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ADS7142-Q1 Automotive, 2-Channel, 12-Bit, 140-kSPS, I2C-Compatible ADC With
Programmable Threshold and Host Wake-Up Features

1 Features

AEC-Q100 qualified for automotive applications:

— Temperature grade 1: —40°C to +125°C, Ty

Functional Safety-Capable

— Documentation available to aid functional safety

system design
Small package size: 3 mm x 2 mm
12-bit noise-free resolution
Up to 140-kSPS sampling rate
Efficient host sleep and wake-up:

— Autonomous monitoring at 900 nW

— Windowed comparator for event-triggered host

wake-up

Independent configuration and calibration:

— Dual-channel, pseudo-differential, or ground-

sense input configuration

— Programmable thresholds for calibration

— Internal calibration improves offset
False trigger prevention:

and drift

— Programmable thresholds per channel

— Programmable hysteresis for noise immunity

— Event counter for transient rejection

12C interface:

— Compatible from 1.65V to 3.6 V
— 8 configurable addresses

— Up to 3.4 MHz (high speed)
Analog supply: 1.65V to 3.6 V

2 Applications

General-purpose voltage, current and temperature
monitoring in:

» Digital cockpit processing unit

» Driver monitoring

» Automotive head unit

* Automotive camera module without processing

3 Description

The ADS7142-Q1 is a 12-bit, 140-kSPS successive-
approximation register (SAR) analog-to-digital
converter (ADC) that can autonomously monitor
signals while maximizing system power, reliability,
and performance. The device implements event-
triggered interrupts per channel using a digital
window comparator with programmable high and low
thresholds, hysteresis, and event counter. The device
includes a dual-channel analog multiplexer in front of
a SAR ADC followed by an internal data buffer for
converting and capturing data from sensors.

The ADS7142-Q1 is available in a 10-pin WSON
package and can achieve low power consumption of
only 900 nW. The small form-factor and low-power
consumption make this device designed for space-
constrained applications.

Package Information(!)
PART NAME |PACKAGE BODY SIZE (NOM)
ADS7142-Q1 WSON (10) 3.00 mm x 2.00 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions
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Figure 5-1. DQC Package, 10-Pin WSON (Top View)

Table 5-1. Pin Functions

PIN
/10 DESCRIPTION
NO. NAME
GND Supply Ground for power supply, all analog and digital signals are referred to this pin.
2 AVDD Supply Analog supply input, also used as the reference voltage for analog-to-digital conversion.
3 AINP/AINO Analog input Single-channel oper.atu.)n: posﬂlVg anallog signal input.
Two-channel operation: analog signal input, channel 0.
4 AINM/AINA Analog input Single-channel oper.atlc.)n: negatlye anglog signal input.
Two-channel operation: analog signal input, channel 1.
Input for selecting the 12C address of the device.
5 ADDR Analog Input See the I°C Address Selector section for details.
6 BUSY/ RDY Digital output The device pulls this pln_hlgh when scanning through channels in a sequence and brings this pin
low when the sequence is completed or aborted.
== I Active low, open-drain output. The status of this pin is controlled by the digital window comparator
7 ALERT Digital output block. Connect a pullup resistor from DVDD to this pin.
SDA Digital input/output | Serial data input/output for the 12C interface. Connect a pullup resistor from DVDD to this pin.
SCL Digital input Serial clock for the I12C interface. Connect a pullup resistor from DVDD to this pin.
10 DVDD Supply Digital I/O supply voltage.
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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 \Y
Input current on any pin except supply pins -10 10 mA
Digital input to GND -0.3 DVDD + 0.3 \Y
Junction temperature, T, —40 150 °C
Storage temperature, Tgg -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-body model (HBM), per AEC Q100-002(") +2000
- ) Corner pins (1, 5, 6, and
V(esp) Electrostatic discharge Charged-device model (CDM), per AEC | 1) +750 \
Q100-011 _
All other pins +500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

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 supply voltage range 1.65 3.6 \%
Ta Ambient temperature —40 125 °C
6.4 Thermal Information
ADS7142-Q1
THERMAL METRIC(") DQC (WSON) UNIT
10 PINS

Rgya Junction-to-ambient thermal resistance 61.8 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 66.3 °C/W
Ress Junction-to-board thermal resistance 29.8 °C/W
WYr Junction-to-top characterization parameter 2.1 °C/W
Y Junction-to-board characterization parameter 29.7 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 6.1 °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 Tp = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 V to 3.6 V, All Channel Configurations (unless otherwise noted)(")

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
ANALOG INPUT (Two-Channel Single-Ended Configuration)
z:!;ﬁf)ale Input voltage AINP/AINO to GND or AINM/AIN1 to GND 0 AVDD Vv
2?%°e'“te input voltage | \|NP/AINO to GND or AINM/AINT to GND 0.1 AVDD +0.1| V
ANALOG INPUT (Single-Channel Single-Ended Configuration with Remote Ground Sense)
i mPUtvolBGe | AINPIAIN to AINM/AINT 0 AVDD| Vv
Absolute 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 with Remote Ground Sense)
z:!:a:)ale input voltage AINP/AINO to AINM/AIN1 —AVDD/2 AVDD/2 \
Absolute input voltage AINP/AINO to GND -0.1 AVDD + 0.1 v
range AINM/AIN1 to GND AVDD/2 - 0.1 AVDD/2 + 0.1
INTERNAL OSCILLATOR
Time period for high-speed
thso oscillator 50 10| ns
Time period for low-power
ttpo oscillator 95.2 3001 s
DIGITAL INPUT/OUTPUT (SCL, SDA)
V4 High-level input voltage 0.7 x DVDD DVDD Vv
Vi Low-level input voltage 0 0.3 x DVDD \Y
With 3 mA sink current and DVDD > 2V 0 0.4
V Low-level output voltage i i \Y
oL p 9 \2N\|;h 3 mA sink current and 1.65 V < DVDD < 0 0.2 x DVDD
VoL = 0.4 V for standard and fast mode (100, 3
| Low-level output current 400 kHz) mA
oL (sink) VoL = 0.6V for fast mode (400 kHz) 6
VoL = 0.4 V fast mode Plus (1 MHz) 20
loL I(_;m;;evel outputeurrent 1y, — 0 4V high speed (1.7 MHz, 3.4 MHz) 25 mA
I Input current on pin 10| pA
C Input capacitance on pin 10 pF
DIGITAL OUTPUT (BUSY/RDY)
| =200 pA 0.8 x DVDD DVDD
Vou High-level output voltage souree s Vv
lsource = 2 MA 0.7 x DVDD DVDD
lsink = 200 pA 0 0.2 x DVDD
VoL Low-level output voltage Vv
lsink = 2 mA 0 0.3 x DVDD
DIGITAL OUTPUT (ALERT)
loL Low-level output current VoL <0.25V 5 mA
VoL Low-level output voltage lsink = 5 MA 0 0.25 \Y
POWER-SUPPLY REQUIREMENTS
AVDD |Analog supply voltage 1.65 3.6 \Y
DVDD |Digital I/O supply voltage 1.65 3.6 \Y

