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AFE11612-SEP Radiation-Tolerant, Analog Monitor and Controller
With Multichannel ADC, DACs, and Temperature Sensors

1 Features 3 Description
» Radiation tolerant: The AFE11612-SEP is a highly integrated analog
— Single-event latch-up (SEL) immune up to monitor and control device designed for high-density,
LET = 43 MeV-cm?/mg at 125°C general-purpose monitor and control systems. The
— Single-event functional interrupt (SEFI) device includes 12 12-bit digital-to-analog converters
characterized up to LET =43 MeV.sz/mg (DACs) and a 16-channel, 12-bit, analog-to-digital
— Total ionizing dose (TID) RLAT/RHA converter (ADC). The device also incorporates
characterized up to 20 krad(Si) eight general-purpose inputs and outputs (GPIOs),
» Space-enhanced plastic (space EP): two remote temperature sensor channels, and a local
— Meets ASTM E595 outgassing specification temperature sensor channel.
— Vendor item drawing (VID) V62/22614 The device has an internal 2.5-V reference that
— Military temperature range: —55°C to +125°C sets the DAC to an output voltage range of
— One fabrication, assembly, and test site 0 V to 5 V. The device also supports operation
— Gold bond wire, NiPdAu lead finish from an external reference. The device supports
— Wafer lot traceability communication through both SPI-compatible and 12C-
— Extended product life cycle compatible interfaces.

* 12 monotonic, 12-bit DACs
— 0Vto5V output range The device high level of integration significantly

— DAC shutdown to user-defined level reduces component count and simplifies closed-loop
. 16 input, 12-bit SAR ADC system design, thus making the device a great choice
a High,sample rate: 500 kSPS for high-density applications where radiation-tolerance

_ 16 single-ended inputs or and board space are critical.

2 differential and 12 single-ended inputs Package Information
— Programmable out-of-range alarms PART NUMBER PACKAGE(") BODY SIZE®®)
* Eight GPIO pins AFE11612-SEP PAP (HTQFP, 64)  |10.0 mm x 10.0 mm
* Internal 2.5-V reference
« Two remote temperature sensors (1)  For all available packages, see the package option

addendum at the end of the data sheet.

: Inten:]al temperature se2nsgr (2) The body size (length x width) is a nominal value and does
« Configurable SPI and I-C interface not include pins.

— 2.7-V to 5.5-V operation

. . AFE11612-SEP
2 Appllcatlons Re%::ezce
*  Command and data handling (C&DH) M
+ Communications payload Serial SV ﬁw >
X X Interface
* Radar imaging payload . . 12
» Optical imaging payload : : ofjt‘l‘)fts
» General analog monitoring and control : [
GPIO
8 GPIOs Control <:> <::> DAC-11
|
2 Remote Remote . 16
Temperature Te i ADC ADC
g | | et ) |
|
Internal
Te t
e ()

Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (December 2022) to Revision A (September 2023)
* Deleted Features bullet regarding extended product change notification...............ccccciiii i 1
» Changed external reference input voltage minimum value from 2.4 V to 1.4 V in Electrical Characteristics .... 7
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multiple plots in all Typical CharacteristicsS SECONS. ..........oouuiiii i 16
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*  Added DAC Output MOde SUDSECHION...........ueiiiiiiiiie e e e e e e e e b 44
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S0 0TS 1o T - PR 83
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5 Pin Configuration and Functions
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Figure 5-1. PAP Package, 64-Pin HTQFP (Top View)
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Table 5-1. Pin Functions

NAME PN = TYPE( DESCRIPTION

A2 1 | Target address selection A2 for [2C when the SPI/I2C pin is low.

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

ADCREF-INCMP| 31| 10| S oF capacior botween this pn and AGND) when intemnal Ve Is used 1o drive the ADC,

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 | E’ositive analog power for DAC6-OUT, DAC7-OUT, DAC8-OUT, DAC9-OUT, DAC10-OUT, and DAC11-OUT; must be
tied to AVCC2

AVCC2 23 | F’ositive analog power for DACO-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 3 | External conversion trigger, active low. The falling edge initiates the sampling and conversion of the ADC.

CS/A0 9 | Chip-select signal for SPI when the SPI/I2C pin high. Target address selection A0 for 12C when SPI/12C low.

D1-/GPIO4 29 /0 Remote sensor D1 negative input when D1 enabled; GP1O-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 27 110 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

DAC11-OUT 61 (0] DAC channel 11 output
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Table 5-1. Pin Functions (continued)

PIN
NAME NO.

TYPE(") DESCRIPTION

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-ys 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/I2C 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/I2C pin (pin 12)
is high. This pin functions as SDA for the 12C interface when the SPI/I2C pin is low.

SDO/A1 10 110 SDO for SPI when the SPI/I2C pin is high. Target address selection A1 for [2C when the SPI/I2C pin is low.

SPI/I2C 12 | Interface selection pin; digital input. When this pin is tied to IOVDD, the SPI is enabled and the I2C interface is

disabled. When this pin is tied to ground, the SPI is disabled and the I2C interface is enabled.

(1)  Signal Types: | = Input, O = Output, I/0 = Input or Output.
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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;/5::;'3@'?1; D1-/GPIO-5, D2+/GPI0-6, 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 (Vggr + 1.2 V).
6 Submit Document Feedback 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 To = —55°C to +125°C, all typical specifications at Tp = 25°C, AVcc=5.5V,
AVpp =DVpp=4.5V1t05.5V,I0Vpp =2.7 Vto 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 Vgep = 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 Ta=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(@) +30 mA
Capacitive load stability(®) 0 10| nF
DC output impedance(®) Midscale code 0.3 Q
Output voltage settling time sReLttTinzgkt%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 8 uVpp
Output noise density :;‘;rg:czé 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 AVcc = 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
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6.5 Electrical Characteristics (continued)

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 Vto 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 Vggr 0 2 x VRer
Full-scale input voltage Fully differential, Vin+ — Vin-, _ \%
P 9 0V to Vegr VREF VREF
Fully differential, Vin+ — VNS, -2 % 2 xV
0Vto2xVger VRer REF
Absolute input voltage GNI(D) ; AVDB ; \Y
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 = 1.25V, 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 +0.4
Gain error match LSB
Differential mode +
Differential mode, 0 V to Vg, _3 3
Vem = 1.25V, external 2.5-V reference
Zero code error - - LSB
Differential mode, 0 V to 2 x Vg, _3 3
Vem = 2.5V, external 2.5-V reference
Zero code error match +0.5 LSB
Common-mode rejection Differential mode, 0V to 2 x Vrer, 67 dB
measured at dc
. 0V to VRer 118
Input capacitance pF
0OVto2x VREF 73
Input bias current Unselected ADC input +10 MA
External single analog channel,
. 500
auto-mode conversion
Conversion rate kSPS
External single analog channel,
: . 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
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6.5 Electrical Characteristics (continued)

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 Vto 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® oc
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=0.1 Hzto 10 Hz 13 uVpp
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 25 26
VREr Input voltage \
ADC reference input, ADC-REF-IN pin 1.4 2.5 2.6
DAC reference input, Vg = 2.5V 170
Input current - MA
ADC reference input, Vggr = 2.5V 145
ADC reference buffer offset Ta=25°C -5 5 mV
DIGITAL INPUT CHARACTERISTICS
IOVpp =5V 21
ViH High-level input voltage \Y
I0Vpp=3.3V 22
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
I0Vpp =5V, I =3 mA 4.8
Vou High-level output voltage bp SOURCE \
IOVDD =3.3 V, ISOURCE =3 mA 2.9
VoL Low-level output voltage Isink = 3 mMA 0.4 \%
GPIO and ALARM, IOVpp =5V,
= 0.4
ISINK =5mA
GPIO and ALARM, IOVpp = 3.3V,
- 0.4
ISINK =2mA
VoL Open-drain low-level output voltage \%
SDA and SCL, IOVpp =5V,
- 0.4
ISINK =3mA
SDA and SCL, IO0Vpp =3.3V,
_ 0.4
ISINK =3 mA
High-impedance leakage -5 5 MA
Output pin capacitance 10 pF
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6.5 Electrical Characteristics (continued)

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 Vto 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 AVc 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, AVpp =DVpp =5V, AVCC =5V

(1)  End point fit between codes 32 to 4095.

