer.

7.3.3.2 External Reference

7-7 shows how the external reference is used as the DAC reference when applied on the DAC-REF pin, and
as the ADC reference when applied on the ADC-REF pin. [X| 7-8 shows the use of the internal reference.

CHo
CH1

CH14
CH15

Ext. L
Ref T '
. o Control Logic: Bit Control Logic: Bit
ADC-REF-INT = ‘0’ C > 470nF ADC-REF-INT = ‘1’
I (Minimize I
Inductance ——

ADC-REF-IN/CMP

B 7-7. Use of the External Reference

to Pin)

Reference REF-OUT Reference REF-OUT
(2.5V) (2.5V)
Control Logic: Control Logic:
Bit PREF = ‘0’ REF-DAC Ext. Bit PREF = ‘1’ REF-DAC
Ref|
- I DACO0-OUT
DAC-0 DACO-OUTL, "= DAC-0
| 1
v v

ADC-REF-IN/CMP

7-8.

Use of the Internal Reference
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7.3.4 DAC Operation

The device contains 12 DACs that provide digital control with 12 bits of resolution using an internal or external
reference. The DAC core is a 12-bit string DAC and output buffer. The DAC drives the output buffer to provide an
output voltage. Refer to the DAC configuration register for details. [X] 7-9 shows a function block diagram of the
DAC architecture. The DAC latch stores the code that determines the output voltage from the DAC string. The
code is transferred from the DAC-n-data register to the DAC latch when the internal DAC-load signal is
generated.

AvVCC

Serial Interface DAC Data Register

WRITE READ

pAc DAC 12-Bit \ Output Range
Data Latch Resistor » Configuration Vou‘r%— DAC
Register String Gain=2
Lb ILDAC =1 J

AGND

7-9. DAC Block Diagram

7.3.4.1 Resistor String

The resistor string structure is shown in [X] 7-10. The resistor string consists of a string of resistors, each of value
R. The code loaded to the DAC latch determines at which node on the string the voltage is tapped off to be fed
into the output amplifier. The voltage is tapped off by closing one of the switches connecting the string to the
amplifier. This architecture is inherently monotonic, voltage out, and low glitch. The resistor string architecture is
also linear because all the resistors are of equal value.
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B 7-10. Resistor String
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7.3.4.2 DAC Output

The output range is set by the gain bits in the DAC gain register to 0 V to (2 x Vrgg). The maximum output is
AVce. The output buffer amplifier is capable of generating rail-to-rail voltages on the output, giving an output
range of 0 V to AVgc. The source and sink capabilities of the output amplifier can be seen in the Typical
Characteristics.

7.3.4.2.1 Full-Scale Output Range

The full-scale output range of each DAC is set by the product of the value of the reference voltage times the gain
of the DAC output buffer (Vreg * gain). The gain bits of the DAC gain register set the output range of each DAC-
nto 0V to (2 x Vgeg). The full-scale output range of each DAC is limited by the analog power supply. The
maximum output from the DAC must not be greater than AV¢c, and the minimum output must not be less than
AGND.

7.3.4.2.2 DAC Output After Power-On Reset

After power-on, the DAC output buffer is in power-down mode. The output buffer is in a Hi-Z state and the DACx-
OUT (where x = 0 to 11) output pin connects to the analog ground through an internal 10-kQ resistor. After
power-on or a hardware reset, all DAC-n-data registers, DAC-n latches, and the DAC output are set to default
values (000h).

7.3.4.3 Double-Buffered DAC Data Registers

There are 12 double-buffered DAC data registers. Each DAC has an internal latch preceded by a DAC data
register. Data are initially written to an individual DAC-n-data register and then transferred to the corresponding
DAC-n latch. When the DAC-n latch is updated, the output of DAC-n changes to the newly set value. When the
host reads the register memory map location labeled DAC-n-data, the value held in the DAC-n latch is returned
(not the value held in the input DAC-n-data register).

7.3.4.4 Load DAC Latch

See [X] 7-9 for the structure of the DAC register and DAC latch. The contents of the DAC-n latch determine the
output level of the DAC-n pin. After writing to the DAC-n-data register, the DAC latch updates when the
synchronous DAC loading signal triggers. Set the ILDAC bit in AFE configuration register 0 to trigger the loading
signal.

Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 37
English Data Sheet: SLASF77


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

13 TEXAS
AFE11612-SEP INSTRUMENTS
JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023 www.ti.comlja-jp

7.3.4.5 Synchronous Output Updating

The SLDA-n (synchronous load) bit of the DAC configuration register must be set to 1 to enable proper DAC
output update operation.

K 7-4. DAC-n Output Update Summary for Manual Mode Update
SLDA-n BIT WRITING TO ILDAC BIT OPERATION
0 Don't care Reserved for DACs not being updated.

Simultaneously update all DACs by internal trigger. Writing 1 to the ILDAC bit
1 1 generates an internal load DAC trigger signal that updates the DAC-n latches and
DAC-n outputs with the contents of the corresponding DAC-n-data register.

The value of the DAC-n-data register is transferred to the DAC-n latch only after an active DAC synchronous
loading signal (ILDAC) occurs, which immediately updates the DAC-n output. Under synchronous loading
operation, writing data into a DAC-n-data register changes only the value in that register, but not the content of
DAC-n latch nor the output of DAC-n, until the synchronous load signal occurs.

The DAC synchronous load is triggered by writing 1 to the ILDAC bit in AFE configuration register 0. When this
DAC synchronous load signal occurs, all DACs with the SLDA-n bit set to 1 are simultaneously updated with the
value of the corresponding DAC-n-data register. By setting the SLDA-n bit properly, several DACs can be
updated at the same time. For example, to update DACO and DAC1 synchronously, set bits SLDA-0 and SLDA-1
to 1 first, and then write the proper values into the DAC-0-data and DAC-1-data registers, respectively. After this
presetting, set the ILDAC bit to 1 to simultaneously load DACO and DAC1. The outputs of DACO and DAC1
change at the same time.

The device updates the DAC latch only if the latch was accessed from the last time ILDAC was issued, thereby
eliminating any unnecessary glitches. Any DAC channels that are not accessed are not reloaded again. When
the DAC latch is updated, the corresponding output changes to the new level immediately.

&
When DACs are cleared by an external DAC-CLR-n or by the internal CLR bit, the DAC latch is
loaded with the predefined value of the DAC-n-CLR-setting register and the output is set to the
corresponding level immediately, regardless of the SLDA-n bit value. However, the DAC data register
does not change.
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7.3.4.6 Clear DACs

DAC-n can be cleared with hardware or software, as shown in [%| 7-11. When DAC-n goes to a clear state, DAC-
n is immediately loaded with predefined code in the DAC-n-CLR-setting register, and the output is set to the
corresponding level to shut down the external LDMOS device. However, the DAC-n-data register does not
change. When the DAC goes back to normal operation, DAC-n is immediately loaded with the previous data
from the DAC-n-data register and the output of DACn-OUT is set back to the previous level to restore LDMOS to
the status before shutdown, regardless of the SLDAC-n bit status.

DAC DAC
Data Regist Latch
ata Register atc DAGC
DAC
CLR-Setting
Register
DAC-CLR-n Pin

CLR-n Bit in HW-DAC-CLR-n Register

CLR-n Bit in SW-DAC-CLR-n Register

ACLR-n Bit

Alarm Source )

7-11. Clearing DAC-n

The device is implemented with two external control lines, the DAC-CLR-0 and DAC-CLR-1 pins, to clear the
DACs. When either pin goes low, the corresponding user-selected DACs are in a cleared state. The HW_DAC-
CLR-0 register determines which DAC is cleared when the DAC-CLR-0 pin is low. The register contains 12 clear
bits (CLR-n), one per DAC. If the CLR-n bit is 1, DAC-n is in a cleared state when the DAC-CLR-0 pin is low.
However, if the CLR-n bit is 0, DAC-n does not change when the pin is low. Likewise, the HW-DAC-CLR-1
register determines which DAC is cleared when the DAC-CLR-1 pin is low.

Writing directly to the SW_DAC_CLR register puts the selected DACs in a cleared state. DACs can also be
forced into a clear state by alarm events. The AUTO-DAC-CLR-SOURCE register specifies which alarm events
force the DACs into a clear state, and the AUTO-DAC-CLR-EN register defines which DACs are forced into a
clear state. Refer to the AUTO-DAC-CLR-SOURCE register and AUTO-DAC-CLR-EN register for further details.

7.3.4.7 DAC Output Thermal Protection

A significant amount of power can be dissipated in the DAC outputs. The device implements a thermal protection
circuit that sets the THERM-ALR bit in the status register if the die temperature exceeds +150°C. The THERM-
ALR bit can be used in combination with THERM-ALR-CLR (bit 2 in the AUTO-DAC-CLR-SOURCE register) and
ACLR-n (bits[14:3] in the AUTO-DAC-CLR-EN register) to set the DAC output to a predefined code when this
condition occurs. Note that this feature is disabled when the local temperature sensor powers down.
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7.3.5 Alarm Operation

The device continuously monitors all analog inputs and temperatures in normal operation. When any input is out
of the specified range, an alarm triggers. When an alarm state occurs, the corresponding individual alarm bit in
the status register is set (1). The global alarm bit (GALR) in AFE configuration register 0 is the OR of individual
alarms, see [¥| 7-12. When the ALARM-LATCH-DIS bit in the alarm control register is cleared (0), the alarm is
latched. The global alarm bit (GALR) maintains 1 until the corresponding error conditions subside and the alarm
status is read. The alarm bits are referred to as being /atched because these bits remain set until read by
software. This design makes sure that out-of-limit events cannot be missed if the software is polling the device
periodically. All bits are cleared when reading the status register, and all bits are reasserted if the out-of limit
condition still exists on the next monitoring cycle, unless otherwise noted.

CHO-ALR
Alarm . GALR Bit
Status °
Bits THERM-ALR

B 7-12. Global Alarm Bit

When the ALARM-LATCH-DIS bit in the alarm control register is set (1), the alarm bit is not latched. The alarm
bit in the status register goes to 0 when the error condition subsides, regardless of whether the bit is read or not.
When GALR is 1, the ALARM pin goes low. When the GALR bit is 0, the ALARM is high (inactive).
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7.3.5.1 Analog Input Out-of-Range Alarm

The device provides out-of-range detection for four individual analog inputs (CHO, CH1, CH2, and CH3), as
shown in 7-13. When the measurement is out-of-range, the corresponding alarm bit in the status register is
set to 1 to flag the out-of-range condition. The value in the high-threshold register defines the upper bound
threshold of the Nth analog input, while the value in the low-threshold register defines the lower bound. These
two bounds specify a window for the out-of-range detection.

High-Threshold-n
Register
(upper bound)

nth Analog Input CHn-ALR Bit
(n=0to3)

Low-Threshold-n
Register
(lower bound)

B 7-13. Chn Out-of-Range Alarm

The device also has high-limit or low-limit detection for the temperature sensors (D1, D2, and LT), as shown in
7-14. To implement single, upper-bound threshold detection for analog input CHn, the host processor can set
the upper-bound threshold to the desired value and the lower-bound threshold to the default value. For lower-
bound threshold detection, the host processor can set the lower-bound threshold to the desired value and the
upper-bound threshold to the default value. Note that the value of the high-threshold register must not be less
than the value of the low-threshold register; otherwise, ALR-n is always set to 1 and the alarm indicator is always
active. Each temperature sensor has two alarm bits: High-ALR (high-limit alarm) and Low-ALR (low-limit alarm).

High-Threshold

(upper bound) High-ALR Bit

Temperature Data
(D1, D2, LT)

Low-ALR Bit

Low-Threshold
(lower bound)

B 7-14. Temperature Out-of-Range Alarm

Copyright © 2023 Texas Instruments Incorporated BEHI BT 37— 2 (DB B ap) #5541
English Data Sheet: SLASF77


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

13 TEXAS

AFE11612-SEP INSTRUMENTS
JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023 www.ti.com/ja-jp
7.3.5.2 ALARM Pin

The ALARM pin is a global alarm indicator. ALARM is an open-drain pin, as [X| 7-15 illustrates; an external pullup
resistor is required. When the pin is activated, the pin goes low. When the pin is inactive, the pin is in Hi-Z status.
The ALARM pin functions as an interrupt to the host so that this pin can query the status register to determine
the alarm source. Any alarm event (including analog inputs, temperatures, diode status, and device thermal
condition) activates the pin if the alarm is not masked (the corresponding EALR bit in the alarm control register is
1). When the alarm pin is masked (EN-ALARM bit is 0), the occurrence of the event sets the corresponding
status bit in status register to 1, but does not activate the ALARM pin.

CHO-ALR Bit

EALR-CHO Bit :)7 ALARM
14 .
. :

D2-FAIL-ALR Bit
EALR-D2-FAIL Bit
THERM-ALR Bit

EN-ALARM Bit

B 7-15. ALARM Pin

When the ALARM-LATCH-DIS bit in the alarm control register is cleared (0), the alarm is latched. Reading the
status register clears the alarm status bit. Whenever an alarm status bit is set, indicating an alarm condition, the
bit remains set until the event that caused the alarm is resolved and the status register is read. The alarm bit can
only be cleared by reading the status register after the event is resolved, or by a hardware reset, software reset,
or power-on reset (POR). All bits are cleared when reading the status register, and all bits are reasserted if the
out-of-limit condition still exists after the next conversion cycle, unless otherwise noted. When the ALARM-
LATCH-DIS bit in the alarm control register is set (1), the ALARM pin is not latched. The alarm bit clears to 0
when the error condition subsides, regardless of whether the bit is read or not.
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7.3.5.3 Hysteresis

The device continuously monitors the analog input channels and temperatures. If any alarms are out of range
and the alarm is enabled, the alarm bit is set (1). However, the alarm condition is cleared only when the
conversion result returns to a value of at least hys below the value of the high threshold register, or hys above
the value of low threshold register. The hysteresis registers store the value for each analog input (CHO, CH1,
CH2, and CH3) and temperature (D1, D2, and LT). hys is the value of hysteresis that is programmable: 0 LSB to
127 LSB for analog inputs, and 0°C to +31°C for temperatures. For the THERM-ALR bit, the hysteresis is fixed
at 8°C. The hysteresis behavior is shown in [X] 7-16.

High Threshold

Low Threshold

Over High Alarm Below Low Alarm

& 7-16. Hysteresis

7.3.5.4 False-Alarm Protection

As noted previously, the device continuously monitors all analog inputs and temperatures in normal operation.
When any input is out of the specified range in N consecutive conversions, the corresponding alarm bit is set (1).
If the input returns to the normal range before N consecutive times, the alarm bit remains clear (0). This design
avoids false alarms.