M

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

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT

SAMPLING DYNAMICS
toony Conversion time AVDD =1.65Vto 3.6V 1.8 us
tacq Acquisition time AVDD =1.65Vt0o 3.6V 18 TscL
toycle Cycle time AVDD =1.65V 10 3.6V, SCL = 3.4 MHz 7.1 us
DC SPECIFICATIONS

Resolution 12 Bits
NMC No missing codes AVDD =1.65Vto 3.6V 12 Bits
DNL Differential nonlinearity AVDD =165V t0 3.6V -0.99 +0.3 1| LsBM
INL Integral nonlinearity -2.75 0.5 2.75| LSB
Eo Offset error Post offset calibration —4 +0.5 4| LSB
dVpg/dT Offset drift with temperature Post offset calibration 5 ppm/°C
Eg Gain error -0.1 +0.03 0.1| %FSR

Gain error drift with temperature 5 ppm/°C

AC SPECIFICATIONS

fiy = 2 kHz, AVDD = 3V,

68.75 70
f =140 kSPS
SNR® Signal-to-noise ratio SAMPLE dB
foy = 2 kHz, AVDD = 1.8V,

fSAMF’LE =140 kSPS

fiy = 2 kHz, AVDD = 3V,

f. =140 kSPS
THD®@ () Total harmonic distortion SAMPLE dB
fi = 2 kHz, AVDD = 1.8 V,

fSAMPLE =140 kSPS

fiy = 2 kHz, AVDD = 3V,

A 68.5 69.5
f = 140 kSPS

SINAD®) Signal-to-noise and distortion SAMPLE o5
fin =2 kHz, AVDD = 1.8V,

foampLe = 140 KSPS 67.5
SFDR®) Spurious-free dynamic range :'SNA;:_:E?Q)VKDS%; 3V, 90 dB
BW —3-dB small-signal bandwidth 25 MHz
POWER CONSUMPTION
fsampLe = 140 kSPS, SCL = 3.4 MHz 265 300
fsampLe= 5.5 kSPS, SCL = 100 kHz 8
|AvDD Analog supply current 23,§M\7|_E =140 kSPS, SCL = 3.4 MHz, AVDD = 160 WA
fsampLe = 5.5 kSPS, SCL = 100 kHz, AVDD =
18V 5
fsampLe = 140 kSPS, SCL = 3.4 MHz, SDA = 25
AAAOh
IovoD Digital supply current m%'ﬁ = 5.5kSPS, SCL = 100 kHz, SDA = 2 pA
fsampLe = 140 kSPS, SCL = 3.4 MHz, AVDD = 15
1.8V, SDA = AAAOh
lavbp Static analog supply current No activity on SCL and SDA 6 nA
Ibvpp Static digital supply current No activity on SCL and SDA 2 nA

(1) LSB means least significant byte. See the 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: Autonomous Modes
at Ty =-40°C to 125°C, AVDD = 3 V, DVDD = 1.65 V to 3.6 V, All Channel Configurations (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT
SAMPLING DYNAMICS
o High-speed oscillator 14 thso
teonv Conversion time
Low-power oscillator 14 tLpo
L High-speed oscillator 7 thso
tacq Acquisition time -
Low-power oscillator tLpo
) High-speed oscillator nCLK tuso
toycle Cycle time -
Low-power oscillator nCLK tLpo
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
With low-power oscillator, AVDD = 1.8 V,
— 0.45
lavbp | Analog supply current nCLK =18 WA
With low-power oscillator, nCLK = 250 0.5
With high-speed oscillator, nCLK = 21 940
With low-power oscillator, nCLK = 18, DVDD
- 0.15
=33V
With low-power oscillator, DVDD = 1.8 V, 0.25
| Digital | t noLK =18 . A
igital su curren
pvbD ° PPy With low-power oscillator, nCLK = 250, 015 v
DVDD =3.3V ’
With high-speed oscillator, nCLK = 21, 015
DVDD =3.3V '
Iavop | Static analog supply current No activity on SCL and SDA nA
Iovop | Static digital supply current No activity on SCL and SDA 0.6 nA
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6.8 Electrical Characteristics: High Precision Mode
at Tp = -40°C to 125°C, AVDD = 3 V, DVDD = 1.65 V to 3.6 V, All Channel Configurations (unless otherwise noted)(")

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT
DC SPECIFICATIONS
Resolution(?) 16 Bit
its
ENOB |Effective number of bits With DC input of AVDD / 20 15.4
Eo Offset error Post offset calibration +10 LSB
Eg Gain error +0.03 %FSR
POWER CONSUMPTION
With low-power oscillator, nCLK = 18 0.6
With low-power oscillator, AVDD = 1.8 V,
- 0.3
lavbp | Analog supply current nCLK =18 MA
With low-power oscillator, nCLK = 250 0.5
With high-speed oscillator, nCLK = 21 980
With low-power oscillator, nCLK = 21, DVDD
- 0.2
=33V
With low-power oscillator, DVDD = 1.8 V, 0.25
| Digital | t noLK =21 . A
igital su curren
pveD 9 i With low-power oscillator, nCLK = 250, 0.2 H
DVDD =3.3V '
With high-speed oscillator, nCLK = 21, 0.2
DVDD =3.3V '
lavbD Static analog supply current No activity on SCL and SDA nA
lovpp | Static supply current No activity on SCL and SDA 0.7 nA

(1)  Sampling dynamics for high precision mode are same as for autonomous modes.

(2) See Equation 5

(3) For DC input, ENOB = Ln[FSR/Standard deviation of Codes]/Ln[2].

