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ADS7142 Nanopower, Dual-Channel, Programmable Sensor Monitor

1 Features

« Standalone, Nanopower Sensor Monitor for
Cost-sensitive Designs

» Small Package Size: 1.5 mm x 2 mm

» Efficient Host Sleep and Wake-up
— Autonomous Monitoring at 900 nW

— Windowed Comparator for Event-triggered
Host Wake-up

— Data Buffering during Host Sleep
» Independent Sensor Configuration and Calibration

— Dual-Channel, Pseudo-Differential, or Ground-
Sense Input Configuration

— Programmable Thresholds for Calibration
— Internal Calibration improves Offset and Drift
» False Trigger Prevention
— Programmable Thresholds per Channel
— Programmable Hysteresis for Noise Immunity
— Event Counter for Transient Rejection
» Deep Data Analysis
— Data Buffer for Fault Diagnostics
— High Precision Mode for 16-bit Accuracy
— One-Shot Mode for Fast Data Capture
« I2C™ Interface
— Compatible from 1.65 V to 3.6 V
— 8 Configurable Addresses
— Up to 3.4 MHz (High Speed)
» Wide Operating Range
— Analog Supply: 1.65 V to 3.6 V
— Temperature Range: —40°C to 125°C
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2 Applications

» Sensor Nodes for Internet of Things (I0T)

» Gas, Heat, PIR Motion and Smoke Detectors

» Preventive Maintenance for Elevators, Escalators,
HVAC, Industrial Equipment, and so forth

e Wearable Electronics

» Zero Cross Detection for Fault Indicators

» Supervisory Functions

e Comparator with Programmable Reference

» Sensors for Deep Learning Artificial Intelligence

3 Description

The ADS7142 autonomously monitors signals while
optimizing system power, reliability, and performance.
It implements event-triggered interrupts per channel
using a digital windowed comparator with
programmable high and low thresholds, hysteresis,
and event counter. The device includes a dual-
channel analog multiplexer in front of a successive
approximation register analog-to-digital converter
(SAR ADC) followed by an internal data buffer for
converting and capturing data from sensors.

The ADS7142 is available in 10-pin QFN package
and consumes only 900 nW of power. The small
form-factor and low power consumption make this
device suitable for space-constrained and/or battery-
powered applications.

Device Information®
PACKAGE BODY SIZE (NOM)
X2QFN (10) 1.50 mm x 2.00 mm

PART NAME
ADS7142

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

RUG PACKAGE

10-Pin X2QFN
TOP VIEW
GND
10
AVDD | 1 9 [ DVDD
AINP/AINO | 2 8 |SCL
AINM/AINT | 3 7 | SDA
ADDR | 4 6 |ALERT
5
BUSY/RDY
Pin Functions
PIN
110 DESCRIPTION
NAME NO.

AVDD 1 Supply Analog supply input, also used as the reference voltage for analog-to-digital conversion.

) Single-Channel operation: Positive analog signal input
AINP/AINO 2 Analog input Two-Channel operation: Analog signal input, Channel 0

. Single-Channel operation: Negative analog signal input
AINM/AINI 3 Analog input Two-Channel operation: Analog signal input, Channel 1

Input for selecting I1°C address of the device. The device address can be selected from one of
ADDR 4 Analog Input the eight values by connecting resistors on this pin.
Refer Table 2 for details
e - The device pulls this pin high when it is scanning through channels in a sequence and brings

BUSY/RDY 5 Digital output this pin low when sequence is completed or aborted.
—_— - Active low, open drain output. Status of this pin is controlled by Digital window comparator
ALERT 6 Digital output block. Connect a pull-up resistor from DVDD to this pin
SDA 7 Digital input/output | Serial data in/out for 1°C interface. Connect a pull-up resistor from DVDD to this pin
SCL Digital input Serial clock for 12C interface. Connect a pull-up resistor from DVDD to this pin
DVDD 9 Supply Digital I/O supply voltage
GND 10 Supply Ground for power supply, all analog and digital signals are referred to this pin

Copyright © 2017, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
ADDR to GND -0.3 AVDD + 0.3 \%
AVDD to GND -0.3 3.9 \%
DVDD to GND -0.3 3.9 \%
AINP/AINO to GND -0.3 AVDD + 0.3 \%
AINM/AIN1 to GND -0.3 AVDD + 0.3 \%
Input current on any pin except supply pins -10 10 mA
Digital Input to GND -0.3 DVvDD + 0.3 \%
Storage Temperature, Tgy —60 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human(gody model (HBM), per ANSI/ESDA/JEDEC JS-001, +2000
all pins -
V(Esb) Electrostatic discharge P - S \%
Charged device model (ZCDM), per JEDEC specification +1000
JESD22-C101, 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
AVDD Analog Supply Voltage Range 1.65 3.6 \%
DVDD Digital Voltage Supply Voltage Range 1.65 3.6 A
Ta Ambient temperature -40 125 °C
T; Junction temperature -60 150 °C
6.4 Thermal Information
ADS7142
THERMAL METRIC® RUG UNIT
10 PINS
Roia Junction-to-ambient thermal resistance 120.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 42.7 °C/W
Ross Junction-to-board thermal resistance 51.1 °C/W
Yyt Junction-to-top characterization parameter 0.8 °C/W
Y8 Junction-to-board characterization parameter 51.2 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics - All Modes
At TA = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG INPUT - Two-Channel Single-Ended Configuration
E;«’I:;S((l:)ale input voltage AINP/AINO to GND or AINM/AIN1 to GND 0 AVDD \%
gbnsgoe“'te Inputvoltage | A|Np/AINO to GND or AINW/AINL to GND 0.1 AVDD +0.1| V
ANALOG INPUT - Single-Channel Single-Ended Configuration (with Remote Ground Sense)
E;gf&?le input voltage | A \ip/AINO to GND or AINM/AINT to GND 0 AVDD| V
Absoulte Input voltage AINP/AINO to GND -0.1 AVDD +0.1| V
range AINM/AIN1 to GND -0.1 0.1 \%
ANALOG INPUT - Single-Channel Pseudo-Differential Configuration
S':ggf(‘f;""e nput voltage | |\p/AIND to GND or AINM/AIN to GND ~AVDD/2 AVDD2| Vv
Absoulte |nput V0|tage AlNP/AlNO to GND -0.1 AVDD + 0.1 \Y
range AINM/AIN1 to GND AVDD/2-0.1 AVDD/2+0.1 \%
Internal Oscillator
Time Period for High
tiso Speed Oscillator 50 110 ns
Time Period for Low
tpo Power Oscillator 95.2 3001 ks
Digital Input/Output (SCL, SDA)
\im High Level input Voltage 0.7 x DVDD DVDD Y,
VL Low Level input Voltage 0 0.3 x DVDD Y,
With 3 mA Sink Current and DVDD > 2 V 0 0.4 Y,
V Low Level output Voltage i i
oL p g \iv|2thv3 mA Sink Current and 1.65 V < DVDD 0 0.2 x DVDD vV
VoL = 0.4V for Standard and Fast Mode 3
| Low Level Output Current (100, 400 kHz) mA
oL (Sink) VoL = 0.6 V for Fast Mode (400 kHz) 6
VoL = 0.4 V Fast Mode Plus (1 MHz) 20
loL Low Level Output Current | Vo, = 0.4 V High Speed (1.7 MHz, 3.4 MHz) 25 mA
(Sink)
I Input Current on Pin 10 HA
C Input Capacitance on Pin 10 pF
Digital Output (BUSY/RDY)
High Level Output
Vou vOgl’tage P lsource = 2 MA 0.7 x DVDD DVDD| V
High Level Output o
VoL Voltage lsink = 2 MA 0 0.3xDVDD| V
Digital Output (ALERT)
loL Low Level Output Current | Vo <0.25V 5 mA
VoL Low Level Output Voltage | Isinxk =5 MA 0 0.25 \%
POWER-SUPPLY REQUIREMENTS
AVDD  Analog Supply Voltage 1.65 3.6 \%
DVDD  Digital I/O Suplly Voltage 1.65 3.6 \%

(1) Ideal Input span, does not include gain or offset error.
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6.6 Electrical Characteristics - Manual Mode
At TA = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Sampling Dynamics
teonv Conversion Time AVDD = 1.65 to 3.6V 1.8 ps
tacq Acquistion Time AVDD = 1.65 to 3.6V 18 TscL
teycle Cycle Time AVDD = 1.65 to 3.6V (tcot”" ; us
acq
DC Specifications
Resolution 12 Bits
NMC No Missing Codes AVDD = 1.65 to 3.6V 12 Bits
DNL Differential nonlinerity AVDD = 1.65 to 3.6V -0.99 +0.3 1| LsB®
INL Integral nonlinearity -2.75 +0.5 2.75| LSB
Eo Offset Error Post Offset Calibration -2.9 +0.5 29| LSB
dVos/dT Offset Drift with Temperature | Post Offset Calibration 5 ppm/°C
Ec Gain Error -0.1 +0.03 0.1| %FSR
Gain Error Drift with o
Temperature 5 ppm/°C
AC Specifications
fin = 2 kHz, AVDD = 3V, foample =140 kSPS 68.75 714 dB
SNR® Signal-to-Noise Ratio fin = 2 kHz, AVDD = 1.8 V, fsgmpie =140 692 B
kSPS ’
fin = 2 kHz, AVDD = 3V, foample =140 kSPS -87.0 dB
THD®@ @) Total Harmonic Distortion fin = 2 kHz, AVDD = 1.8 V, fsample =140 840 dB
kSPS ’
fin = 2 kHz, AVDD = 3V, foample =140 kSPS 68.5 71.2 dB
SINAD® | Signal-to-Noise and distortion |f = 2 kHz, AVDD = 1.8 V, foample =140 69.0 a8
kSPS ’
SFDR® Spurious Free dynamic range | fi, = 2 kHz, AVDD = 3 V, fsampie =140 kSPS 91.0 dB
BW -3dB Small Signal Bandwidth 25.0 MHz
Power Consumption
fsample =140 kSPS, SCL = 3.4 MHz 265 300 pA
fsample =5.5 kKSPS, SCL = 100 kHz 8 PA
lAvDD Analog Supply Current ff%mi)}e =140 kSPS, SCL = 3.4 MHz, AVDD = 160 uA
fsample =5.5 KSPS, SCL = 100 kHz, AVDD = : A
1.8V
fsample =140 kSPS, SCL = 3.4 MHz, SDA =
| Digital Supply Current AAAOh 25 HA
igital Su urren
pvpD 9 PPy foample =5.5 kKSPS, SCL = 100 kHz, AVDD = 15 A
1.8V, SDA = AAACh : H
v Static Analog Supply Current E(())WActMty on SCL and SDA, BUSY/RDY 6 nA
. Static Analog Supply Current ngActlwty on SCL and SDA, BUSY/RDY 5 nA

(1) LSB means least significant byte. Refer to ADC Transfer Function for details.

(2) All specifications expressed in decibels (dB) refer to the full-scale input (FSR) and are tested with an input signal 0.5 dB below full-scale,
unless otherwise specified.

(3) Calculated on the first nine harmonics of the input frequency.
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6.7 Electrical Characteristics -
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.

Autonomous Modes

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
Sampling Dynamics
. . High Speed Oscillator 14 thso
teonv Conversion Time -
Low Power Oscillator 14 tpo
o . High Speed Oscillator 7 thso
tacq Acquistion Time -
Low Power Oscillator tpo
. High Speed Oscillator nCLK thso
teycle Cycle Time -
Low Power Oscillator nCLK tpo
DC Specifications
Resolution 12 Bits
Eo Offset Error Post Offset Calibration 0.5 LSB
Eg Gain Error +0.03 %FSR
Power Consumption
With Low Power Oscillator, nCLK =18 0.75 HA
With Low Power Oscillator, AVDD = 1.8 V,
_ 0.45 UA
lavop  Analog Supply Current nCLK =18
With Low Power Oscillator, nCLK = 250 0.5 HA
With High Speed Oscillator, nCLK =21 940 HA
. With Low Power Oscillator, nCLK =18,
IbvbD Digital Supply Current DVDD =3.3 V 0.15 HA
Lavon Static Analog Supply Current ngActMty on SCL and SDA, BUSY/RDY 5 nA
lovon Static Analog Supply Current E(())WActMty on SCL and SDA, BUSY/RDY 0.6 nA
6.8 Electrical Characteristics - High Precision Mode
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted®.
PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
DC Specifications
Resolution® 16 i
its
ENOB  Effective number of bits With DC Input of AVvDD/2®) 15.4
Eo Offset Error Post Offset Calibration +10 LSB
Ec Gain Error +0.03 %FSR
Power Consumption
With Low Power Oscillator, nCLK =18 0.6 HA
With Low Power Oscillator, AVDD = 1.8 V,
- 0.3 HA
lavoo  Analog Supply Current nCLK =18
With Low Power Oscillator, nCLK = 250 0.5 HA
With High Speed Oscillator, nCLK =21 980 MA
- With Low Power Oscillator, nCLK =21,
IbvbD Digital Supply Current DVDD =3.3 V 0.2 HA
LAV Static Analog Supply Current Eé)WActMty on SCL and SDA, BUSY/RDY 5 nA
IovbD Static Analog Supply Current EISWACW'W on SCL and SDA, BUSY/RDY 0.7 nA
(1) Sampling Dynamics for High Precision Mode are same as for Autonomous modes.
(2) Refer to Equation 5
(3) For DC Input, ENOB = Ln[FSR/Standard deviation of Codes]/Ln[2]. Refer to Figure 34
Copyright © 2017, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.9 Timing Requirements
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.®

PARAMETER Test Conditions MIN MAX UNIT
Standard-mode (100 kHz) Figure 1
fscL SCL clock frequency 0 100 kHz
tHD-STA Hold time (repeated) START condition ggﬁrktgﬁsﬂegggértgf; ;i_rSt 4 us
tLow Low period of SCL 4.7 ps
tHIGH High period of SCL 4 us
tsu-sTA set-up time for a repeated start condition 4.7 ps
tup.par @ @ data hold time For I2C Bus devices 0 ps
tsu-pDAT data setup time 250 ns
tsu-sto setup-up time for STOP condition 4 us
taur gus free time between a STOP and 47 us
TART condition
Cp capacitive load on each line 400 pF
Fast-mode (400 kHz) Figure 1
fscL SCL clock frequency 0 400 kHz
tHD-sTA Hold time (repeated) START condition 0.6 ps
tLow Low period of SCL 1.3 us
tHiGH High period of SCL 0.6 us
tsu-sTA set-up time for a repeated start condition 0.6 ps
tHD-DAT data hold time 0 us
tsu-DAT data setup time 100 ns
tsu-sTo setup-up time for STOP condition 0.6 us
taur bus free time_ t_)etween a STOP and 13 us
START condition
Cp capacitive load on each line 400 pF
Fast-mode Plus (1000 kHz) Figure 1
fscL SCL clock frequency 0 1000 kHz
tHD-sTA Hold time (repeated) START condition 0.26 ps
tLow Low period of SCL 0.5 us
tHIGH High period of SCL 0.26 us
tsu-sTA set-up time for a repeated start condition 0.26 ps
tHD-DAT data hold time 0 us
tsu-pDAT data setup time 50 ns
tsu-sTo setup-up time for STOP condition 0.26 ps
taur gus free time between a STOP and 0.5 us
TART condition
Cp capacitive load on each line 550 pF
High Speed mode (1.7 MHz) Cy, = 400 pF (Max) Figure 2
fscLh SCLH clock frequency 0 1.7 MHz
tHD-sTA Hold time (repeated) START condition 160 ns
tLow Low period of SCL 320 ns
tHiGH High period of SCL 120 ns
tsu-sTA set-up time for a repeated start condition 160 ns
tHD-DAT data hold time 0 150 ns

(1) Allvalues referred to Vipymin) (0.7 DVDD) and V| (max) (0.3 DVDD)

(2) thp.paT is the data hold time that is measured from the falling edge of SCL, applies to data in transmission and the acknowledge.