The number N is programmable by the CH-FALR-CT-[2:0] bits in AFE configuration register 1 for analog input
CHn as shown in # 7-5, or by the TEMP-FALR-CT-[1:0] bits for temperature monitors as shown in & 7-6.

# 7-5. Consecutive Sample Number for False Alarm Protection for Chn

N CONSECUTIVE SAMPLES
CH-FALR-CT-2 CH-FALR-CT-1 CH-FALR-CT-0 BEFORE ALARM IS SET

0 0 0 1

0 0 1 4

0 1 0 8

0 1 1 16 (default)

1 0 0 32

1 0 1 64

1 1 0 128

1 1 1 256

£+ 7-6. Consecutive Sample Number for False Alarm Protection for Temperature Channels

TEMP-FALR-CT-1 TEMP-FALR-CT-0 N CONSECUTIVE SAMPLES BEFORE ALARM IS SET
0 0 1
0 1 2
1 0 4 (default)
1 1 8
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7.3.6 General-Purpose Input and Output Pins (GPIO-0 To GPIO-7)

The device has eight GPIO pins. The GPIO-0, GPIO-1, GPIO-2 and GPIO-3 pins are dedicated to general,
bidirectional, digital I/O signals. GPIO-4, GPIO-5, GPIO-6, and GPIO-7 are dual-function pins and can be
programmed as either bidirectional digital I/O pins or remote temperature sensors D1 and D2. When D1 or D2 is
disabled, the pins function as GPIOs. These pins can receive an input or produce an output. When the GPIO-n
pin functions as an output, the pin has an open-drain and the status is determined by the corresponding GPIO-n
bit of the GPIO register. The output state is high impedance when the GPIO-n bit is set to 1, and is logic low
when the GPIO-n bit is cleared (0). A 10-kQ pullup resistor is required when using the GPIO-n pin as an output;
see 7-17. Do not tie the dual-function pins GPIO-4, GPIO-5, GPIO-6, and GPIO-7 to a pullup voltage that
exceeds the AVpp supply. The dedicated GPIO-0, GPIO-1, GPIO-2, and GPIO-3 pins are only restricted by the
absolute maximum voltage. To use the GPIO-n pin as an input, the corresponding GPIO-n bits in the GPIO
register must be set to 1. When the GPIO-n pin functions as an input, the digital value on the pin is acquired by
reading the corresponding GPIO-n bit. After a power-on reset or any forced hardware or software reset, all
GPIO-n bits are set to 1, and the GPIO-n pin goes to a high-impedance state.

: V+
1
1
1

GPIO-n

GPIO-nBit — ENABLE

(when writing)

GPIO-n Bit
P (when reading)

) |

7-17. GPIO Pins

7.3.7 Device Reset Options

The device can be reset through a power-on reset (POR) condition as well as customer-initiated hardware and
software reset events.

7.3.7.1 Hardware Reset

Pulling the RESET pin low performs a hardware reset. When the RESET pin is low, the device enters a reset
state and all registers are set to default values (including the power-down register). Therefore, all function blocks
(except the internal temperature sensor) are in power-down mode. On the RESET rising edge, the device
returns to the normal operating mode. After returning to this mode, all registers remain set to default values until
a new value is written. After reset, the power-down register must be properly written to activate the device. Only
issue a hardware reset when DVDD reaches the minimum specification of 2.7 V or greater.

7.3.7.2 Software Reset

Software reset returns all register settings to default values and is performed by writing to the software reset
register. In the case of I2C communication, any value written to this register results in a reset condition. In the
case of SPI communications, only writing the specific value of 6600h to this register resets the device; for details,
see t7>-z27.6. During reset, all communication is blocked. After issuing the reset, wait at least 30 ps before
attempting to resume communication.

7.3.7.3 Power-On Reset (POR)

When powered on, the internal POR circuit invokes a power-on reset, which performs the equivalent function of
the RESET pin. To perform a POR, DVDD must start from a level less than 750 mV.

44 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2023 Texas Instruments Incorporated
English Data Sheet: SLASF77


https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

13 TEXAS
INSTRUMENTS AFE11612-SEP
www.ti.comlja-jp JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023

7.4 Device Functional Modes

The device has one output mode for the DAC channels, and two conversion modes for the ADC channels.
7.4.1 DAC Output Mode

In the AFE11612-SEP, the DAC channels can only be set to a positive voltage-output range (0 V to 5 V).

The maximum DAC output for each group cannot be greater than the corresponding AV¢¢ voltage. In all-positive
DAC range mode, the AVCC1 and AVCC2 pins must be connected to a positive supply voltage; however these
pins are not required to be tied to the same potential. Typically, the positive voltage at each of these pins is
dictated by the desired positive-voltage output range, but this configuration is not required.

7.4.2 ADC Conversion Modes

Two types of ADC conversion modes are available: direct and auto. The conversion mode (CMODE) bit of the
AFE Configuration 0 register specifies the conversion mode.

In direct mode, each analog channel within the specified group is converted a single time. After the last channel
is converted, the ADC enters an idle state and waits for a new trigger.

Auto mode is a continuous operation. In auto mode, each analog channel within the specified group is converted
sequentially and repeatedly.

The flow chart of the ADC conversion sequence in [X| 7-18 shows the conversion process.
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No

I

EJ 7-18. ADC Conversion Sequence

The current conversion cycle stops immediately if:

* A new trigger is issued

* The conversion mode changes

» Either ADC channel register is rewritten

* Any of the analog input threshold registers are rewritten

When a new external or internal trigger activates, the ADC starts a new conversion cycle. Do not issue the
internal trigger at the same time the conversion mode is changed. If a 1 is simultaneously written to the ICONV
bit when changing the CMODE bit to 0 or 1, the current conversion stops and immediately returns to the wait for
ADC trigger state.

7.4.2.1 Programmable Conversion Rate

The maximum conversion rate is 500 kSPS for a single channel in auto mode, as shown in # 7-7. The
conversion rate is programmable through the CONV-RATE-[1:0] bits of the AFE configuration register 1. When
more than one channel is selected, the conversion rate is divided by the number of channels selected in ADC
channel register 0 and ADC channel register 1. In auto mode, the CONV-RATE-[1:0] bits determine the actual
conversion rate. In direct mode, the CONV-RATE-[1:0] bits limit the maximum possible conversion rate. The
actual conversion rate in direct mode is determined by the rate of the conversion trigger. Be aware that when a
trigger is issued, there can be a delay of up to 4 ps to internally synchronize and initiate the start of the
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sequential channel conversion process. In both direct and auto modes, when the CONV-RATE-[1:0] bits are set
to a value other than the maximum rate (00), nap mode is activated between conversions. By activating nap

mode, the Alpp supply current is reduced; see [X] 6-42.

R 7-7. ADC Conversion Rate

taca tconv NAP THROUGHPUT
CONV-RATE-1 CONV-RATE-0 (us) (us) ENABLED (Single-Channel Auto Mode)
0 0 0.375 1.625 No 500 kSPS (default)
0 1 2.375 1.625 Yes 250 kSPS
1 0 6.375 1.625 Yes 125 kSPS
1 1 14.375 1.625 Yes 62.5 kSPS

7.4.2.2 Handshaking with the Host (See AFE configuration register 0)

The DAV pin and the DAVF (data available flag) bit in AFE configuration register 0 provide handshaking with the
host. Pin and bit status depend on the conversion mode (direct or auto); see 7-19 and 7-20. In direct
mode, after ADC-n-data registers of all selected channels are updated, the DAVF bit in AFE configuration
register 0 is set immediately to 1, and the DAV pin is active (low) to signify that new data are available. By
reading the ADC-n-data register or restarting through the external CNVT pin, the ADC clears the DAVF bit to 0
and deactivates the DAV pin (high). If an internal convert start (ICONV bit) is used to start the new ADC
conversion, an ADC-n-data register must be read after the current conversion completes before a new
conversion can be started to reset the DAV status.

In auto-mode, after the ADC-n-data registers of the selected channels are updated, a pulse of 1 us (low)
appears on the DAV pin to signify that new data are available. However, the DAVF bit is always cleared to 0 in
auto-mode.

a) Internal Trigger, Direct Mode:

SS

Set ICONv / First Set ICONV  /Second
bitto “* | Internal Read Data bit to 1’ Internal ) Read Data

Trigger Jrigger

]
DAV | I | |

First Conversion of Second Conversion of

the Channels Specified in the Channels Specified in
the ADC Channel Register the ADC Channel Register

b) Internal Trigger, Auto Mode:

SetICONV  /Internal
bit to ‘1° Trigger

—

SDI

DAV

(IE

=

N N N
First Conversion of Second Conversion Third Conversion
the Channels Specified in
the ADC Channel Register

B 7-19. ADC Internal Trigger
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a) External Trigger, Direct Mode:

CNVT | | | I |_|
First Second Third
Trigger Trigger Trigger
DAV | | | | |

- /

N
First Conversion of Second Conversion of Third Conversion of
the Channels Specified in the Channels Specified in the Channels Specified in
the ADC Channel Register the ADC Channel Register the ADC Channel Register

b) External Trigger, Auto Mode:

CNVT | I
First 1
Trigger

=
»

T

DAV | | | | | |
“ AN /
N ' e
First Conversion of Second Conversion of Third Conversion of
the Channels Specified in the Channels Specified in the Channels Specified in
the ADC Channel Register the ADC Channel Register the ADC Channel Register
B 7-20. ADC External Trigger
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7.5 Programming

The device communicates with the system controller through the primary communication interface, which can be
configured as either an 12C-compatible two-wire bus or an SPI bus. When the SPI/I2C pin is tied to ground, the
I2C interface is enabled and the SPI is disabled. When the SPI/I2C pin is tied to IOVDD, the I2C interface is
disabled and the SPI is enabled.

7.5.1 I2C-Compatible Interface

This device uses a two-wire serial interface compatible with the 12C-bus specification, version 2.1. The bus
consists of a data line (SDA) and a clock line (SCL) with pullup structures. When the bus is idle, both SDA and
SCL lines are pulled high. All I2C-compatible devices connect to the I2C bus through open-drain 1/0 pins SDA
and SCL. A controller device, usually a microcontroller or a digital signal processor (DSP), controls the bus. The
controller is responsible for generating the SCL signal and device addresses. The controller also generates
specific conditions that indicate the start and stop of data transfers. A target device receives and transmits data
on the bus under control of the controller device. The device functions as a target and supports the following
data transfer modes, as defined in the 12C-bus specification: standard mode (100Kbps), fast mode (400Kbps),
and high-speed mode (3.4Mbps). The data transfer protocol for standard and fast modes is exactly the same;
therefore, both are referred to as F/S mode in this document. The protocol for high-speed mode is different from
the F/S mode, and is referred to as Hs mode. The device supports 7-bit addressing. However 10-bit addressing
and general-call addressing are not supported. The device target address is determined by the status of pins AO,

A1, and A2, as shown in % 7-8.
£ 7-8. Target Addresses

A0 A1 A2 TARGET ADDRESS
GND GND GND 1100001
GND GND 10Vpp 0101100
GND IOVpp GND 1100100
GND IOVpp I0Vpp 0101110
I0Vpp GND GND 1100010
I0Vpp GND 10Vpp 0101101
I0Vpp IOVpp GND 1100101
I0Vpp IOVpp 10Vpp 0101111
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7.5.1.1 F/S-Mode Protocol

The controller initiates the data transfer by generating a start condition. The start condition is when a high-to-low
transition occurs on the SDA line while SCL is high. All I2C-compatible devices must recognize a start condition.

The controller then generates the SCL pulses, and transmits the 7-bit address and the read or write direction bit
(R/W) on the SDA line. During all transmissions, the controller makes sure that data are valid. A valid data
condition requires that the SDA line is stable during the entire high period of the clock pulse. All devices
recognize the address sent by the controller and compare the address to the internal fixed addresses. Only the
target device with a matching address generates an acknowledge by pulling the SDA line low during the entire
high period of the ninth SCL cycle. When this acknowledge is detected, the controller recognizes that a
communication link is established with a target.

The controller generates further SCL cycles to either transmit data to the target (R/W bit is 1) or receive data
from the target (R/W bit is 0). In either case, the receiver must acknowledge the data sent by the transmitter.
Therefore, an acknowledge signal can either be generated by the controller or by the target, depending on which
one is the receiver. The 9-bit valid data sequences consisting of 8-bit data and 1-bit acknowledge can continue
as long as necessary.

To signal the end of the data transfer, the controller generates a stop condition by pulling the SDA line from low-
to-high while the SCL line is high. This action releases the bus and stops the communication link with the
addressed target. All 12C-compatible devices must recognize the stop condition. When a stop condition is
received, all devices recognize that the bus is released and wait for a start condition followed by a matching
address.

7.5.1.2 Hs-Mode Protocol
When the bus is idle, both SDA and SCL lines are pulled high by the pull-up devices.

The controller generates a start condition followed by a valid serial byte containing Hs controller code 00001xxx.
This transmission is made in F/S mode at no more than 400Kbps. No device is allowed to acknowledge the Hs
controller code, but all devices must recognize the Hs controller code and switch the internal setting to support
3.4Mbps operation.

The controller then generates a repeated start condition (a repeated start condition has the same timing as the
start condition). After this repeated start condition, the protocol is the same as for F/S mode, except that
transmission speeds up to 3.4Mbps are allowed. A stop condition ends Hs mode and switches all internal
settings of the target devices to support F/S mode. Instead of using a stop condition, repeated start conditions
are used to secure the bus in Hs mode.

7.5.1.3 Address Pointer

The device address pointer register is an 8-bit register. Each register has an address and, when accessed, the
address pointer points to the register address. All the device registers are 16 bits, consisting of a high byte
(D[15:8]) and a low byte (D[7:0]). The high byte is always accessed first, and the low byte accessed second.
When the register is accessed, the entire register is frozen until the operation on the low byte is complete. During
a write operation, the new content does not take effect until the low byte is written. In read operation, the whole
register value is frozen until the low byte is read.

The address pointer does not change after the current register is accessed. To change the pointer, the controller
issues a target address byte with the R/W bit low, followed by the pointer register byte; no additional data are
required.