6.9 Timing Requirements
at Tp = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 V to 3.6 V, All Channel Configurations (unless otherwise noted)(")

PARAMETER MIN MAX‘ UNIT
STANDARD MODE (100 kHz)
fscL SCL clock frequency 0 100 kHz
tHD-sTA Hold time (repeated) START condition 4 us
tLow Low period of SCL 4.7 us
tHiGH High period of SCL 4 us
tsu-sta Setup time for a repeated start condition 4.7 us
tup-par @ @) Data hold time 0 us
tsu-par Data setup time 250 ns
tsu-sTO Data setup time 4 us
tBuF Bus free time between a STOP and START condition 4.7 us
Cp Capacitive load on each line 400 pF
FAST MODE (400 kHz)
fscL SCL clock frequency 0 400 kHz
tHD-sTA Hold time (repeated) START condition 0.6 us
tLow Low period of SCL 1.3 us
tHiGH High period of SCL 0.6 us
tsu-sTA Setup time for a repeated start condition 0.6 us
tHD-DAT Data hold time 0 us
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6.9 Timing Requirements (continued)

at Tp = -40°C to 125°C, AVDD = 3 V, DVDD = 1.65 V to 3.6 V, All Channel Configurations (unless otherwise noted)(")

PARAMETER MIN MAX UNIT
tsu-DAT Data setup time 100 ns
tsu-sTo Data setup time 0.6 us
tsur Bus free time between a STOP and START condition 1.3 us
Cp Capacitive load on each line 400 pF
FAST MODE PLUS (1000 kHz)
fscL SCL clock frequency 0 1000 kHz
tHD-sTA Hold time (repeated) START condition 0.26 us
tLow Low period of SCL 0.5 us
tHiGH High period of SCL 0.26 us
tsu-sTA Setup time for a repeated start condition 0.26 us
tHD-DAT Data hold time 0 us
tsu-pat Data setup time 50 ns
tsu-sTO Data setup time 0.26 us
tsuF Bus free time between a STOP and START condition 0.5 us
Cp Capacitive load on each line 550 pF
HIGH SPEED MODE (1.7 MHz, C, = 400 pF max)
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 Setup time for a repeated start condition 160 ns
tHD-DAT Data hold time 0 150 ns
tsu-DAT Data setup time 10 ns
tsu-sTO Data setup time 160 ns
Cp Capacitive load on each line 100 pF
HIGH SPEED MODE (3.4 MHz, Cy, = 100 pF max)
fscLH SCLH clock frequency 0 3.4 MHz
tHD-sTA Hold time (repeated) START condition 160 ns
tLow Low period of SCL 160 ns
tHicH High period of SCL 60 ns
tsu-sTA Setup 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 Data setup time 160 ns
Cp Capacitive load on each line 100 pF

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

(2) typ-par is the data hold time that is measured from the falling edge of SCL and applies to data in transmission and the acknowledge.
(3) The maximum typ_pat can be 3.45 pys and 0.9 ps for standard-mode and fast-mode, but must be less than the maximum of typ_pat or
tvp-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 setup time before being released.
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6.10 Switching Characteristics

at Tp = -40°C to 125°C, AVDD = 3 V, DVDD = 1.65 V to 3.6 V, All Channel Configurations (unless otherwise noted)(")

PARAMETER TEST CONDITIONS MIN MAX‘ UNIT
STANDARD MODE (100 kHz)
troL Rise time of SCL 1000 ns
toa Rise time of SDA 1000 ns
tioL Fall time of SCL 300 ns
tioa Fall time of SDA 300 ns
typ-par @ Data valid time 3.45 us
typ-ack @ Data hold time 3.45 us
FAST MODE (400 kHz)
treL Rise time of SCL 20 300 ns
toA Rise time of SDA 20 300 ns
ticL Fall time of SCL 20 x DVDD/3.6 300 ns
toa Fall time of SDA 20 x DVDD/3.6 300 ns
tvD-DAT Data valid time 0.9 us
tvp-AcK Data hold time 0.9 us
tgp © ::‘L;Ij;aﬁcljt::ation of spikes suppressed by the 0 50 ns
FAST MODE PLUS (1000 kHz)
troL Rise time of SCL 120 ns
toA Rise time of SDA 120 ns
ticL Fall time of SCL 20 x DVDD/3.6 120 ns
toa 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 ::‘L;Ij;aﬁcljt::ation of spikes suppressed by the 0 50 ns

HIGH SPEED MODE (1.7 MHz, C,, = 400 pF max)
treL Rise time of SCLH 20 80 ns
Rise time of SCLH after a repeated start

oLt condition and after an acknowledge bit 20 160 ns
toa Rise time of SDAH 20 160 ns
tioL Fall time of SCLH 20 80 ns
tioa Fall time of SDAH 20 160 ns
tep il:;lz;eﬁcljt:rranon of spikes suppressed by the 0 10 ns

HIGH SPEED MODE (3.4 MHz, C,, = 100 pF max)
troL Rise time of SCLH 10 40 ns
Rise time of SCLH after a repeated start

oLt condition and after an acknowledge bit 10 80 ns
toA Rise time of SDAH 10 80 ns
ticL Fall time of SCLH 10 40 ns
tioa Fall time of SDAH 10 80 ns
tep il:;ljteﬁtljtl;rration of spikes suppressed by the 0 10 ns

(1)  All values referred to Vi) ( 0.7 DVDD ) and V| max) ( 0.3 DVDD ).
(2) typ.par = 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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6.11 Timing Diagrams

tsu-pat
cont.
70%
30% cont.
9" clock
L__> _ ] | ————— 1/fsoL ——»
1% clock cycle
9" clock b ! b= !
Vi = 0.3Vpp
Vi =0.7Vop
Figure 6-1. Timing Diagram for Standard Mode, Fast Mode, and Fast Mode Plus
Y tron Usr P |
toa L [« A } l l }
| | | |
! ‘ii E— A\ i N\ ’____‘}-\ — 0.7 x Voo
SDAHOrSDA | \ 1 /\ >\ S 03 x Voo
| \ | [\ Idd I\ ! —
| L | JJ T i
} } tHD-DAT— } }
! ! tsusto ! !
] — T
1SU—%TA ! } }
[l ! - f—tsupat ! !
o -
! ! Y \ [\ Y\ / \ — —— 0.7x Voo
SCLH or SCL i i \ \ \ / \ i i
| ; ; ¥ X \ mgs 1 \ ; 0.3 Voo
| | | |
| | - et | |
Lo d Lo d
Lcu@b f— Tt —p |4
N )
twow  tow T e e
_/_: MCS current source pull-up
f: Rp resistor pull-up
A. First rising edge of the SCLH signal after Sr and after each acknowledge bit.
Figure 6-2. Timing Diagram for High-Speed Mode
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6.12 Typical Characteristics: All Modes

at Tp = 25°C, AVDD = 3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)
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Figure 6-3. High-Speed Oscillator Time Period vs Temperature Figure 6-4. Low-Power Oscillator Time Period vs Temperature