(2) Overload condition protection. Junction temperature can be exceeded during current limit. Operation greater than the specified

maximum junction temperature can impair device reliability.
(3) Specified by design and characterization. Not tested during production.
(4) Tpis the external diode temperature.
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6.6 Timing Characteristics

all minimum and maximum specifications at To = —55°C to +125°C, all typical specifications at Tp = 25°C, AVcc=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
I12C 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 aft(_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@®uF) Bus free time between stop and start condition 4.7 us
tsubam) Data setup time 250 ns
tHppAT) Data hold time 0 3.45 us
tr.scL 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
fisoy (! 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
tsupam) Data setup time 100 ns
tHopaT) Data hold time 0 0.9 us
trscL Clock rise time 20+0.1Cg 300 ns
trscL Clock fall time 20+0.1Cp 300 ns
tr sDA 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
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6.6 Timing Characteristics (continued)

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 Vto 5.5V, internal reference, and DAC outputs unloaded (unless otherwise

noted)

MIN NOM MAX| UNIT
I2C Hs MODE TIMING REQUIREMENTS, Cg = 400 pF
fisory (! I2C clock frequency 0 17|  MHz
tLow) SCL clock low period 320 ns
tHiH) SCL clock high period 120 ns
tsusTa) Repeated start condition setup time 160 ns
tHosTA) Hold time after repeated start condition 160 ns
tsusTo) Stop condition setup time 160 ns
t(subam) Data setup time 10 ns
t(HpDAT) Data hold time 0 150 ns
trscL Clock rise time 20 80 ns
tRscLr g)iltock rise time after a repeated start condition and after an acknowledge 20 160 ns
trscL Clock fall time 20 80 ns
tr sDA 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
fiscL) I2C clock frequency 0 34| MHz
tLow) SCL clock low period 160 ns
tHiH) SCL clock high period 60 ns
tsusTa) Repeated start condition setup time 160 ns
tHosTA) Hold time after repeated start condition 160 ns
tsusTo) Stop condition setup time 160 ns
t(subam) Data setup time 10 ns
t(HpDAT) Data hold time 0 70 ns
trscL Clock rise time 10 40 ns
tRscLr g)iltock rise time after a repeated start condition and after an acknowledge 10 80 ns
trscL Clock fall time 10 40 ns
tr sDA 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

12 Submit Document Feedback

Downloaded from AFFOW.Com.

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/SLASF77
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASF77A&partnum=AFE11612-SEP
http://www.arrow.com

13 TEXAS
INSTRUMENTS

AFE11612-SEP
www.ti.com SLASF77A — DECEMBER 2022 — REVISED SEPTEMBER 2023

6.6 Timing Characteristics (continued)

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 Vto 5.5V, internal reference, and DAC outputs unloaded (unless otherwise

noted)

MIN NOM MAX UNIT
SPI TIMING REQUIREMENTS
fiscLk) SCLK frequency 2 MHz
tscLkrigH) | SCLK high time 3 -
tscLkLow) | SCLK low time 8 e
tspisu) SDI setup time 5 s
tsoiHD) SDI hold time 4 s
tspopLy) @ | SDO output delay 3 20 "
tcssu) CS setup time s —
tcsHp) CS hold time 10 -
tcshigry | CS high time 30 "

(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

Figure 6-1. Timing for Standard and Fast Mode Devices on I2C Bus

SDA

tSU, DAT

troL—
tow | |tign
\ \

_/— = Current Source Pull-Up

SCL

Sr = Repeated START Condition
f - Resistor Pull-Up P = STOP Condition

Figure 6-2. Timing for High-Speed (Hs) Mode Devices on I12C Bus
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Figure 6-3. Timing for SPI Single-Chip Write Operation

t

ty—
s ﬁ ;’ $\ B V — /

((
| )7

o ZIA S N SN N TN TN\ 2

—tg

¥ t5 —p— t6 p
) %} / Bit 23 Bit 22 !

Bto X/ Bit2s X Bit22 XJ’:’ Bit1 X  BitO )@
) ))

Read Command o ‘th Any Command
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Figure 6-4. Timing for SPI Single-Chip Read Operation

Y t7
| | 't | ﬁ
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Figure 6-5. Timing for SPI Daisy-Chain Operation
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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 2
> 04 = 05
£ =
8 0.2 5 0.25
T 0 A £ 0
2 5
= 0.2 Z -0.25
¢ -04 = -0.5
2 g=
£ 06 £ .05
-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
Figure 6-6. Differential Linearity Error vs Code Figure 6-7. Integral Linearity Error vs Code
1 1.25
—— DNL Max —— INL max
0.75 —— DNL Min 1 — INL min
o —~ 075
4 os @ -
2 = 05
= >
g 025 £ 025
£ []
S 0 = 0
=z 8 /
T 025 Z 025
2 s |
) s -0.5
[} -0.5 2
E £ 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
Figure 6-8. Differential Linearity Error vs Temperature Figure 6-9. Integral Linearity Error vs Temperature
0.15 2
1.6
0.1 12
:ﬂ,f: 0.05 % 08
s T 0.4
g o 50 —
f-'g-' 8 04
8 -0.05 S s
0.1 -1.2
-1.6
-0.15 -2
-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
Figure 6-10. Gain Error vs Temperature Figure 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
< 27 Z 49 e —— FFFh
5 26 5
S 25 3 485 —
% 2.4 \ S By
2 23 N 5 48
22 \ 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)
Aycc =55V Code = 800h VrRerp =2.5V Ayc =55V VrRerp =25V
Figure 6-12. Output Voltage vs Output Current Figure 6-13. Output Voltage vs Source Current Capability
300 6
—— 080h
250 oo 5.5
020h .
- N 010h
E, 200 —— 000h s
z ~ £
3 150 J £ 45
S \ 5
£ 100 ™S C o4
s \\\
50 ™N 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 VRep =25V Code = 800h
Figure 6-14. Output Voltage vs Sink Current Capability Figure 6-15. Supply Current vs Temperature
1750 10
8
= 1500
£ 6
2 1250 4 l | |
= = ol L b b
2 1000 5 2 I hi '
3 g °
% 750 S
3 \
@ 500 N 4 1t T |[|| '|||||
w
S N 61 j ! I
Z 250
\\\___ -8
-10
10 20 50 100 1000 10000 100000 1000000 0 1 2 3 4 5 6 7 8 9 10
Frequency (Hz) Time (s)
VRep =25V VRep =25V Code = 800h
Figure 6-16. DAC Noise Voltage vs Frequency Figure 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.