7.5.1.4 Timeout Function

The device resets the serial interface if either SCL or SDA are held low for 32.8 ms (typical) between a START
and STOP condition. If the device is holding the bus low, the device releases the bus and waits for a START
condition. To avoid activating the timeout function, a communication speed of at least 1 kHz for the SCL
operating frequency must be maintained.
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7.5.1.5 Device Communication Protocol For I?’C

The device uses the following I2C protocols: writing a single word of data to a 16-bit register, writing multiple
words to different registers, reading a single word from any register, and reading the same register multiple
times. This section discusses these I2C protocols.

7.5.1.5.1 Writing A Single Register ([ 7-21)

7-21 shows a diagram of this protocol. Steps for this protocol are:

1. The controller device asserts a start condition.

2. The controller then sends the 7-bit device target address followed by a 0 for the direction bit, indicating a
write operation.

3. The device asserts an acknowledge signal on SDA.

4. The controller sends a register address.

5. The device asserts an acknowledge signal on SDA.

6. The controller sends a data byte of the high byte of the register (D[15:8]).

7. The device asserts an acknowledge signal on SDA.

8. The controller sends a data byte of the low byte of the register (D[7:0]).

9. The device asserts an acknowledge signal on SDA.

10. The controller asserts a stop condition to end the transaction.

| S | Target Address | 0 | A | Register Address | A | Data[15:8] | A | Data[7:0] | A | B |
A = Acknowledge
|:| From Controller to Target N = Not Acknowledge
S = START Condition
|:| From Target to Controller P = Stop Condition

Sr = Repeated START Condition

BJ 7-21. Write Single Register

Copyright © 2023 Texas Instruments Incorporated BHEHZBTT 57— RN 2 (BB GPY) &85 51
English Data Sheet: SLASF77


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

I

AFE11612-SEP
JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023

Texas
INSTRUMENTS

www.ti.com/ja-jp

7.5.1.5.2 Writing Multiple Registers (X 7-22)

A complete word must be written to a register (high byte and low byte) for proper operation, as shown in [X| 7-22.
Steps for this process are:

1. The controller device asserts a start condition.
2. The controller then sends the 7-bit device target address followed by a 0 for the direction bit, indicating a
write operation.
3. The device asserts an acknowledge signal on SDA.
4. The controller sends the first register address.
5. The device asserts an acknowledge signal on SDA.
6. The controller sends the high byte of the data word to the first register.
7. The device asserts an acknowledge signal on SDA.
8. The controller sends the low byte of the data word to the first register.
9. The device asserts an acknowledge signal on SDA.
10. The controller sends a second register address.
11. The device asserts an acknowledge signal on SDA.
12. The controller then sends the high byte of the data word to the second register.
13. The device asserts an acknowledge on SDA.
14. The controller sends the low byte of the data word to the second register.
15. The device asserts an acknowledge signal on SDA.
16. The controller and the device repeat steps 4 to 15 until the last data are transferred.
17. The controller then asserts a stop condition to end the transaction.
‘ s | Target Address | 0 | A | Registg’;‘d dress | A | Data[15:8] | A | Data[7:0] | A l—
RegiS(:(r:(z\r(]ic(jiress | A | Data[15:8] | A | Data[7:0] | A |———,
T |
|
L—— Registlt;ra/itddress | A | Data[15:8] | A | Data[7:0] | A | P |
A = Acknowledge
|:| From Controller to Target N = Not Acknowledge
S = START Condition
|:| From Target to Controller P = Stop Condition
Sr = Repeated START Condition
B] 7-22. Write to Multiple Registers
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7.5.1.5.3 Reading a Single Register (X 7-23)

7-23 shows a diagram of this protocol. Steps for this protocol are:

1. The controller device asserts a start condition.

2. The controller then sends the 7-bit device target address followed by a 0 for the direction bit, indicating a
write operation.

3. The device asserts an acknowledge signal on SDA.

4. The controller sends a register address.

5. The device asserts an acknowledge signal on SDA.

6. The controller device asserts a restart condition.

7. The controller then sends the 7-bit device target address followed by a 1 for the direction bit, indicating a
read operation.

8. The device asserts an acknowledge signal on SDA.

9. The device then sends the high byte of the register (D[15:8]).

10. The controller asserts an acknowledge signal on SDA.

11. The device sends the low byte of the register (D[7:0]).

12. The controller asserts a not acknowledge signal on SDA.

13. The controller then asserts a stop condition to end the transaction.

| S | Target Address | 0 | A | Register Address | A | Sr| Target Address | 1 l—

—| A | Data[15:8] | A | Data[7:0] | N | P |

A = Acknowledge

|:| From Controller to Target N = Not Acknowledge
S = START Condition
|:| From Target to Controller P = Stop Condition

Sr = Repeated START Condition

[ 7-23. Read A Single Register
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7.5.1.5.4 Reading Multiple Registers (X 7-24 and [¥ 7-25)

7-24 and [¥] 7-25 illustrate the process for this protocol. Steps for this protocol are:

1. The controller device asserts a start condition.
2. The controller then sends the 7-bit device target address followed by a 0 for the direction bit, indicating a
write operation.
3. The device asserts an acknowledge signal on SDA.
4. The controller sends a register address.
5. The device asserts an acknowledge signal on SDA.
6. The controller device asserts a restart condition.
7. The controller then sends the 7-bit device target address followed by a 1 for the direction bit, indicating a
y
read operation.
8. The device asserts an acknowledge signal on SDA.
9. The device then sends the high byte of the register (D[15:8]).
10. The controller asserts an acknowledge signal on SDA.
11. The device sends the low byte of the register (D[7:0]).
12. The controller asserts an acknowledge signal on SDA.
13. The device and the controller repeat steps 9 to 12 until the low byte of last reading is transferred.
14. After receiving the low byte of the last register, the controller asserts a not acknowledge signal on SDA.
y
15. The controller then asserts a stop condition to end the transaction.
| S | Target Address | 0 | A | Register Address | A |Sr| Target Address | 1 }—\
First Reading First Reading
A | Data[15:8] | R | Data[7:0] | R} |"“'1I
|
o
:_____{ Last Reading | | Last Reading | N | P |
Data[15:8] Data[7:0]
A = Acknowledge
|:| From Controller to Target N = Not Acknowledge
S = START Condition
|:| From Target to Controller P = Stop Condition
Sr = Repeated START Condition
Eq 7-24. Read Same Register Multiple Times
| S | Target Address | 0 | A | Regi_stgri'r/s\tddress | A |Sr| Target Address | 1 }—\
\—{ A | Data[15:8] | A | Data[7:0] | N | P }—\
\—{ S | Target Address | 0 | A RenisSt:(r:OAr:i(fjress | A |Sr| Target Address | 1 }—\
A Data[15:8] A Data[7:0] N|PF——
|
|
P mmmm m J
|
'———| S | Target Address | 0 | A | Re istle-fztddress | A |Sr| Target Address | 1 }—\
\—{ A | Data[15:8] | A | Data[7:0] | N | P |
A = Acknowledge
|:| From Controller to Target N = Not Acknowledge
S = START Condition
|:| From Target to Controller P = Stop Condition
Sr = Repeated START Condition
7-25. Read Multiple Registers Using the Reading Single Word From Any Register Method
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7.5.2 Serial Peripheral Interface (SPI)

The device can be controlled over a versatile three-wire serial interface that operates at clock rates of up to 20
MHz. The SPI communication command consists of a read or write (R/W) bit, seven register address bits, and
16 data bits (see & 7-9), for a total of 24 bits.

7.5.2.1 SPI Shift Register

The SPI shift register is 24 bits wide. Data are loaded into the device MSB first as a 24-bit word under the control
of the serial clock input, SCLK. The CS falling edge starts the communication cycle. Data are latched into the
SPI shift register on the SCLK falling edge, while CS is low. When CS is high, the SCLK and SDI signals are
blocked out and the SDO line is in a high-impedance state. The contents of the SPI shift register are loaded into
the device internal register on the CS rising edge (with delay). During the transfer, the command is decoded and
new data are transferred into the proper registers.

The serial interface functions with both a continuous and non-continuous serial clock. A continuous SCLK source
can only be used if CS is held low for the correct number of clock cycles. In gated clock mode, a burst clock
containing the exact number of clock cycles must be used and CS must be taken high after the final clock to
latch the data.

7.5.2.2 SPI Communications Command

The device is entirely controlled by registers. Reading from and writing to these registers is accomplished by
issuing a 24-bit operation word shown in & 7-9.

#F 7-9. 24-Bit Word Structure for Read and Write Operation
OPERATION 110 BIT 23 (MSB) BIT22:BIT16 BIT15:BITO

SDI 0 (R/W) Addr{6:0] Data to be written

Undefined or data depending on the
previous frame

SDI 1 (R/W) Addr{6:0] Don't care

Undefined or data depending on the

Write
SDO Data are undefined Data are undefined

Read frame 1

SDO Data are undefined Data are undefined )
previous frame
SDI 1 (R/W) Addr[6:0] Don't care
Read frame 2
SDO Data are undefined Data are undefined Data for address specified in frame 1
Bit 23 R/W. Indicates a read from or a write to the addressed register.

0 = The write operation is set and data are written to the specified register
1 = A read operation where bits Addr[6:0] select the register to be read. The remaining bits are don't care. Data read from
the selected register appear on the SDO pin in the next SPI cycle.

Bits[22:16] Addr6:Addr0. Register address; specifies which register is accessed.
Bits[15:0] DATA. 16-bit data bits.

In a write operation, these bits are written to bits[15:0] of the register with the address of (Addr[6:0]).

In a read operation, these bits are determined by the previous operation. If the previous operation is a read, these bits are
from bits[15:0] of the internal register specified in previous read operation. If the previous operation is a write, these data
bits are don’t care (undefined). Data read from the current read operation appear on SDO in the next operation cycle.
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7.5.2.3 Standalone Operation

In standalone mode, as shown in 7-26, each device has an SPI bus. The serial clock can be continuous or
gated. The first CS falling edge starts the operation cycle. Exactly 24 falling clock edges must be applied before
CS is brought high again. If CS is brought high before the 24th falling SCLK edge, or if more than 24 SCLK
falling edges are applied before CS is brought high, then the input data are incorrect. The device input register is
updated from the shift register on the CS rising edge, and data are automatically transferred to the addressed
registers as well. For another serial transfer to occur, CS must be brought low again. [ 7-27 and [4 7-28 show

write and read operations in standalone mode.

SCLK
SDI
SDO

13

—1 ]

»
»
»
»

A

¥ 7-26. Standalone Operation

s ] [ ] [ ] [ ] [

Wn = Write Command for Register N
XX = Don't care, undefined

7-27. Write Operation in Standalone Mode
s | [ ] [ ] [ ] [ ] [

SDI < RO > < R1 > < R2 >

Rn = Read Command for Register N
Dn = Data from Register N
XX = Don’t care, undefined

Eq 7-28. Read Operation in Standalone Mode
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7.5.2.4 Daisy-Chain Operation

For systems that contain several devices, the SDO pin can be used to daisy-chain multiple devices together.
This daisy-chain feature is useful in reducing the number of serial interface lines. The first CS falling edge starts
the operation cycle. SCLK is continuously applied to the input shift register when CS is low.

If more than 24 clock pulses are applied, data ripple out of the shift register and appear on the SDO line. These
data are clocked out on the SCLK rising edge and are valid on the falling edge. By connecting the SDO output of
the first device to the SDI input of the next device in the chain, a multiple-device interface is constructed. Each
device in the system requires 24 clock pulses. Therefore, the total number of clock cycles must equal 24N,
where N is the total number of devices in the daisy chain. When the serial transfer to all devices is complete, CS
is taken high. This action transfers data from the SPI shifter registers to the internal register of each device in the
daisy-chain and prevents any further data from being clocked in. The serial clock can be continuous or gated. A
continuous SCLK source can only be used if CS is held low for the correct number of clock cycles. In gated clock
mode, a burst clock containing the exact number of clock cycles must be used and CS must be taken high after
the final clock in order to latch the data. [X] 7-29 to [X] 7-32 illustrate the daisy-chain operation.

C B A

SDI —» SDI-C SDO-C SDI-B SDO-B SDI-A SDO-A|—» SDO

S ! ]

SCLK

B] 7-29. Three devices in a Daisy-Chain Configuration

s 1 Cycle 0 1 Cycle 1 1 Cycle 2 1 Cycle 3 |

sbl-c —RA0_X_RB0 X RC0 »——<_RAT X RB1 X_RC1 »——<RA2 X_RB2 X_RC2 >—<RA3 X_RB3 X_RC3 )——
SDO-C ——= XX X RA0 X RB0O ——=< CD0 X RA1 X RB1 ) CD1 X RA2 X RB2 ——— CD2 X RA3 X RB3 —
sDI-B ——< XX X RA0 X _RB0 »——<_cbo X_RAT X_RB1 »——<_cD1 X_RA2 X _RB2

SD0-B ——< XX_X_XX_X_RA0 »——<BD0 X _cbo X _RAT »——<BD1 X_cDi X RA2 »———BD2 X _CcD2 X RA3 )—
sDI-A. —— XX X XX _X_RA0 »——<BD0_X_CcDb0 X_RAT »——BD1_X_CDi1 X RA2 »——BD2 X _cDb2 X RA3 —
SDO-A —— XXX XX _X_XX_»——<_AD0_X_BD0_X_cb0_»———< AD1_X_BD1_X_cbi »———AD2 X BD2 X CD2 )—

RAn (RBn, RCn) = Read Command for Register N of device A (B,C)
ADn (BDn, CDn) = Data from Register N of device A (B, C)
XX = Don’t care, undefined

B 7-30. Reading Multiple Registers
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cs ] Cycle 0 1 Cycle 1 1 Cycle 2 1 Cycle 3 —
SDI-C ———RA0 X WB0 X RCO >——<RAT X WBT X WCT )—<RA2 RA3 X _RB3 X_RC3
SDO-C ———<_ XX X _RA0 X WB0 > CD0 X_RA1 X WB1 >——<_ XX X RA2 X RB2 CD2 X_RA3 X_RB3
SDI-B. ———_XX_X_RA0 X WB0 > CD0 X_RA1 X WB1 ——< XX X RA2 X RB2

SDO-B. ———— XX X XX X RAD >—— XXX CD0 X RAT >——LOXX XXX X RA2 BD2 X_CD2 X_RA3
SDI-A. ——— XX X XX X RA0 »——XX_X_CD0 X RAT )—— XX X XX X RA2 BD2 X_CD2 X_RA3
SDO-A  ———— XX XXX XXX >—ADO XXX X_CD0 »—<ADT XXX XXX AD2 X BD2 X _CD2

WBn (WCn) = Write Command for Register N of device A (B,C)

RAn (RBn, RCn) = Read Command for Register N of device A (B, C)
ADn (BDn, CDn) = Data from Register N of device A (B, C)

XX = Don’t care, undefined

7-31. Mixed Operation: Reading Devices A and C, and Writing to Device B; Then Reading A, and
Writing to B and C; Then Reading A, B, and C Twice

Cs -] Cycle 0 1 Cycle 1 1 Cycle 2 1 Cycle 3 —

SDI-C WAO X WB0 X_RCO WAT X WBT X RCT >——<WA2 X WB2 X_RC2 WA3 X WB3 X_RC3 y—
SDO-C ——< XXX WAQ X WB0 )——< CD0 X _WA1 X WB1 )——< CD1 X WA2 X WB2 cD2 X WA3 X WB3
SDI-B. < _XX_X WAQ X WBO )—— CD0 X WA1 X WB1 > CD1 X WA2 X WB2 cD2 X WA3 X WB3

SDO-B — < XX_ X XX X WAQ >——<_ XXX _CD0 X _WA1 ) _XX_X_CD1 X WA2 >—— XX X CD2 X WA3 )——
SDI-A. ———_ XX XXX X WAQ )——<_XX_X_CD0 X WA )——_ XX X _CD1 X WA2 >——_ XX X CD2 X WA3 )——
SDO-A — XX XXX XXX )= XX X XX X_CD0 )——=<_XX_X_XX_X_CD1 )——_XX_X_XX X CD2 )——

7-32. Writing to Devices A and B, and Reading Device C
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7.6 Register Maps

The device has several 16-bit registers that consist of a high byte (8 MSBs) and a low byte (8 LSBs). An 8-bit register pointer points to the proper register.
The pointer does not change after an operation. % 7-10 lists the registers for the device. The default values are for SPI operation; see the following

subsections for 12C default values.