12

Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: ADS7142-Q1


https://www.ti.com/product/ADS7142-Q1
https://www.ti.com/lit/pdf/SBAS891
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAS891B&partnum=ADS7142-Q1
https://www.ti.com/product/ads7142-q1?qgpn=ads7142-q1

13 TEXAS
INSTRUMENTS

www.ti.com

ADS7142-Q1
SBAS891B — NOVEMBER 2017 — REVISED SEPTEMBER 2022

6.13 Typical Characteristics: Manual Mode

at Tp = 25°C, AVDD = 3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)

0 0
20 -20
40 -40
—~ —~ -60
s 0 3
© o -80
3 -80 s I |
s ) | | 5 7 ' '
€ } E
= 100 < 120
120 -140 G
-140 i | L -160 I
-160 -180
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
fin, Input Frequency (Hz) fin, Input Frequency (Hz)
SNR =69.6 dB, THD = -84 dB, ENOB = 11.2, SNR =71.3 dB, THD =-87 dB, ENOB = 11.5,
fsample = 140 kSPS, SFDR =87 dB, AVDD = 1.8 V fsample = 140 kSPS, SFDR = 89.3 dB, AVDD =3V
Figure 6-5. Typical FFT in Manual Mode Figure 6-6. Typical FFT in Manual Mode
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Figure 6-7. SNR and SINAD in Manual Mode vs Temperature Figure 6-8. SNR and SINAD in Manual Mode vs AVDD
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Figure 6-9. THD in Manual Mode vs Temperature

Free-Air Temperature (°C)
fsample = 140 kSPS
Figure 6-10. SFDR in Manual Mode vs Temperature
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6.13 Typical Characteristics: Manual Mode (continued)

at Tp = 25°C, AVDD = 3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)

-78 60000
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@ 40000
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) \ 5
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F 87 E
Z 20000
-90
3790 3046
93 0
18 2.16 2.52 2.88 3.24 36 2047 2048 2049
AVDD (V) Output Code
foample = 140 kSPS Mean code = 2047.9, standard deviation = 0.32
Figure 6-11. THD in Manual Mode vs AVDD Figure 6-12. Typical DC Code Spread in Manual Mode
3 25
2.6 2.1
o o
n n
< 22 2 17
: / g ]
| w
B 18 AN B 1.3
£ / £
£ \\_/ o
1.4 0.9
1 0.5
-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 6-13. Offset Error in Manual Mode vs Temperature Figure 6-14. Offset Error in Manual Mode vs AVDD
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Figure 6-15. Gain Error in Manual Mode vs Free-Air Figure 6-16. Gain Error in Manual Mode vs AVDD
Temperature
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6.13 Typical Characteristics: Manual Mode (continued)

at Tp = 25°C, AVDD = 3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)

Figure 6-21. DNL in Manual Mode vs Temperature
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Figure 6-17. Typical DNL in Manual Mode Figure 6-18. Typical DNL in Manual Mode
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Figure 6-19. Typical INL in Manual Mode Figure 6-20. Typical INL in Manual Mode
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Figure 6-22. DNL in Manual Mode vs AVDD
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6.13 Typical Characteristics: Manual Mode (continued)

at Tp = 25°C, AVDD = 3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)
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Figure 6-27. Ipypp in Manual Mode vs SCL

1
—~ 0.5 —~ 04
& [T~ a ]
= =
2 —— Maximum 2 —— Maximum
@ 0 —— Minimum 5 02 —— Minimum
Q [0}
£ £
IS =
o (=]
Z -05 Z -0.8
= = e
S <) /
2 2
£ 4 £ 14
-1.5 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 6-23. INL in Manual Mode vs Temperature Figure 6-24. INL in Manual Mode vs AVDD
350 260
300 // 254
Z 250 / < 248
g / 8 /
= 200 = 242 —
/—
150 / 236
100 230
1.8 2.16 2.52 2.88 3.24 3.6 -40 -7 26 59 92 125
AVDD (V) Free-Air Temperature (°C)
fsample = 140 kSPS, SCL = 3.4 MHz
Figure 6-25. laypp in Manual Mode vs AVDD Figure 6-26. laypp in Manual Mode vs Temperature
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Figure 6-28. Static |aypp in Manual Mode vs Temperature
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6.14 Typical Characteristics: Autonomous Modes

at Tp = 25°C, AVDD = 3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)
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Figure 6-29. Analog Input Current in Autonomous Modes vs
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Figure 6-30. Analog Input Current in Autonomous Modes vs
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Figure 6-31. laypp in Autonomous Modes vs Temperature
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Figure 6-32. Iaypp in Autonomous Modes vs Temperature
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6.15 Typical Characteristics: High-Precision Mode
at Tp = 25°C, AVDD =3V, DVDD = 3.3V, and two-channel single-ended configuration (unless otherwise noted)
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Figure 6-33. Offset Error in High-Precision Mode vs Figure 6-34. Gain Error in High-Precision Mode vs Temperature
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Figure 6-35. laypp in High-Precision Mode vs Temperature Figure 6-36. laypp in High-Precision Mode vs Temperature
18 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: ADS7142-Q1


https://www.ti.com/product/ADS7142-Q1
https://www.ti.com/lit/pdf/SBAS891
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAS891B&partnum=ADS7142-Q1
https://www.ti.com/product/ads7142-q1?qgpn=ads7142-q1

13 TEXAS
INSTRUMENTS ADS7142-Q1
www.ti.com SBAS891B — NOVEMBER 2017 — REVISED SEPTEMBER 2022

7 Detailed Description
7.1 Overview

The ADS7142-Q1 is a small size, dual-channel, 12-bit 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 the input can swing to approximately AVDD /
2. The device includes a digital window comparator with a dedicated ALERT pin, which can be used to alert
the host when a programmed high or low threshold is crossed. The device address is configured by the 12C
address selector block. The device uses internal oscillators (low power or high speed) for conversion. The start
of conversion is controlled by the host in manual mode or by the device in the 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 the autonomous modes and the accumulator can accumulate up to 16 conversion results of the
ADC in high-precision mode.

The device includes an offset calibration to calibrate the offset.

7.2 Functional Block Diagram

AVDD DvDD
Threshold +
Hysteresis »O ALERT
AINP/AINO O—
MUX ADC > [ FIFo ADDR
AINM/AINT O—— 4 scL
2,
1 1°C Interface SDA
Offset Accumulator |—» BUSY / RDY
Calibration
GND
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7.3 Feature Description
7.3.1 Analog Input and Multiplexer

Figure 7-1 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 SW4 and SW, in series with resistors Rg {1 and Ry (typically
150 Q). The sampling capacitors, Cq4 and Cgp, are typically 15 pF. The multiplexer configuration is set by the
CH_INPUT_CFG register.