2 16 2 16
— DAC SS — DACSS
1.5 —— DACLS | 14 1.5 — DACLS | 14
—CS — T3
= 12 1 12
o < o —
9 o5 10 2 % o5 10 2
—_ © — ©
= \_/" s = S
T -05 6 £ T -05 6 £
£ 1 £ | 4
wn wn '
-1 /_ 4 -1 \ I 4
1.5 — 2 15 N 2
2 0 2 ' 0
-3 0 3 6 9 12 -3 0 3 6 9 12
Time (us) Time (us)
VRegp =2.5V R =2kQ C_ =250 pF VRep =2.5V R . =2kQ CL =250 pF
Figure 6-18. Settling-Time Rising Edge Figure 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

0 512 1024 1536 2048 2560 3072 3584 4096
Code
Oto2 x VRep =25V
VRer range (single-

ended mode)

Figure 6-22. Differential Linearity Error vs Code
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a
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-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 VRep =25V 0 to Vrer VRep =25V
range (single- range (single-
ended mode) ended mode)
Figure 6-20. Differential Linearity Error vs Code Figure 6-21. Integral Linearity Error vs Code
1 1
0.8 0.8
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Figure 6-23. Integral Linearity Error vs Code
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Figure 6-24. Differential Linearity Error vs Code
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Figure 6-25. Integral Linearity Error vs Code
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6.9 Typical Characteristics: ADC (continued)

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

1 1
0.8 0.8
o
%) 0.6 g 0.6
> 04 = 04
= =
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s 0 E
< -0.2 Z -0.2
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-1 -1
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Code Code
0 to 2 x Vggr range VRep =25V 0 to 2 x Vggr range VRep =25V
(Differential Mode) (Differential Mode)
Figure 6-26. Differential Linearity Error vs Code Figure 6-27. Integral Linearity Error vs Code
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Figure 6-28. Differential Linearity Error vs Temperature Figure 6-29. Differential Linearity Error vs Temperature
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Figure 6-30. Differential Linearity Error vs Temperature Figure 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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Figure 6-32. Integral Linearity Error vs Temperature Figure 6-33. Integral Linearity Error vs Temperature
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Figure 6-34. Integral Linearity Error vs Temperature Figure 6-35. Integral Linearity Error vs Temperature
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Figure 6-36. Gain Error vs Temperature Figure 6-37. Offset 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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6.10 Typical Characteristics: Internal Reference

at +25°C (unless otherwise noted)
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Figure 6-43. Output Voltage vs Temperature
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Figure 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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Figure 6-48. Local Temperature Error vs Temperature Figure 6-49. Remote Temperature Error vs Temperature

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

ADC-REF-IN/CMP REF-OUT REF-DAC AVCC

AFE11612-SEP —

CHO

Single-Ended or CH1
Differential CH2
CH3

2.5V
Reference

CH4 MUX

Single-Ended . A 4
ADC
CH15 12-bit N—v| —V| 12-Bit

— DACO-OUT

.
~
>
=
>

o
>
Q
o

GPIO-0

| GPIO[0:7], | GPIO AN\
GPIO-3 Controller [N\—V

D1-/GPIO-4

Remote Diode or D1+/GPIO-5 D[1:2] | T Remote
GPIO * » Temperature . . .

D2-/GPIO-6 Driver
D2+/GPIO-7

Internal
Temperature . . .
Sensor v

A \ DAC-11 A
DACCIRD —— ) oot > > DAct-ouT

ALARM Sequencing
CNVT Logic

~
>

=
<

SPI/12C
SCLK/SCL

SDI/SDA Serial
Interface

Cs/A0 (SPI or IC)
SDOJAT

A2

IOvDD DVDD AVDD1 AVDD2 AGND1 AGND2 AGND3 AGND4 DGND

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 25

Downloaded from AFFOW.Com.


https://www.ti.com
https://www.ti.com/lit/pdf/SLASF77
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASF77A&partnum=AFE11612-SEP
http://www.arrow.com

13 TEXAS
AFE11612-SEP INSTRUMENTS
SLASF77A — DECEMBER 2022 — REVISED SEPTEMBER 2023 www.ti.com

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
Vrer of 0 V to (2 x Vrep). 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 Section
7.6 for details. Figure 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
40 Q 40 pF
50 Q A —|
CHO o—
o—
L] L]
. — GND .
AVpp
L] ]
50 Q o
CH3 o—e
— GND
AVpp
Device in Hold Mode '—_l_
50 Q o — GND
CH4
L] L]
. — GND .
AVpp
L] L]
50 Q o
CH15
— GND
50Q 40 Q 40 pF
ADC-GND O—————— A — o A o—|
Figure 7-1. Equivalent Input Circuit
26 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Downloaded from AFFOW.Com.


https://www.ti.com/lit/pdf/SLASF77
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASF77A&partnum=AFE11612-SEP
http://www.arrow.com

13 TEXAS
INSTRUMENTS AFE11612-SEP
www.ti.com SLASF77A — DECEMBER 2022 — REVISED SEPTEMBER 2023

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 Vrer or 0 V to (2 x VRrer). 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 Figure
7-2(a). The differential signal is the equivalent of the difference between the V1 and V2 signals, as shown in
Figure 7-2(b). The common-mode input Vcommon is equal to (V1 + V2) / 2.

Figure 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 VRgr range, or (=2 x VRgp) to (+2 % VReg) for the (2 x Vrep) 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 Figure 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.

g3 [ cro —
o6& CH1 Out-of-Limit
ég CH2 Alarm
25 L cHs
%] ( CH4 M pemmmmmeeessmmmmmeeeee—eeee '
CH5 H :
CH6 ADG (R il ADC-0 j‘> ADC-0 ! To Shift
- CH7 — /| Temporary Data ; Register
3 CHs H !
5 CH9 [ Y S |
& ) CH10 Input o
2 | CH11 Range °
@ | CH12 Selection °
CH13 :' """""""""""""" H
CH14 : :
L CH15 ) ADCT N ADCT :>
/| Temporary Data :
: :
L ——
[ )
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Trigger) Fmmemmmmmmmemmmemeeee—e——aa :
: 1
il ADC-15 ADC-15 |1
E Temporary :J> Data :. >
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1 CONVERT DAVF Bit
(External Trigger) >
DAV Pin

Figure 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-ys 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 Vregr) when ADGn = 1. If a channel pair is configured for differential operation, the
input ranges are either +Vger or £(2 x Vger). In (2 x Vggr) 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 Figure 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 |, oy and a high current of Iy gH) is shown in Equation 1:

nkT (IHIGH)

Vee 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.

ILow e
SWi1 SW2
) Second ADC Local
o || 1oz amoson | (IR Lo oo
g Processing Registers
Diode
Temperature
Sensor

Figure 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 Figure 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 lhiah Temperature
Registers

SWi1 SW2

LPF and Signal Sec(;’g‘.j ADIC
Conditioning and signa
Processing

Figure 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 Table

7-1.
Table 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 pA for | ow and 120 pA for Iy gn. 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 pA, 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 Table 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 Table 7-2. This value is used to
adjust the effective n-factor according to Equation 2 and Equation 3.

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

NapJust

BINARY HEX DECIMAL Nerr

0111 1111 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

_ _1.008 x 300
*"" 300 - Nppyust @)
300 x 1.008

NADJUST =300 - Ner

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

Figure 7-6(a) and Figure 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

Figure 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 Table 7-3.