£ 7-10. Register Map

BIT DESCRIPTION
A:E&R REGISTER |TYPE RE:ET
(HEX) (HEX) 15 14 ‘ 13 12 l 1 ‘ 10 ‘ 9 ‘ 8 l 7 l l 5 4 3 2 ‘ ‘
LT_ .
00 TEMP R 0000 LT_DATA [11:0] Reserved
o1 D1 R | 0000 D1_DATA [11:0] Reserved
TEMP ! : eserve
02 D2_ R 0000 D2_DATA [11:0] Reserved
TEMP = :
0A TEMP_ R/W | 003C Reserved D2EN D1EN LTEN RC Reserved
CONFIG
TEMP_
0B CONV_ R/W | 0007 Reserved RATE[2:0]
RATE
21 DI_N_ R/W | 0000 Reserved N_ADJUST[7:0]
ADJUST = :
22 D2_N_ R/W | 0000 Reserved N_ADJUST[7:0]
ADJUST = .
23 ADC_0 R 0000 Reserved ADC[11:0]
24 ADC_1 R 0000 Reserved ADC[11:0]
25 ADC_2 R 0000 Reserved ADC[11:0]
26 ADC_3 R 0000 Reserved ADC[11:0]
27 ADC_4 R 0000 Reserved ADC[11:0]
28 ADC_5 R 0000 Reserved ADC[11:0]
29 ADC_6 R 0000 Reserved ADCI[11:0]
2A ADC_7 R 0000 Reserved ADCI[11:0]
2B ADC_8 R 0000 Reserved ADCI[11:0]
2C ADC_9 R 0000 Reserved ADC[11:0]
2D ADC_10 R 0000 Reserved ADC[11:0]
2E ADC_11 R 0000 Reserved ADC[11:0]
2F ADC_12 R 0000 Reserved ADC[11:0]
30 ADC_13 R 0000 Reserved ADC[11:0]
31 ADC_14 R 0000 Reserved ADCI[11:0]
32 ADC_15 R 0000 Reserved ADCI[11:0]
33 DAC_0 R/W 0000 Reserved DAC[11:0]
34 DAC_1 R/W | 0000 Reserved DAC[11:0]
35 DAC_2 R/W | 0000 Reserved DAC[11:0]
36 DAC_3 R/W | 0000 Reserved DACI[11:0]
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£+ 7-10. Register Map (#iX)
BIT DESCRIPTION
oo | ReGiSTER | TvpE | RESET
(HEX) (HEX) 15 ‘ 14 ‘ 13 ’ 12 1 ‘ 10 ‘ 9 ‘ 8 ’ 7 ’ 6 ’ 5 ’ 4 ’ 3 ‘ 2 ‘ 1 ‘ 0
37 DAC_4 | RW | 0000 Reserved DAC[11:0]
38 DAC 5 | RW | 0000 Reserved DAC[11:0]
39 DAC 6 | RW | 0000 Reserved DAC[11:0]
3A DAC_7 | RW | 0000 Reserved DAC[11:0]
3B DAC 8 | RW | 0000 Reserved DAC[11:0]
3C DAC_9 R/W | 0000 Reserved DAC[11:0]
3D DAC_10 | RW | 0000 Reserved DAC[11:0]
3E DAC_11 | RW | 0000 Reserved DAC[11:0]
3F D’éf_ﬁo— RW | 0000 Reserved DAC_CLR[11:0]
40 D’(‘:‘E—RL RW | 0000 Reserved DAC_CLR[11:0]
41 D’E‘iﬁz— RW | 0000 Reserved DAC_CLR[11:0]
42 D‘g%f— RW | 0000 Reserved DAC_CLR[11:0]
43 D‘(\:‘iﬁ“— RW | 0000 Reserved DAC_CLR[11:0]
44 D‘(‘;_—;— RW | 0000 Reserved DAC_CLR[11:0]
45 DACR- | Rw | 0000 Reserved DAC_CLR[11:0]
46 DACT— | Rw | 0000 Reserved DAC_CLR[11:0]
47 D’éf_;f— RW | 0000 Reserved DAC_CLR[11:0]
48 D’(‘:‘E—Rg— RW | 0000 Reserved DAC_CLR[11:0]
49 DA(‘::L—FQO— RW | 0000 Reserved DAC_CLR[11:0]
4A DACCL—FP— RW | 0000 Reserved DAC_CLR[11:0]
4B GPIO RW | 00FF Reserved GPIO[7:0]
AFE ADC_ EN
4 | conrso | RW | 2000 Reserved CMODE | ICONV | ILDAC Rlﬁ? ALAR | Reserved | DAVF GALR Reserved
CH_ CH_ CH_ TEMP_ | TEMP_
o | . O’LFFE@ ;| Rw | o070 Reserved SET'EV? SETNEVB FALR_ FALR_ | FALR_ | FALR_ | FALR_ Reserved
_ - = cT 2 CT 1 cT.0 CT 1 CT.0
EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | ALARM_
4E | ALR.CTRL | RW | 0000 | Reserved ECAhﬁ— Eéh?— Eéhz— Eéh'g— LT LT D1_ D1_ D2_ D2_ D1_ D2_ LATCH_ Reserved
Low HIGH LOW HIGH LOW HIGH FAIL FAIL DIS
T LT D1_ D1_ D2_ D2_ D1_ D2_
4F STATUS R | 0000 | Reserved CAT;— (m?— CAT’;— iﬁ{— LOW_ | HGH_ | LOW_ | HIGH_ LOW_ HIGH_ FAIL FAIL_ TH/f&M— Reserved
ALR ALR ALR ALR ALR ALR ALR ALR
60 BHHZT T 57— RN (ZE LB EH) #2F Copyright © 2023 Texas Instruments Incorporated

English Data Sheet: SLASF77


https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

I3 TEXAS
INSTRUMENTS AFE11612-SEP
www.ti.com/ja-jp JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023
£+ 7-10. Register Map (#iX)
BIT DESCRIPTION
oo | ReGiSTER | TvpE | RESET
(HEX) (HEX) 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DF DF
50 ADC_CHO | R/W | 0000 | Reserved SEO SE1 (CHO+, SE2 SE3 (CH2+, SE4 SE5 SE6 SE7 SE8 SE9 SE10 SE™ SE12
CH1-) CH3-)
51 ADC_CH1 R/W | 0000 Reserved SE13 SE14 SE15 Reserved
52 ADC_GAIN | RW | FFFF ADGO ADG1 ADG2 ADG3 ADG4 ADG5 ADG6 ADG7 ADG8 ADG9 ADG10 ADG11 ADG12 ADG13 ADG14 ADG15
LT LT D1 D1 D2 D2 D1 D2
AUTO_DAC_ CHO_ CH2_ CH3_ v - i = - = = = THERM_
53 CLR_ R/W | 0004 | Reserved ALR_ CH1_ ALR_ ALR_ LOW_ HIGH_ Low_ HIGH_ LOW_ HIGH_ PAIL_ PAIL_ ALR_ Reserved
SOURCE CLR ALR CLR CLR ALR_ ALR_ ALR_ ALR_ ALR_ ALR_ ALR_ ALR_ CLR
CLR CLR CLR CLR CLR CLR CLR CLR
AUTO_DAC_ .
54 CLR_EN R/W | 0000 Reserved ACLR[11:0] Reserved
s5 | SWeDAS~ | Rw | 0000 | Reserved ICLR{11:0] Reserved
HW_DAC_ .
56 CLR_EN_O R/W | 0000 Reserved HOCLR[11:0] Reserved
HW_DAC_ .
57 CLR_EN_1 R/W | 0000 Reserved H1CLR[11:0] Reserved
58 | DAC_CONFIG | R/W | 0000 Reserved SLDA[11:0]
59 DAC_GAIN | R/W | 0000 Reserved DAC_GAIN[11:0]
IN_O_
5A HIGH_ R/W | OFFF Reserved THRH[11:0]
THRESHOLD
IN_O_
5B LOW_ R/W | 0000 Reserved THRL[11:0]
THRESHOLD
IN_1_
5C HIGH_ R/W | OFFF Reserved THRH[11:0]
THRESHOLD
IN_1_
5D LOW_ R/W | 0000 Reserved THRL[11:0]
THRESHOLD
IN_2_
5E HIGH_ R/W | OFFF Reserved THRH[11:0]
THRESHOLD
IN_2_
5F LOW_ R/W | 0000 Reserved THRL[11:0]
THRESHOLD
IN_3_
60 HIGH_ R/W | OFFF Reserved THRH[11:0]
THRESHOLD
IN_3_
61 LOW_ R/W | 0000 Reserved THRL[11:0]
THRESHOLD
LT_
62 HIGH_ R/W | O7FF Reserved THRH[11:0]
THRESHOLD
LT_
63 LOW_ R/W | 0800 Reserved THRL[11:0]
THRESHOLD
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| 7-10. Register Map (%tX)

BIT DESCRIPTION

ADDR RESET
REGISTER |TYPE
(HEX) (HEX) 15 14 ‘ 13 12 1 ‘ 10 9 8 7 6 ’ 5 ’ 4 ’ 3 2 1 0
D1_
64 HIGH_ RW | O7FF Reserved THRH[11:0]
THRESHOLD
D1_
65 LOW_ RW | 0800 Reserved THRL[11:0]
THRESHOLD
D2_
66 HIGH_ RW | O7FF Reserved THRH[11:0]
THRESHOLD
D2_
67 LOW_ RW | 0800 Reserved THRL[11:0]
THRESHOLD
68 HYST.O | RW | 0810 | Reserved CHO_HYS [6:0] CH1_HYS [6:0] Reserved
69 HYST_1 R/W | 0810 Reserved CH2_HYS [6:0] CH3_HYS [6:0] Reserved
D2 D2_ D2 D2 D2_ D1_ D1_ D1_ D1_ D1_ T LT_ LT LT LT
6A HYST 2 RW | 2108 | Reserved | yg 7 | Hys e HYS 5 HYS 4 HYS_3 HYS 7 | HYS_6 HYS 5 HYS_4 HYS_3 HYS_7 HYS_6 HYS_5 HYS 4 HYS_3
68 | PWR DOWN | RW | 0000 | Reserved | PADC PREF PDACO | PDAC1 | PDAC2 | PDAC3 | PDAC4 | PDACS PDAC6 PDAC7 PDACS PDACY9 | PDAC10 | PDAC11 | Reserved
6C | DEVICELD | R | 1220 DEVICE_ID[15:0]
7C SW_RST |RW | NA SW_RST[15:0]

A few registers have different reset values when using SPI and I12C respectively; for these registers, the table lists the SPI reset value (register

descriptions contain separate 12C reset values wherever applicable).
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7.6.1 Temperature Data Registers (Read-Only)
In 2's complement format, 0.125°C/LSB.
7.6.1.1 LT-Temperature-Data (LT_TEMP) Register (address = 00h) [reset = 0000h, 0°C]

B 7-33. LT-Temperature-Data (LT_TEMP) Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LT_DATA [11:0]

‘ Reserved

R-0h

R-0h

& 7-11. LT_TEMP Register Field Descriptions

Bit

Field

Type

Reset

Description

15-4

LT_DATA

R

Oh

Local temperature sensor reading in 2's complement data format.

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

7.6.1.2 D1-Temperature-Data (D1_TEMP) Register (address = 01h) [reset = 0000h, 0°C]

B 7-34. D1-Temperature-Data Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

D1_DATA [11:0] ‘
R-Oh

Reserved
R-0h

| 7-12. D1-Temperature-Data Register Field Descriptions

Bit Field Type Reset Description
15-4 D1_DATA R oh fF(()(renr::tte temperature sensor D1 reading in 2's complement data

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

7.6.1.3 D2-Temperature-Data (D2_TEMP) Register (address = 02h) [reset = 0000h, 0°C]
Store the remote temperature sensor D2 reading in 2's complement data format.

7-35. D2-Temperature-Data Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
D2_DATA [11:0] Reserved
R-0h R-0h
# 7-13. D2-Temperature-Data Register Field Descriptions
Bit Field Type Reset Description
15-4 D2 DATA R oh E?g;)tte temperature sensor D2 reading in 2's complement data

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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7.6.2 Temperature Configuration (TEMP_CONFIG) Register (address = 0Ah) [reset = 003Ch or 3CFFh]
When using the SPI, the bit configuration shown in [X| 7-36 must be used; default = 003Ch.
BJ 7-36. Temperature Configuration Register for SPI

15 14 13 12 11 10 9 8 7 6 5 4 3 % 1 0
Reserved ‘ D2EN ‘ D1EN ‘ LTEN ‘ RC ‘ Reserved
R/W-0h RW-1 RMW-1 RMW-1 R/W-1 R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

When using the 12C interface, the bit configuration shown in [X 7-37 must be used; default = 3CFFh.
B 7-37. Temperature Configuration Register for I12C

15 14 13 12 11 10 9 8 7 6 5 4 3 % 1 0
Reserved ‘ D2EN ‘ D1EN ‘ LTEN ‘ RC ‘ Reserved \ Reserved
R/W-Oh RW-1 RMW-1 RM-1 R/W-1 R/W-Oh R/W-FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Bit descriptions for the temperature configuration register are shown in %% 7-14.