During acquisition, switches SW4 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 inputs of the device are optimized to be driven by a high-impedance source (up to 100 kQ) in
autonomous modes or in high precision mode with a low-power oscillator. When using the high-speed oscillator,
drive the analog inputs of the ADC with an external amplifier in autonomous modes or in high precision mode.
Figure 6-29 and Figure 6-30 provide the analog input current for CHO and CH1 of the device.

Figure 7-2, Figure 7-3, and Figure 7-4 provide a simplified circuit for analog input for input configurations
described in the Two-Channel, Single-Ended Configuration, Single-Channel, Single-Ended Configuration With
Remote Ground Sense, and Single-Channel, Pseudo-Differential Configuration sections, respectively. The
analog multiplexer supports following input configurations (set by writing into the CH_INPUT_CFG register).

AVDD!

AINP/AINO —0\07 2 s
AVDD! lCS‘ AVDD MUX B\LBIAS

s
AINM/AINT SW» T | e

GND
CHANNEL_INPUT_CFG_REG

Figure 7-2. Two-Channel, Single-Ended
Configuration

[ CHANNEL_INPUT_GFG_REG |

Figure 7-1. Equivalent Circuit for Analog Input

AINP/AINO .740\0— & Rt AVDD/Z% AINP/AINO -740\07 & Rai
c | e (o
MUX V_BIAS MUX }gms
Ce Ce2
JZND £ GND

Figure 7-3. Single-Channel, Single-Ended Figure 7-4. Single-Channel, Pseudo-Differential
Configuration With Remote Ground Sensing Configuration

7.3.1.1 Two-Channel, Single-Ended Configuration

Figure 7-2 shows a simplified block diagram showing a two-channel, single-ended configuration. Set the
CHO_CH1_IP_CFG bits = 00b or 11b to select this configuration. This configuration is also the default for 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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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 the
AUTO_SEQ_CHEN register to select the channels.

» To select a channel in AUTO sequence, set the AUTO_SEQ_CHx bit in the AUTO_SEQ_CHEN register to 1.
» Set the bits in the OPMODE_SEL register to 100b or 101b for manual mode with AUTO sequence.

» Set the bits in the OPMODE_SEL register to 110b for autonomous modes with AUTO sequence.

» Set the bits in the OPMODE_SEL register to 111b for high-precision mode with AUTO sequence.

7.3.1.2 Single-Channel, Single-Ended Configuration With Remote Ground Sense

See Figure 7-3 for a simplified block diagram showing a single-channel, single-ended configuration with remote
ground sense. Set the CHO_CH1_IP_CFG bits = 01b to select this configuration. In this configuration, Cg1
samples the input signal provided on the AINP/AINO pin, whereas Cg, samples the input signal provided on the
AINM/AIN1 pin. The AINP/AINO pin can accept input signals in the range 0 V to AVDD V and the 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 or the signal conditioning block is placed far from the device and there can be a small difference
between the ground potentials. In this channel configuration, remove channel 1 from the AUTO sequence by
setting the AUTO_SEQ_CH1 bit to 0. Selecting channel 1 in the AUTO sequence leads to an error condition and
the device sets an error flag in the SEQUENCE_STATUS register.

7.3.1.3 Single-Channel, Pseudo-Differential Configuration

See Figure 7-4 for a simplified block diagram showing a single-channel, pseudo-differential configuration. Set
the CHO_CH1_IP_CFG bits = 10b to select this configuration. In this configuration, Cg4 samples the input signal
provided on the AINP/AINO pin, whereas Cg, samples the input signal provided on the AINM/AIN1 pin. The
AINP/AINO pin can accept input signals in the range of 0 V to AVDD V and the AINM/AIN1 pin can accept
input signals in the range of (AVDD / 2) — 100 mV to (AVDD / 2) + 100 mV. This input configuration is useful
to interface with sensors that provide a pseudo-differential signal with a negative output of AVDD / 2 (such as
an electrochemical gas sensor). In this channel configuration, remove channel 1 from the AUTO sequence by
setting the AUTO_SEQ_CH1 bit to 0. Selecting channel 1 in the AUTO sequence leads to an error condition and
the device sets an error flag in the SEQUENCE_STATUS register.

7.3.2 Offset Calibration

The device automatically calibrates the offset on power up. The offset can also be calibrated during normal
device operation by setting the TRIG_OFFCAL bit in the OFFSET_CAL register. During offset calibration, the
sampling switches are open (Figure 7-1) and the device keep the BUSY/RDY pin high. The device calculates the
offset error and corrects for this error for subsequent conversions. To nullify the change in offset resulting from
change in temperature or in AVDD voltage, periodically perform this calibration.

7.3.3 Reference

The device uses the analog supply voltage (AVDD) as a reference for the analog-to-digital conversion process.
Place a 220-nF, low-ESR ceramic decoupling capacitor between the AVDD pin and the GND pin, close to the
AVDD pin; see the 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:

1LSB = VREF / 2N (1)

where:

° VREF = AvDD
* N =12 for autonomous monitoring modes and manual mode
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Figure 7-5 and Figure 7-6 show the ideal transfer characteristics for single-ended input and pseudo-differential

input, respectively. Table 7-1 lists the digital output codes for the transfer functions.

PFSC [ ————

A

MC +1

MC

ADC Code (Hex)

NFSC+1

NFSC

- Vi

1LSB

Vrer/2  (Vree/2 + 1 LSB) (Vrer — 1 LSB)

Figure 7-5. Ideal Transfer Characteristics for Single-Ended Configurations

PFSC [ ————

A

MC +1

MC

ADC Code (Hex)

NFSC+1

NFSC

|
|
(-Vaer/2 + 1 LSB) 0 1LSB (Vrer/2 — 1 LSB)

[
Vi

Figure 7-6. Ideal Transfer Characteristics for Pseudo-Differential Configuration

Table 7-1. Transfer Characteristics

INPUT VOLTAGE FOR SINGLE-ENDED INPUT o e o O CODE DESCRIPTION J(?EEA‘ET
<1LSB <(-Vger/2+1)LSB NFSC Negative full-scale code 000
1LSBto2LSBs (\Vrer /2 + 1) 10 (Vier /2 + 2) LSB NFSC + 1 — 001
(Vaer / 2) 0 (Vrgr /2) + 1 LSB 0LSBto1LSB MC Mid code 800
(Vmer / 2) *+ 1LSB to (Vrgr / 2) + 2 LSBs 1LSBto 2 LSB MC + 1 — 801
2 Vger— 1LSB 2Vger/2-1LSB 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:
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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 the sampling speed by programming the NCLK_SEL register:

_ Oscillator frequency
nCLK ()

« fs=Sampling speed.