(3) The maximum typ pat could be 3.45 pys and 0.9 ps for Standard-mode and Fast-mode, but must be less than the maximum of typ_pat OF
typ.ack by a transition time. This maximum must only be met if the device does not stretch the LOW period (t_ow) of the SCL signal. If
the clock is streched, the data must be valid by the set-up time before it releases.
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Timing Requirements (continued)
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.®
PARAMETER Test Conditions MIN MAX | UNIT

tsu-DAT data setup time 10 ns
tsu-sTo setup-up time for STOP condition 160 ns
Cp capacitive load on each line 400 pF
High Speed mode (3.4 MHz) Cy, = 100 pF (Max) Figure 2

fscLH SCLH clock frequency 0 3.4 MHz
tHp-sTA Hold time (repeated) START condition 160 ns
tLow Low period of SCL 160 ns
tHiGH High period of SCL 60 ns
tsu-sTA set-up time for a repeated start condition 160 ns
tHD-DAT data hold time 0 70 ns
tsu-DAT data setup time 10 ns
tsu-sTo setup-up time for STOP condition 160 ns
Cp capacitive load on each line 100 pF
6.10 Switching Characteristics
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.®

PARAMETER Test Conditions MIN MAX | UNIT

Standard-mode (100 kHz) Figure 1

trcL Rise time of SCL 1000 ns
troa Rise time of SDA 1000 ns
ticL Fall time of SCL 300 ns
tioa Fall time of SDA 300 ns
typ.par @ data valid time 3.45 ps
typ.ack @ data hold time 3.45 ps
Fast-mode (400 kHz) Figure 1

trcL Rise time of SCL 20 300 ns
troa Rise time of SDA 20 300 ns
ticL Fall time of SCL 20 x DVDD/3.6 300 ns
tioa Fall time of SDA 20 x bVDD/3.6 300 ns
tvD-DAT data valid time 0.9 us
tvD-ACK data hold time 0.9 us
tep ®) ﬁ::)lﬁtefmgrth of spikes suppressed by the 0 50 ns
Fast-mode Pus (1000 kHz) Figure 1

troL Rise time of SCL 120 ns
tpa Rise time of SDA 120 ns
ticL Fall time of SCL 20 x DVDD/3.6 120 ns
tioa Fall time of SDA 20 x DVDD/3.6 120 ns
tvD-DAT data valid time 0.45 us
tvp-ACK data hold time 0.45 us
tep ﬁ\lgﬁffmgrth of spikes suppressed by the 0 50 ns
High Speed mode (1.7 MHz) Cy, = 400 pF (Max) Figure 2

toL Rise time of SCLH | 20 80| s

(1) Allvalues referred to Vipyminy (0.7 DVDD ) and V) (max) ( 0.3 DVDD )
(2) typ-.paT = time for data signal from SCL LOW to SDA output.
(3) Input filters on the SDA and SCL inputs suppress noise spikes of less than 50 ns.
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Switching Characteristics (continued)

At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.®

PARAMETER Test Conditions MIN MAX UNIT
Rise time of SCLH after a repeated start
tow condition and after an acknowledge bit 20 160 ns
toA Rise time of SDAH 20 160 ns
ticL Fall time of SCLH 20 80 ns
tipa Fall time of SDAH 20 160 ns
pulse width of spikes suppressed by the
tsp input filter 0 10 ns
High Speed mode (3.4 MHz) Cy, = 100 pF (Max) Figure 2
troL Rise time of SCLH 10 40 ns
t Rise time of SCLH after a repeated start 10 80 ns
rCL1 condition and after an acknowledge bit
troa Rise time of SDAH 10 80 ns
ticL Fall time of SCLH 10 40 ns
tipa Fall time of SDAH 10 80 ns
pulse width of spikes suppressed by the
tsp input filter 0 10 ns
[— t,

tsu-pat
o —— L —_—

cont.

1!

|
I 30%

tHp-paT

thicH

70% 70% .
30% [ 30% cont.

SCL

9" clock

L__> _ ——— Lfsc. ——»]
1* clock cycle

9" clock b= ! b= !

ViL=0.3Vop
Vin = 0.7Vpp
Figure 1. Timing Diagram for Standard-mode, Fast-mode and Fast-mode Plus
10 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated

Product Folder Links: ADS7142


http://www.ti.com/product/ads7142?qgpn=ads7142
http://www.ti.com
http://www.ti.com/product/ads7142?qgpn=ads7142
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS773A&partnum=ADS7142

13 TEXAS

INSTRUMENTS
ADS7142
www.ti.com SBAS773A —SEPTEMBER 2017—REVISED DECEMBER 2017
I ton Usc p |
ton L |¢—! N ! i i !
| | | |
| (L _—— e =l S R
| | AN 2J \, - AN |
SDAHOrSDA | \ ‘ /\ >\ ! o 0TxVe
NS X o I\ NI
I L JJ T \_‘ —
1 1 fooer — 1 1
] — il
tsudna ! ! !
} } tip-sta |4¢—tsu.pat } }
i i | |
! ! y~\ / \ S\ / \ 4 1 0.7 Voo
SCLH or SCL I I \ / \ Z \ / \ i i
| ! —\ L 71— & y \ JF / \ ; = 0.3xVoo
| | | |
| | »f et | |
| J (1) | J
teu~—"p| [4— teu —p |-
to —p e @
e T ) o
_/_: MCS current source pull-up
f: Rp resistor pull-up
(1) First rising edge of the SCLH signal after Sr and after each acknowledge bit.
Figure 2. Timing Diagram for High Speed Mode
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6.11 Typical Characteristics for All Modes
At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.

60 150
— AVDD=1.8V — AVDD = 1.8V
—- AVDD =3V —=- AVDD =3V
56 130
g _ \
3.
= 52 = 110 ™
§ ——// 3 \
o 5
a a
e a8 s 90 ~~
£ £
= = \
44 70
40 50
-40 -7 26 59 92 125 -40 -7 26 59 92 124
Free-Air Temperature (°C) Free-Air Temperature (°C)
Figure 3. High Speed Oscillator Time Period with Figure 4. Low Power Oscillator Time Period with
Temperature Temperature

6.12 Typical Characteristics for Manual Mode
At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.

0 0
-30 -30
o o
S -60 S -60
[} [}
kel kel
2 2
g -0 g
< <
-120
-150
0 14 28 42 56 70 0 14 28 42 56 70
fin, Input Frequency (kHz) fin, Input Frequency (kHz)
SNR = 69.6 dB THD =-82.9 dB ENOB =11.2 SNR =71.7 dB THD = -85 dB ENOB = 11.5
fsample = 140 kKSPS SFDR =87.2 dB AVDD =18V fsample = 140 kKSPS SFDR =89.2 dB AVDD =3V
Figure 5. Typical FFT in Manual Mode Figure 6. Typical FFT in Manual Mode
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Typical Characteristics for Manual Mode (continued)

At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.

73 73
— SNR — SNR
— - SINAD — - SINAD
72.4 72 /
|
T 718 T 71
g [—i—e D 3 e
2 I L 2 e
g 7.2 = g 70 e
< < -
- / :
706 69 -
-
70 68
-40 -7 26 59 92 125 1.8 2.16 2.52 2.88 3.24 3.6
Free-Air Temperature (°C) AVDD (V)
fsample = 140 kSPS fsample = 140 kSPS
Figure 7. SNR and SINAD in Manual Mode with Temperature Figure 8. SNR and SINAD in Manual Mode with AVDD
-84 93
o
—~ kel
o 856 5 92.2 — |
~ j=2)
s / 3
£ e
2 872 £ 9L4N
fa} D 8 \ /
2 >
5 s /
g -88.8 o 90.6
T )
fs 3
S 904 s 89.8
)
-92 89
-40 -7 26 59 92 125 -40 -7 26 59 92 125
Free-Air Temperature (°C) Free-Air Temperature (°C)
fsample = 140 kKSPS fsample = 140 kKSPS
Figure 9. THD in Manual Mode with Temperature Figure 10. SFDR in Manual Mode with Temperature
-80 60000
g 12 48000
S
£ 2
% 824 N ;: 36000
[a) o
L \ 9]
c Qo
g -836 E 24000
= z
I
z \
o -84.8 12000
- N
86 0 - .
1.8 2.16 2.52 2.88 3.24 3.6 2046 2047 2048
AVDD (V) Output Code
fsample = 140 kSPS S Mean code = 2046.9 Standard Deviation = 0.34
Figure 11. THD in Manual Mode with AVDD Figure 12. Typical DC Code Spread in Manual Mode
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Typical Characteristics for Manual Mode (continued)

At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.

Figure 15. Gain Error in Manual Mode with Free-Air
Temperature

1 2
/ ‘\
0.6 _/ \ 1.2
0 0
< 02 = 04
5 5
w w
@ 0.2 3 0.4
= =
9 o
-0.6 -1.2
-1 -2
-40 -7 26 59 92 125 1.8 2.16 2.52 2.88 3.24 3.6
Free-Air Temperature (°C) AVDD (V)
Figure 13. Offset Error in Manual Mode with Temperature Figure 14. Offset Error in Manual Mode with AVDD
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i i
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U] V)
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Free-Air Temperature (°C) AVDD (V)

Figure 16. Gain Error in Manual Mode with AVDD

Differential Nonlinearity (LSB)
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Output Code

3276 4095
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Figure 17. Typical DNL in Manual Mode

Differential Nonlinearity (LSB)

0.5

0.3 |

0.1

0 819 1638 2457

Output Code

3276 4095
AVDD =18V

Figure 18. Typical DNL in Manual Mode
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Typical Characteristics for Manual Mode (continued)

At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.

1 1
~ 0.6 ~ 0.6
m m
n n
= =
> >
= 1 =
S 02 } S
(] (]
£ £
IS IS
o o
Z -0.2 z
S s
j=2) j=2)
2 2
c c
= -0.6 - I’
-1 -1
0 819 1638 2457 3276 4095 0 819 1638 2457 3276 4095
Output Code Output Code
AVDD =3V AVDD =18V
Figure 19. Typical INL in Manual Mode Figure 20. Typical INL in Manual Mode
1 1
—— Minimum —— Minimum
— = Maximum — - Maximum
o 0.6 @
4 9 o5
2 I R e — 2> L ——e— . ...
S 02 8
£ £
s g 0
z z
s 02 s
c c
o ]
(9] o -05
b= =
g 06 a
-1 -1
-40 -7 26 59 92 125 1.8 2.16 2.52 2.88 3.24 3.6
Free-Air Temperature (°C) AVDD (V)
Figure 21. DNL in Manual Mode with Temperature Figure 22. DNL in Manual Mode with AVDD
1 1
—— Minimum —— Minimum
— = Maximum — - Maximum
—~ ~ 06
2 05 o I N I
y e —— e . py
2 2
< T 02
(] (]
£ 0 £
[= [=
o o
z Z -0.2
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g 0.5 g T
g 0 I
= = -0.6
-1 -1
-40 -7 26 59 92 125 1.8 2.16 2,52 2.88 3.24 3.6
Free-Air Temperature (°C) AVDD (V)
Figure 23. INL in Manual Mode with Temperature Figure 24. INL in Manual Mode with AVDD
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Typical Characteristics for Manual Mode (continued)

At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.

350 / 260
304 // 256
< 258 ,/ < 252
2 2 |
g -~ 5 T~
T 212 X 248
166 / 244
120 240
1.8 2 22 24 26 28 3 32 34 36 -40 -7 26 59 92 125
AVDD (V) Free-Air Temperature (°C)
fsample = 140 kSPS SCL = 3.4 MHz
Figure 25. Iaypp in Manual Mode with AVDD Figure 26. Iaypp in Manual Mode with Temperature
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100 760 1420 2080 2740 3400 -40 -7 26 59 92 125
SCL (kHz) Free-Air Temperature (°C)
DvDD =18V No Activity on SCL and SDA
Figure 27. Ipypp in Manual Mode with SCL Figure 28. Static Iaypp in Manual Mode with Temperature
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ié, 30 /
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=
o 20
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Figure 29. Static Ipypp in Manual Mode with Temperature
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6.13 Typical Characteristics for Autonomous Modes
At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.
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Figure 30. Analog Input Current in Autonomous modes with
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Figure 31. Analog Input Current in Autonomous modes with
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Figure 32. Iaypp in Autonomous Modes with Temperature
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Figure 33. Iaypp in Autonomous Modes with Temperature
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6.14 Typical Characteristics for High Precision Mode
At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.
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Figure 34. Typical DC Code Spread in High Precision Mode Figure 35. Offset Error in High Precision Mode with
Temperature
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Figure 36. Gain Error in High Precision Mode with Figure 37. Iaypp in High Precision Mode with Temperature
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Figure 38. Iaypp in High Precision Mode with Temperature
18 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated

Product Folder Links: ADS7142


http://www.ti.com/product/ads7142?qgpn=ads7142
http://www.ti.com
http://www.ti.com/product/ads7142?qgpn=ads7142
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS773A&partnum=ADS7142

13 TEXAS
INSTRUMENTS
ADS7142

www.ti.com SBAS773A —SEPTEMBER 2017 —-REVISED DECEMBER 2017

7 Detailed Description

7.1 Overview

The ADS7142 is a nanopower, dual-channel, programmable sensor monitor with an integrated analog-to-digital
converter (ADC), input multiplexer, digital comparator, data buffer, accumulator and internal oscillator. The input
multiplexer can be either configured as two single-ended channels, one single-ended channel with remote
ground sensing or one pseudo-differential channel where input can swing around AVDD/2. The device includes a
Digital Window Comparator with a dedicated output pin, which can be used to alert the host when a programmed
high or low threshold is crossed. The device address is configured by I°C Address Selector block. The device
uses internal oscillators (High Speed or Low Power) for conversion. The start of conversion is controlled by the
host in Manual Mode and by the device in Autonomous Modes.

The device also features a Data Buffer and an Accumulator. The data buffer can store up to 16 conversion
results of the ADC in Autonomous Modes and the accumulator can accumulate up to 16 conversion results of
ADC in High Precision Mode.

The device includes OFFSET Calibration for calibration of its own offset.

7.2 Functional Block Diagram

] ]

AVDD L‘—l L
DVDD

I: High/Low Threshold
+ Hysteresis

AINP/AINO Digital
Window []
Comparator ALERT
Analog ‘Input and Conversion Result P ALERT
Multiplexer SAR-ADC

AINM/AIN1

[

SCL
Offset r
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Oscillator and SDA
Timing Control Accumulator °C Interface
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Conversion Result [0]
I°C Address
Selector

Conversion Result [15]

[ e
L
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7.3 Feature Description

7.3.1 Analog Input and Multiplexer

Figure 39 shows a small-signal equivalent circuit for the analog input pins. The device includes a two-channel
analog multiplexer with each input pin having ESD protection diodes to AVDD and GND. The sampling switches
are represented by ideal switches SW; and SW, in series with resistors Rg; and Rg, (typically 150 Q). The
sampling capacitors, C5; and Cg,, are typically 15 pF. The multiplexer configuration is set by the
CHANNEL_INPUT_CFG register.