& 7-14. Temperature Configuration Register Field Descriptions
Bit Field Type Reset Description

Remote temperature sensor D2 enable.
13 (12C), 5 (SP1)| D2EN R/W 1 0 =D2 is disabled
1=D2 is enabled

Remote temperature sensor D1 enable.
12 (12C), 4 (SP1)| D1EN R/W 1 0 =D1 is disabled
1=D1 is enabled

Local temperature sensor enable.
11 (12C), 3 (SPI) |LTEN R/W 1 0 =LT is disabled
1=LTis enabled

Resistance correction enable.
10 (I2C), 2 (SPI)|RC R/W 1 0 = Correction is disabled
1 = Correction is enabled
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7.6.3 Temperature Conversion Rate (TEMP_CONV_RATE) Register (address = 0Bh) [reset = 0007h or
07FFh]

When using the SPI, the bit configuration shown in [X| 7-38 must be used; default = 0007h.

EJ 7-38. Temperature Conversion Rate Register for SPI

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RATE [2:0]
R/W-0h R/W-7h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

When using the 12C interface, the bit configuration shown in [X| 7-39 must be used; default = 07FFh.

B 7-39. Temperature Conversion Rate Register for I2C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RATE [2:0] Reserved
R/W-0h R/W-7h R/W-FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-15. Temperature Conversion Rate Field Descriptions

Bit

Field

Type

Reset

Description

Configures conversion rate for temperature data.

000: 128 x speed

001: 64 x speed

010: 32 x speed

011: 16 x speed

100: 8 x speed

101: 4 x speed

110: 2 x speed

111: base (minimum) speed

10-8 (12C),

2.0(sply  |RATE

R/W 7h

# 7-16. Temperature Monitoring Cycle Time

MONITORING
TEMPERATURE SENSOR STATUS CYCLE TIME (ms)
Local sensor is active, remote sensors are disabled or in power-down. 15
One remote sensor is active and RC is 0, local sensor and one remote sensor are disabled or in power-down. 44
One remote sensor is active and RC is 1, local sensor and one remote sensor are disabled or in power-down. 93
One remote sensor and local sensor are active and RC is 0, one remote sensor is disabled or in power-down. 59
One remote sensor and local sensor are active and RC is 1, one remote sensor is disabled or in power-down. 108
Two remote sensors are active and RC is 0, local sensor is disabled or in power-down. 88
Two remote sensors are active and RC is 1, local sensor is disabled or in power-down. 186
All sensors are active and RC is 0. 103
All sensors are active and RC is 1. 201
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7.6.4 n-Factor Correction Registers: D1_N_ADJUST and D2_N_ADJUST (address = 21h and 22h) [reset =

0000h or 00FFh]
Only the low byte is used; the high byte is ignored.

When using the SPI, the bit configuration shown in [X| 7-40 must be used; default = 0000h.

B4 7-40. n-Factor Correction Register for SPI

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ NapsusT
R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
When using the 12C, the bit configuration shown in [%] 7-41 must be used; default = 00FFh.
B 7-41. n-Factor Correction Register for I2C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Napsust ‘ Reserved
R/W-0h R/W-FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

| 7-17. n-Factor Correction Register Field Descriptions

Bit

Field

Type

Reset

Description

Configures n-Factor correction term for remote temperature data.

08h:
06h:
04h:
02h:
01h:
00h:

15-8 (12C),

7-0 (SPI) RIW

NabJusT Oh

80h:

7Fh:
OAh:

FFh:
FEh:
FCh:
FAh:
F8h:
F6h:

NEfFr = 1.747977
NEfFr = 1.042759
NEfFfF = 1.035616
NEfFf = 1.028571
NEfFfF = 1.021622
NEfFfF = 1.014675
NEfFf = 1.011371
Nerr = 1.008 (default)
NEfFF = 1.004651
NEfFF = 1.001325
NEfFF = 0.994737
NEfFr = 0.988235
NEfFF = 0.981818
NEfFr = 0.975484
NEfFf = 0.706542

For further details, see #7>52-7.3.2.2.
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7.6.5 ADC-n-Data (ADC_n) Registers (addresses = 23h to 32h) [reset = 0000h]

BJ 7-42. ADC-n-Data Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADC [11:0]
R-0h

Reserved ‘
R-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-18. ADC-n-Data Register Field Descriptions
Type Reset
ADC R 000h

Bit Field
11-0

Description

ADC data, stored in binary format.

Four ADC data registers are available. The ADC-n-data registers (where n = 0 to 15) store the conversion
results of the corresponding analog channel-n, as shown in & 7-19.

# 7-19. ADC Data Register Definitions

CONVERSION RESULT
INPUT CHANNEL INPUT TYPE STORED IN FORMAT
Channel 0 Single-ended ADC-0-data register Straight binary
Channel 1 Single-ended ADC-1-data register Straight binary
Channel 2 Single-ended ADC-2-data register Straight binary
Channel 3 Single-ended ADC-3-data register Straight binary
CHO+ or CH1- Differential ADC-0-data register 2's complement
CH2+ or CH3- Differential ADC-2-data register 2's complement
Channel 4 Single-ended ADC-4-data register Straight binary
Channel 5 Single-ended ADC-5-data register Straight binary
Channel 6 Single-ended ADC-6-data register Straight binary
Channel 7 Single-ended ADC-7-data register Straight binary
Channel 8 Single-ended ADC-8-data register Straight binary
Channel 9 Single-ended ADC-9-data register Straight binary
Channel 10 Single-ended ADC-10-data register Straight binary
Channel 11 Single-ended ADC-11-data register Straight binary
Channel 12 Single-ended ADC-12-data register Straight binary
Channel 13 Single-ended ADC-13-data register Straight binary
Channel 14 Single-ended ADC-14-data register Straight binary
Channel 15 Single-ended ADC-15-data register Straight binary

7.6.6 DAC-n-Data (DAC_n) Registers (addresses = 33h to 3Eh) [reset = 0000h)
Each DAC has a DAC data register to store the data (DAC[11:0]) that are loaded into the DAC latches.

7-43. DAC-n-Data Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DAC [11:0]
R/W-0h R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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# 7-20. DAC-n-Data Register Field Descriptions
Bit Field Type Reset Description
11-0 DAC R/W 000h DAC data, in binary format

7.6.7 DAC-n-CLR-Setting (DAC_n_CLR) Registers (addresses = 3Fh to 4Ah) [reset = 0000h]

Each DAC has a DAC-CLR-setting register to store the data to be loaded into the DAC latch when the DAC is
cleared.

K 7-44. DAC-n-CLR-Setting Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved \ DAC_CLR [11:0]
R/W-Oh R/W-Oh

¢ 7-21. DAC-n-CLR Register Field Descriptions
Bit Field Type Reset Description

11-0 DAC_CLR R/W 000h Stores binary data, to be loaded into the DAC latch when the
DAC is cleared

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

7.6.8 GPIO Register (address = 4Bh) [reset = 00FFh]
B 7-45. GPIO Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ GPIO [7:0]
R/W-0h R/W-7h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

#+ 7-22. DAC-n-Data Register Field Descriptions
Bit Field Type Reset Description

11-0 GPIO R/W 7h For write operations, the GPIO pin operates as an output. Each
of the n bits can be setto 0 or 1.

0: GPIO-n pin to logic low.

1: GPIO-n pin to high impedance. For read operations, the GPIO
pin operates as an input

#E
After power-on reset, or any forced hardware or software reset, the GPIO-n bit is set to 1 and is in a
high-impedance state.

e
When D1 is enabled, GPIO-4 and GPIO-5 are ignored. When D2 is enabled, GPIO-6 and GPIO-7 are
ignored.

68 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2023 Texas Instruments Incorporated

English Data Sheet: SLASF77


https://www.ti.com/ja-jp/lit/pdf/JAJSRA2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSRA2A&partnum=AFE11612-SEP
https://www.ti.com/lit/pdf/SLASF77

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

AFE11612-SEP

JAJSRA2A — DECEMBER 2022 — REVISED SEPTEMBER 2023

7.6.9 AFE Configuration Register 0 (AFE_CONFIG_0) (address = 4Ch) [reset = 2000h]

BJ 7-46. AFE Configuration Register 0

15 14 13 12 11 10 9 8 7 6 5] 4 3 2 1 0
ADC- EN-
Reserved CMODE | ICONV | ILDAC | REF- Reserved | DAVF | GALR Reserved
INT ALARM
R-0h R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0 R-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£+ 7-23. AFE Configuration Register 0 Field Descriptions

Bit |Field Type Reset Description
ADC conversion mode bit. This bit selects between the two operating conversion modes (direct or
auto). 0: Direct mode. The analog inputs specified in the ADC channel registers are converted
sequentially (see the ADC channel registers) one time. When one set of conversions are complete, the
ADC is idle and waits for a new trigger.

13 CMODE RW 1 1: Auto mode. The analog inputs specified in the AFE channel registers are converted sequentially and
repeatedly (see the ADC channel registers). When one set of conversions are complete, the ADC
multiplexer returns to the first channel and repeats the process. Repetitive conversions continue until
the CMODE bit is cleared (0).

Internal conversion bit.

12 ICONV R/IW 0 Set this bit to 1 to start the ADC conversion internally. The bit is automatically cleared (0) after the ADC

conversion starts.
Load DAC bit.
Set this bit to 1 to synchronously load the DAC data registers, which are programmed for synchronous

1 ILDAC RIW 0 update mode (SLDAC-n = 1). The device updates the DAC latch only if the ILDAC bit is set (1), thereby
eliminating any unnecessary glitches. Any DAC channels that are not accessed are not reloaded. When
the DAC latch is updated, the corresponding output changes to the new level immediately. This bit is
cleared (0) after the DAC data register is updated.

ADC Vgee select bit. 0: The internal reference buffer is off and the external reference drives the ADC.

10 ADC-REF-INT R/IW 0 1: The internal buffer is on and the internal reference drives the ADC. Note that a compensation
capacitor is required.

Enable ALARM pin bit. 0: The ALARM pin is disabled

9 EN-ALARM RW 0 1: The ALARM pin is enabled

ADC Data available flag bit. For direct mode only. Always cleared (set to 0) in Auto mode.

0: The ADC conversion is in progress (data are not ready) or the ADC is in auto mode.

1: The ADC conversions are complete and new data are available.

In direct mode, the DAVF bit sets the DAV pin. DAV goes low when DAVF is 1, and goes high when

7 DAVF R DAVF is 0.

In auto mode, DAVF is always cleared to 0. However, a 1-ys pulse (active low) appears on the DAV pin
when the last input specified in the ADC channel registers is converted.

DAVF is cleared to 0 in one of three ways: by reading the ADC data register, by starting a new ADC
conversion, or by writing 0 to this bit. Reading the status register does not clear this bit.

Global alarm bit.

6 GALR R 0 This bit is the OR function of all individual alarm bits of the status register. This bit is set (1) when any
alarm condition occurs, and remains 1 until the status register is read. This bit is cleared (0) after
reading the status register.
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7.6.10 AFE Configuration Register 1 (AFE_CONFIG_1) (Address = 4Dh) [reset = 0070h]
BJ 7-47. AFE Configuration Register 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Reserved CONV_RATE [1:0]| CH_FALR_CT [2:0] TEMPT,::_'S;'R—CT Reserved
R-0h R/W-0h R/W-3h R/W-2h R-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

R 7-24. AFE Configuration Register 1 Field Descriptions

Bit |Field Reset Type |Description

ADC conversion rate bit setting.
00h: 500 kSPS (default).

01h: 250 kSPS.

10h: 125 kSPS.

11h: 62.5 kSPS.

9-8 |CONV_RATE Oh R/W

CHO through CH3.
000h: 1.

001h: 4.

010h: 8.

011h: 16 (default).
100h: 32.

101h: 64.

110h: 128.

111h: 256.

7-5 |CH_FALR_CT 3h R/W

Count of consecutive out-of-range samples to be taken before alarm is set, for

temperature sensor.
00h: 1 (default).
01h: 2.

10h: 4.

11h: 8.

4-3 |TEMP_FALR_CT 2h R/W

Count of consecutive out-of-range samples to be taken before alarm is set, for

7.6.11 Alarm Control Register (ALR_CTRL) (address = 4Eh) [reset = 0000h]
E] 7-48. Alarm Control Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EALR_|EALR_|EALR_|EALR_|EALR_|EALR_|EALR_|EALR_| ALARM_
Reserved Eé‘::i'z— Eé‘hf— EQ::IF;— Eé:f;— LT | LT_ | D1_ | D1_ | D2_ | D2_ | D1_ | D1_ | LATCH_| Reserved
LOW | HIGH | LOW | HIGH | LOW | HIGH | FAIL | FAIL DIS
RO RMW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RMW-0 RW-0 RMW-0 RW-0 RW-0 R/MW-0 R-Oh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-25. Alarm Control Register Field Descriptions

Bit

Field

Type |Reset

Description

14

EALR_CHO

RW |0

CHO and (CHO+, CH1-) alarm enable bit.

0: The alarm is masked. When the input of CHO or (CHO+, CH1-) is out of range, the
ALARM pin does not go low, but the CHO_ALR bit is set.

1: The alarm is enabled, the CHO_ALR bit is set, and the ALARM pin goes low (if enabled)
when the input of CHO or (CHO+, CH1-) is out of range.

13

EALR_CH1

RwW |0

CH1 alarm enable bit.

0: The alarm is masked. When the input of CH1 is out of range, the ALARM pin does not
go low, but the CH1_ALR bit is set.

1: The alarm is enabled, the CH1_ALR bit is set, and the ALARM pin goes low (if enabled)
when the input of CH1 is out of range.
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#+ 7-25. Alarm Control Register Field Descriptions (#zX)

Bit |Field Type |Reset Description

CH2 and (CH2+, CH3-) alarm enable bit.

0: The alarm is masked. When the input of CH2 or (CH2+, CH3-) is out of range, the
12 |EALR_CH2 R/W 0 ALARM pin does not go low, but the CH2_ALR bit is set.

1: The alarm is enabled, the CH2_ALR bit is set, and the ALARM pin goes low (if enabled)

when the input of CH2 or (CH2+, CH3-) is out of range.

CH3 alarm enable bit.