» Oscillator frequency = 1/ tygo or 1/ t po depending on the OSC_SEL bit; see the Specifications section for
1 /tHSO or1 /tLPO-

* nCLK is the number of clocks in one conversion cycle (see the NCLK_SEL register).

7.3.6 I2C Address Selector

The 12C address for the device is determined by connecting external resistors on the ADDR pin. The device
address is selected on power-up based on the resistor values. The device retains this address until the next
power up, until the next device reset, or until the device receives a command to program the address (General
Call With Write Software Programmable Part of the Target Address). Figure 7-7 provides the connection diagram
for the ADDR pin and Table 7-2 provides the resistor values for selecting a different addresses of the device.

fs

AVDD

L

o—— ADDR
§R2

v

Figure 7-7. External Resistor Connection Diagram for the ADDR Pin

Table 7-2. I2C Address Selection

RESISTORS e LEEoe

R1 @ R2(2)

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

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

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-words deep and follows the first-in, first-out (FIFO) approach.
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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_SEL register and Equation 3 provides the
relationship for time between two consecutive conversions of the same channel and nCLK parameter.

tee = k X NCLK x OscillatorTimePeriod 3)

where:

*+ tec = Time between two consecutive conversions of the same channel, tec = k % toyge

* k= Number of channels enabled in the device sequence

* nCLK = Number of clocks used by the device for one conversion cycle

» Oscillator timer period =t pg or tyso depending on the OSC_SEL value; see the Specifications section for

tLpo or thso

The format of the 16-bit contents of each entry in the data buffer are set by programming the
DOUT_FORMAT_CFG register. The DATA_OUT _CFG register enables the channel ID and DATA_VALID flag in
the data buffer. The 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:

» If the entry in the data buffer is not filled after the last start of the sequence
+ If the I2C controller tries to read more than 16 entries from the data buffer, the 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 less) consecutive conversions. The
data buffer is filled in the order that the data are 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 ADC drives a logic 0 on the BUSY/RDY pin after completion of the sequence when auto-sequencing is
disabled or after the SEQ_ABORT bit is set. As illustrated in Figure 7-8, the device provides the contents of the
data buffer (in FIFO fashion) on receiving the 12C 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 k-

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

Data from Host to Device

Data from Device to Host

Figure 7-8. Reading Data Buffer (16 Bit Words x 16 Words)

The device returns zeroes with the DATA VALID flag set to zero for all I2C read frames received after all the
valid data words from the data buffer are read or when an 12C read frame is issued during an active sequence
(indicated by a high on the BUSY/RDY pin). The I2C controller must provide a NACK followed by a STOP
or RESTART condition in an I12C frame to finish the reading process. The data buffer is reset by setting the
SEQ_START bit or after resetting the device.
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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 sixteen 12-bit words is one 16-bit word.
The time between two consecutive conversions for accumulation is controlled by the NCLK_SEL 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 ACC_CHx_MSB and ACC_CHx_LSB registers in the device. The
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 when setting the SEQ_START bit or on resetting the device.

Equation 4 provides the relationship between high precision data and ADC conversion results.

16
High Precision Data for CHx = Z Conversion Result[k] for CHx
o (4)

Equation 5 provides the value of LSB in high precision mode for the accumulated result.

AVDD

1 LSB = =
2 ®)

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 into the FIFO and
the output of the ALERT pin. In the remaining modes, the digital window comparator only controls the output of
the ALERT pin. Figure 7-9 provides the block diagram for digital window comparator.

DWC_BLOCK_EN
‘ Channel 1 ALERT_EN_CH1
S P U USSPt
i Channel 0

igh Side Comparator

(High Side Threshold, Hy is) >
for CHO

High Side —#S
Counter

|

|

|

i I>

i .

= Write Bit to AN ERT

ADC - Conversion Result for CHO Endor Reset b b ALERT

|

|

|

|

|

|

|

High Latched Flag for CHO

Y

i Low Latched Flag for CHO

Counter

|
Low Side R ‘
|
|

(Low Side Threshold, Hysteresis)
for CHO

A

Figure 7-9. Digital Comparator Block Diagram

The low-side threshold, high-side threshold, and hysteresis parameters are independently programmable for
each input channel. Figure 7-10 illustrates 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
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 7-10. Thresholds, Hysteresis, and Event Counter for the Digital Window Comparator

The DWC_BLOCK_EN bit in the ALERT_DWC_EN register enables and disables the complete digital window

comparator block (disabled at power-up) and the ALERT_EN_CHx bits in the ALERT_CHEN register enables

the digital window comparator for individual channels. Possible responses when using the digital comparator

when a new ADC conversion is completed include:

1. The output of the high-side comparator transitions to a 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 a 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. When 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
the value stored in the PRE_ALT_MAX_EVENT_COUNT register is reached. When the counter reaches
PRE_ALT_MAX_EVENT_COUNT, the alert becomes active and sets the latched flags. If the comparator
output becomes zero before the counter reaches PRE_ALT_MAX_EVENT_COUNT, then the event counter
is reset to zero, ALERT is not set, and the latched 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 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 when an applicable
latched flag is set or is cleared.

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

where:

* Kk =Number of channels enabled in device sequence
* nCLK = Number of clocks used by device for one conversion cycle
» Oscillator timer period = t_ pg or thso depending on the OSC_SEL value; see the Specifications section for

tLpo or thso
7.3.10 I2C 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 by a software reset (06h), the device resets.
7.3.10.3 General Call With Write Software Programmable Part of the Target Address

On receiving a general call (00h) followed by 04h, the ADC configures the I2C address configured by the ADDR
pin. During this operation, the ADC keeps the BUSY/RDY pin high and does not respond to other 12C commands
except a general call.

7.3.10.4 Configuring the ADC Into High-Speed I’C Mode

The ADC can be configured in high-speed 12C mode by providing an I2C frame with one of the HS-mode codes
(08h to OFh).

After receiving one of the HS-mode codes, the ADC sets the HS_MODE bit in the
OPMODE_I2CMODE_STATUS register and remains in high-speed I2C mode until a STOP condition is received
in an I12C frame.