During acquisition, switches SW; and SW, are closed to allow the input signal to charge the internal sampling
capacitors.

During conversion, switches SW; and SW, are opened to disconnect the input signal from the sampling
capacitors.

The analog input of the device are optimized to be driven by high impedance source (up-to 100 kQ) in
Autonomous Modes or in High Precision Mode mode with low power oscillator. It is recommended to drive the
analog input of the device with an external amplifier when in Autonomous Modes or in High Precision Mode
mode with High Speed oscillator. Figure 30 and Figure 31 provide the analog input current for CHO and CH1 of
the device.

Figure 40, Figure 41 and Figure 42 provide a simplified circuit for analog input for input configurations described
in Two-Channel, Single-Ended Configuration, Single-Channel, Single-Ended Configuration and Single-Channel,
Pseudo-Differential Configuration respectively. The analog multiplexer supports following input configurations (set
by writing into CHANNEL_INPUT_CFG register).

AVDD AVDD _______
fffff eHo. AINPIAINOS———=ok O SW, R
P st
CHO —
AINP/AINO —O\O—O% Rs1 % CH1 Ca

AVDD lc”

MUX Ev_ams
MUX v BIAS 52
Co - CHL _ AINM/AINI®E— | SW, Re2
AINM/AINL SW, Rs

GND

GND

[ CHANNEL_INPUT_CFG_REG |

[ CHANNEL_INPUT_CFG REG | Figure 40. Two-Channel, Single-Ended Configuration
Figure 39. Equivalent Circuit for Analog Input

AINP/AINO .——0\07 SW, Rt

AINP/AINO .——O\O——OS} Ry
Ca
MUX V_BIAS
Cs

g
JOGND i GND
T CHANNEL_INPUT_CFG_REG
[ CHANNEL_INPUT_CFG_REG | +

Figure 42. Single-Channel, Pseudo-Differential
Configuration

Figure 41. Single-Channel, Single-Ended Configuration
with Remote Ground Sensing

7.3.1.1 Two-Channel, Single-Ended Configuration

Refer to Figure 40 for a simplified block diagram showing a two-channel, single ended configuration. Set
CHO_CH1 _IP_CFG bits = 00b or 11b to select this configuration. This is also the default configuration of the
device after power up. In this configuration, Cg, always samples the GND pin and Cg; samples the input signal
provided on Channel 0 (AINP/AINO) or Channel 1 (AINM/AIN1) based on the channel selection. Each analog
input channel can accept input signals in the range 0 V to AVDD V.
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Feature Description (continued)

On power-up, the device wakes up in manual mode with Two-Channel, Single-Ended Configuration and samples
CHO only. This configuration can also be set by setting OPMODE_SEL to 000b or 001b,

The device can be configured to sample either CHO or CH1 or both channels by setting bits in
AUTO_SEQ_CHEN register to select the channels.

e To select a channel in AUTO sequence, set AUTO_SEQ_CHx bit in AUTO_SEQ_CHEN register to 1.
e Set bits in OPMODE_SEL register to 100b or 101b for Manual Mode with AUTO sequence.

e Set bits in OPMODE_SEL register to 110b for Autonomous Modes with AUTO sequence.

e Set bits in OPMODE_SEL register to 111b for High Precision Mode with AUTO sequence.

7.3.1.2 Single-Channel, Single-Ended Configuration

Refer to Figure 41 for a simplified block diagram showing a single-channel, single ended configuration. Set
CHO_CH1_IP_CFG bits = 01b to select this configuration. In this configuration, Cg; samples the input signal
provided on the AINP/AINO pin whereas Cg, samples input signal provided on the AINM/AIN1 pin. AINP/AINO pin
can accept input signals in the range 0 V to AVDD V and AINM/AIN1 pin can accept input signals in the range
—-100 mV to +100 mV. This input configuration is useful in systems where the sensor and/or the signal
conditioning block is placed far from the device and there could be a small difference between the ground
potentials. In this channel configuration, remove channel 1 from AUTO sequence by setting the
AUTO_SEQ_CH1 bit to 0. Selecting channel 1 in AUTO sequence leads to an error condition and the device
sets an error flag in SEQUENCE_STATUS register.

7.3.1.3 Single-Channel, Pseudo-Differential Configuration

Refer to Figure 42 for a simplified block diagram showing a single-channel, pseudo-differential configuration. Set
CHO_CH1_IP_CFG bits = 10b to select this configuration. In this configuration, Cg; samples the input signal
provided on the AINP/AINO pin whereas Cg, samples input signal provided on the AINM/AIN1 pin. AINP/AINO pin
can accept input signals in the range 0 V to AVDD V and AINM/AIN1 pin can accept input signals in the range
(AVDD/2) - 100 mV to (AVDD/2) + 100 mV. This input configuration is useful to interface with sensors that
provide pseudo-differential signal with negative output as AVDD/2 like an electrochemical gas sensor. In this
channel configuration, remove channel 1 from AUTO sequence by setting the AUTO_SEQ CH1 bit to 0.
Selecting channel 1 in AUTO sequence leads to an error condition and the device sets an error flag in
SEQUENCE_STATUS register.

7.3.2 OFFSET Calibration

The offset can be calibrated by setting the TRIG_OFFCAL bit in OFFSET_CAL register. During offset calibration,
the sampling switches are open (Figure 39) and the device keeps BUSY/RDY pin high. The device calculates its
offset error and corrects for this error for subsequent conversions. The device calibrates the offset on power up.
To nullify the change in offset due to change in temperature or in AVDD voltage, it is recommended to perform
this calibration periodically.

7.3.3 Reference

The device uses the analog supply voltage (AVDD) as a reference for the analog-to-digital conversion process. It
is recommended to place a 220-nF, low-ESR ceramic decoupling capacitor between the AVDD pin and the GND
pin, close to the AVDD Pin. Refer to Power-Supply Recommendations section.

7.3.4 ADC Transfer Function
The ADC provides data in straight binary format. The ADC resolution can be computed by Equation 1:

1 LSB = Vige / 2V

where:
b VREF = AVDD
e N =12 for Autonomous Monitoring Modes and Manual Mode Q)

Figure 43 and Figure 44 show the ideal transfer characteristics for Single-Ended Input and Pseudo-Differential
Input, respectively. Table 1 show the digital output codes for the transfer functions.
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PFSC
A

PFSC f———————mmm e m e — o —

MC+1

MC MC+1

ADC Code (Hex)

MmC

ADC Code (Hex)

NFSC+1

NFSC+1

-

NFSC - Vi

Il
1LsB Vrerl2  (Veer/2 + 1LSB) (Vaer — 1 LSB)

NFSC

»
- Vi

|
1
(Veerl2 + 1 LSB) 1LSB (Vrer/2 — 1 LSB)

Figure 43. I|deal Transfer Characteristics for _ o
Single-Ended Configurations Figure 44. |deal Transfer Characteristics for
Pseudo-Differential Configuration

Table 1. Transfer Characteristics

IDEAL
OUTPUT
INPUT VOLTAGE for PSEUDO CODE
or
INPUT VOLTAGE for SINGLE ENDED INPUT DIFFERENTIAL INPUT CODE DESCRIPTION Autonomous
Monitoring
Mode Or
Manual Mode
<1LSB <(-Vger/2 + 1) LSB NFSC Negat"éi;‘é”'scale 000
1LSBto 2 LSBs (-VRer/2 + 1) to (-Vger/2 + 2) LSB NFSC + 1 — 001
(Vrer / 2) to (Vrer / 2) + 1 LSB 0to1LSB MC Mid code 800
(Vrer /2) + 1 LSB to (Vrer / 2) + 2 LSBs 1t02LSB MC + 1 — 801
2 Vger — 1LSB 2 Vgee/2 — 1 LSB PFSC Positive full-scale code FFF

7.3.5 Oscillator and Timing Control

The device uses one of the two internal oscillators (Low Power Oscillator or High Speed Oscillator) for converting
the analog input voltage into a digital output code.
The steps for selecting the oscillator and setting the sampling speed are listed below:

1. Select the Low Power Oscillator (OSC_SEL = 1b) to monitor slow moving signals(< 300 Hz) at extremely low
power consumption and sampling speeds (< 600 SPS). Select the High Speed Oscillator (OSC_SEL = 0b) to
scan the sensor signals with faster sampling speed (> 50 kHz).

2. Set sampling speed by programming the nCLK register:

_ Oscillator frequency

nCLK
» fy=Sampling Speed
e Oscillator Frequency = 1/tyso oOr 1/t po depending on the OSC_SEL bit, refer the Specifications for 1/tygo or

* nCLK is number of clocks in one conversion cycle (nCLK register) 2

fs

7.3.6 I°C Address Selector

The 1°C address for the device is determined by connecting external resistors on ADDR pin. The device address
are selected on power-up based on the resistor values. The device retains this address until the next power up,
or until next device reset, or until the device receives a command to program its own address (General Call with
Write Software programmable part of slave address). Figure 45 provides the connection diagram for the ADDR
pin and Table 2 provides the resistor values for selecting different addresses of the device.
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Figure 45. External Resistor Connection Diagram for ADDR Pin
Table 2. I°C Address Selection
Resistors Address

R1 @ R2@

0Q DNP® 0011111b (1Fh)
11 kQ DNP® 0011110b (1Eh)
33 kQ DNP® 0011101b (1Dh)
100 kQ DNP® 0011100b (1Ch)
DNP® 0 or DNP®@ 0011000b (18h)
DNP® 11 kQ 0011001b (19h)
DNP® 33 kQ 0011010b (1Ah)
DNP® 100 kQ 0011011b (1Bh)

(1) Tolerance for R1,R2 < +5%
(2) DNP = Do not populate

7.3.7 Data Buffer

When operating in Autonomous Monitoring Mode, the device can use the internal data buffer for data storage.
The internal data buffer is 16-bit wide and 16-word deep and follows the FIFO (first-in, first-out) approach.

7.3.7.1 Filling of the Data Buffer

The write operation to the data buffer starts and stops as per the settings in the DATA_BUFFER_OPMODE
register. The DATA_BUFFER_STATUS register provides the number of entries filled in the data buffer and this
register can be read during an active sequence to get the current status of the data buffer.
The time between two consecutive conversions is set by the nCLK register and Equation 3 provides the
relationship for time between two consecutive conversions of the same channel and nCLK parameter.

t.. = k x nCLK x OscillatorTimePeriod

where
* g is time between two consecutive conversions of same channel, to; = K X teyge
« kis number of channels enabled in the device sequence.
* nCLK is number of clocks used by device for one conversion cycle.
» Oscillator Timer Period is t_ g Or tyso depending on OSC_SEL value . Refer to the Specifications for t pg Or
tHSO . (3)

The format of the 16-bit contents of each entry in the data buffer are set by programming the DATA_OUT_CFG
register. The DATA_OUT_CFG register enables the Channel ID and DATA_VALID flag in data buffer. Channel
ID represents the channel number for the data entry in the data buffer. DATA_VALID is set to zero in either of
the following conditions:
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» If the entry in the data buffer is not filled after the last start of sequence.

« If the I°C master tries to read more than 16 entries from the data buffer, device provides zeros with
DATA_VALID set to zero.

At the end of the write operation, the data buffer always has results of 16 (or lesser) consecutive conversions.
The data buffer is filled in the order that the data is converted by the ADC. The channels converted by the ADC
are controlled by the AUTO_SEQ_CHEN register. The entries that are not filled during an active sequence are
filled with zeros.

7.3.7.2 Reading data from the Data Buffer

The device brings the BUSY/RDY pin low after completion of the sequence or after the SEQ_ABORT bit is set.
As illustrated in Figure 46, the device provides the contents of the data buffer (in FIFO fashion) on receiving 1>°C
read frame, which consists of the device address and the read bit set to 1.

S Device Address (7 Bits) R A MSB for Data Buffer Entry 0 A LSB for Data Buffer Entry 0 A MSB for Data Buffer Entry 1 A F=—-

———————————————————————————————————————————————————————————————————— LSB for Data Buffer Entry 15 N PISr

Data from Host to Device

Data from Device to Host

Figure 46. Reading Data Buffer (16 Bit Words x 16 Words)

The device returns zeroes with DATA VALID flag set to zero for all 1>C read frames received after all the valid
data words from the data buffer are read or when a I°C read frame is issued during an active sequence
(indicated by high on the BUSY/RDY pin). The I°C master needs to provide a NACK followed by a STOP or
RESTART condition in an 1°C frame to finish the reading process. The data buffer is reset by setting the
SEQ_START bit or after resetting the device.

7.3.8 Accumulator

When operating in High Precision Mode, the device offers a 16-bit internal accumulator per channel. The
Accumulator for a channel is enabled only if that channel is selected in the channel scanning sequence. The
accumulator adds sixteen 12-bit conversion results. The result of adding 16 twelve bit words is one 16 bit word
that has an effective resolution of an 16-bit ADC. The time between two consecutive conversions for
accumulation is controlled by the nCLK register and Equation 3 provides the relationship for time between two
consecutive conversions of same channel and nCLK parameter.

The accumulated data can be read from the ACCUMULATOR_DATA registers in the device.
ACCUMULATOR_STATUS register provides the number of accumulations done in the accumulator since last
conversion. This register can be read during an active sequence to get the current status of the accumulator.
The accumulator is reset on setting the SEQ_START bit and on resetting the device.
Equation 4 provides the relationship between high precision data and ADC conversion results.

16
High Precision Data for CHx = ZConversi on Result[K] for CHx

k=1 (4)
Equation 5 provides the value of LSB in high precision mode for the accumulated result.
AVDD
1 L% = A6
2 (5)
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7.3.9 Digital Window Comparator

The internal Digital Window Comparator is available in all modes. In Autonomous Modes with Thresholds
monitoring and Diagnostics, the digital window comparator controls the filling of the data and the output of the
alert pin and in other modes, it only controls the output of the alert pin. Figure 47 provides the block diagram for
digital window comparator.

DWC_BLOCK_EN

I

(High Side Threshold, Hysteresis)
for CHO

High Side —»S
Counter

y
I
a
=
=
2
3
=
@
o
o
>
Q
g
(9]
I
S

Write Bit to

»| Conversion Result for CHO
Reset

ALERT

Low Side R
Counter Q| Low Latched Flag for CHO

\

\

(Low Side Threshold, Hysteresis) — |
for CHO —

Figure 47. Digital Comparator Block Diagram

The Low Side Threshold, High Side Threshold, and Hysteresis parameters are independently programmable for
each input channel. Figure 48 shows the comparison thresholds and hysteresis for the two comparators. A Pre-
Alert event counter after each comparator counts the output of the comparator and sets the latched flags. The
Pre-Alert Event Counter settings are common to the two channels.
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NOTE: PRE_ALT_MAX_EVENT_COUNT = 70h
(waits for 8 counts to set alert)

High Threshold

High Threshold - Hysteresis

|
|
|
Counter Reset because the high-side-comparator f
before 8. :
|

|

|

|

|

before 8.

—

|

|

|

|

. ) |

Counter Reset because the high-side-comparator reset |
|

|

|

|

Low Threshold + Hysteresis |

High Side Comparator
(Internal Only Signal)

Low Side Comparator
(Internal Only Signal)

ALERT

Figure 48. Thresholds, Hysteresis and Event Counter for Digital Window Comparator

DWC_BLOCK_EN bit in ALERT_DWC_EN register enables/disables the complete Digital Window Comparator
block (disabled at power-up) and ALERT_EN_CHx bits in ALERT_CHEN register enables Digital Window
Comparator for individual channels. Once enabled, whenever a new conversion result is available:

1. The output of the high side comparator transitions to logic high when the conversion result is greater than the

High Threshold. This comparator resets when the conversion result is less than the High Threshold —
Hysteresis.
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2. The output of the low side comparator transitions to logic high when the conversion result is less than the
Low Threshold. This comparator resets when the conversion result is greater than the Low Threshold +
Hysteresis.