0: The alarm is masked. When the input of CH3 is out of range, the ALARM pin does not
11 EALR_CH3 R/W 0 go low, but the CH3_ALR bit is set.

1: The alarm is enabled, the CH3_ALR bit is set, and the ALARM pin goes low (if enabled)

when the input of CH3 is out of range.

Local sensor low alarm enable bit.

0: The LT_Low alarm is masked. When LT is below the specified range, the ALARM pin
10 |EALR_LT_LOW R/W 0 does not go low, but the LT_Low_ALR bit is set.

1: The LT_Low alarm is enabled. When LT is below the specified range, the LT_Low_ALR

bit is set (1) and the ALARM pin goes low (if enabled).

Local sensor high alarm enable bit.

0: The LT-High alarm is masked. When LT is above the specified range, the ALARM pin
9 EALR_LT_HIGH |R/W 0 does not go low, but the LT_High_ALR bit is set.

1: The LT-High alarm is enabled. When LT is above the specified range, the LT-High-ALR

bit is set (1) and the ALARM pin goes low (if enabled).

D1 low alarm enable bit.

0: The D1-Low alarm is masked. When D1 is below the specified range, the ALARM pin
8 EALR_D1_LOW |R/W 0 does not go low, but the D1_Low_ALR bit is set.

1: The D1-Low alarm is enabled. When D1 is below the specified range, the D1_Low_ALR

bit is set (1), and the ALARM pin goes low (if enabled).

D1 high alarm enable bit.

0: The D1-High alarm is masked. When D1 is above the specified range, the ALARM pin
7 EALR_D1_HIGH |R/W 0 does not go low, but the D1_High_ALR bit is set.

1: The D1-High alarm is enabled. When D1 is above the specified range, the

D1_High_ALR bit is set (1), and the ALARM pin goes low (if enabled).

D2 low alarm enable bit.

0: The D2-Low alarm is masked. When D2 is below the specified range, the ALARM pin
6 EALR_D2_ LOW |R/W 0 does not go low, but the D2_Low_ALR bit is set.

1: The D2-Low alarm is enabled. When D2 is below the specified range, the D2_Low_ALR

bit is set (1), and the ALARM pin goes low (if enabled).

D2 high alarm enable bit.

0: The D2-High alarm is masked. When D2 is above the specified range, the ALARM pin
5 |EALR_D2 HIGH |RW |0 does not go low, but the D2_High_ALR bit is set.

1: The D2-High alarm is enabled. When D2 is above the specified range, the

D2_High_ALR bit is set (1), and the ALARM pin goes low (if enabled).

D1 fail alarm enable bit.

0: The D1-FAIL alarm is masked. When D1 fails, the ALARM pin does not go low, but the
4 EALR_D1_FAIL R/W 0 D1_FAIL_ALR bit is set.

1: The D1-Fail alarm is enabled. When D1 fails, the D1_FAIL_ALR bit is set (1), the

ALARM pin goes low (if enabled).

D2 fail alarm enable bit.

0: The D2-FAIL alarm is masked. When D2 fails, the ALARM pin does not go low, but the
3 EALR_D2_FAIL R/W 0 D2_FAIL_ALR bit is set.

1: The D2-Fail alarm is enabled. When D2 fails, the D2_FAIL_ALR bit is set (1), the

ALARM pin goes low (if enabled).

Alarm latch disable bit.

0: The status register bits are latched. When an alarm occurs, the corresponding alarm bit

ALARM LATCH is set (1). The alarm bit remains 1 until the error condition subsides and the status register

2 DS - |RIW |0 is read. Before reading, the alarm bit is not cleared (0) even if the alarm condition

disappears.

1: The status register bits are not latched. When the alarm condition subsides, the alarm

bits are cleared regardless of whether the status register is read or not.
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7.6.12 STATUS Register (Address = 4Fh) [reset = 0000h]
7-49. Status Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LT_ LT_ D1_ D1_ D2_ D2_ D1_ D2_
Reserved (;T??_ i’l;— CAT'Z:{— c:f;— LOW_ | HIGH_ | LOW_ | HIGH_ | LOW_ | HIGH_ | FAIL_ | FAIL_ THEI;M— Reserved
ALR ALR ALR ALR ALR ALR ALR ALR
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

#+ 7-26. Status Register Field Descriptions
Bit |Field Reset Type Description

0: The analog input is not out of the specified range.
14 CHO_ALR 0 R 1: The single-ended channel 0 or differential input pair (CHO+, CH1-) is out of the range defined by the
corresponding threshold registers.

0: The analog input is not out of the specified range.

13 CH1_ALR 0 R 1: The single-ended channel 1 is out of the range defined by the corresponding threshold registers.

0: The analog input is not out of the specified range.
12 CH2_ALR 0 R 1: The single-ended channel 2 or differential input pair (CH2+, CH3-) is out of the range defined by the
corresponding threshold registers.

0: The analog input is not out of the specified range.

" CH3_ALR 0 R 1: The single-ended channel 3 is out of the range defined by the corresponding threshold registers.

Local temperature underrange flag.

10 |LT LOW ALR 0 R 0: The local temperature is not less than the range.
- - 1: The local temperature is less than the low-bound threshold.
This bit is only checked when LT is enabled (EN-LT is 1); this bit is ignored when EN-LT is 0.

Local temperature overrange flag.

9 LT HIGH ALR 0 R 0: The local temperature is not greater than the range.
- - 1: The local temperature is greater than the high-bound threshold.
This bit is only checked when LT is enabled (EN-LT is 1); this bit is ignored when EN-LT is 0.

Remote temperature reading of D1 when less than the range flag.

8 D1 LOW ALR 0 R 0: The local temperature is not less than the range.
- - 1: The local temperature is less than the low-bound threshold.
This bit is only checked when D1 is enabled (EN-D1 is 1); this bit is ignored when EN-D1 is 0.

Remote temperature reading of D1 when greater than the range flag.

7 D1 HIGH ALR 0 R 0: The local temperature is not greater than the range.
- - 1: The local temperature is greater than the high-bound threshold.
This bit is only checked when D1 is enabled (EN-D1 is 1); this bit is ignored when EN-D1 is 0.

Remote temperature reading of D2 when less than the range flag.

6 D2 LOW ALR 0 R 0: The local temperature is not less than the range.
- - 1: The local temperature is less than the low-bound threshold.
This bit is only checked when D2 is enabled (EN-D2 is 1); this bit is ignored when EN-D2 is 0.

Remote temperature reading of D2 when greater than the range flag.

5 D2 HIGH ALR 0 R 0: The local temperature is not greater than the range.
- - 1: The local temperature is greater than the high-bound threshold.
This bit is only checked when D2 is enabled (EN-D2 is 1); this bit is ignored when EN-D2 is 0.

Remote sensor D1 failure flag.

4 D1 FAIL ALR 0 R 0: The sensor is in a normal condition.
- - 1: The sensor is an open-circuit or short-circuit.
This bit is only checked when D1 is enabled (EN-D1 is 1); this bit is ignored when EN-D1 is 0.

Remote sensor D2 failure flag.

3 D2 FAIL ALR 0 R 0: The sensor is in a normal condition.
- - 1: The sensor is an open-circuit or short-circuit.
This bit is only checked when D2 is enabled (EN-D2 is 1); this is ignored when EN-D2 is 0.

Thermal alarm flag.

When the die temperature is equal to or greater than +150°C, the bit is set (1) and the THERM-ALR flag
activates. The on-chip temperature sensor (LT) monitors the die temperature. If LT is disabled, the
THERM-ALR bit is always 0. The hysteresis of this alarm is 8°C.

2 THERM_ALR 0 R
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7.6.13 ADC Channel Register 0 (ADC_CHO0) (address = 50h) [reset = 0000h]
B 7-50. ADC Channel Register 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DF DF

Reserved | SEO | SE1 | (CHO+, | SE2 | SE3 | (CH2+, | SE4 | SE5 | SE6 | SE7 | SE8 | SE9 | SE10 | SE11 | SE12
CH1-) CH3-)

RO RW-0 RW-0 RMW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

These bits specify the external analog auxiliary input channels (CHO to CH12) to be converted. The specified
channels are accessed sequentially in order from bit 14 to bit 0. The input is converted when the corresponding
bit is set (1).

R 7-27. ADC Channel Register 0 Field Descriptions
Bit Field Type Reset Description

14,13, 11, SEO to SE12 RIW 0 External S|_ngleiendeq analgg input for CHn. The result is stored in ADC-
10, 8-0 n-data register in straight binary format.

External analog differential input pair, CHO and CH1, with CHO as positive
12 DF (CHO+, CH1-) R/W 0 and CH1 as negative. The difference of (CHO — CH1) is converted and
the result is stored in the ADC-0-data register in 2's complement format.

External analog differential input pair, CH2 and CH3, with CH2 as positive
9 DF (CH2+, CH3-) R/W 0 and CH3 as negative. The difference of (CH2 — CH3) is converted and
the result is stored in the ADC-2-data register in 2's complement format.

& 7-28. CHO and CH1 Bit Settings

BIT 14 BIT 13 BIT 12 DESCRIPTION
1 1 0 CHO and CH1 are both accessed as single-ended inputs. Bit 12 is ignored.
1 0 0 CHO is accessed as a single-ended input. CH1 is not accessed. Bit 12 is ignored.
0 1 0 CH1 is accessed as a singled-ended. CHO is not accessed. Bit 12 is ignored.
0 0 1 Differential input pair CHO + and CH1- is accessed as a differential input.
0 0 0 CHO, CH1, and differential pair CHO+, CH1— are not accessed.

£+ 7-29. CH2 and CH3 Bit Settings

BIT 11 BIT 10 BIT 9 DESCRIPTION
1 1 0 CH2 and CH3 are both accessed as single-ended inputs. Bit 9 is ignored.
1 0 0 CH2 is accessed as a single-ended input. CH3 is not accessed. Bit 9 is ignored.
0 1 0 CH3 is accessed as a singled-end input. CH2 is not accessed. Bit 9 is ignored.
0 0 1 Differential input pair CH2+ and CH3- is accessed as a differential input.
0 0 0 CH2, CH3, and differential pair CH2+, CH3- are not accessed.

£ 7-30. CH4 to CH12 Bit Settings
BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 DESCRIPTION

1 — — — — — — — — CH4 is accessed as a single-ended input

— 1 — — — — — — — CH5 is accessed as a single-ended input

_ — 1 — — — — — — CH6 is accessed as a single-ended input

_ _ _ 1 — — — — — CH?Y is accessed as a single-ended input

_ _ —_ — 1 — — — — CHB8 is accessed as a single-ended input

— — — — — 1 — — — CH9 is accessed as a single-ended input

— — — — — — 1 — — CH10 is accessed as a single-ended input

— — — — — — — 1 — CH11 is accessed as a single-ended input

— — — — — — — — 1 CH12 is accessed as a single-ended input
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7.6.14 ADC Channel Register 1 (ADC_CH1) (address = 51h) [reset = 0000h]
B 7-51. ADC Channel Register 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved‘ SE13 ‘ SE14 ‘ SE15 \ Reserved
RW-0 RW-0 RW-O R/W-0 R/W-Oh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

The specified channel is accessed sequentially in the order from bit 14 to bit 0 of ADC channel register 0, and
then bit 14 to bit 12 of ADC channel register 1. The input is converted when the corresponding bit is set (1).

R 7-31. ADC Channel Register 1 Field Descriptions
Bit Field Type Reset Description

These bits specify the external analog auxiliary input channels
(CH13, CH14, and CH15) to be converted. The input is
converted when the corresponding bit is set (1). The result is
stored in the ADC-n-data register in straight binary format.

14-12 |SE13to SE15 R/wW 0

7.6.15 ADC Gain Register (ADC_GAIN) (address = 52h) [reset = FFFFh]
7-52. ADC Gain Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG | ADG
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

R/W-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 R/W-1 R/W-1

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£ 7-32. ADC Gain Register Field Descriptions
Bit Field Type Reset Description

0: The analog input range of single-ended input CHO (SE0) is 0 V to
Vger or differential input pair DF (CHO+, CH1-) is —Vrgf to +VRer

15 ADGO R/W 1 1: The analog input range of single-ended input CHO (SEO0) is 0 V to
(2 x VRgr) or differential input pair DF (CHO+, CH1-) is (=2 x VRggf) to
(+2 x VRer)
0: The analog input range of single-ended input CH1 (SE1) is 0 V to
14 ADG1 R/W 1 VRer

1: The analog input range is 0 V to (2 x Vrgp)

0: The analog input range of single-ended input CH2 (SE2) is 0 V to
VRer or differential input pair DF (CH2+, CH3-) is —Vrgf t0 +VRgr

13 ADG2 R/W 1 1: The analog input range of single-ended input CH2 (SE2) is 0 V to
(2 x VRgr) or differential input pair DF (CH2+, CH3-) is (-2 x VRgF) to
(+2 x VRer)
0: The analog input range of single-end input CH3 (SE3) is 0 V to

12 ADG3 R/W 1 VRer

1: The analog input range is 0 V to (2 x Vrgg)

0: The analog input range of CHn (where n =4 to 15)is 0 V to Vggr

11-0 ADG4 1o ADG15 RIW 1 1: The analog input range is 0 V to (2 x VRrgr)
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7.6.16 AUTO_DAC_CLR_SOURCE Register (address = 53h) [reset = 0004h]

This register selects which alarm forces the DAC into a clear state, regardless of which DAC operation mode is

active, auto, or manual.

EJ 7-53. AUTO_DAC_CLR_SOURCE Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
LT LT D1 D1 D2 D2
CHO_ | CH1_ | CH2_ | CH3_ - - - = — — D1_ D2_ | THERM_
Reserved | ALR_ | ALR_ | ALR_ | ALR_ | LOW_ | HIGH_| LOW_ | HIGH_| LOW_ | HIGH_| o\~ | ppf ALR Reserved
CLR | CLR | CLR | cLr | AR | ALR_ | ALR_ | ALR_ 1 ALR_ 1 ALR_ | 0 g7 | olR CLR
CLR | CLR | CLR | CLR | CLR | CLR
R-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-O0 RW-0 RW-0 RW-0 RW-0 RMW-0 RW-0 RW-1 R-Oh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£ 7-33. AUTO_DAC_CLR_SOURCE Register

Bit

Field

Type

Reset

Description

14

CHO_ALR_CLR

R/W

CHO alarm clear bit.

0: CH1_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the CHO_ALR bit in the status register are set (1)

13

CH1_ALR_CLR

RwW

CH1 alarm clear bit.