7.3.10.5 Bus Clear

If the SDA line is stuck low because of an incomplete 12C frame, providing nine clocks on SCL is recommended.
The device releases the SDA line within these nine clocks, and then the next I12C frame can be started.
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7.4 Device Functional Modes

The ADC has the following functional modes:
¢ Manual mode:
— Manual mode with CHO only
— Manual mode with auto-sequence
* Autonomous modes:
— Autonomous mode with threshold monitoring and diagnostics
— Autonomous mode with burst data
» High-precision mode
The ADC powers up in manual mode with CHO only and can be configured into one of the other modes by
writing the configuration registers for the desired mode. Steps for configuring ADC into different modes are

shown in Figure 7-11.
CDE'.' e Power Up cr)
Hosel

QFFZET Calibration an

(A
Power Up

Select the Channel Input
. i Bl
Canfigurations

b

Select the Cperation
Mode of the device™

Sof the PC Mode 1o H ah
Speed (Optional)’™

l 1. l

Manual Made™ Autanomaous Modes'™ High Precisicn Mode'

El

Offset can also be calibrated anytime during normal operation by setting the bit in the OFFSET_CAL register.
Configure the CH_INPUT_CFG register.

Configure the OPMODE_SEL register for the desired operation mode.

See the Configuring the ADC Into High-Speed I2C Mode section.

The operating mode is selected by configuring the OPMODE_SEL register in step 3.

For reading and writing registers, see the Programming section.

Figure 7-11. Configuring the ADC Into Different Modes

mmoow»

7.4.1 Device Power Up and Reset

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

The device can be reset by cycling power on the AVDD pin, by a general call (00h) followed by software reset
(06h), or by writing the WKEY register followed by setting the bit in the DEVICE_RESET register.
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When cycling 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 an offset calibration and re-evaluates the 1°C address.

When setting the bit in the DEVICE_RESET register, all the device configurations except latched flags for the
digital window comparator and the WKEY register are reset, The device does not initiate offset calibration and
does not re-evaluate the 1°C address.

7.4.2 Manual Mode

On power-up, the ADC is in manual mode using the single-ended and dual-channel configuration and samples
the analog input applied on channel 0. In this mode, the ADC uses the high-frequency oscillator for conversions.
Manual mode allows the external host processor to directly request and control when the data are sampled. The
data capture is initiated by an 12C command from the host processor and the data are then returned over the 12C
bus at a throughput rate of up to 140 kSPS.

After setting the operation mode to manual mode as illustrated in Figure 7-11, steps for operating the ADC to be
in manual mode and reading data are illustrated in Figure 7-12. The host can either configure the ADC to scan
through one channel or both channels by configuring the CH_INPUT_CFG and AUTO_SEQ_CHEN registers.

7.4.2.1 Manual Mode With CHO Only

Set the OPMODE_SEL register to 000b or 001b for manual mode with channel 0 only. The host must provide the
ADC address and read bit to start the conversions. To continue with conversions and reading data, the host must
provide continuous SCL (Figure 7-13). In this mode, a NACK followed by a STOP condition in the 12C frame is
required to abort the operation. Then the ADC 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 must set
the SEQ_START bit in the 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
7-13). In this mode, the SEQ_ABORT bit in the 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
P [18xT, +K] )

« fs = Maximum sampling speed in kSPS

*  TscL= Time period of SCL clock (in ys)

* if TscL.Low (low period of SCL) < 1.8.us, k = (1.8 — TscL-Low) and the device stretches clock in manual mode;
not applicable for standard I2C mode (100 kHz)

* if TscrLLow (low period of SCL) = 1.8.us, k = 0, and the device does not stretch clock in manual mode
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(

Manual Mode'®

)

CHO Only (Default)

Scan CHO
Only

Yes

A

Provide Device Address
and Read Bit to Start
Conversions®

A

A

Provide Continuous SCL to
the device®

Continue with
conversions and
reading data

Provide STOP Condition on
1’C Bus®

Continue in same
Operation Mode

AUTO
Sequence

Select Manual Mode with
AUTO Sequence and

Select Channels in
Sequence®

AUTO

Yes

L

A

Set SEQ_START Bit@

A

Provide Device Address
and Read Bit to Start
Conversions®

<
<

A

Provide Continuous SCL to
the device®

Continue with
conversions and
reading data

( Set SEQ_ABORT Bit® )

Continue in same
Operation Mode

(

Exit to another Operation Mode®

)

Yes

A. For setting the operation mode to manual mode, see Figure 7-11.
B. Select manual mode with AUTO sequence in the OPMODE_SEL register. Select channels in the AUTO_SEQ_CHEN register.
C. Setthe SEQ_START bit in the START_SEQUENCE register.
D. See Figure 7-13.
E. Setthe SEQ_ABORT bit in the ABORT_SEQUENCE register.
F.  Select another operation mode in the OPMODE_SEL register.
G. For reading and writing registers, see the Programming section.
Figure 7-12. Device Operation in Manual Mode
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Data can be read from the device by providing a device address and read bit followed by continuous SCL, as
shown in Figure 7-13.

Sample A+1 Sample A+2
| |
} | |

Device I°C Address from Host | ADC Data for Sample A ADC Data for Sample A | ADC Data for Sample A+1 }

-4
> HH "

Device in Acquisition

NA
CK

D

’ |
Optional » Optional
Device in Acquisition Clock L - Clock
Stretch Device in Acquisition Stretch

Dio

18

18

Data from Host to Device

|:| Data from Device to Host

A. See Equation 7 for sampling speed in manual mode.

B. If the device scans both channels in AUTO sequence, the first data (for sample A) is from channel 0 and the second data (for sample A
+1) is from channel 1.

Figure 7-13. Starting Conversion and Reading Data in Manual Mode
7.4.3 Autonomous Modes

In autonomous mode, the ADC can be programmed to monitor the voltage applied on the analog input pins. The
ADC generates a signal on the ALERT pin when the programmable high or low threshold values are crossed.
The host processor can read the ADC conversion results from the internal data buffer.

In autonomous mode, the first start of conversion must be provided by the host and the ADC generates the
subsequent start of conversions. The ADC initiates the following start of conversions using the internal oscillator.

After configuring the operation mode to autonomous mode (set the OPMODE_SEL register to 110b), as

illustrated in Figure 7-11, steps for operating the ADC to be in different autonomous modes are illustrated in
Figure 7-14.
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Device Stops
Conversions & Stops
Filling Data Buffers

Read the latched
flags of Digital
Window
Comparator'®

v

Reset the latched
flags by writing 1

!

Set the SEQ_Start
Bi an]

Set the SEQ_START
Bt

Device Starts
conversions and
starts Filling Data
Buffer

Device Starts
Conversions

Is Alert Set?