3. A different threshold and hysteresis can be used for each channel.

4. Once the output of either the high side or low side comparator transitions high the Pre-Alert Event Counter
begins to increment for each subsequent conversion. This counter continues to increment until it reaches the
value stored in the PRE_ALT _MAX_EVENT_COUNT register. Once it reaches
PRE_ALT_MAX_EVENT_COUNT, the Alert becomes active and sets the latched flags. If the comparator
output becomes zero before counter reaches PRE_ALT_MAX_EVENT_COUNT, then the event counter is
reset to zero, Alert does not be set and lateched flag is not set.

Therefore, the latched flags (high and low) for the channel are updated only if the respective comparator output
remains 1 for the specified number of consecutive conversions (set by the PRE_ALT _MAX_EVENT_COUNT).

The latched flags can be read from the ALERT _LOW_FLAGS and ALERT_HIGH_FLAGS registers. To clear a
latched flag, write 1 to the applicable bit location. The ALERT pin status is re-evaluated whenever an applicable
latched flag gets set or is cleared.

The response time for ALERT pin can be estimated by Equation 6
tresponse = [1 + K X (PRE_ALT_MAX_EVENT_COUNT + 1) ] x nCLK x Oscillator TimePeriod

where
* kis number of channels enabled in device sequence
* nCLK is number of clocks used by device for one conversion cycle.

» Oscillator Timer Period is t_pg Or tyso depending on OSC_SEL value . Refer to the Specifications for t pg or
thso - (6)

7.3.10 I12C Protocol Features

7.3.10.1 General Call
On receiving a general call (00h), the device provides an ACK.

7.3.10.2 General Call with Software Reset
On receiving a general call (00h) followed with Software Reset (06h), the device resets itself.

7.3.10.3 General Call with Write Software programmable part of slave address

On receiving a general call (00h) followed by 04h, the device configures its own 1°C address configured by the
ADDR pin. During this operation, the device keeps BUSY/RDY Pin high and does not respond to other 1°C
commands except general call.

7.3.10.4 Configuring Device into High Speed I1°C mode

The device can be configured in High Speed 1°C mode by providing an I1°C frame with one of the HS-mode
master codes (08h to OFh).

After receiving one of the HS-mode master codes, the device sets the HS _MODE bit in
OPMODE_I2CMODE_STATUS register and remains in High Speed 1°C mode until a STOP condition is received
in an I°C frame.

7.3.10.5 Bus Clear

If the SDA line is stuck LOW due to an incomplete 1°C frame, providing nine clocks on SCL is recommended.
The device releases the SDA line within these nine clocks, and then the next I1°C frame can be started.
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7.3.11 Device Programming
Table 3 provides the acronyms for different conditions in an 12C Frame.

Table 3. I°C Frame Acronyms

Symbol Description
S Start condition for I°C Frame
Sr Re-start condition for I°C Frame
P Stop condition for I>°C Frame
A ACK (Low)
N NACK (High)
R Read Bit (High)
w Write Bit (Low)
Table 4. Opcodes for Commands
Opcode Command Description
00010000b Single Register Read
00001000b Single Register Write
00011000b
00100000b Clear Bit
00110000b Reading a continuous block of registers
00101000b Writing a continuous block of registers

7.3.11.1 Reading Registers

The 12C master can either read a single register or a continuous block registers from the device as described in

Single Register Read and in Reading a Continuous Block of Registers.

7.3.11.1.1 Single Register Read

To read a single register from the device, the 1°C master has to first provide an 1°C command with three frames
(of 8-bits each) to set the address as illustrated in Figure 49. The register address is the address of the register
which must be read. The opcode for register read command is listed in Table 4.

Register Read or Block Read

s Device Address (7 Bits) w A Opcode (8 Bits)

Register Address (8 Bits) A P/Sr

Data from Host to Device

Data from Device to Host

Figure 49. Setting Register Address for Reading Registers

After this, the 1°C master has to provide another I°C frame containing the device address and read bit as
illustrated in Figure 50. After this frame, the device provides register data. If the host provides more clocks, the
device provides same register data. To end the register read command, the master has to provide a STOP or a

RESTART condition in the 12C frame.
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S Device Address (7 Bits) R A Register Data (8 Bits) A P/Sr

Data from Host to Device

Data from Device to Host

Figure 50. Reading Register Data

7.3.11.1.2 Reading a Continuous Block of Registers

To read a continuous block of registers, the I2C master has to first provide an 1°C command to set the address as
illustrated in Figure 49. The register address is the address of the first register in the block which must be read.
The opcode for reading a continuous block of register is listed in Table 4.

Next, the 1°C master has to provide another I°C frame containing the device address and read bit as illustrated in
Figure 51. After this frame, the device provides register data. On providing more clocks, the device provides data
for next register. On reading data from addresses which does not exist in the Register Map of the device, the
device returns zeros. If the device does not have any further registers to provide the data, it provides zeros. To
end the register read command, the master has to provide a STOP or a RESTART condition in the 1°C frame.

s Device Address (7 Bits) R A Register Data (8 Bits) for Register N A Register Data (8 Bits) for Register N+1 A Register Data (8 Bits) for Register N+2 A F———

—————————————————————————————————————————————————————————————————————— Register Data (8 Bits) for Register N+k A P/sr

Data from Host to Device

Data from Device to Host

Figure 51. Reading a Continuous Block of Registers

7.3.11.2 Writing Registers

The I12C master can either write a single register or a continuous block registers to the device. It can also set a
few bits in a register or clear a few bits in a register.

7.3.11.2.1 Single Register Write

To write to a single register in the device, the I°C master has to provide an 1°C command with four frames as
illustrated in Figure 52. The register address is the address of the register which must be written and register
data is the value that must be written. The opcode for single register write is listed in Table 4. To end the register
write command, the master has to provide a STOP or a RESTART condition in the I°C frame.

Write Register or Set Bit or Clear Bit

s Device Address (7 Bits) w A Opcotle (8 Bits) A Register Address (8 Bits) A Register Data (8 Bits) A PIST

Data from Host to Device

Data from Device to Host

Figure 52. Writing a Single Register
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7.3.11.2.2 Set Bit

To set bits in a register without changing the other bits, the 1°C master has to provide an 1°C command with four
frames as illustrated in Figure 52. The register address is the address of the register in which the bits needs to
be set and register data is the value representing the bits which need to be set. Bits with value as 1 in register
data are set and bits with value as 0 in register data are not changed. The opcode for set bit is listed in Table 4.
To end this command, the master has to provide a STOP or RESTART condition in the I12C frame.

7.3.11.2.3 Clear Bit

To clear bits in a register without changing the other bits, the I°C master has to provide an 1°C command with
four frames as illustrated in Figure 52. The register address is the address of the register in which the bits needs
to be cleared and register data is the value representing the bits which need to be cleared. Bits with value as 1 in
register data are cleared and bits with value as O in register data are not changed. The opcode for clear bit is
listed in Table 4. To end this command, the master has to provide a STOP or a RESTART condition in the 1°C
frame.

7.3.11.2.4 Writing a continuous block of registers

To write to a continuous block of registers, the 1°C master has to provide an 1°C command as illustrated in
Figure 53. The register address is the address of the first register in the block which needs to be written. The 1°C
master has to provide data for registers in subsequent I1°C frames in an ascending order of register addresses.
Writing data to addresses which do not exist in the Register Map of the device has no effect. The opcode for
writing a continuous block of registers is listed in Table 4. If the data provided by the I°C master exceeds the
address space of the device, the device neglects the data beyond the address space. To end the register write
command, the master has to provide a STOP or a RESTART condition in the 1°C frame.

s Device Address (7 Bits) w A Block Write Opcode (8 Bits) A Register Address (8 Bits) A Register Data (8 Bits) for Register N A

Register Data (8 Bits) for Register N+1 0 e e e e e Register Data (8 Bits) for Register N+k A PISr

Data from Host to Device

Data from Device to Host

Figure 53. Writing a continuous block of registers
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7.4 Device Functional Modes

The device has below functional modes:
» Manual Mode
» Autonomous Modes
— Autonomous Mode with Threshold Monitoring and Diagnostics.
— Autonomous Mode with Burst Data
» High Precision Mode
Device powers up in Manual Mode and can be configured into one of the other modes of these modes by writing

the configuration registers for the desired mode. Steps for configuring device into different modes are illustrated
in Figure 54

Device Power Up or
Reset

OFFSET Calibration
on Power Up®

Select the Channel
Input
Configurations®

!

Select the Operation
Mode of the device®

v

Set the I°C Mode to

High Speed
(Optional)®
v , il
Manual Mode® Autonomous Modes® H'gm{i@f"on

(1) Offset can also be calibrated anytime during normal operation by setting the bit in the OFFSET_CAL register.
(2) Configure the CHANNEL_INPUT_CFG register.

(3) Configure the OPMODE_SEL register for the desired operation mode.

(4) Refer to Configuring Device into High Speed 1°C mode section.

(5) Operating mode is selected by configuring the OPMODE_SEL register in step 3.

(6) For reading and writing registers, Refer to Device Programming section.

Figure 54. Configuring Device into different modes

7.4.1 Device Power Up and Reset

On power up, the device calibrates its own offset and calculates the address from the resistors connected on
ADDR pin. During this time, the device keeps BUSY/RDY high.

The device can be reset by recycling power on AVDD pin, by General Call(00h) followed by software reset (06h),
or by writing the WKEY register followed by setting the bit in DEVICE_RESET register.

Recycling power on the AVDD pin and on General call(00h) followed by software reset (06h), all the device
configurations are reset, and the device initiates offset calibration and re-evaluates its 1°C address.

When setting the bit in DEVICE_RESET register, all the device configurations except latched flags for the Digital
Window Comparator and WKEY register are reset, The device does not initiate offset calibration and does not re-
evaluate its I°C address.
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Device Functional Modes (continued)
7.4.2 Manual Mode

On power-up, the device is in Manual Mode using the single ended and dual channel configuration and starts by
sampling the analog input applied on Channel 0. In this mode, the device uses the high frequency oscillator for
conversions. Manual mode allows the external host processor to directly request and control when the data is
sampled. The data capture is initiated by an 1°C command from the host processor and the data is then returned
over the I°C bus at a throughput rate of up to 140-kSPS. Applications that could take advantage of this type of
functionality include traditional ADC applications that require 1 or 2 channels of continuous data output.

After setting the operation mode to Manual Mode as illustrated in Figure 54, steps for operating the device to be
in Manual Mode and reading data are illustrated in Figure 55. The host can either configure the device to scan
through one channel or both channels by configuring the CHANNEL_INPUT _CFG register and
AUTO_SEQ_CFG register.

7.4.2.1 Manual Mode with CHO Only

Set the OPMODE_SEL register to 000b or 001b for Manual Mode with CHO only. The host has to provide device
address and read bit to start the conversions. To continue with conversions and reading data to the host must
provide continuous SCL (Figure 56). In this mode, a NACK followed by a STOP condition in I°C frame is required
to abort the operation. Then the device operation mode can be changed to another operation mode.

7.4.2.2 Manual Mode with AUTO Sequence

Set the OPMODE_SEL register to 100b or 101b for Manual Mode with AUTO Sequence. The host has to set the
SEQ_START bit in START_SEQUENCE register and provide the device address and read bit to start the
conversions. To continue with conversions and reading data, the host must provide continuous SCL (Figure 56).
In this mode, the SEQ_ABORT bit in ABORT_SEQUENCE register must be set to abort the operation. Then the
device operation mode can be changed to another operation mode. In this mode, a register read aborts the
AUTO sequence.

In Manual Mode, the device always uses the High Speed Oscillator and the nCLK parameter has no effect. The
maximum scan rate is given by Equation 7:
1000

fo=r———

® [18xTy, +K]
o fs=Maximum sampling Speed in kSPS
e Tgc = Time period of SCL clock (in psec)

e if TgcLLow (Low period of SCL) < 1.8.usec, k = (1.8 - Tgc . ow) @and Device stretches clock in Manual Mode. Not
Applicable for Standard 1>°C Mode (100 kHz).

e if TgeiLow (Low period of SCL) = 1.8.usec, k = 0 and Device does not stretch clock in Manual Mode. @)
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Device Functional Modes (continued)
< Manual Mode® >
Y
AUTO
Sequence
Select Manual Mode
Scan CHO No | with AUTO Sequence >
Only and Select Channels
in AUTO Sequence®
CHO Only (Default) |Y€S Set SEQ_START Bit®
A 4
Provide Device Address v
and Read B_it to ?tart Provide Device Address
Conversions® and Read Bit to Start
Conversions®”
) <
Provide Continuous Y
SCL to the device® Provide Continuous
SCL to the device®
Yes
Yes
Continue with
conversions and
reading data Continue with
conversions and
reading data
Provide STOP
Condition on I°C Bus®
<Set SEQ_ABORT Bit“”D
Yes Continue in
same Operation Yes
Mode Continue in
same Operation
Mode
< Exit to another Operation Mode® >
(1) For setting the operation mode to Manual mode, Refer to Figure 54
(2) Select Manual mode with AUTO sequence in OPMODE_SEL register. Select channels in AUTO_SEQ_CFG register.
(3) Set the bit SEQ_START bit in the START_SEQUENCE register.
(4) Refer to Figure 56 .
(5) Set the bit SEQ_ABORT bit in the ABORT_SEQUENCE register .
(6) Select another operation mode in the OPMODE_SEL register.
(7) For reading and writing registers, Refer to Device Programming section.
Figure 55. Device Operation in Manual Mode
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Device Functional Modes (continued)

Data can be read from the device by providing a device address and read bit followed by continuous SCL as
shown in Figure 56.

sample A

|
Device I°C Address from Host |

ADC Data for Sample A

Sample A+1
|

ADC Data for Sample A |

Sample A+2
|
|

ADC Data for Sample A+1 |

NA

Rak

D11 | Dio Do Ds Di1 | Dio CK

- Optional
Clock
Stretch

-t P Optional
Device in Acquisition Clock
Stretch

D Data from Host to Device

(1) Refer to Equation 7 for sampling speed in Manual Mode.

@

Device in Acquisition
Device in Acquisition

If device scans both channels in AUTO sequence, first data (For Sample A) is from CHO and second data(For Sample
A +1) is from CH1.

Figure 56. Starting Conversion and Reading Data in Manual Mode

7.4.3 Autonomous Modes

In Autonomous Mode, the device can be programmed to monitor the voltage applied on the analog input pins of
the device and generate a signal on the ALERT pin when the programmable high or low threshold values are
crossed and store the conversion results in the data buffer before or after the crossing a threshold or before
setting the SEQ_ABORT bit (Start Burst) or after setting the START_SEQUENCE bit.

In Autonomous mode, the device generates the start of conversion using the internal oscillator. The first start of
conversion must be provided by the host and the device generates the subsequent start of conversions.