0: CH1_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the CH1_ALR bit in the status register are set (1)

12

CH2_ALR_CLR

R/W

CH2 alarm clear bit.

0: CH2_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the CH2_ALR bit in the status register are set (1)

1

CH3_ALR_CLR

R/W

CH3 alarm clear bit.

0: CH3_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the CH3_ALR bit in the status register are set (1)

10

LT LOW_ALR_
CLR

R/wW

Local temperature sensor low alarm clear bit.

0: LT_LOW_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the LT_LOW_ALR bit in the status register are set (1)

LT_HIGH_ALR_
CLR

R/W

Local temperature sensor high alarm clear bit.

0: LT_HIGH_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the LT_HIGH_ALR bit in the status register are set (1)

D1_LOW_ALR_
CLR

R/W

Remote temperature sensor D1 low alarm clear bit.

0: D1_LOW_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the D1_LOW_ALR bit in the status register are set (1)

D1_HIGH_ALR_
CLR

R/W

Remote temperature sensor D1 high alarm clear bit.

0: D1_High_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the D1_High_ALR bit in the status register are set (1)

D2_LOW_ALR_
CLR

R/W

Remote temperature sensor D2 low alarm clear bit.

0: D2_LOW_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the D2_LOW_ALR bit in the status register are set (1)

D2_HIGH_ALR_
CLR

RwW

Remote temperature sensor D2 high alarm clear bit.

0: D2_HIGH_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the D2_HIGH_ALR bit in the status register are set (1)

D1_FAIL_CLR

R/W

D1 fail alarm clear bit.

0: D1_FAIL_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the D2_FAIL_ALR bit in the status register are set (1)
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% 7-33. AUTO_DAC_CLR_SOURCE Register ()

Bit |Field Type |Reset Description

D2 fail alarm clear bit.

0: D2_FAIL_ALR goes to 1 and does not force any DAC to a clear status

1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the D2_FAIL_ALR bit in the status register are set (1)

3 |D2_FAIL.CLR |[RW |0

Thermal alarm clear bit.

THERM_ALR _ RIW 1 0: THERM_ALR goes to 1 and does not force any DAC to a clear status

CLR 1: DACn is forced to a clear status if both the ACLRn bit in the AUTO_DAC_CLR_EN
register and the THERM_ALR bit in the status register are set (1)

7.6.17 AUTO_DAC_CLR_EN Register (address = 54h) [reset = 0000h]
7-54. AUTO_DAC_CLR_EN Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ACLR [11:0] Reserved
R/W-0 R/W-0h R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-34. AUTO_DAC_CLR_EN Register Field Descriptions

Bit Field Type Reset Description

Auto clear DAC-n enable bit.

0: DAC-n is not forced to a clear state when the alarm occurs
(default)

1: DAC-n is forced to a clear state when the alarm occurs

14-3 ACLR R/W 0

T
ACLRn is always ignored when an alarm occurs for a temperature greater than +150°C (THERM-ALR
is 1). If an alarm activates for a temperature greater than +150°C, and if the THERM-ALR-CLR bit in
the AUTO-DAC-CLR-SOURCE register is set (1), all DACs are forced into a clear status. However, if
THERM-ALR-CLR is cleared (0), the over +150°C alarm does not force any DAC to a clear status.

7.6.18 SW_DAC_CLR Register (address = 55h) [reset = 0000h]
This register uses software to force the DAC into a clear state.

7-55. SW_DAC_CLR Register

15 14 13 12 11 10 9 8 7 6 5 4 B 2 1 0
Reserved ICLR [11:0] Reserved
RW-0 R/W-0 RW-0 R/W-0 RW-0 RW-0 R/W-0 RW-0 RW-0 R/W-0 R/W-0 RW-0 R/W-0 R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-35. SW_DAC_CLR Register Field Descriptions

Bit Field Type Reset Description
Software clear DACn bit.

14-3 ICLR R/W 0 0: DACn is restored to normal operation
1: DACn is forced into a clear state
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7.6.19 HW_DAC_CLR_EN_0 Register (address = 56h) [reset = 0000h]
This register determines which DAC is in a clear state when the DAC-CLR-0 pin goes low.

B 7-56. HW_DAC_CLR_EN_0 Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved HOCLR [11:0] Reserved
R/W-0 R/W-0 R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-36. HW_DAC_CLR_EN_0 Register Field Descriptions
Bit Field Type Reset Description

Hardware clear DAC-n enable 0 bit.

If.HOCLRn = 1, DAC-n is forced into a clear state when the
14-3 HOCLR R/W 0 DAC-CLR-0 pin goes low.

If HOCLRn = 0, pulling the DAC-CLR-0 pin low does not effect
the state of DAC-n.

7.6.20 HW_DAC_CLR_EN_1 Register (address = 57h) [reset = 0000h]
This register determines which DAC is in a clear state when the DAC-CLR-1 pin goes low.

B 7-57. HW_DAC_CLR_EN_1 Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved H1CLR Reserved
R/W-0 R/W-0h R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-37. HW_DAC_CLR_EN_1 Register Field Descriptions
Bit Field Type Reset Description

Hardware clear DAC-n enable 1 bit.

If HICLRn = 0, pulling the DAC-CLR-1 pin low does not effect
14-3 H1CLR R/W Oh the state of DAC-n

If HICLRn = 1, DAC-n is forced into a clear state when the
DAC-CLR-1 pin goes low
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7.6.21 DAC Configuration (DAC_CONFIG) Register (address = 58h) [reset = 0000h]
B 7-58. DAC Configuration Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved \ SLDA [11:0]
R/W-0h R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

R 7-38. DAC Configuration Register Field Descriptions
Bit Field Type Reset Description

DAC synchronous load enable bit.

0: Reserved for DACs not being updated. The synchronous load
DAC signal (ILDAC) does not affect DACn. The default value of
SLDA-nis 0.

1: Synchronous load must be enabled for proper DAC operation.
When internal load DAC signal ILDAC occurs, the DAC-n latch
11-0 SLDA R/W Oh is loaded with the value of the corresponding DACn-data
register, and the output of DAC-n updates immediately. The
internal load DAC signal ILDAC is generated by writing a 1 to
the ILDAC bit in the AFE configuration register. A write
command to the DAC-n-data register updates that register only,
and does not change the DAC-n output. Any DAC channels that
are not accessed are not reloaded.

pa
The DACs can be forced to a clear state immediately by the external DAC-CLR-n signal, by alarm
events, and by writing to the SW-DAC-CLR register. In these cases, the SLDA-n bit is ignored.

7.6.22 DAC Gain (DAC_GAIN) Register (address = 59h) [reset = 0000h]
The DACn GAIN bits specify the output range of DACn.

7-59. DAC Gain Register
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved DAC_GAIN
R-Oh R-Oh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-39. DAC Gain Register Field Descriptions

Bit Field Type Reset Description
11-0 DAC_GAIN R oh DACn gain bits. In this device, gain is fixed at 2 and the output is
always 0 V to 2 x Vreg
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7.6.23 Analog Input Channel Threshold Registers (addresses = 5Ah To 61h)

Four analog auxiliary inputs (CHO, CH1, CH2, and CH3) and three temperature sensors (LT, D1, and D2; see &
7222 7.6.24) implement an out-of-range alarm function. Threshold-High-n and Threshold-Low-n (where n = 0,
1, 2, 3) define the upper bound and lower bound of the nth analog input range, as shown in % 7-40. This window
determines whether the nth input is out-of-range. When the input is outside the window, the corresponding CH-
ALR-n bit in the status register is set to 1.

For normal operation, the value of Threshold-High-n must be greater than the value of Threshold-Low-n;
otherwise, CH-ALR-n is always set to 1 and an alarm is always indicated. When the analog channel is accessed
as single-ended input, the analog-channel threshold is in a straight binary format. However, when the channel is
accessed as a differential pair, the threshold is in 2's complement format.

# 7-40. Threshold Coding

INPUT CHANNEL INPUT TYPE THRESHOLD STORED IN FORMAT
Channel 0 Single-ended Ilﬁf):i:%:-'l}?wrrzsstlj\gll?j-}lj:)gvc-g;/lttee Straight binary
Channel 1 Single-ended I|r:,?,l;tt-.11ﬂgﬁiﬁ%ﬂﬂfxgﬂs Straight binary
Channel 2 Single-ended ||ﬂ%:tt-.zzfr?\rrii?\%zﬁ?VC:BByytts Straight binary
Channel 3 Single-ended Ilr:\zttt:%:-'llzrr‘\';zss:gll?jzﬁ(I?vc-g})//tt: Straight binary

CHO+, CH1- Differential Ilzzti:%:-#:;isshhglli-'ﬂfvc:ggllttg 2's complement
CH2+, CH3~ Differential 'I’r‘]‘;‘;tt'_zz'_?;rriz:‘;'l‘é'_':i?vt,‘_'BBﬁg 2's complement

7.6.23.1 Input-n-High-Threshold Register (where n =0, 1, 2, 3; addresses: 0 = 5Ah, 1=5Ch, 2 = 5Eh, 3 =
60h) [reset = OFFFh]

Eq 7-60. Input-n-High-Threshold Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved THRH [11:0]
R-0h R/W-FFFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

R 7-41. Input-n-High-Threshold Register Field Descriptions
Bit Field Type Reset Description
11-0 THRH R/W FFFh Data bits of the upper-bound threshold of the nth analog input.

7.6.23.2 Input-n-Low-Threshold Register (where n =0, 1, 2, 3; addresses: 0 = 5Bh, 1 =5Dh, 2 = 5Fh, 3 =
61h) (reset = 0000h)

Eq 7-61. Input-n-Low-Threshold Register
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved \ THRL [11:0]
R-Oh R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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& 7-42. Input-n-Low-Threshold Register Field Descriptions

Bit

Field

Type

Reset

Description

110

THRH

R/W

Oh Data bits of the lower-bound threshold of the nth analog input.

7.6.24 Temperature Threshold Registers
7.6.24.1 LT_HIGH_THRESHOLD Register (address = 62h) [reset = 07FFh, +255.875°C]

B 7-62. LT_HIGH_THRESHOLD Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ THRH

R-0h R/W-7FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£ 7-43. LT_HIGH_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRH RIW 7EFh SD:;:Qtilts of the upper-bound threshold for the local temperature

7.6.24.2 L T LOW_THRESHOLD Register (address = 63h) [reset = 0800h, —256°C]

K 7-63. LT_LOW_THRESHOLD Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved

THRL

R-0Oh

R/W-800h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£ 7-44. LT_LOW_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRL RIW 800h SD:r:zobrlts of the lower-bound threshold for the local temperature

7.6.24.3 D1_HIGH_THRESHOLD Register (address = 64h) [reset = 07FFh, +255.875°C]
Eq 7-64. D1_HIGH_THRESHOLD Register

15

14 13

12 1 10 9

8

7 6 5 4 3 2 1 0

Reserved

THRH

R-0Oh

R/W-7FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-45. D1_HIGH_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRH RIW 7EFh Data bits of the upper-bound threshold for the remote
temperature sensor (D1).
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7.6.24.4 D1_LOW_THRESHOLD Register (address = 65h) [reset = 0800h, —256°C]
K 7-65. D1_LOW_THRESHOLD Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

Reserved ‘ THRL

R-0h R/W-800h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£ 7-46. D1_LOW_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRL RIW 800h Data bits of the lower-bound threshold for the remote
temperature sensor (D1).

7.6.24.5 D2_HIGH_THRESHOLD Register (address = 66h) [reset = 07FFh, +255.875°C]
Ed 7-66. D2_HIGH_THRESHOLD Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

Reserved ‘ THRH

R-0h R/W-7FFh

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-47. D2_HIGH_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRH RIW 7EFh Data bits of the upper-bound threshold for the remote
temperature sensor (D1).

7.6.24.6 D2_LOW_THRESHOLD Register (address = 67h) [reset = 0800h, —256°C]
B 7-67. D2_LOW_THRESHOLD Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

Reserved ‘ THRL

R-0Oh R/W-800h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

# 7-48. D2_LOW_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRL RIW 800h Data bits of the lower-bound threshold for the remote
temperature sensor (D2).
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7.6.25 Hysteresis Registers

The hysteresis registers define the hysteresis in the alarm detection of an individual alarm.
7.6.25.1 Hysteresis Register 0 (HYST_0) (address = 68h) [reset = 0810h, 8 LSB]

This register contains the hysteresis values for CHO and CH1.

Eq 7-68. Hysteresis Register 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CHO_HYS [6:0] CH1_HYS [6:0] Reserved
R/W-0 R/W-8h R/W-8h R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-49. Hysteresis Register 0 Field Descriptions

Bit Field Type Reset Description
14-8 CHO_HYS R/W 08h Hysteresis of CHO, 1 LSB per step.
7-1 CH1_HYS R/W 08h Hysteresis of CH1, 1 LSB per step.

7.6.25.2 Hysteresis Register 1 (HYST_1) (address = 69h) [reset = 0810h, 8 LSB]
This register contains the hysteresis values for CH2 and CH3.

BJ 7-69. Hysteresis Register 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CH2_HYS [6:0] CH3_HYS [6:0] Reserved
R/W-0 R/W-8h R/W-8h R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-50. Hysteresis Register 1 Field Descriptions

Bit Field Type Reset Description
14-8 CH2_HYS R/W 08h Hysteresis of CHO, 1 LSB per step.
7-1 CH3_HYS R/W 08h Hysteresis of CH1, 1 LSB per step.

7.6.25.3 Hysteresis Register 2 (HYST_2) (address = 6Ah) [reset = 2108h, 8°C]
This register contains the hysteresis values for D2, D1, and LT. The range is 0°C to +31°C.