Table 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 to 3.84
One remote sensor is active and RC = 0, local sensor and one remote sensor are disabled
. 44 1.40to0 11.2
or in power-down
Oqe remote sensor is active and RC = 1, local sensor and one remote sensor are disabled 93 297 t0 23.8
or in power-down
One remote sensor and local sensor are active and RC = 0, one remote sensor is disabled
: 59 1.89t0 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 5.95t047.6
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 to 51.45
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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

Figure 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. Figure 7-8 shows the use of the internal

reference.

CHo
CH1

CH14
CH15

ADC-REF-IN/CMP
—_——————

o}

Reference
(2.5V)

Control Logic:
Bit PREF = ‘0’

Control Logic: Bit
ADC-REF-INT = ‘0’

REF-OUT

REF-DAC

v

DAC-0 > |> DACO0-OUT

Figure 7-7. Use of the External Reference

C > 470nF
(Minimize

Inductance —-—

to Pin)

CHo
CH1

CH14
CH15

[

ADC-REF-IN/CMP

 mmm—— ]

Reference
(2.5V)

Control Logic:
Bit PREF = ‘1

Control Logic: Bit
ADC-REF-INT = ‘1’

REF-OUT

REF-DAC 1

v

DAC-0 > |> DACO-OUT

Figure 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. Figure 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.

AVCC

Serial Interface DAC Data Register

WRITE READ

DAc DAC 12-Bit \ Output Range
Data Latch Resistor » Configuration Vour%— DAC
Register String Gain= 2

L s wonees ]

AGND

Figure 7-9. DAC Block Diagram

7.3.4.1 Resistor String

The resistor string structure is shown in Figure 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.

.
o
R
o4
R t— it
SN
R
o
R
o

Figure 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 Vrgr). The maximum output
is AVcc. The output buffer amplifier is capable of generating rail-to-rail voltages on the output, giving an output
range of 0 V to AVec. 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 (Vrgr *x gain). The gain bits of the DAC gain register set the output range of each
DAC-nto 0 V to (2 x Vrer). 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 Figure 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.
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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.

Table 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.

Note

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 Figure 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 DAC
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 }

Figure 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-O0 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 Figure 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 /latched 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

Figure 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).

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 39

Downloaded from AFFOW.Com.


https://www.ti.com
https://www.ti.com/lit/pdf/SLASF77
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASF77A&partnum=AFE11612-SEP
http://www.arrow.com

13 TEXAS
AFE11612-SEP INSTRUMENTS

SLASF77A — DECEMBER 2022 — REVISED SEPTEMBER 2023 www.ti.com

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 Figure 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)

Figure 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 Figure 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)

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

40 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Downloaded from AFFOW.Com.


https://www.ti.com/lit/pdf/SLASF77
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASF77A&partnum=AFE11612-SEP
http://www.arrow.com

13 TEXAS

INSTRUMENTS AFE11612-SEP
www.ti.com SLASF77A — DECEMBER 2022 — REVISED SEPTEMBER 2023
7.3.5.2 ALARM Pin

The ALARM pin is a global alarm indicator. ALARM is an open-drain pin, as Figure 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
[ .
(] .

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

EN-ALARM Bit

Figure 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 Figure 7-16.

High Threshold

Low Threshold

Over High Alarm Below Low Alarm

Figure 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 Table 7-5, or by the TEMP-FALR-CT-[1:0] bits for temperature monitors as shown in Table 7-6.

Table 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

Table 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 1/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 Figure 7-17. Do not tie the dual-function pins GP10O-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-n Bit - ENABLE

(when writing)

GPIO-n Bit
P (when reading)

) |

Figure 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 Section 7.6. During reset, all communication is blocked. After issuing the reset, wait at least 30 ys 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.
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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 Figure 7-18 shows the conversion process.

v

Wait for
ADC Trigger

|

First
Conversion

<
<

New
Trigger Occurred
or CMODE
Changed?,

Yes

No

b4

Has
Stop Current Input Channel

<— Yes Register been

L1 Conversion
Rewritten?,

No

Has
Input Threshold
Register been
Rewritten?

Is this the
Last
Conversion?

No
8
L irect Next Channel
Yes Mode?

No

I

Figure 7-18. ADC Conversion Sequence
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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 Table 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 us to internally synchronize and initiate the start of the
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 Figure 6-42.

Table 7-7. ADC Conversion Rate

taca tcony 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 0O provide handshaking with
the host. Pin and bit status depend on the conversion mode (direct or auto); see Figure 7-19 and Figure
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 ys (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.
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a) Internal Trigger, Direct Mode:

s 1 1 _r—1 I

Seticony [/ First SetICONV //Second
Read Data

bitto 1 | 'nternal Read Data bit to ‘1’ Internal
Jrigger Jrigge

o L 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:

Internal
Trigger
1us

Set ICONV
o | |

bit to ‘1’
N N /
T g T
First Conversion of Second Conversion Third Conversion
the Channels Specified in
the ADC Channel Register

Figure 7-19. ADC Internal Trigger

SDI

a) External Trigger, Direct Mode:

CNVT | | | I | 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
Trigger

-
=
»

B

| |

DAV | I
N 9 Z
~ N 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

Figure 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 12C interface is enabled and the SPI is disabled. When the SPI/12C 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 [2C-compatible devices connect to the 12C 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 I2C-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 A0,
A1, and A2, as shown in Table 7-8.

Table 7-8. Target Addresses

A0 A1 A2 TARGET ADDRESS
GND GND GND 1100001
GND GND 10Vpp 0101100
GND IOVpp GND 1100100
GND IOVpp 10Vpp 0101110
10Vpp GND GND 1100010
I0Vpp GND 10Vpp 0101101
10Vpp IOVpp GND 1100101
IOVpp 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 I2C

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 (Figure 7-21)

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

Sr = Repeated START Condition

Figure 7-21. Write Single Register
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7.5.1.5.2 Writing Multiple Registers (Figure 7-22)

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

1.
2.

The controller device asserts a start condition.

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

write operation.

The device asserts an acknowledge signal on SDA.

The controller sends the first register address.

The device asserts an acknowledge signal on SDA.

The controller sends the high byte of the data word to the first register.
The device asserts an acknowledge signal on SDA.

The controller sends the low byte of the data word to the first register.
The device asserts an acknowledge signal on SDA.

. The controller sends a second register address.

. The device asserts an acknowledge signal on SDA.

. The controller then sends the high byte of the data word to the second register.

. The device asserts an acknowledge on SDA.

. The controller sends the low byte of the data word to the second register.

. The device asserts an acknowledge signal on SDA.

. The controller and the device repeat steps 4 to 15 until the last data are transferred.
. The controller then asserts a stop condition to end the transaction.

First . .
‘ s | Target Address | 0 | A | Redister Address | A | Data[15:8] | A | Data[7:0] | A |—

Second

Register Address | A | Data[15:8] | A | Data[7:0] | A |———|

Last

=~ | 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

Figure 7-22. Write to Multiple Registers
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7.5.1.5.3 Reading a Single Register (Figure 7-23)

Figure 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

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

Figure 7-24 and Figure 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
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.

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

| S | Target Address | 0 | A | Register Address | A |Sr| Target Address | 1 }—\

A | First Reading | A | First Reading | A |_ o
Data[15:8] Data[7:0] 1|
P mmmmm |
:_ 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

Figure 7-24. Read Same Register Multiple Times

First
| S | Target Address | 0 | A | Register Address | A |Sr| Target Address | 1 }—\
\—{ A | Data[15:8] | A | Data[7:0] | N | P }—\
\—{ S | Target Address | 0 | A SEE | A |Sr| Target Address | 1
9 Register Address 9

\—{ a| oaertss [A] e NP p--

|
'———| S | Target Address | 0 | A | Registle-raztddress | 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

Figure 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 Table 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 Table 7-9.