After configuring the operation mode to autonomous mode (Set OPMODE_SEL register to 110b) as illustrated in
Figure 54, steps for operating the device to be in different autonomous modes are illustrated in Figure 57
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Device Functional Modes (continued)

( Autonomous Modes® )

Select the Channels i
Sequence®

n AUTO ‘

& Set the nCLK value®

‘ Select the Oscillator ‘

‘ Select the Data Buffer Configuration® ‘

Autonomous Mode with Threshold Monitoring and Diagnostics ¥

Autonomous Mode with Burst Data

Pre Alert Post Alert Start Burst Stop Burst
¥ v
Set the Set the
Thresholds, Thresholds,
Hysteresis and Hysteresis and
Enable Alert® Enable Alert®
A
Set the

Set the
SEQ_START Bit®

Device Starts
conversions and
starts Filling Data

Set the SEQ_Start
BiI(B)

Device Starts
Conversions

Device Starts
conversions and
starts Filling Data

SEQ_START Bit®

Device Starts
conversions and
starts Filling Data

Buffer Buffer Buffer
Y
Y No|
Is Data Buffer
Is Alert Set or Filled or Is
SEQ_ABORT bit SEQ_ABORT SEQ_ABORT
set? bit Set? Bit Set ?
Yes

Is Data Buffer
Filled or
SEQ_ABORT
bit Set?

No

Device Stops
Conversions &
Stops Filling Data
Buffers

Device Stops
Conversions & Conversions & Conversions &
Stops Filling Data Stops Filling Data Stops Filling Data
Buffers Buffer Buffer

Device Stops Device Stops

Read the latched
flags of Digital
Window
Comparator”

Read the latched
flags of Digital
Window
Comparator”

Reset the latched
flags by writing 1®

Continue in
same operation
mode

No Exit to another
Operation Mode”

Set the
| SEQ_START Bit®

(1) For setting the operation mode to Autonomous modes, Refer to Figure 54

(2) Select channels in the AUTO_SEQ_CFG register.

(3) Select the oscillator by configuring the OSC_SEL register and configure the nCLK register.
(4) Select the data buffer mode in the DATA_BUFFER_OPMODE register.

(5) Configure the thresholds in the DWC_xTH_CHx_xxx registers and hysteresis in the DWC_HYS_CHx registers.
Enable the alert for channels in the ALERT_CHEN register and set the DWC_BLOCK_EN bit in the
ALERT_DWC_EN register.

(6) Set the bit SEQ_START bit in the START_SEQUENCE register.

(7) Read the ALERT_LOW_FLAGS and/or ALERT_HIGH_FLAGS registers.

(8) Resetthe ALERT_LOW_FLAGS and/or ALERT_HIGH_FLAGS registers by writing 03h.
(9) Refer to Reading data from the Data Buffer section.

(10) Select another operation mode in the OPMODE_SEL register.

(11) For reading and writing registers, Refer to Device Programming section.

Figure 57. Configuring Device in Autonomous Modes
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Device Functional Modes (continued)

Tl recommends aborting the present sequence by setting the SEQ_ABORT bit before changing the device
operation mode or device configuration.

7.4.3.1 Autonomous Mode with Threshold Monitoring and Diagnostics

The Threshold Monitoring Mode automatically scans the input voltage on the input channel(s) and generates a
signal when the programmable high or low threshold values are crossed. This mode is useful for applications
where the output of the sensor needs to be continuously monitored and action only taken when the sensor output
deviates outside of an acceptable range. Applications that could take advantage of this type of functionality
include wireless sensor nodes, environmental sensors, smoke and heat detectors, motion detectors, and so on.

In this mode, the data buffer can be configured to store the conversion results of the ADC in two different ways.

7.4.3.1.1 Autonomous Mode with Pre Alert Data

In this mode, the device stores the sixteen conversion prior to the activation of the Alert. Upon activation of Alert,
conversion stops. For this mode, Set DATA_BUFFER_OPMODE to 100b. In this mode, the device starts
converting and stores the data on setting the bit in the SEQ_START register and continues to store the data into
the data buffer until one of the digital comparator flags is set for crossing a high threshold or a low threshold for
the channels selected in the sequence. If the SEQ_ABORT bit is set before the data buffer is filled, the device
aborts the sequence and stops storing the conversion results. If more than 16 conversions occur between start of
sequence and alert output, the first entries written into the data buffer are over-written.

Figure 58 and Figure 59 illustrates the filling of data buffer in autonomous mode with Pre alert Data.

V

Device stops conversions and Sets the Latched pConversion [N+ 15] for CHx
flag and alert pin after count(=4) is reached

High Threshold

evice stops c
stops storing d: ®
after the cou Conversion [N+ 15] for CHy

ADC Conversion Result o
ADC Conversion Result

‘ Sets the Output of the Comparator
Hysteresis

High Threshold - Hysteresis

High Threshold

Data Buffer
@ Conversion [N] for CHx
W Conversion [N + 1] for CHy

Data Buffer
<] Conversion [N] for CHx

/@ Conversion [N + 14] for CHx
@ Conversion [N + 15] for CHy

& Conversion [N] for CHx " Conve CHy s the channel which first iggered the ALERT
Conversion [N + 14] for CHx
: Conversion [0] for CHx ® Conversion [N + 15] for CHx SEQSS?S;?" _ cm% N
Conversion [1] for CHy
BUSY/RDY BUSY/RDY
P - Time
Figure 58. Pre Alert Data for Single Channel Figure 59. Pre AIe;t Data for Dual Channel
Configurations Configuration
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7.4.3.1.2 Autonomous Mode with Post Alert Data

In this mode, the device captures the next sixteen conversion results after the Alert is active. Once these sixteen
conversions are stored in the data buffer, all conversion stops. For this mode, Set DATA_BUFFER_OPMODE to
110b. In this mode, the device starts converting the data on setting the SEQ_START bit and stores the data in
the data buffer when one of the digital comparator flags is set after the crossing a high threshold or a low
threshold for the channels selected in the sequence. if the SEQ_ABORT bit is set before the data buffer is filled,
the device aborts the sequence and stops storing the conversion results.

Figure 60 and Figure 61 illustrates the filling of the data buffer in autonomous mode with Post Alert Data.

3 Conversion [N+ 14] for CHx
8 Device stops conversions and
4 N N A slops storing data in the buffer m Conversion [N+ 15 for CHy
s Device stops conversions and = after the data buffer is filled
k) stops storing data in buffer after Conversion [N+ 15] for CHx g
g the data buffer is filled H
g 4
o 2
Q &
ja) 8
< Q
=] J
< Ny e Data Buffer
» - © Conversion [N] for CHx
A 4 g ®  Conversion [N + 1] for CHy
g i«
> o Device Starts storing data in p p
- buffer and sets the Laiched fla
Device Starts storing data in Data Buffer and alert pin after the count .Sg > Conversiofi [N] for Chx ® Conversion [N + 14] for CHx
buffer and sets the Latched flag P N " reached ®_ Conversion [N + 15] for CHy
"and alert pin atter count(e) s [ /PConversion [N] for CHx ®  Conversion [N] for CHx nversion [N+1] for CHy
pi = = N B CHix is the channel which first triggered the ALERT
reached i e c:m;;;of © I High Threshold
Sets the Ouput of the High Threshold
e S - A
Comparator 3 = Conversigr({0] for Chix
e TUSIOrESE @ Conversion [N + 15] for CHx by user
High Threshold - Hysteresis Gonversion (1 for CH
y
SEQ_START bitis set Conversion [0] for CHx
by user !

BUSY/RDY

BUSYRDY | Time

- Figure 61. Post Alert Data for Dual Channel
e Configuration
Figure 60. Post Alert Data for Single Channel
Configurations
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7.4.3.2 Autonomous Mode with Burst Data

In this mode, the device can be configured to store up-to 16 conversion results in the data buffer based on user
command. Applications that could take advantage of this mode are remote data loggers, environmental sensing
and patient monitors. In this mode, the user can either start the burst or stop the burst of data as described in the
following sections:

7.4.3.2.1 Autonomous Mode with Start Burst

For this mode, set DATA BUFFER_OPMODE to 001b. With Start Burst, the user can configure the device to
start the filling of data buffer with conversion results by setting the SEQ_START bit and the device stops
converting data and filling the data buffer after the data buffer is filled.

3

Device stops conversions and stops filling| Conversion [14] for CHO

ADC Conversion Result

&
the data buffer after the buffer is filled »9 C 1 [15] for CHx % ﬁi?ﬁﬂﬁ‘;ii?ﬁ?.’il".ﬂi Zr:a B Conversion [15] for CH1
g buffer is filled
3
it
2
Data Buffer
@ Conversion [0] for CHO
Pl W Conversion [1] for CHL
Data Buffer
> et ) Conversion [0] for CHx e @ Conversion [id]for G
< B Conversion [15] for CHL
SEQ_START by
—» Conversion [0] for CHx Conversion [14] for CHx
i @  Conversion [15] for CHx wnvgz::ﬂii‘:gﬁsmns
Istoring data in the @Conversigro] for CHO
on setting the
SEQ_START bit n (1] for CHL
BUSY/RDY
BUSY/RDY /
Tme
> . .
Time Figure 63. Start Burst with Dual Channel
Figure 62. Start Burst with Single Channel Configuration
Configurations
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7.4.3.2.2 Autonomous Mode with Stop Burst

For this mode, Set DATA_BUFFER_OPMODE to 000b. With Stop Burst, the user can configure the device to
stop filling the data buffer with conversion results by setting the SEQ_ABORT bit. If more than 16 conversions
occur between start of sequence and abort of sequence, the entries first written into the data buffer are over-
written. Figure 64 and Figure 65 illustrate the filling of the data buffer in autonomous mode with Stop Burst.

V

Conversion [N+ 14] for CHO

Device stops conversions and stops filling the
2 r +
data buffer on setting the SEQ_ABORT bit pConversion [N+ 15] for CHx Device stops conversions and
stops storing data on setting the

SEQ_ABORT bit

B Conversion [N+ 15] for CH1

ADC Conversion Result o

ADC Conversion Result

Data Buffer
@ Conversion [N] for CHO
W Conversion [N + 1] for CHL

Data Buffer
©® _ Conversion [N] for CHx

Conversion [N] for CHO,
g @ Conversion [N + 14] for CHO

W Conversion [N + 15] for CHL

& Conversion [N] for CHx onversion [N+1] for CH1

Conversion [N + 14] for CHx

N + 15] f H;
SEQ,sgjssretl)nxlsse[ Conversion [0] for CHx ® Conversion [N + 15] for CHx

by user
H onversion [1] for CHL
BUSY/RDY
BUSY/RDY

Figure 64. Stop Burst with Single Channel Figure 65. Stop Burst with Dual Channel
Configurations Configuration

7.4.4 High Precision Mode

The High Precision Mode increases the accuracy of the data measurement to 16-bit accuracy. This is useful for
applications where the level of precision required to accurately measure the sensor output needs to be higher
than 12 bits. Applications that could take advantage of this type of functionality include gas detectors, air quality
testers, water quality testers, and so on.

For this mode, Set OPMODE_SEL register to 111b. In this mode, the device starts converting and starts
accumulating the conversion results in an accumulator on setting the SEQ_START bit. The device stops
accumulating the conversion results in accumulator after 16 conversions or when the SEQ_ABORT bit is set.
Upon accumulating 16 twelve bit conversions, the accumulator contains one 16 bit conversion result. The device
has an accumulator for each channel and the device accumulates conversion results from each channel into the
respective accumulator. If the operation of the device is aborted in high precision mode before the BUSY/RDY
pin goes low, the device provides invalid data. In this mode, on providing a device address and read bit for
reading data buffer (Figure 46), the device provides zeroes as output. In this mode, the BUSY/RDY can be used
to wake up the MCU or host from sleep or hibernation on completion of accumulation. The steps for configuring
the device into High Precision Mode are illustrated in Figure 66 .
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C

High Precision Mode® >

v

Select the Channels in AUTO

Sequence®

v

Select the Oscillator
& Set the nCLK value®

v

Enable the accumulator®

<

A 4

Set the SEQ_START Bit®

A 4

Device Starts Conversions
& Starts Accumulating Data

I <
<

Check Busy/RDY
pin to see if 16
accumulations are
completed

Read the Accumulated Results®

Continue in High
Presicion Mode

@xit to another Operation Mode”)

(1) For setting the operation mode to High Precision mode, Refer to Figure 54
(2) Select the channels in the AUTO_SEQ_CFG register.

(3) Select the oscillator by configuring the OSC_SEL register and configure the nCLK register.
(4) Enable the accumulator by setting bits in the ACC_EN register.
(5) Set the bit SEQ_START bit in the START_SEQUENCE register.

(6) Read the ACC_CHx_xxx registers.

(7) Select another operation mode in the OPMODE_SEL register.
(8) For reading and writing registers, Refer to Device Programming section.

Figure 66. Configuring Device in High Precision Mode

It is recommended to abort the present sequence by setting the SEQ_ABORT bit before changing the device

operation mode or device configuration.
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Figure 67 illustrates the accumulation of conversion results in high precision mode.

ADC Conversion Result

A

-

Device stops after
accumulating 16
conversion results

Device starts
laccumulating on setting
the SEQ_START bit

Accumulated in Device stops after
| Accumulator for CHO L accumulating 16

conversion results

Device starts

accumulating on setting| @ ‘o,
the SEQ_START bit_|

ADC Conversion Result

' .

Pl \. “eConvdrsion [15] for CHO
N

a b

® Conversion [15] for CHx

& Conversion [0] for CHx p
Conversion [0] @
for CHO

| | | »
i Accumulated in
BUSY/RBY | & Comerson(ojor e Accumulator for CH1

Conversion [15] for CH1

BUSY/RDY

-
Time

Figure 67. High Precision Mode with Single Figure 68. High Precision Mode with Dual
Channel Configurations Channel Configurations

-
——
Time

7.5 Optimizing Power Consumed by the Device

Keep the analog supply voltage (AVDD) as close as possible to the analog input signal to the device. Set
AVDD to be greater than or equal to the analog input signal to the device.

Keep the digital supply voltage (DVDD) at the lowest permissible value.

In Manual Mode, run the device at the optimum sampling speed. Power consumption scales with Sampling
Speed. In Manual Mode, the sampling speed is dependent on time period (or frequency) of SCL (Equation 7).
Figure 69 and Figure 70 illustrate scaling of laypp and Ipypp With SCL in Manual Mode.

300 30

240 24

3 180 3 18
) )

< 120 o 12

60 6

0 0

100 760 1420 2080 2740 3400 100 760 1420 2080 2740 3400
SCL (kHz) SCL (kHz)
DVDD =3.3V
Figure 69. Iaypp in Manual Mode with SCL Figure 70. Ipypp in Manual Mode with SCL

In Autonomous Modes and High Precision Mode, the balance between sampling speed and power
consumption can be obtained by selecting the oscillator for conversion and setting the nCLK value. The
device sampling speed and power consumption reduce by increasing the nCLK value. Refer to Figure 71,
Figure 72, Figure 73 and Figure 74 for current consumption in Autonomous modes and High Precision mode
with different nCLK values.
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Optimizing Power Consumed by the Device (continued)

1 1000
— AVDD =18V — AVDD =18V
—- AVDD=3V N\ —- AVDD =3V
0.8 860 —=
—~ \ ~ —_ \ N ~
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0.2 440
\
0 300
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Stop Burst Mode With Low Power Oscillator Stop Burst Mode With High Speed Oscillator
Figure 71. Iaypp in Autonomous Modes with nCLK Figure 72. Iaypp in Autonomous Modes with nCLK
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Figure 73. laypp in High Precision Mode with nCLK Figure 74. Iaypp in High Precision Mode with nCLK
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7.6 Register Map

Table 5 provides the list of registers in the device. All the registers reset to their default values on power up and
on receiving a General Call with Software Reset. (See Reset section).