7-70. Hysteresis Register 2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | D2- | D2 | D2 | D2 [ b2 | DI_ | D1 | D1 | DI_ [ D1_ LT LT LT LT LT

HYS_7 | HYS_6 | HYS 5 | HYS 4 | HYS 3 | HYS_7 | HYS 6 | HYS 5 | HYS 4 | HYS 3 | HYS_7 | HYS 6 | HYS 5 | HYS_4 | HYS 3

RW-0 RW-0 RMW-1 RW-0 RW-O0 RW-0 RW-O0 RW-1 RWO0 RW-O0 RW-0 RW-0 RW-1 RW-O0 RW-0 RMW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

& 7-51. Hysteresis Register 2 Field Descriptions
Bit Field Type Reset Description
14-10 D2-HYS_7 to D2_HYS_3 R/W 01000 Hysteresis of D2, 1°C per step. Note that bits D2_HYS_n [2:0] are always 0.
9-5 D1_HYS_7 to D1_HYS_3 R/W 01000 Hysteresis of D1, 1°C per step. Note that bits D1_HYS_n [2:0] are always 0.
4-0 LT _HYS 7toLT_HYS 3 R/W 01000 Hysteresis of LT, 1°C per step. Note that bits LT_HYS_n [2:0] are always 0.
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7.6.26 Power-Down Register (PWR_DOWN) (address = 6Bh) [reset = 0000h)
7-71. Power-Down Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved‘ PADC ‘ PREF ‘ PDACO ‘ PDAC1 ‘ PDAC2 ‘ PDAC3 ‘ PDAC4 ‘ PDAC5 ‘ PDAC6 ‘ PDAC7 ‘ PDACS ‘ PDAC9 ‘PDAC10 ‘ PDAC11 ‘Reserved
RW-0 RW-O0 RW-0 RW-O0 RW-0 RW-0 RMW-0 RW-0 RW-0 RWO0 RWO RWO RWO RW-0 RWO RW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

£+ 7-52. Power-Down Register Field Descriptions
Type

Bit Field Reset Description

Power-down mode control bit.
0: The ADC is inactive in low-power mode.
1: The ADC is in normal operating mode.

14 PADC RwW 0

Internal reference in power-down mode control bit.
0: The reference buffer amplifier is inactive in low-power mode.
1: The reference buffer amplifier is powered on.

13 PREF R/wW 0

DACn power-down control bit.

0: DACn is inactive in low-power mode and the output buffer
amplifier is in a Hi-Z state. The output pin of DACn is internally
switched from the buffer output to the analog ground through an
internal resistor.

1: DACn is in normal operating mode.

12-1 PDACO to PDAC11 R/wW 0

7.6.27 Device ID Register (DEVICE_ID) (read only address = 6Ch) [reset = 1220h]
Model and revision information.

7-72. Device ID Data Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DEVICE_ID [15:0]
R-1220h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

#+ 7-53. ADC-n-Data Register Field Descriptions

Bit Field Type Reset Description
15-0 DEVICE_ID R 1220h Device ID
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7.6.28 Software Reset (SW_RST) Register (read or write address = 7Ch) [reset = N/A)

The software reset register resets all registers to the default values, except for the DAC data register, DAC latch,
and DAC clear register. The software reset is similar to a hardware reset, which resets all registers including the
DAC data register, DAC latch, and DAC clear register. After a software reset, make sure that the DAC data
register, DAC latch, and DAC clear register are set to the desired values before the DAC is powered on.

7.6.28.1 SPI Mode

B 7-73. Software Reset Register (SPI Mode)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SW_RST [15:0]
R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

K 7-54. Software Reset Register Field Descriptions

Bit Field Type Reset Description
15-0 SW_RST R/W Oh Writing 6600h to this register forces the device to reset.
7.6.28.2 I°C Mode

Writing to this register (with any data) forces the device to perform a software reset. Reading this register returns
an undefined value that must be ignored. Note that this register is 8-bit, instead of 16-bit. Both reading from and
writing to this register are single-byte operations. Writing data to the software reset register in 12C mode is
described in the following steps:

1. The controller device asserts a start condition.
2. The controller then sends the 7-bit device target address followed by a 0 for the direction bit, indicating a
write operation.

3. The device asserts an acknowledge signal on SDA.

4. The controller sends register address 7Ch.

5. The device asserts an acknowledge signal on SDA.

6. The controller sends a data byte.

7. The device asserts an acknowledge signal on SDA.

8. The controller asserts a stop condition to end the transaction.
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8 Application and Implementation

&
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8.1 Application Information

The AFE11612-SEP is a flexible device that can be used in control, monitoring, and biasing applications.
Examples are supply rail monitoring, temperature sensor monitoring, power amplifier (PA) gate-bias control, and
servo control. The AFE11612-SEP has features that can be used to detect alarm conditions, and has a
dedicated ALARM pin to alert the host of any problems.

8.2 Typical Application

[X] 8-1 shows an example schematic for PA biasing using a single AFE11612-SEP to bias the GaN and LDMOS
PAs simultaneously. In this application, one DAC is used in the positive output range, and a second DAC is used
in the negative range through the use of a differential operational amplifier.

LDMOS GAN
Power Power

PMOS E PMOS E
Veer PA_ON ‘ NMOS PA_ON NMOS

10 kQ

PA_ON

PAON_IN / -+ ALARM
ALARMIN —

PA_EN [»

SPI SPI

Host Device

—\W—p——
[ ADC ?
Remote ! | Remote
| | 10 pF ire T
Sensor Diode | | Sensor
| RSense

Temperature

INA240-SEP

VRer_out Vrer

e
0.14F DAC 2
5{ }_L DVoo

0.

s A o
0.1 pF 33V Ty
g{ }_P |0Voo ADC

0.1 yF L

AFE11612-SEP

B 8-1. Power Amplifier (PA) Biasing
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8.2.1 Design Requirements

The example schematic uses the majority of the design parameters listed in 7 8-1.

£ 8-1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Analog supply voltage 45Vto55V
Digital supply voltage 3.3V
DAC outputs voltage OVto5V
DAC outputs voltage (optional) -75Vto0V
5V

ADC voltage

8.2.2 Detailed Design Procedure

Use the parameters in 3% 8-1 and the following steps to facilitate the design process:

8.2.2.1 Sequencing

Connect the analog and digital pins to the voltage supply

Scale the analog inputs to be in range of the ADC.

Select series resistance for the DAC output based on the capacitive load.
Optional: configure op-amp circuit for a negative output range.

Powering the PA on and off in a controlled routine is necessary to prevent the Vgg voltage from being too high
when the Vpgran is applied. Such a state causes the PA to operate in saturation mode which can result in
thermal damage in the PA or any connected board. Powering on a PA requires the following steps:

1.

First, apply the Vg signal to the PA. The Vg voltage must transition to the Vgg pinch-off voltage or lower.
This makes sure that when the Vpran VOItage is applied, the gate is already low.

2. Next, enable the drain voltage supply and allow the Vpran to be powered to the nominal value (50 V, for
example). As the Vg is at the pinch-off voltage, Ips must be minimal.

3. After the Vprain is applied, increase the Vg bias voltage to set the desired power output of the PA.

4. Finally, enable the RF signal. This allows the PA to transmit a signal.
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STEP 1

Vo
LOW SUPPLY
O EN ouTo

STEP 2

Vas = Von = -2.5V

RF TX
LWL Sen ouTO

STEP 3

B 8-2. GaN Power Sequencing

The PA can be safely shut down by reversing the power-on steps.

1. Disable the RF signal from the PA.

2. Reduce the Vgg voltage to the pinch-off value, eliminating the power output of the PA.
3. Disable the Vpran Voltage by sending a disable signal to the drain supply.

4. Finally, the Vgg voltage can be allowed to collapse to ground as the PA is fully disabled.

8.2.2.2 Negative GaN Biasing

The AFE11612-SEP features twelve 12-bit DACs. The device has an internal 2.5-V reference that scales the
DAC output range from 0 V to 5 V. GaN PAs require negative gate voltage to be properly biased, with pinch-off
voltages being more negative than the on voltages. The DAC output can be converted to a negative voltage
through the use of a differential op-amp circuit that is powered by a negative power supply (Vsg). The following
circuit uses the op-amp OPA4H199-SEP to offset and scale the 5-V output range to —7.5 V to 0 V. A differential
op-amp circuit is used to protect the PA in case of an alarm shutdown. In an alarm state, the DAC drives the
voltage to 0 V. The differential circuit outputs —7.5 V to the GaN gate, making sure that the GaN PA turns off.

TR
The use of an inverting amplifier configuration is not recommended as the off state drives the output
to 0 V, which can damage the PA in an alarm state.

The AFE11612-SEP 2.5-V reference output provides the offset voltage for the differential circuit. The resistors in
the circuit were selected with the purpose of providing a —7.5 V to 0 V output range, while not significantly
loading Vrer. The OPA4H199-SEP has a 40-V supply range, and the circuit can be modified to support greater
negative-voltage applications if needed.
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Eq 8-3. Differential Operational Amplifier Circuit
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8.2.2.3 Vpran Monitoring

The Vprain Voltage must be monitored to make sure that the PA drain supply is operating at the expected
voltage. A resistor divider is required to properly scale the Vpran VoOltage, as the voltage range for the ADC is
selected to be 0 V to 25 V or 0 V to 5 V. This can be accomplished using the integrated successive-
approximation register (SAR) ADC in the AFE11612-SEP. SAR ADCs have an internal sampling capacitor which
must be charged every time there is an ADC conversion. This capacitor must be charged within the sample
acquisition time to make sure the ADC measures the voltage correctly. This is done using a charge-bucket filter
with an external capacitor (Cg 1) of approximately 1 nF. Limit the impedance of the resistor divider to 10 kQ to
allow sufficient current to charge the sampling capacitor.

VDRAIN

ADC
Crur

<

@ 8-4. VDRAIN Monitor Circuit

8.2.3 Application Curves

-1.25 e

-2.5 /

-3.75

Ves (V)

d

-6.25
/

-7.5

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
DAC Output (V)

8-5. Differential Operational Amplifier Output

8.3 Power Supply Recommendations
8.3.1 Power-Supply Sequence

The preferred (not required) order for applying power is I0Vpp, DVpp or AVpp, and then AVgc. All registers
initialize to default values after these supplies are established. Communication with the device is valid after a
250-pys maximum power-on reset delay. The default state of all analog blocks is off as determined by the power-
down register (6Bh). Before writing to this register, issue a hardware reset to maintain specified device operation.
Device communication is valid after a maximum 250-pus reset delay from the RESET rising edge. If DVpp falls to
less than 2.7 V, the minimum supply value of DVpp, either issue a hardware or power-on reset to resume proper
operation.

To avoid activating the device ESD protection diodes, do not apply the GPIO-4, GPIO-5, GPIO-6, and GPIO-7
inputs before AVpp is established. Also, if using the external reference configuration of the ADC, do not apply
ADC-REF-IN/CMP before AVDD.
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8.4 Layout

8.4.1 Layout Guidelines

» Bypass all power supply pins to ground with a low-ESR ceramic bypass capacitor. Bypass capacitors on the
AV and inputs are recommended to be 3 to 4 times the total capacitance on the DAC outputs to make sure
the inrush current does not cause localized supply collapse when the outputs transition to different voltage
output. The typical recommended bypass capacitor has a value of 10 yF and is ceramic with X7R or NPO
dielectric.

» To reduce noise on the internal reference, a 4.7 yF capacitor is recommended between the ADC-REF-
IN/CMP pin and ground if internal reference is used to drive the ADC.

» If only using internal reference, short REF-DAC and REF-OUT as close as possible to the device.

* Bypass REF-DAC and REF-OUT with bypass capacitors that have a value of around 10 nF.

*  When using the local temperature sensor for the output bias voltage temperature compensation, place the
device geographically close to the PA, preferably sharing a solid ground plane for thermal conduction.

» Connect the thermal pad on the device to a large copper area, preferably a ground plane.

8.4.2 Layout Diagram
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K 8-6. AFE11612-SEP Layout Example
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9 Device and Documentation Support
9.1 Documentation Support

Tl is transitioning to use more inclusive terminology. Some language may be different than what you
would expect to see for certain technology areas.

9.2 KFa A2 bOEHBHMERITMSHE

RE2 AV RDEHIZ DOV TOBEZZITEDIZIL, ti.com DT SARBLEL 7 4V Z ZBANTLIZSWN, TEFOEME =
TEA 157V 7 U CTORERT L BRESNZT X TCOMMERICEATX AV = AN ERZ TN ET, B OEH
DWW B IESNIZERF 2 AV MNIE EN TWASGTEREZ B IES0,

9.3 YR—-F-VY—=-2X

TIE2E™ HAR—h 74 —T AL, T V=T BRRGEHE A DRIE L FHI B 35 Mm% 2 — bt ) B
BAHZENTEAE T, BEEORIZ 2R L0, ME OERIZ L0528 T, RE TR B2 S ICHELZ
ENTEET,

V78N TN%ar 7Y ST DREBE ICED  BUROEFRMSNDH O T, ZhbiE TI OfEREER T2
DOTITRL LTLY Tl O RAEZ B2 D TIEHD FE A, TI OFFEHSSMEEZS L TTZE,

9.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

TRCOPEEL, ENENOFAEIFELET,

9.5 BESMEICEHT 5 EEEIE

ZD IC 1%, ESD IZho THEH T A AREMENRHV E S, T R AL AV LAV T, IC BB LR ISl e B A o2&

A EHEELET, ELORO OB LORE FIRICIED RO, 7 A2 AT BB Zh b0 ET,
A\ ESD ICLBMERIT, DT D7RERENR F 57 AL AD SRR E TG TDIET, B/ IC DA, ATA—F DT
BT BT TARS TSN DANS TR D BT IR RHAL T Ao TOET,
9.6 AR
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10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
AFE11612PAPSEP Active Production HTQFP (PAP) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55to 125 AFE11612
PAPSEP
AFE11612PAPSEP.A Active Production HTQFP (PAP) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55t0 125 AFE11612
PAPSEP
V62/22614-01XE Active Production HTQFP (PAP) | 64 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -55t0 125 AFE11612
PAPSEP

@ status: For more details on status, see our product life cycle.

@ Mmaterial type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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https://www.ti.com/lit/szzq088

GENERIC PACKAGE VIEW
PAP 64 HTQFP - 1.2 mm max height

10 x 10, 0.5 mm pitch QUAD FLATPACK

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PAP0064G ‘

PACKAGE OUTLINE
PowerPAD™ TQFP - 1.2 mm max height

PLASTIC QUAD FLATPACK
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NOTES:

PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. This dimension does not include mold flash, protrusions, or gate burrs.
4. Strap features may not be present.
5. Reference JEDEC registration MS-026.
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EXAMPLE BOARD LAYOUT
PAP0064G PowerPAD™ TQFP - 1.2 mm max height

PLASTIC QUAD FLATPACK
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. See technical brief, Powerpad thermally enhanced package,
Texas Instruments Literature No. SLMA002 (www.ti.com/lit/sima002) and SLMAQ04 (www.ti.com/lit/sima004).
9. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled,
plugged or tented.
10. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN

PAP0064G PowerPAD™ TQFP - 1.2 mm max height
PLASTIC QUAD FLATPACK
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SCALE:6X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 7.83 X7.83

0.125 7.0 X 7.0 (SHOWN)
0.15 6.39 X 6.39
0.175 5.92 X 5.92
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NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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