Table 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
Write i i
SDO Data are undefined Data are undefined Undefined or dgta depending on the
previous frame
SDI 1 (R/W) Addr[6:0] Don't care
Read frame 1 ) -
SDO Data are undefined Data are undefined Undefined or d?ta depending on the
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.

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 53

Downloaded from AFFOW.Com.


https://www.ti.com
https://www.ti.com/lit/pdf/SLASF77
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLASF77A&partnum=AFE11612-SEP
http://www.arrow.com

i3 TEXAS
AFE11612-SEP INSTRUMENTS

SLASF77A — DECEMBER 2022 — REVISED SEPTEMBER 2023 www.ti.com

7.5.2.3 Standalone Operation

In standalone mode, as shown in Figure 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. Figure 7-27 and
Figure 7-28 show write and read operations in standalone mode.

cs
SCLK
SDI
SDo

»
»
»
»

A

Figure 7-26. Standalone Operation

s ] [ ] [ ] [ ] [

Whn = Write Command for Register N
XX = Don’t care, undefined

Figure 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

Figure 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. Figure 7-29 to Figure 7-32 illustrate the daisy-chain operation.

C B A

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

cs

SCLK

Figure 7-29. Three devices in a Daisy-Chain Configuration

Cs —| Cycle 0 |—| Cycle 1 |—| Cycle 2 |—| Cycle 3 |—

sbl-c —<RA0_X_RB0_X_RCo »——<_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 ——
sbI-B ——<_XX_X_RA0_X_RB0 »——<_cD0_X_RAT_X_RB1 )——<_CDi1 X _RA2 X RB2 »———<_CD2 X_RA3 X_RB3 ——
SD0-B —— XX_X_XX_X_RA0 »——<_BD0 X CD0_X_RAT »——BD1 X_CD1 X RA2 »——<BD2 X _cD2 X RA3 )—
SDI-A —— XX X XX XX RAO >—<BD0 X _CD0 X_RAT »——<BDT X_CD1 X RA2 »—<BD2 X _CD2 X _RA3 >—
SDO-A —— XX_X_XX_X_XX_»——<_AD0 X BD0 X _Cb0 »——< AD1 X _BD1 X Cb1 »——< 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

Figure 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_RAT X WB1 > XX X RA2 X RB2 cb2 X_RA3 X_RB3
SDI-B. ——_XX_X_RA0 X WB0 > CD0 X _RAT 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

Figure 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

s 1 Cycle 0 1 Cycle 1 1 Cycle 2 1 Cycle 3 —
SDI-C WAO0 X WB0 X_RCO WA1T X _WB1 X_RC1 )——< WA2 X WB2 X_RC2 WA3 X WB3 X_RC3

SDO-C ——— XX _ X WA0 X WB0 )——<_CD0_X WAT X WBT ——<_CD1 X WA2 X WB2 »———_CD2 X WA3 X WB3 )——
sDI-B. ——— XX X WA0 X WB0 »——_Ccbo X WAT X WB1 )——<_CD1 X WA2 X WB2 »——— b2 X WA3 X WB3 y——
SDO-B. XX XXX X WAQ > XX X CDO X WAT XX X CD1 X WA2 >——XX X CD2 X WA3 >—
SDI-A ———— XXX XXX WA0 )—— XX_X_CD0_X WAT »——<_ XX_X_CD1_X WA2 »——— xX_X_CD2 X WA3 )——
SDO-A — < XXX XXX XX >——— XXX XXX CD0 )———< XX X XX_X_Cb1 )——— XXX XX_X_CDh2 )—

Figure 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. Table 7-10 lists the registers for the device. The default values are for SPI operation; see the following

subsections for 12C default values.

Table 7-10. Register Map

BIT DESCRIPTION
?*?EDX'? REGISTER | TYPE TE:E)T 15 14 \ 13 12 | 1 \ 10 \ 9 \ 8 | 7 | | 5 4 3 2 \ 1 \
00 TLETMP R | 0000 LT_DATA [11:0] Reserved
01 D1 R | 0000 D1_DATA [11:0] Reserved
TEMP
02 D2_ R | 0000 D2_DATA [11:0] Reserved
TEMP
0A TEMP_ | 2w | oo3c Reserved D2EN D1EN LTEN RC Reserved
CONFIG
TEMP_
0B CONV_ R/W | 0007 Reserved RATE[2:0]
RATE
21 DLN_ | R | 0000 Reserved N_ADJUST[7:0]
ADJUST
22 D2N_ | g | 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 ADC[11:0]
2A ADC_7 R | 0000 Reserved ADC[11:0]
2B ADC_8 R | 0000 Reserved ADC[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]
oF ADC_12 R | 0000 Reserved ADC[11:0]
30 ADC_13 R | 0000 Reserved ADC[11:0]
31 ADC_14 R | 0000 Reserved ADC[11:0]
32 ADC_15 R | 0000 Reserved ADC[11:0]
33 DAC 0 | RW | 0000 Reserved DAC[11:0]
34 DAC_1 RW | 0000 Reserved DAC[11:0]
35 DAC_2 | RW | 0000 Reserved DAC[11:0]
36 DAC 3 | RW | 0000 Reserved DAC[11:0]
37 DAC 4 | RW | 0000 Reserved DAC[11:0]
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Table 7-10. Register Map (continued)

BIT DESCRIPTION
AODR | RrecisTER | TvpE | RESET
(HEX) (HEX) 15 \ 14 \ 13 | 12 1 \ 10 \ 9 \ 8 | 7 | 6 | 5 | 4 | 3 \ 2 \ 1 \ 0
38 DAC5 | 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 | RW | 0000 Reserved DAC[11:0]
3D DAC 10 | RW | 0000 Reserved DAC[11:0]
3E DAC_ 11 | RW | 0000 Reserved DAC[11:0]
3F DACO- | rw | 0000 Reserved DAC_CLR[11:0]
40 DACa— | Rw | 0000 Reserved DAC_CLR[11:0]
41 D‘(‘:?_—Rz— RW | 0000 Reserved DAC_CLR[11:0]
42 DRSS | Rw | 0000 Reserved DAC_CLR[11:0]
43 DACA- | rRw | 0000 Reserved DAC_CLR[11:0]
44 DRSS | rw | 0000 Reserved DAC_CLR[11:0]
45 DACS- | rw | o000 Reserved DAC_CLR[11:0]
46 DACT— | rw | 0000 Reserved DAC_CLR[11:0]
47 DACE. | rw | 0000 Reserved DAC_CLR[11:0]
48 PRS- | Rw | 0000 Reserved DAC_CLR[11:0]
a9 | PRS0~ | Rw | 0000 Reserved DAC_CLR[11:0]
an | PR T Rw | 0000 Reserved DAC_CLR[11:0]
4B GPIO RIW | 0OFF Reserved GPIO[T:0]
AFE ADC_ EN
4 | gonmico | RW | 2000 Reserved CMODE | ICONV. | WDAC | REF_ | (g, | Reseved | DAVF GALR Reserved
CH_ CH_ CH_ TEMP_ | TEMP_
D | B | RW | 0070 Reserved SONV_ | SONV- | FALR_ | FALR_ | FALR_ | FALR_ | FALR Reserved
— - a CcT 2 CcT A cT 0 CcT i cT 0
EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | EALR_ | ALARM_