Table 5. Register Map

S.NO. | ADDRESS | REGISTER NAME ‘ REGISTER DESCRIPTION

RESET REGISTERS

1 17h WKEY Write Key for writing into DEVICE_RESET register

2 14h DEVICE_RESET Resets the device

FUNCTIONAL MODE SELECT REGISTERS

3 15h OFFSET_CAL Initiates Internal Offset Calibration Cycle

4 1Ch OPMODE_SEL Sets the operation mode and enables auto-sequencing

5 00h OPMODE_I2CMODE_STATUS Provides the present Operating Mode and 12C mode information
INPUT CONFIG REGISTER

6 24h CHANNEL_INPUT_CFG Configures the analog input channels

ANALOG MUX and SEQUENCER REGISTERS

7 20h AUTO_SEQ_CHEN Enables Auto sequencing for selected channels

8 1Eh START_SEQUENCE Starts the channel scanning sequence

9 1Fh ABORT_SEQUENCE Aborts the channel scanning sequence

10 04h SEQUENCE_STATUS Provides the status of sequence in device
OSCILLATOR and TIMING CONTROL REGISTERS

11 18h OSC_SEL Selects the oscillator for the conversion process

12 19h nCLK_SEL Sets the nCLK for the device

DATA BUFFER CONTROL REGISTER

13 2Ch DATA_BUFFER_OPMODE Selects Data Buffer operation mode

14 28h DOUT_FORMAT_CFG Configures the data output format for data buffer

15 01h DATA_BUFFER_STATUS Provides the present status of Data Buffer
ACCUMULATOR CONTROL REGISTERS

16 30h ACC_EN Enables the Accumulator

17 08h ACC_CHO_LSB Provides the LSB of accumulated data for CHO (Read Only)
18 0%h ACC_CHO_MSB Provides the MSB of accumulated data for CHO (Read Only)
19 0Ah ACC_CH1_LSB Provides the LSB of accumulated data for CH1 (Read Only)
20 0Bh ACC_CH1_MSB Provides the MSB of accumulated data for CH1 (Read Only)
21 02h ACCUMULATOR_STATUS Provides the present status of Accumulator
DIGITAL WINDOW COMPARATOR REGISTERS

22 37h ALERT_DWC_EN Enables the Alert and Digital Window Comparator block
23 34h ALERT_CHEN Enables Alert functionality for individual channels

24 39h DWC_HTH_CHO_MSB Sets the MSB for High threshold for CHO

25 38h DWC_HTH_CHO_LSB Sets the LSB for High Threshold for CHO

26 3Bh DWC_LTH_CHO_MSB Sets the MSB for Low threshold for CHO

27 3Ah DWC_LTH_CHO_LSB Sets the LSB for Low threshold for CHO

28 40h DWC_HYS_CHO Sets Hysteresis for CHO

29 3Dh DWC_HTH_CH1_MSB Sets the MSB for High threshold for CH1

30 3Ch DWC_HTH_CH1_LSB Sets the LSB for High threshold for CH1

31 3Fh DWC_LTH_CH1_MSB Sets the MSB for Low threshold for CH1

32 3Eh DWC_LTH_CH1_LSB Sets the LSB for Low threshold for CH1

33 41h DWC_HYS _CH1 Sets Hysteresis for CH1

34 36h PRE_ALT_MAX_EVENT_COUNT Sets the Pre-Alert Event Counter for both channels

35 03h ALERT_TRIG_CHID Provides the channel ID of channel which was first to set the alert output
36 0Ch ALERT_LOW_FLAGS Latched flags for Low alert

37 OEh ALERT_HIGH_FLAGS Latched flags for High alert
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7.6.1 RESET REGISTERS

These registers control the device reset operation (see Reset section).

7.6.1.1 WKEY Register (address = 17h), [reset = 00h]

A write to this register enables write access to the DEVICE_RESET register.

NOTE
WKEY register is not reset to default value on device reset (see Reset section). After
coming out of device reset, write 00h to the WKEY register to prevent erroneous reset.

Figure 75. WKEY Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ KEYWORDI3:0]
R-0b R-0b R-0b R-0b R/W-0000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 6. WKEY Register Field Descriptions

Bit Field Type Reset Description

7-4 RESERVED R 0000b Reserved Bits. Do not write. Read returns 0000b

3-0 KEYWORD[3:0] R/W 0000b Write 1010b into these bits to get write access for the
DEVICE_RESET register.

7.6.1.2 DEVICE_RESET Register (address = 14h), [reset = 00h]
A write to this register resets the device (see Reset section).

NOTE

KEYWORD[3:0] bits in the WKEY register must be programmed to 1010b to enable write
into the DEVICE_RESET register.

Figure 76. DEVICE_RESET Register

7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 0 DEV_RST
R-0b R-0b R-0b R-0b R-0b R-0b R-0b W-0b

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

Table 7. DEVICE_RESET Register Field Descriptions

Bit Field Type Reset Description

7-1 RESERVED R 0000000b Reserved Bits. Read returns 0000000b

0 DEV_RST W Ob Writing 1 into this bit resets the device.
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7.6.2 FUNCTIONAL MODE SELECT REGISTERS
These set of registers select the functional mode of the device.
7.6.2.1 OFFSET_CAL Register (address = 15h), [reset = 00h]
Write to this register initiates internal offset calibration cycle (see Offset Calibration).
Figure 77. OFFSET_CAL Register
7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ 0 TRIG_OFFCAL
R-0b R-0b R-0b R-0b R-0b R-0b R-0b W-0b
LEGEND: R/W = Read/Write; R = Read only; W = Write only; -n = value after reset
Table 8. OFFSET_CAL Register Field Descriptions
Bit Field Type Reset Description
7-1 RESERVED R 0000000b Reserved Bits. Read returns 0000000b
0 TRIG_OFFCAL W Ob Writing 1 into this bit triggers internal offset calibration.
7.6.2.2 OPMODE_SEL Register (address = 1Ch), [reset = 00h]
Write to this register sets the Operation Mode of the device.
Figure 78. OPMODE_SEL Register
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | SEL_OPMODE[2:0]
R-0b R-0b R-0b R-0b R-0b R/W-000b

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

Table 9. OPMODE_SEL Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R 00000b Reserved Bits. Read returns 00000b
2-0 SEL_OPMODE[2:0] R/W 000b These bits set the functional mode for the device

000b = Manual Mode with CHO only. (Default Mode).

001b = Same as 000b.

010b = Reserved, Do not use.

011b = Reserved, Do not use.

100b = Manual Mode with AUTO Sequencing enabled.

101b = Manual Mode with AUTO Sequencing enabled.

110b = Autonomous Monitoring Mode with AUTO Sequencing
enabled.

111b = High Precision Mode with AUTO Sequencing enabled.
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7.6.2.3 OPMODE_I2CMODE_STATUS Register (address = 00h), [reset = 00h]
This register provides the present operation mode and I2C mode information (Read Only).

Figure 79. OPMODE_I2CMODE_STATUS Register

7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | Hs MODE | DEV_OPMODEJL:0]
R-0b R-0b R-0b R-0b R-0b R-0b R-00b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 10. OPMODE_I2CMODE_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R 00000b Reserved bits. Reads return 00000b.

2 HS_MODE R Ob Indicates when device in High speed mode for I°C Interface.
Ob = Device is not in High speed mode for 12C Interface.
1b = Device is in High speed mode for I°C Interface.

1-0 DEV_OPMODE[1:0] R 00b Indicates the functional mode of the device.
00b = Device is operating in Manual Mode
01b = Not Used
10b = Device is operating in Autonomous Monitoring Mode
11b = Device is operating in High Precision Mode
7.6.3 INPUT CONFIG REGISTER

This register configures the analog input pins of the device (see Analog Input and Multiplexer).
7.6.3.1 CHANNEL_INPUT_CFG Register (address = 24h), [reset = 00h]
Write to this register configures the analog input channels. .

Figure 80. CHANNEL_INPUT_CFG Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 CHO_CH1_IP_CFG[L.0]
R-0Ob R-0b R-0Ob R-0b R-0b R/W-00b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 11. CHANNEL_INPUT_CFG Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved Bits. Read returns 000000b
1-0 CHO_CH1_IP_CFGJ[1:0] R/W 00b Selects configuration for the input pins

00b = Two-Channel, Single-Ended configuration

01b = Single-Channel, Single-Ended configuration with Remote
Ground Sensing

10b = Single-Channel, Pseudo-Differential configuration

11b = Two-Channel, Single-Ended configuration
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7.6.4 ANALOG MUX and SEQUENCER REGISTERS
These registers configure the analog multiplexer and channel sequencing.

7.6.4.1 AUTO_SEQ _CHEN Register (address = 20h), [reset = 03h]

This register selects the channels that are scanned when Auto-Sequencing is enabled. By default, both channels
are selected at power up.

Figure 81. AUTO_SEQ_CHEN Register

7 6 5 4 3 2 1 0
0 0 0 0 0 0 AUTOSEQ EN | AUTOSEQ EN
_CH1 _CHoO
R-0b R-0b R-0b R-0b R-0b R-0b R/W-1b R/W-1b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 12. AUTO_SEQ_CHEN Register Field Descriptions
Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved Bits. Read returns 000000b
1 AUTO_SEQ_CH1 R/W 1b 0 = Channel 1 is not selected for auto sequencing
1= Channel 1 is selected for auto sequencing
0 AUTO_SEQ_CHO R/W 1b 0 = Channel 0 is not selected for auto sequencing
1= Channel 0 is selected for auto sequencing
7.6.4.2 START_SEQUENCE Register (address = 1Eh), [reset = 00h]
A write to this register starts the channel scanning sequence.
Figure 82. START_SEQUENCE Register
7 6 5 4 8 2 1 0
0 0 \ 0 | 0 \ 0 | 0 0 | SEQ START
R-0b R-0b R-0b R-0b R-0b R-0b R-0b W-0b

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

Table 13. START_SEQUENCE Register Field Descriptions

Bit Field Type Reset Description
7-1 RESERVED R 0000000b Reserved Bits. Read returns 0000000b
0 SEQ_START W Ob Setting this bit = 1 brings the BUSY/RDY pin high and starts the first
conversion in the sequence
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7.6.4.3 ABORT_SEQUENCE Register (address = 1Fh), [reset = 00h]

A write to this register aborts the channel scanning sequence. Once sequence is aborted using this register, it is
recommended to read the DATA_BUFFER_STATUS register to know the number of entries filled in the data
buffer or ACCUMULATOR_STATUS register to know number of accumulations finished before the abort.

Figure 83. ABORT_SEQUENCE Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ 0 | SEQ_ABORT
R-0b R-0b R-0b R-0b R-0b R-0b R-0b W-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 14. ABORT_SEQUENCE Register Field Descriptions

Bit Field Type Reset Description
7-1 RESERVED R 0000000b Reserved Bits. Read returns 0000000b
0 SEQ_ABORT W Ob Setting this bit = 1 aborts the ongoing conversion and brings the
BUSY/RDY pin low

7.6.4.4 SEQUENCE_STATUS Register (address = 04h), [reset = 00h]
Provides the status of sequence in device (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 84. SEQUENCE_STATUS Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | SEQ_ERR_ST[L:0] | 0
R-0b R-0b R-0b R-0b R-0b R-00b R-0b

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

Table 15. SEQUENCE_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R 00000b Reserved bits. Reads return 00000b.
2-1 SEQ_ERR_STI[1:0] R 00b Status of device sequence

00b = Auto Sequencing disabled, no error.

01b = Auto Sequencing enabled, no error.

10b = Not used

11b = Auto Sequencing enabled, device in error.

0 0 R Ob Reserved bit. Reads return 0.
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7.6.5 OSCILLATOR and TIMING CONTROL REGISTERS

These registers select the oscillator used for the conversion process and cycle time for a single conversion (see
Oscillator and Timing Control section).

7.6.5.1 OSC_SEL Register (address = 18h), [reset = 00h]
A write to this register selects the oscillator used for the conversion process.

Figure 85. OSC_SEL Register

7 6 5 4 3 2 1 0
0 0 \ 0 [ 0 \ 0 [ 0 0 HSZ_LP
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R/W-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 16. OSC_SEL Register Field Descriptions

Bit Field Type Reset Description
7-1 RESERVED R 0000000b Reserved Bits. Read returns 0000000b
0 HSZ_ LP R/W Ob Ob = Device uses High Speed Oscillator
1b = Device uses Low Power Oscillator

7.6.5.2 nCLK_SEL Register (address = 19h), [reset = 00h]

This register controls the cycle time for a single conversion by setting the nCLK parameter. nCLK is the number
of clocks of the selected oscillator that the device uses for one conversion cycle.

Figure 86. nCLK_SEL Register

7 6 5 4 3 2 1 0
nCLK[7:0]
R/W-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 17. nCLK_SEL Register Field Descriptions

Bit Field Type Reset
7-0 nCLK[7:0] R/IW 00000000b

Description

Sets number of clocks of the oscillator that the device uses for one
conversion cycle.

When using the High Speed Oscillator: For Value x written into the
nCLK register

e« ifx=21,nCLK is setto 21 (00010101b)

* ifx>21,nCLK is set to x

When using the Low Power Oscillator, For Value x written into the
nCLK register:

e ifx =18, nCLK is set to 18 (00010010b)

e ifx>18, nCLK is set to x
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7.6.6 DATA BUFFER CONTROL REGISTER
This register controls the operation of the Data Buffer (see Data Buffer section).
7.6.6.1 DATA_BUFFER_OPMODE Register (address = 2Ch), [reset = 01h]
A write to this register selects the operation mode of the Data Buffer.
Figure 87. DATA_BUFFER_OPMODE Register
7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | STARTSTOP_CNTRL[2:0]
R-0b R-0b R-0b R-0b R-0b R/W-001b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 18. DATA_BUFFER_OPMODE Register Field Descriptions
Bit Field Type Reset Description
7-3 RESERVED R 00000b Reserved Bits. Read returns 00000b
2-0 |STARTSTOP_CNTRL [2:0] |R/W 001b 000b = Stop Burst Mode
001b = Start Burst Mode, default
010b = Reserved, do not use
011b = Reserved, do not use
100b = Pre Alert Data Mode
101b = Reserved, do not use
110b = Post Alert Data Mode
111b = Reserved, do not use
7.6.6.2 DOUT_FORMAT_CFG Register (address = 28h), [reset = 00h]
This register controls the 16-bit contents of the data word in the data buffer.
Figure 88. DOUT_FORMAT_CFG Register
7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 DOUT_FORMATIL:0]
R-0b R-0b R-0b R-0b R-0b R-0b R/W-00b

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

Table 19. DOUT_FORMAT_CFG Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved Bits. Read returns 000000b
1-0 DOUT_FORMAT[1:0] R/W 00b 00b = 12-bit conversion result followed by 0000b

01b = 12-bit conversion result followed by 3-bit Channel ID (000b for
CHO, 001b for CH1)

10b = 12-bit conversion result followed by 3-bit Channel ID (000b for
CHO, 001b for CH1) followed by DATA_VALID bit

11b = 12-bit conversion result followed by 0000b
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7.6.6.3 DATA_BUFFER_STATUS Register (address = 01h), [reset = 00h]
Provides the number of entries filled in the data buffer till last conversion. (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 89. DATA_BUFFER_STATUS Register

7 6 5 4 3 2 1 0
0 0 \ 0 | DATA_WORDCOUNTI[4:0]
R-Ob R-Ob R-Ob R-00000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 20. DATA_BUFFER_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R 000b Reserved Bits. Read returns 000b
4-0 DATA_WORDCOUNT | R 00000b DATA_WORDCOUNT [00000] to [10000] = Number of entries filled
[4:0] in data buffer (0 to 16)
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7.6.7 ACCUMULATOR CONTROL REGISTERS
These registers control the operation of the Accumulator (see Accumulator section).
7.6.7.1 ACC_EN Register (address = 30h), [reset = 00h]
This register enables the accumulator.
Figure 90. ACC_EN Register
7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ EN_ACC[3:0]
R-Ob R-0b R-Ob R-0b R/W-0000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 21. ACC_EN Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved Bits. Read returns 0000b
3-0 EN_ACCJ3:0] R/W 0000b 0000b = Accumulator is disabled

0001b to 1110b = Reserved, do not use
1111b = Accumulator is enabled

7.6.7.2 ACC_CHO_LSB Register (address = 08h), [reset = 00h]
Provides the LSB of accumulated data for CHO (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 91. ACC_CHO_LSB Register

7 6 5 4 3 2 1 0
CHO_LSB[7:0]
R-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 22. ACC_CHO_LSB Register Field Descriptions

Bit Field Type Reset Description
7-0 CHO_LSB[7:0] R 00000000b | LSB of accumulated data for CHO

7.6.7.3 ACC_CHO_MSB Register (address = 09h), [reset = 00h]
Provides the MSB of accumulated data for CHO (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 92. ACC_CHO_MSB Register

7 6 5 4 & 2 1 0
CHO_MSBJ[7:0]
R-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 23. ACC_CHO_MSB Register Field Descriptions

Bit Field Type Reset Description
7-0 CHO_MSBJ7:0] R 00000000b | MSB of accumulated data for CHO
52 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated

Product Folder Links: ADS7142


http://www.ti.com/product/ads7142?qgpn=ads7142
http://www.ti.com
http://www.ti.com/product/ads7142?qgpn=ads7142
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS773A&partnum=ADS7142

13 TEXAS
INSTRUMENTS
ADS7142

www.ti.com SBAS773A —SEPTEMBER 2017 —-REVISED DECEMBER 2017

7.6.7.4 ACC_CH1 _LSB Register (address = 0Ah), [reset = 00h]
Provides the LSB of accumulated data for CH1 (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 93. ACC_CH1 LSB Register

7 6 B 4 3 2 1 0
CH1_LSB[7:0]
R-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 24. ACC_CH1 LSB Register Field Descriptions

Bit Field Type Reset Description
7-0 CH1_LSB[7:0] R 00000000b | LSB of accumulated data for CH1

7.6.7.5 ACC_CH1_MSB Register (address = 0Bh), [reset = 00h]
Provides the MSB of accumulated data for CH1 (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 94. ACC_CH1 MSB Register

7 6 5 4 3 2 1 0
CH1_MSB[7:0]
R-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 25. ACC_CH1 MSB Register Field Descriptions

Bit Field Type Reset Description
7-0 CH1_MSBJ[7:0] R 00000000b | MSB of accumulated data for CH1

7.6.7.6  ACCUMULATOR_STATUS Register (address = 02h), [reset = 00h]
Provides the present status of Accumulator (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 95. ACCUMULATOR_STATUS Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ ACC_COUNT[3:0]
R-0b R-0b R-0b R-0b R-0000b

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

Table 26. ACCUMULATOR_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved Bits. Read returns 0000b
3-0 ACC_COUNT[3:0] R 0000b ACC_COUNT = Number of accumulation completed till last finished
conversion.
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7.6.8 DIGITAL WINDOW COMPARATOR REGISTERS

These registers control the operation of the Digital Window Comparator (see Digital Window Comparator
section).

7.6.8.1 ALERT_DWC_EN Register (address = 37h), [reset = 00h]
Write to this register enables the Alert and Digital Window Comparator block.

Figure 96. ALERT_DWC_EN Register

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 DWC_BLOCK_
EN
R-Ob R-0b R-Ob R-0b R-Ob R-0b R-Ob RIW-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 27. ALERT_DWC_EN Register Field Descriptions

Bit Field Type Reset Description
7-1 RESERVED R 0000000b Reserved Bits. Read returns 0000000b
0 DWC_BLOCK_EN R/W Ob 0 = Disables Digital Window Comparator
1 = Enables Digital Window Comparator

7.6.8.2 ALERT_CHEN (address = 34h), [reset = 00h]
This register enables Alert functionality for individual channels.

Figure 97. ALERT_CHEN Register

7 6 5 4 3 2 1 0
0 0 0 0 0 0 ALERT_EN_C | ALERT_EN_C
H1 HO
R-Ob R-0b R-Ob R-0b R-Ob R-0b RIW-1b RIW-1b

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

Table 28. ALERT_CHEN Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved Bits. Read returns 000000b
1 ALERT_EN_CH1 R/W Ob Enables alert functionality for CH1

Ob = Alert is disabled for CH1, default
1b = Alert is enabled for CH1

0 ALERT_EN_CHO R/W Ob Enables alert functionality for CHO
Ob = Alert is disabled for CHO, default
1b = Alert is enabled for CHO

7.6.8.3 DWC_HTH_CHO_MSB Register (address = 39h), [reset = 00h]
This register sets the four most significant bits of high threshold for CHO.

Figure 98. DWC_HTH_CHO_MSB Register

7 6 5 4 5 2 1 0
0 0 \ 0 [ 0 \ HTH_CHO_MSB[3:0]
R-Ob R-0b R-Ob R-0b R/W-0000b

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

Table 29. DWC_HTH_CHO_LSB Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved Bits. Read returns 0000b
3-0 HTH_CHO_MSBJ3:0] R/W 0000b 4 most significant bits of high threshold for CHO
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7.6.8.4 DWC_HTH_CHO_LSB Register (address = 38h), [reset = 00h]
This register sets the eight least significant bits of high threshold for CHO.

Figure 99. DWC_HTH_CHO_LSB Register

7 6 5 4 8 2 1 0

HTH_CHO_LSB[7:0]

R/W-00000000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 30. DWC_HTH_CHO_LSB Register Field Descriptions

Bit Field Type Reset Description

7-0 HTH_CHO_LSB[7:0] R/W 00000000b | 8 least significant bits of high threshold for CHO

7.6.8.5 DWC_LTH_CHO_MSB Register (address = 3Bh), [reset = 00h]

This register sets the four most significant bits of low threshold for CHO.

Figure 100. DWC_LTH_CHO_MSB Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ LTH_CHO_MSB[3:0]
R-0b R-0b R-0b R-0b R/W-0000b

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

Table 31. DWC_LTH_CHO_MSB Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved Bits. Read returns 0000b
3-0 LTH_CHO_MSBJ3:0] R/W 0000b 4 most significant bits of low threshold for CHO

7.6.8.6 DWC_LTH_CHO_LSB Register (address = 3Ah), [reset = 00h]
This register sets the eight least significant bits of low threshold for CHO.

Figure 101. DWC_LTH_CHO_LSB Register

7 6 5 4 3 2 1 0

LTH_CHO_LSBI[7:0]

R/W-00000000b

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

Table 32. DWC_LTH_CHO_LSB Register Field Descriptions

Bit Field Type Reset Description
7-0 LTH_CHO_LSBJ[7:0] R/W 00000000b | 8 least significant bits of low threshold for CHO
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7.6.8.7 DWC_HYS_CHO (address = 40h), [reset = 00h]

This register sets the hysteresis for both comparators for CHO.

Figure 102. DWC_HYS_CHO Register

7 6 5 4 3 2 1 0
0 0 \ HYS_CHO[5:0]
R-0b R-0b R/W-000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 33. DWC_HYS_CHO Register Field Descriptions
Bit Field Type Reset Description
7-6 RESERVED R 00b Reserved Bits. Read returns 0000000b
5-0 HYS_CHOI[5:0] R/W 000000b Hysteresis for both comparators for CHO
7.6.8.8 DWC_HTH_CH1_MSB Register (address = 3Dh), [reset = 00h]
This register sets the four most significant bits of high threshold for CH1.
Figure 103. DWC_HTH_CH1_MSB Register
7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ HTH_CH1 MSB[3:0]
R-0b R-0b R-0b R-0b R/W-0000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 34. DWC_HTH_CH1_LSB Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved Bits. Read returns 0000b
3-0 HTH_CH1_MSBJ3:0] R/W 0000b 4 most significant bits of high threshold for CH1
7.6.8.9 DWC_HTH_CH1_LSB Register (address = 3Ch), [reset = 00h]
This register sets the eight least significant bits of high threshold for CH1.
Figure 104. DWC_HTH_CH1_LSB Register
7 6 5 4 3 2 1 0
HTH_CH1_LSB[7:0]
R/W-00000000b

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

Table 35. DWC_HTH_CH1_LSB Register Field Descriptions

Bit Field Type Reset Description
7-0 HTH_CH1_LSBJ[7:0] R/W 00000000b | 8 least significant bits of high threshold for CH1
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7.6.8.10 DWC_LTH_CH1 MSB Register (address = 3Fh), [reset = 00h]
This register sets the four most significant bits of low threshold for CH1.
Figure 105. DWC_LTH_CH1_MSB Register
7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ LTH_CH1_MSB[3:0]
R-Ob R-Ob R-Ob R-Ob R/W-0000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 36. DWC_LTH_CH1 MSB Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved Bits. Read returns 0000b
3-0 LTH_CH1_MSBJ3:0] R/W 0000b 4 most significant bits of low threshold for CH1
7.6.8.11 DWC_LTH_CH1 LSB Register (address = 3Eh), [reset = 00h]
This register sets the eight least significant bits of low threshold for CH1.
Figure 106. DWC_LTH_CH1_LSB Register
7 6 5 4 3 2 1 0
LTH_CH1_LSB[7:0]
R/W-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 37. DWC_LTH_CH1_L SB Register Field Descriptions
Bit Field Type Reset Description
7-0 LTH_CH1_LSB[7:0] R/W 00000000b | 8 least significant bits of low threshold for CH1
7.6.8.12 DWC_HYS_CH1 (address = 41h), [reset = 00h]
This register sets the hysteresis for both comparators for CH1.
Figure 107. DWC_HYS_CH1 Register
7 6 5 4 3 2 1 0
0 0 HYS_CH1[5:0]
R-0Ob R-0b R/W-000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 38. DWC_HYS_CH1 Register Field Descriptions
Bit Field Type Reset Description
7-6 RESERVED R 00b Reserved Bits. Read returns 0000000b
5-0 HYS_CH1[5:0] R/W 000000b Hysteresis for both comparators for CH1
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7.6.8.13 PRE_ALT_MAX EVENT_COUNT Register (address = 36h), [reset = 00h]
This register sets the Pre-Alert Event Count for both, high and low comparators, for both the channels.

Figure 108. PRE_ALT_MAX_EVENT_COUNT Register

7 6 5 4 3 2 1 0
PREALERT COUNT[3:0] \ 0 | 0 \ 0 0
R/W-0000b R-Ob R-0b R-Ob R-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 39. PRE_ALT_MAX_EVENT_COUNT Register Field Descriptions

Bit Field Type Reset Description
7-4 PREALERT_COUNT]I3:0] R/W 0000b Sets the Pre-Alert Event Count = PREALERT_COUNT[3:0] + 1
3-0 RESERVED R 0000b Reserved Bits. Read returns 0000b

7.6.8.14 ALERT_TRIG_CHID Register (address = 03h), [reset = 00h]
Provides the channel ID of channel which was first to set the alert output (Read Only).

This register is cleared at power-up, on receiving general call reset, on device reset or when SEQ_START bit in
START_SEQUENCE register is set to 1.

Figure 109. ALERT_TRIG_CHID Register

7 6 5 4 3 2 1 0
ALERT_TRIG_CHID[3:0] \ 0 | 0 0 0
R-0000b R-0b R-0b R-0b R-0b

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

Table 40. ALERT_TRIG_CHID Register Field Descriptions

Bit Field Type Reset Description

7-4 ALERT_TRIG_CHID[3:0] R 0000b Provides the channel ID of channel which was first to set the
alert output

0000b = Channel 0

0001b = Channel 1

0010b to 1111b = Not used

3-0 RESERVED R 0000b Reserved bits. Reads return 0000b.
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7.6.8.15 ALERT_LOW_FLAGS Register (address = 0C), [reset = 00h]

This register provides the status of latched flags for low alert. All flags are cleared at power up, on general call
reset (General Call with Software Reset), or by writing FFh to this register. To clear individual alert flag, write 1 to
the corresponding bit location. It is recommended to reset the flags when device is not busy (BUSY/RDY pin is
low).

Figure 110. ALERT_LOW_FLAGS Register

7 6 5 4 3 2 1 0
0 0 0 0 0 0 ALERT_LOW_ | ALERT_LOW._
CH1 CHO
R-Ob R-0b R-Ob R-0b R-Ob R-0b R/W-0b RIW-0b

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

Table 41. ALERT_LOW_FLAGS Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved Bits. Read returns 000000b
1 ALERT_LOW_CH1 R/W Ob Indicates alert on low side comparator for CH1
Ob = Alert is not set for low side comparator for CH1
1b = Alert is set for low side comparator for CH1.
0 ALERT_LOW_CHO R/W Ob Indicates alert on low side comparator for CHO
Ob = Alert is not set for low side comparator for CHO
1b = Alert is set for low side comparator for CHO.

7.6.8.16 ALERT_HIGH_FLAGS Register (address = OEh), [reset = 00h]

This register provides the status of latched flags for high alert. All flags are cleared at power up, on general call
reset (General Call with Software Reset), or by writing FFh to this register. To clear individual alert flag, write 1 to
the corresponding bit location. It is recommended to reset the flags when device is not busy (BUSY/RDY pin is
low).

Figure 111. ALERT_HIGH_FLAGS Register

7 6 5 3 2 1 0
0 0 0 0 0 0 ALERT_HIGH_ | ALERT_HIGH_
CH1 CHO
R-0b R-0b R-0b R-0b R-0b R-0b R/W-0b R/W-0b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 42. ALERT_HIGH_FLAGS Register Field Descriptions
Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved Bits. Read returns 000000b
1 ALERT_HIGH_CH1 R/W Ob Indicates alert on high side comparator for CH1
Ob = Alert is not set for high side comparator for CH1
1b = Alert is set for high side comparator for CH1.
0 ALERT_HIGH_CHO R/W Ob Indicates alert on high side comparator for CHO
Ob = Alert is not set for high side comparator for CHO
1b = Alert is set for high side comparator for CHO.
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8 Application and Implementation

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

8.1 Application Information

In an increasing number of industrial applications, data acquisition sub-systems are collecting more data about
the environment in which the system is operating and applying deep learning algorithms in order to improve
system reliability, implement preventative maintenance, and/or enhance the quality of data collected by the
system. The ADS7142 can be used to connect to a variety of sensors and can provide deeper data analytics at
lower power levels than existing solutions. The depth of analysis that can be performed on the data collected by
the ADS7142 is enhanced by the internal data buffer, programmable alarm thresholds and hysteresis, event
counter, and internal calibration circuitry. The applications circuits described in this section highlight specific use-
cases of the ADS7142 for data collection that can further increase the depth and quality of the data being
measured by the system.

8.2 Typical Applications

8.2.1 ADS7142 as a Programmable Comparator with False Trigger Prevention and Diagnostics

+Vop

VREF(UPPER)

Vin ©

p
Copyright © 2017, Texas Instruments Incorporated

Figure 112. Analog Window Comparator

8.2.1.1 Design Requirements

In many applications such as industrial alarms, sensor monitors, and level sensors, there is a need to make a
decision at the system-level when the input signal crosses a predefined threshold. Analog window comparators
are being used extensively in such applications.