4E | ALR.CTRL | RW | 0000 | Reserved | EARR- | EALR. | EALR | EALR. T T D1 D1 D2 D2 D1 D2 | LATCH Reserved

LOW HIGH LOW HIGH Low HIGH FAIL FAIL DIS

o 7 D1_ D1_ D2_ D2_ D1_ D2_
4F STATUS R | 0000 | Reseved | GO | ST Gz O3 | LoW_ | HGH_ | LOW_ | HIGH_ | LOW_ | HIGH_ FAIL_ FAIL_ | THERM. Reserved

ALR ALR ALR ALR ALR ALR ALR ALR

DF DF
50 | ADC_CHO | RW | 0000 | Reserved | SEO SE1 (CHO, SE2 SE3 (CH2+, SE4 SES SE6 SE7 SE8 SE9 SE10 SE11 SE12
CH1-) CH3-)
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Table 7-10. Register Map (continued)
BIT DESCRIPTION
A:E&R REGISTER |TYPE RE:ET
(HEX) (HEX) 15 14 13 12 1 10 9 8 | 7 6 | 5 4 3 2 1 \ 0
51 ADC_CH1 R/W | 0000 Reserved SE13 SE14 SE15 Reserved
52 ADC_GAIN R/W 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_ = o = = — — = — THERM_
53 CLR_ R/W | 0004 Reserved ALR_ CH1_ ALR_ ALR_ LOW_ HIGH_ Low_ HIGH_ LOW_ HIGH_ FAIL_ FAIL_ ALR_ Reserved
SOURGE 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
55 SW6LDRAC— R/W 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 07FF Reserved THRH[11:0]
THRESHOLD
LT_
63 LOW_ R/W 0800 Reserved THRL[11:0]
THRESHOLD
D1_
64 HIGH_ R/W | O7FF Reserved THRH[11:0]
THRESHOLD
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Table 7-10. Register Map (continued)

BIT DESCRIPTION
o | RecisTER | TvpE | RESET
(HEX) (HEX) 5 | 14 [ 13 | n n [ w0 [ e [ 8 [ 7 [ e [ 5 | a | 3 | 2 | 1] o

D1_
65 LOW_ | RW | 0800 Reserved THRL[11:0]

THRESHOLD

D2_
66 HIGH_ | RW | 07FF 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 | RW | 0810 | Reserved CH2_HYS [6:0] CH3_HYS [6:0] Reserved

D2_ D2_ D2_ D2_ D2_ D1_ D1_ D1_ D1_ D1_ r_ r_ 7 o o
6A HYST.2 | RW | 2108 | Reserved | g™z | Hys6 | HYS5 | HYS4 | HYS3 | HYS7 | HYS6 | HYS5 | HYS4 | HYS3 | HYS7 | HYS6 | HYS5 | HYyS4 | HyS.3
68 | PWR_DOWN | RW | 0000 | Reserved | PADC | PREF | PDACO | PDAC1 | PDAC2 | PDAC3 | PDAC4 | PDACS | PDACG6 | PDAC7 | PDAC8 | PDACY | PDAC10 | PDACT | Reserved
6C | DEVICELD | R | 1220 DEVICE_ID[15:0]
7c | swRsT |Rw /| Na SW_RST[15:0]
Note

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]
Figure 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
Table 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]
Figure 7-34. D1-Temperature-Data Register

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

2 1

D1_DATA [11:0] \

Reserved

R-0h

R-0h

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

Bit Field Type Reset Description
15-4 D1_DATA R oh E)(reg;)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.

Figure 7-35. D2-Temperature-Data Register

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

2 1

D2_DATA [11:0]

Reserved

R-0h

R-0h

Table 7-13. D2-Temperature-Data Register Field Descriptions

Bit Field Type Reset Description
15-4 D2 DATA R oh ;fnr?: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 Figure 7-36 must be used; default = 003Ch.

Figure 7-36. Temperature Configuration Register for SPI

15 14 13 12 1 10 9 8 7 6 5 4 o 2 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 I12C interface, the bit configuration shown in Figure 7-37 must be used; default = 3CFFh.

Figure 7-37. Temperature Configuration Register for I12C

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved \ D2EN \ D1EN \ LTEN \ RC \ Reserved Reserved
R/W-0h RW-1 R/W-1 RMW-1 R/W-1 R/W-0h 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 Table 7-14.

Table 7-14. Temperature Configuration Register Field Descriptions

Bit

Field

Type

Reset

Description

13 (12C), 5 (SPI)

D2EN

R/W

Remote temperature sensor D2 enable.
0 = D2 is disabled
1=D2 is enabled

12 (12C), 4 (SPI)

D1EN

R/W

Remote temperature sensor D1 enable.
0 = D1 is disabled
1=D1 is enabled

11 (12C), 3 (SPI)

LTEN

R/W

Local temperature sensor enable.
0 = LT is disabled
1 =LT is enabled

10 (12C), 2 (SPI)

RC

R/W

Resistance correction enable.
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 Figure 7-38 must be used; default = 0007h.

Figure 7-38. Temperature Conversion Rate Register for SPI

15 14 13 12 1 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 I12C interface, the bit configuration shown in Figure 7-39 must be used; default = 07FFh.

Figure 7-39. Temperature Conversion Rate Register for I12C

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

Table 7-15. Temperature Conversion Rate Field Descriptions
Type Description

Bit Field Reset

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 (I2C),

2.0(sply |RATE

R/W 7h

Table 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 Figure 7-40 must be used; default = 0000h.
Figure 7-40. n-Factor Correction Register for SPI

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

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

When using the I12C, the bit configuration shown in Figure 7-41 must be used; default = 00FFh.

Figure 7-41. n-Factor Correction Register for I2C

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

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

Table 7-17. n-Factor Correction Register Field Descriptions
Bit Field Type Reset Description

Configures n-Factor correction term for remote temperature data.
7Fh: nggg = 1.747977
O0Ah: nggr = 1.042759
08h: nggr = 1.035616

06h: nggr = 1.028571

04h: nggr = 1.021622

) 02h: nggr = 1.014675
15-8 (1<C), 01h: nggr = 1.011371
7.0(SPl)  |Napaust RW Oh 00h: Nerr = 1.008 (default)
FFh: ngrg = 1.004651
FEh: nggr = 1.001325
FCh: ngrg = 0.994737
FAh: ngrr = 0.988235
F8h: ngrr = 0.981818

F6h: ngrr = 0.975484

80h: nggr = 0.706542

For further details, see Section 7.3.2.2.
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7.6.5 ADC-n-Data (ADC_n) Registers (addresses = 23h to 32h) [reset = 0000h]
Figure 7-42. ADC-n-Data Register

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

Reserved \ ADC [11:0]

R-0h R-0h

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

Table 7-18. ADC-n-Data Register Field Descriptions

Bit Field Type Reset Description

11-0 ADC R 000h 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 Table 7-19.

Table 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.
Figure 7-43. DAC-n-Data Register

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

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

Table 7-20. DAC-n-Data Register Field Descriptions

Bit

Field

Type

Reset

Description

11-0

DAC

R/wW

000h

DAC data, in binary format
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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.
Figure 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-0h R/W-0h
Table 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]
Figure 7-45. GPIO Register

15 14 13 12 1 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

Table 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

Note
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.