An analog window comparator has a set of comparators. The external input signal is connected to the inverting
terminal of one comparator and the noninverting terminal of the other comparator. The remaining input of each
comparator is connected to the internal reference. The outputs are tied together and are often connected to a
reset or general-purpose input of a processor (such as a digital signal processor, field-programmable gate array,
or application-specific integrated circuit) or the enable input of a voltage regulator (such as a DC-DC or low-
dropout regulator). Figure 112 shows the circuit diagram for an analog window comparator.
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Typical Applications (continued)

Though analog comparators are easy to design, there are certain disadvantages associated with analog
comparators.

8.2.1.1.1 Higher Power Consumption

If the voltage that is monitored is greater than the window comparator supply voltage, then there is a need for a
resistive divider ladder to scale down that voltage. This resistive ladder draws a constant current and adds to the
power consumption of the system. In battery powered applications, this becomes a challenge and can adversely
affect the battery life.

8.2.1.1.2 Fixed Threshold Voltages

The window comparator thresholds cannot be changed on-the-fly since these are set by hardware (typically with
a resistive ladder). This may add a limitation if the user wants to change the comparator thresholds during
operation without switching in a new resistor ladder.

Many applications in the field of preventive maintenance, building automation, and Internet of Things (loT)
require a sensor monitor which operates autonomously and gives an alert/interrupt to the host MCU only when
the sensor output crosses a predefined, programmable threshold. Typically battery-operated, wireless sensor
nodes like smoke detectors, temperature monitors, ambient light sensors, proximity sensors and gas sensors fall
under this category. The ADS7142 is an excellent fit for such sensor monitoring systems due to its ability to
autonomously monitor sensor output and wake up the host controller whenever the sensor output crosses pre-
defined thresholds. Additionally, the ADS7142 has an internal data buffer which can store 16 sample data which
the user can read if further analysis is required. Figure 113 shows typical block diagram of ADS7142 as sensor
monitor. As is shown in Figure 113, the sensor can be connected directly to the input of the ADC (depending on
the sensor output signal characteristics).

3v3
ReLr
ANN—e
+ L scL
Sensor 1 C AINO SDA
Host MCU
oD IGND ADS7142 ALERT
AIN1 ——
Rer BUSY/RDY
+ T
Sensor 2 c i
GND
GND GND GND
Copyright © 2017, Texas Instruments Incorporated
Figure 113. Sensor Monitor Circuit with ADS7142
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Typical Applications (continued)
8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Programmable Thresholds and Hysteresis

The ADS7142 can be programmed to monitor sensor output voltages and generate an ALERT signal for the host
controller if the sensor output voltage crosses a threshold.

The device can be configured to monitor for signals rising above a programmed threshold. Figure 114 illustrates
the operation of the device when monitoring for signal crossings on the low threshold by setting the high
threshold to OxFFF. In this example, the output of the low-side comparator is set whenever the ADC conversion
result is less than or equal to the low threshold, and the output of the high-side comparator is only set when the
ADC conversion result is equal to OxFFF.

The device can also be configured to monitor for signals falling below a programmed threshold. Figure 115
illustrates the operation of the device when monitoring for signal crossings on the high threshold by setting the
low threshold to 0x000. In this example, the output of high-side comparator is set whenever the ADC conversion
result is greater than or equal to the high threshold and the output of the low-side comparator is only set when
the ADC conversion result is equal to 0x000.

High Threshold = OXFFF

PRE_ALT_MAX_EVENT_COUNT = 50h
Conversion [N+9] for CHx

High Side Comparator
Conversion [N] for CHx

Low Side Comparator

Low Threshold + Hysteresis
High Side Comparator

Conversion [N+5] for CHx Low T}hTEShOId
|Conversion [N+10] for CHx Low Side Comparator

High Side Comparator Output I PRE_ALT_MAX_EVENT_COUNT = 50h

(Internal Signal Only)

Conversion [N] for CHx'

|
I
|
|
1
Low Side Comparator Output :
I
1
1
|

(Internal Signal Only)
i i High Side Com_parator Output
Figure 114. Low Alert with ADS7142 (Internal Signal Only)

(Internal Signal Only)

]
1

Low Side Comparator Output i

|

ALERT |

ALERT

Figure 115. High Alert with ADS7142
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The device can also be configured to monitor for signals falling outside of a programmed window. Figure 116
illustrates the operation of the device for an out-of-range alert where the signal leaves the pre-defined window
and crosses either the high or low threshold. In this example, the output of low side comparator is set whenever
the ADC conversion result is less than or equal to the low threshold, and the output of high side comparator is
set when the ADC conversion result is greater than or equal to the high threshold.

PRE_ALT_MAX_EVENT_COUNT = 50h
Conversion [N+12] for CHXx

|
High Threshold
______ T
|

Conversion [N+7] for CHx

HysteresisI

High Side Comparator

Low Side Comparator

CI:)nversion IN] f{;r CHx Lt:Jw Threshold

! |

! |

Low Side Comparator Output |
(Internal Signal Only) : :

| T

|

|

(Internal Signal Only)

|
|
|
|
[ i
| |
|
High Side Comparator Output | :
| |
|
| |
|

Figure 116. Out of Range Alert with ADS7142

8.2.1.2.2 False Trigger Prevention with Event Counter

The Pre-Alert event counter in the Digital Window Comparator helps to prevent false triggers. The alert output is
not set until the output of the comparator remains set for a pre-defined number (count) of consecutive
conversions.

8.2.1.2.3 Fault Diagnostics with Data Buffer

The modes which are specifically designed for autonomous sensor monitor applications are Pre-Alert mode and
Post-Alert mode. In Pre-Alert mode, the ADS7142 can be configured to monitor sensor outputs and continuously
fill the internal data buffer until a threshold crossing occurs. The ADS7142 generates an ALERT signal when the
sensor output falls outside of the predefined window of operation. In this particular mode, the ADS7142 stops
filling the data buffer when the threshold is crossed and provides the last 16 samples (15 sample data preceding
the sample at which the ALERT is generated and 1 sample data for which the ALERT is generated). Figure 117
shows the ADS7142 operation in Pre-Alert mode showing 16 data samples before the sensor output crosses the
low threshold. This is useful for applications where the state of the signal before the threshold is crossed is
important to capture. Using the data captured before the alert, deep data analysis can be performed to determine
the state of the system before the alert. This type of data is not available with analog comparators.

In Post-Alert mode, ADS7142 can be configured to monitor sensor outputs and start filling the internal data buffer
after a threshold crossing occurs. The ADS7142 generates an ALERT signal when the sensor output falls outside
of the predefined window of operation. In this particular mode, the ADS7142 continues to fill the data buffer after
the threshold is crossed for a total of 16 samples (1 sample data for which ALERT is generated and 15 sample
data after the sample at which ALERT is generated). Figure 118 shows the ADS7142 operation in Post-Alert
mode showing 16 data samples after the sensor output crosses the high threshold. This is useful for applications
where the state of the signal after the threshold is crossed is important to capture. Using the data captured after
the alert, deep data analysis can be performed for to determine the state of the system after the alert to detect
system-level events such as saturation. This data is not available with analog comparators.
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8.2.1.3 Application Curve
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8.2.2 Event-triggered PIR sensing with ADS7142

PIR
Sensor 1.8Vto 3.3V
I .
el
X
o
S
— | g R =
Loveis AMA—e ADS7142 SDA HOST MCU
C ALERT

Copyright © 2017, Texas Instruments Incorporated

Figure 119. PIR Sensor with ADS7142

8.2.2.1 Design Requirements

A passive infrared (PIR) sensor is a commonly used sensor to detect motion by measuring infrared light emitted
from any object that generates heat. PIR sensors are small, inexpensive, low-power, rugged, have a wide lens
range, and are easy to use. PIR sensors are commonly used in security lighting and alarm systems used in
indoor environments. When there is no motion or heat-emitting object in the vicinity of the sensor, the PIR sensor
output is a DC voltage which is typically specified in the PIR datasheet. When a source of heat, such as a person
or animal, comes into the sensor field of view, then the PIR sensor output changes. The amplitude of this signal
is proportional to the speed and distance of the object relative to the sensor and is in the range of millivolts peak-
to-peak. PIR sensors are often followed by a signhal conditioning stage which amplifies the IR sensor output. A
PIR sensor can be interfaced with the ADS7142 to make an ultra-low-power, autonomous PIR motion detector.
The Autonomous Modes of the ADS7142 with threshold monitoring enables the system to put the host MCU into
a low-power sleep mode and wake up the MCU only when motion is detected by the PIR sensor. Figure 119
shows a typical block diagram for an autonomous PIR motion detector using the ADS7142.

8.2.2.2 Detailed Design Procedure

The analog signal conditioning circuit is shown in the schematic in Figure 120. The first stage of the amplifier
filter acts as a bandpass filter while the second stage applies an inverting gain. Components R10 and C5 serve
as a low-pass filter to stabilize the supply voltage at the input to the sensor. Resistor R5 sets the bias current in
the JFET output transistor of the PIR motion sensor. To save power, R5 is larger than recommended and
essentially current starves the sensor. This comes at the expense of decreased sensitivity and higher output
noise at the sensor output, which is a fair tradeoff for increased battery lifetime. Some of the loss in sensitivity at
the sensor output can be compensated by a gain increase in the filter stages. Stage 1 of Figure 120 is arranged
as a non-inverting gain filter stage. This provides a high-impedance load to the sensor so its bias point remains
fixed. Because this stage has an effective DC gain of one due to C2, the sensor output bias voltage provides the
DC bias for the first filter stage. Feedback diodes D1 and D2 provide clamping so that the op amps in both filter
stages stay out of saturation for motion events which are close to the sensor. Stage 1 has a low and high cutoff
frequency of 0.7 Hz and 10.6 Hz respectively and a gain of 220. Stage 2 is arranged as an inverting summer
gain stage and is AC-coupled to Stage 1. A DC bias of VCC/2 is connected to the non-inverting input of the
amplifier in this stage. Due to the higher gain in the filter stages and higher output noise from the sensor, care
must be taken to optimize the placement of the high-frequency filter pole and the window comparator thresholds
to avoid false detection.
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Figure 120. Signal Conditioning Circuit for PIR Sensor

8.2.2.3 Application Curves

When the PIR sensor detects motion, its output crosses the threshold and is detected by the ADS7142 as shown
on Channel 1 in Figure 121.

ADS7142 | File Tools Help =
= Menu
«  Mode Configuration Enable All Channels “@)  Enable Alert Block @
Conversion Mode Operating Mode Refresh Interval (ms)
<+ Autonomous Mode (@ 12C Command Mode | Auto Mode v 500 X
_ Channel0 @ Latest Data: 2233 Click on an alert to dismiss
Alert 4,000 High Threshold
3,500 Alert
High Threshold 3,000
Y Q
2000
Hysteresis 1,500
0 D & 1000 Low Threshold
500 Alert
Low Threshold i I —————————————————— Ial
0 B @ 015553 030520 047446 052413 063340 074306 ODE5233 100200 111126 122053 013020 023946 N
Channel 1 [ ) Latest Data: 2072 Click on an alert to dismiss
High Threshold
Alei -‘ ON
lert = Alert
High Threshold )
3500 - + g
Hysteresis —————————
0 B @ Low Threshold
B Alert
Low Threshold e o
600 D & OUSIST 030520 041446 052413 063340 Q74306 CBS2A 100200 11N126 122052 013020 023%4s -
-] Q TexXAS INSTRUMENTS
Figure 121. Alert Output from ADS7142 with PIR Sensor
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9 Power-Supply Recommendations

9.1 AVDD and DVDD Supply Recommendations

The ADS7142 has two separate power supplies: AVDD and DVDD. The device operates on AVDD; DVDD is
used for the interface circuits. AVDD and DVDD can be independently set to any value within the permissible
ranges. The AVDD supply also defines the full-scale input range of the device. Always set the AVDD supply to
be greater than or equal to the maximum input signal to avoid saturation of codes. Decouple the AVDD and
DVDD pins respectively with 220-nF and 100-nF ceramic decoupling capacitors, as shown in Figure 122 .

H AVDD

— CAVDD

———O GND

— CDVDD

>—\I] DVDD
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Figure 122. Power-Supply Decoupling
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10 Layout

10.1 Layout Guidelines

Figure 124 shows a board layout example for the circuit illustrated in Figure 123. The key considerations for
layout are:

» Use a solid ground plane underneath the device and partition the PCB into analog and digital sections.

e Avoid crossing digital lines with the analog signal path and keep the analog input signals and the reference
input signals away from noise sources.

» The power sources to the device must be clean and well-bypassed. Use Cuypp decoupling capacitors in close
proximity to the analog (AVDD) power supply pin.

» Use a Cpypp decoupling capacitor close to the digital (DVDD) power-supply pin.
» Avoid placing vias between the AVDD and DVDD pins and the bypass capacitors.
» Connect the ground pin to the ground plane using a short, low-impedance path.

* Place the charge kickback filter components close to the device.
Among ceramic surface-mount capacitors, COG (NPO) ceramic capacitors are recommended because these
components provide the most stable electrical properties over voltage, frequency, and temperature changes.

10.2 Layout Example

AVDD CAVDD CDVDD DVDD

_—

10
1 |AvDD GND DVDD )
ALERT
From Sensor Rruro SCL To I°C Mast Host
8 0 aster or Hos
Output — A\ \N\V—9—— 2 | AINP/AINO Cevice
Criro
From Sensor Reir SDA Tol’CM H
o 7 () aster or Host
Output —p—ANN * 3 | AINM/AIN1
CFLTl
RADDRl 2
4 |ADDR BUSY/RDY ALERT| 6 . P To I°C Master or Host
AVDD
Raporz 5
P To I°C Master or Host
Figure 123. Example Circuit
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Layout Example (continued)

AGND

Figure 124. Example Layout
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11 Device and Documentation Support

11.1 Documentation Support

11.2 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks
E2E is a trademark of Texas Instruments.

11.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m 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.

11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

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

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

ADS7142IRUGR Active Production X2QFN (RUG) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 18M
ADS7142IRUGR.A Active Production X2QFN (RUG) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 18M
ADS7142IRUGRG4 Active Production X2QFN (RUG) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 18M

ADS7142IRUGRG4.A Active Production X2QFN (RUG) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 18M

ADS7142IRUGT Active Production X2QFN (RUG) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 18M

ADS7142IRUGT.A Active Production X2QFN (RUG) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 18M

@ 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 Tl 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 Tl'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. TI 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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OTHER QUALIFIED VERSIONS OF ADS7142 :
o Automotive : ADS7142-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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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)
ADS7142IRUGR X2QFN RUG 10 3000 180.0 8.4 175 ]| 225 | 055 | 4.0 8.0 Q1
ADS7142IRUGRG4 X2QFN RUG 10 3000 180.0 8.4 175 | 225 | 055 | 4.0 8.0 Q1
ADS7142IRUGT X2QFN RUG 10 250 180.0 8.4 175 | 225 | 055 | 4.0 8.0 Q1
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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)
ADS7142IRUGR X2QFN RUG 10 3000 210.0 185.0 35.0
ADS7142IRUGRG4 X2QFN RUG 10 3000 210.0 185.0 35.0
ADS7142IRUGT X2QFN RUG 10 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RUG 10 X2QFN - 0.4 mm max height

1.5x 2, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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