Note
When D1 is enabled, GP10O-4 and GPIO-5 are ignored. When D2 is enabled, GP1O-6 and GPIO-7 are
ignored.
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7.6.9 AFE Configuration Register 0 (AFE_CONFIG_0) (address = 4Ch) [reset = 2000h]
Figure 7-46. AFE Configuration Register 0

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

Table 7-23. AFE Configuration Register 0 Field Descriptions

Bit

Field

Type

Reset

Description

13

CMODE

R/W

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.

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).

12

ICONV

RIW

Internal conversion bit.
Set this bit to 1 to start the ADC conversion internally. The bit is automatically cleared (0) after the ADC
conversion starts.

ILDAC

R/IW

Load DAC bit.

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

10

ADC-REF-INT

R/W

ADC VRger select bit. 0: The internal reference buffer is off and the external reference drives the ADC.
1: The internal buffer is on and the internal reference drives the ADC. Note that a compensation
capacitor is required.

EN-ALARM

R/IW

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

DAVF

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
DAVF is 0.

In auto mode, DAVF is always cleared to 0. However, a 1-ps 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.

GALR

Global alarm bit.

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]
Figure 7-47. AFE Configuration Register 1

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

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

Table 7-24. AFE Configuration Register 1 Field Descriptions

Bit

Field

Reset

Type

Description

CONV_RATE Oh

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

01h: 250 kSPS.

10h: 125 kSPS.

11h: 62.5 kSPS.

R/W

7-5 |CH_FALR_CT 3h

Count of consecutive out-of-range samples to be taken before alarm is set, for
CHO through CH3.

000h: 1.

001h: 4.

010h: 8.

011h: 16 (default).

100h: 32.

101h: 64.

110h: 128.

111h: 256.

R/W

4-3 |TEMP_FALR_CT 2h

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.

R/W

7.6.11 Alarm Control Register (ALR_CTRL) (address = 4Eh) [reset = 0000h]

Figure 7-48. Alarm Control Register

15 14 13 12 11 10 9 8 7 6 5 4 B 2 1 0
EALR_|EALR_|EALR_|EALR_|EALR_|EALR_|EALR_|EALR_| ALARM_
Reserved Eé‘h'g— Eéh?— Eé:::;— Eé::g— LT_ LT_ D1_ D1_ D2_ D2_ D1_ D1_ | LATCH_ | Reserved
LOW | HIGH | LOW | HIGH | LOW | HIGH | FAIL | FAIL DIS
R-0 RW-0 R/W-0 RW-0 R/W-0 RW-0 RW-0 R/W-0 RW-0 RW-0 RW-0 RW-0 RW-0 R/W-0 R-0Oh

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

Table 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

RW |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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Table 7-25. Alarm Control Register Field Descriptions (continued)
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
ALARM LATCH bit is set (1). The alarm bit remains 1 until the error condition subsides and the status
2 DS - |R/W 0 register 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]

Figure 7-49. Status Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LT LT D1_ | b1 | b2 | b2 | D1_ | D2_
Reserved CAT;— i'ﬁ;— i'EZR— iﬁ{— LOW_ | HIGH_ | LOW_ | HIGH_ | LOW_ | HIGH_ | FAIL_ | FAIL_ THE&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-Oh

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

Table 7-26. Status Register Field Descriptions

Bit

Field

Reset

Type

Description

14

CHO_ALR

R

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

13

CH1_ALR

0: The analog input is not out of the specified range.
1: The single-ended channel 1 is out of the range defined by the corresponding threshold registers.

12

CH2_ALR

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

CH3_ALR

0: The analog input is not out of the specified range.
1: The single-ended channel 3 is out of the range defined by the corresponding threshold registers.

10

LT LOW_ALR

Local temperature underrange flag.

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.

LT HIGH_ALR

Local temperature overrange flag.

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.

D1_LOW_ALR

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

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.

D1_HIGH_ALR

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

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.

D2_LOW_ALR

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

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.

D2_HIGH_ALR

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

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.

D1_FAIL_ALR

Remote sensor D1 failure flag.

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.

D2_FAIL_ALR

Remote sensor D2 failure flag.

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.

THERM_ALR

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.
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7.6.13 ADC Channel Register 0 (ADC_CHO0) (address = 50h) [reset = 0000h]
Figure 7-50. ADC Channel Register 0

15 14 13 12 110 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-O RW-0 RM-0 RW-0 RW-0 RW-O RMW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 R/MW-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).
Table 7-27. ADC Channel Register 0 Field Descriptions
Bit Field Type Reset Description
14,13, 11, External single-ended analog input for CHn. The result is stored in ADC-
10, 8-0 SEO to SE12 RIW 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.

Table 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.

Table 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.

Table 7-30. CH4 to CH12 Bit Settings
BIT8 | BIT7 | BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT1 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 — — — — — CH7 is accessed as a single-ended input

— — — — 1 — — — — CH8 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]
Figure 7-51. ADC Channel Register 1

15 14 13 12 11 10 9 8 7 6 5 4 B 2 1 0
Reserved‘ SE13 \ SE14 \ SE15 \ Reserved
RW-0 RM-0 RMW-0 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).

Table 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/W 0

7.6.15 ADC Gain Register (ADC_GAIN) (address = 52h) [reset = FFFFh]
Figure 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 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 R/W-1 R/W-1

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

Table 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 (SE0) is 0 V to
(2 x VRgr) or differential input pair DF (CHO+, CH1-) is (=2 x Vggf) 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 Vrgf)

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

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 VRggf) to
(+2 x VRep)
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 Vrgp)

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

1-0 ADG4 to ADG15 RIW ! 1: The analog input range is 0 V to (2 x VRrgp)
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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.

Figure 7-53. AUTO_DAC_CLR_SOURCE Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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\~ | paf ALR Reserved
CLR | CLR | CLR | cLrR | AtR_ | ALR_ | ALR_ | ALR_ [ ALR_ | ALR_ | '/ p" | o g CLR
CLR | CLR | CLR | CLR | CLR | CLR
R-0 RW-0 RMW-0 RW-0 RW-0 RW-0 RW-0 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

Table 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

R/W

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/wW

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

R/W

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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Table 7-33. AUTO_DAC_CLR_SOURCE Register (continued)

Bit

Field

Type

Reset

Description

D2_FAIL_CLR

R/W

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)

THERM_ALR_
CLR

R/W

Thermal alarm clear bit.
0: THERM_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 THERM_ALR bit in the status register are set (1)

7.6.17 AUTO_DAC_CLR_EN Register (address = 54h) [reset = 0000h]
Figure 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

Table 7-34. AUTO_DAC_CLR_EN Register Field Descriptions

Bit Field Type Reset Description
Auto clear DAC-n enable bit.
143 ACLR RIW 0 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
Note

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.
Figure 7-55. SW_DAC_CLR Register

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

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

Table 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.

Figure 7-56. HW_DAC_CLR_EN_0 Register

15 14 13 12 11 10 9 8 7 6 5 4 B 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

Table 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.
Figure 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

Table 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]
Figure 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-Oh R/W-Oh

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

Table 7-38. DAC Configuration Register Field Descriptions

Bit Field Type

Reset

Description

11-0 SLDA R/W Oh

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 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.

Note

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.
Figure 7-59. DAC Gain Register

15 14 13 12 11 10 9 8

7

6 5

Reserved

DAC_GAIN

R-0h

R-0h

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

Table 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 O V to 2 x Vggr
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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 Section 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 Table
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.

Table 7-40. Threshold Coding

INPUT CHANNEL INPUT TYPE THRESHOLD STORED IN FORMAT
Channel 0 Single-ended Ilr:\zttt:%:-'l;?\';zss:gll?jzﬁfvt]:g;tt: Straight binary
Channel 1 Single-ended II:F;))LLIItt-11:-'I;::isshhgllfiﬂfvc:gglltt: Straight binary
Channel 2 Single-ended I{:\%f{éﬂ:ﬁi:%'ﬁ;ﬂfx__g;ltt: Straight binary
Channel 3 Single-ended Ilrr]mzttt_-%--;wrzss:zll(éﬂfvc-g})//tt: Straight binary

CHO+, CH1- Differential II?]?)LLJJE[(())TI'?;ZZE%II%Il:ifv\r/]-BB))//tt: 2's complement
CH2+, CH3- Differential Il?wf)tt'[zz-'ll—'wrzsstlj\(c)nll?jT:)ng-BBgttee 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]

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

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

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

Table 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)
Figure 7-61. Input-n-Low-Threshold Register
15 14 13 12 11 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

Table 7-42. Input-n-Low-Threshold Register Field Descriptions

Bit Field Type Reset Description
11-0 THRH R/W Oh Data bits of the lower-bound threshold of the nth analog input.
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7.6.24 Temperature Threshold Registers

7.6.24.1 LT_HIGH_THRESHOLD Register (address = 62h) [reset = 07FFh, +255.875°C]
Figure 7-62. LT_HIGH_THRESHOLD Register

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

Reserved THRH

R-0Oh R/W-7FFh

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

Table 7-43. LT_HIGH_THRESHOLD Register Field Descriptions

Bit

Field

Type

Reset

Description

11-0

THRH

R/wW

7FFh

Data bits of the upper-bound threshold for the local temperature

sensor.

7.6.24.2 LT LOW_THRESHOLD Register (address = 63h) [reset = 0800h, —256°C]
Figure 7-63. LT_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

Table 7-44. LT_LOW_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description

11-0 THRL R/wW 800h

sensor.

Data bits of the lower-bound threshold for the local temperature

7.6.24.3 D1_HIGH_THRESHOLD Register (address = 64h) [reset = 07FFh, +255.875°C]
Figure 7-64. D1_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

Table 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]
Figure 7-65. D1_LOW_THRESHOLD Register

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

Reserved THRL

R-0h R/W-800h

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

Table 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]

Figure 7-66. D2_HIGH_THRESHOLD Register

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

Reserved THRH

R-0Oh R/W-7FFh

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

Table 7-47. D2_HIGH_THRESHOLD Register Field Descriptions

Bit Field Type Reset Description
11-0 THRH RIW 7FFh 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]
Figure 7-67. D2_LOW_THRESHOLD Register

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

Reserved THRL

R-0h R/W-800h

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

Table 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.
Figure 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

Table 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.
Figure 7-69. Hysteresis Register 1
15 14 13 12 1 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
Table 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.
Figure 7-70. Hysteresis Register 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 4| D2 D2_ D2_ D2_ D2_ D1_ D1_ D1_ D1_ D1_ LT_ LT_ LT_ LT_ LT_
€SeVed | Livs 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 RW-1 RW-0 RW-0 RW-0 RW-0 RW-1 RW-0 RW-0 RW-0 RW-0 RW-1 RW-0 RW-0 RW-0

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

Table 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_7to LT_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)

Figure 7-71. Power-Down Register

15 14 13 12 1 10 9 8 7

6 5 4 3 2 1 0

Reserved‘ PADC ‘ PREF ‘ PDACO ‘ PDAC1 ‘ PDAC2 ‘ PDAC3 ‘ PDAC4 ‘ PDAC5 ‘ PDAC6 ‘ PDAC7 ‘ PDACS ‘ PDAC9 ‘PDAC1O ‘ PDAC11 ‘Reserved

RW-0 R/W-0 RW-0 RW-0 RW-0 R/W-0 R/W-0 R/W-0

R/W-0

RW-0 RW-0 RW-0 RW-0 R/W-0 RW-0 RW-0

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

Table 7-52.

Power-Down Register Field Descriptions

Bit Field Reset

Type

Description

14 PADC RwW 0

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

13 PREF R/wW 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.

12-1 PDACO to PDAC11 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.

7.6.27 Device ID Register (DEVICE_ID) (read only address = 6Ch) [reset = 1220h]

Model and revision information.

Figure 7-72. Device ID Data Register

15 14 13 12 1 10 9 8

7

6 5

DEVICE_ID [15:0]

R-1220h

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

Table 7-53. ADC-n-Data Register Field Descriptions

Bit Field Reset

Type

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
Figure 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

Table 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.

The device asserts an acknowledge signal on SDA.

The controller sends register address 7Ch.

The device asserts an acknowledge signal on SDA.

The controller sends a data byte.

The device asserts an acknowledge signal on SDA.

The controller asserts a stop condition to end the transaction.

®©® N oMW
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

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

Figure 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
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PMOS E
Vrer PA_ON ‘ NMOS PA_ON NMOS

10 kQ
PA_ON ADC
PAON_IN/ ~+| ALARM —l—/W\,_<
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PA_EN |

SPI SPI

Host Device LDMOS PA

|
Remote } ! Remote
Temperature } } 10 pF re
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INA240-SEP
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FETROEN R
0.1 uF DAC 2
g{ }—P DVoo

01puF s5v
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Figure 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 Table 8-1.

Table 8-1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Analog supply voltage 45Vto55V
Digital supply voltage 33V
DAC outputs voltage OVto5V
DAC outputs voltage (optional) -7.5Vto0V
ADC voltage 5V

8.2.2 Detailed Design Procedure

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

« 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.

8.2.2.1 Sequencing

Powering the PA on and off in a controlled routine is necessary to prevent the Vg voltage from being too high
when the Vpran 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 Vpra N VOltage 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.

Vas = Von = -2.5V

RF TX
LWL Sen ouTO

STEP 3

Figure 8-2. GaN Power Sequencing
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The PA can be safely shut down by reversing the power-on steps.

1. Disable the RF signal from the PA.

2. Reduce the Vg 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 (Vss). 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.

CAUTION
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.

VREF
| 10 kQ 30 kQ
AANN—
16.7 kQ Ves
DAC 2 AN
“10y OPA4H199-SEP
10 kQ

Figure 8-3. Differential Operational Amplifier Circuit
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8.2.2.3 Vpraiy 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

<

Figure 8-4. Vpraiy Monitor Circuit

8.2.3 Application Curves
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L~
s
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0 05 1 15 2 25 3 35 4 45 5
DAC Output (V)

Figure 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 IOVpp, 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-ps 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 GP10-4, GPI0O-5, GPI0O-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 uF 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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Figure 8-6. AFE11612-SEP Layout Example
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9 Device and Documentation Support
9.1 Documentation Support

Note
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 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

9.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

9.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

9.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

\ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

9.6 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

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 Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ©)
AFE11612PAPSEP 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.

@ Material 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.

@ Lead 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 TlI'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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
AFE11612PAPSEP HTQFP PAP 64 250 330.0 24.4 13.0 | 13.0 1.5 16.0 | 24.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
AFE11612PAPSEP HTQFP PAP 64 250 367.0 367.0 55.0
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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
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4218924/A 01/2022

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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THICK STENCIL
SYMM SEE TABLE FOR
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EXPOSED PAD

100% PRINTED SOLDER COVERAGE BY AREA

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

4218924/A 01/2022

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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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