Is Data Buffer
Filled or SEQ_ABORT
bit Set?

Device Starts Filling
Data Buffer

Is Data Buffer
Filled or SEQ_ABORT
bit Set?

Device Stops
Conversions & Stops
Filling Data Buffers

Device Stops
Conversions & Stops
Filling Data Buffer

Read the latched
flags of Digital
Window
Comparator'®

v

Reset the latched
flags by writing 1!

!

Set the SEQ_START
Bit"

Device Starts
conversions and
starts Filling Data

Buffer

Is SEQ_ABORT
Bit Set ?

Device Stops
Conversions & Stops
Filling Data Buffer

Read the Data Buffer"

Continue in same’
operation mode

Set the SEQ_START
Bt

Exit to another Operation
Mode"!

channels in the ALERT_CHEN register and set the DWC_BLOCK_EN bit in the ALERT_DWC_EN register.

A. For setting the operation mode to Autonomous modes, see Figure 7-11.

B. Select channels in the AUTO_SEQ_CHEN register.

C. Select the oscillator by configuring the OSC_SEL register and configure the NCLK_SEL register.
D. Select the data buffer mode in the DATA_BUFFER_OPMODE register.

E.

F.  Set the bit SEQ_START bit in the START_SEQUENCE register.

G. Readthe ALERT_LOW_FLAGS and ALERT_HIGH_FLAGS registers.

H.

Reset the ALERT_LOW_FLAGS and ALERT_HIGH_FLAGS registers by writing 03h.
See the Reading Data From the Data Buffer section.

Configure the thresholds in the DWC_xTH_CHx_xxx registers and hysteresis in the DWC_HYS_CHx registers. Enable the alert for
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J.  Select another operation mode in the OPMODE_SEL register.
K. For reading and writing registers, see the Programming section.

Figure 7-14. Configuring ADC in Autonomous Modes

Abort the present sequence by setting the SEQ_ABORT bit in the ABORT_SEQUENCE register before
changing the ADC operation mode or ADC configuration.

7.4.3.1 Autonomous Mode With Threshold Monitoring and Diagnostics

In this mode, the ADC automatically scans the input voltage on the analog input channels and asserts the
ALERT pin when the programmable high or low thresholds are crossed. The conversion results of the ADC
corresponding to the pre-ALERT or post-ALERT can be stored in the internal data buffer, as described in
Autonomous Mode With Pre-ALERT Data and Autonomous Mode With Post-ALERT Data respectively. This
mode is useful for applications where the output of the sensor must be continuously monitored and where action
is only taken when the sensor output deviates outside of an acceptable range.

7.4.3.1.1 Autonomous Mode With Pre-ALERT Data

In this mode, the ADC stores the 16 conversions prior to the assertion of the ALERT pin. Upon assertion
of ALERT, conversions stop. For this mode, set DATA_BUFFER_OPMODE to 100b. In this mode, the ADC
starts converting and stores the data when setting the SEQ_START bit in the START_SEQUENCE register and
continues to store 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 ADC aborts the sequence and stops storing conversion results. If more than 16
conversions occur between start of sequence and alert output, the first entries written into the data buffer are
overwritten.

Figure 7-15 and Figure 7-16 show the filling of the data buffer in autonomous mode with pre-ALERT data.

V

ersion Result o

pConversion [N+ 15] for CHx

Device stops conversions and Sets the Latched -
flag and alert pin after count(=4) is reached

‘ Sets the Output of the Comparator

Conversion [N+ 15] for CHy

ADC Conversi

High Threshold
Hysteresis

ADC Con

High Threshold - Hysteresis

High Threshold
”””” Data Buffer
CHx

Jfor
+ 1] for GHy

1\

[N+ 14] for GHx
n [N = 15] for GHy

Data Buffer
©  Conversion [N] for CHx

onversion [N+1] for CHy GHy is the channel which first riggered the ALERT

_®Conversion [N] for CHx

Conversion [N + 14] for CHx o ST 4 o
SEQ_START bits set o Convereion [0 for CHx ® Conversion [N + 15] for CHx by user
by user ; Gonversion [1] for CHy

BUSY/RDY

BUSY/RDY

Te ™ Figure 7-16. Pre-ALERT Data for Dual-Channel
Figure 7-15. Pre-ALERT Data for Single-Channel Configuration
Configurations
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7.4.3.1.2 Autonomous Mode With Post-ALERT Data

In this mode, the ADC captures the next sixteen conversion results after the ALERT pin is asserted.
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 ADC 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 ADC aborts the sequence and stops storing the conversion results.

Figure 7-17 and Figure 7-18 show the filling of the data buffer in autonomous mode with post-ALERT data.

»@Conversion [N+ 15] for CHx

A

3

2

3

o

< Device stops conversions and
K] stops storing data in buffer after
2 the data buffer is filled

5

o

Q
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<

+ oo
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and alert pin after count(=4) is
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—————»@Conversion [N] for CHx
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Data Buffer
© _ Conversion [N] for CHx

‘ e ompm o \

» [N+ 14] for CHx
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stops storing data in the buffer
after the data buffer is "7

buffer and sets the Laiched flag
and alert pin after the count is

N [P Data Bufer
i v © Gonversion [N] for GFix

- W Conversion [N + 1) for GHy

nversiofi [N] for CHx ® Conversion [N + 14] for CHx

W Conversion [N + 15] for CHy

M Conversion [N+1] for CHy

m Conversion [N+ 15] for CHy

CHix is the channel which first riggered the ALERT
High Threshold
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Figure 7-17. Post-ALERT Data for Single Channel

Configurations

L
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Figure 7-18. Post-ALERT Data for Dual Channel
Configuration
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7.4.3.2 Autonomous Mode With Burst Data

In this mode, the ADC can be configured to store up to 16 conversion results in the data buffer based on user
command. In this mode, the user can either start or stop the burst of data as described in the following two

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 the 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.

A Y
§ ﬁ Conversion [14] for CHO
EUE) 5 Device stops conversions and
s Device stops conversions and stops filingl _ ) g stops storing data after the data B Conversion [15] for CH1
e the data buffer after the buffer is filed G [15] for CHx H s ed
g 8
8 <
(o]
o
<
Data Buffer
o Conversion [0] for CHO
®  Conversion (1] for CH1
P Data Buffer et @ Conversion [14] for CHO
> o ° Conversion [0] for CHx N W Conversion [15] for CH1
SEQ_START bit is set ) ! 5
%‘ Conversion [0] for CHx Conversion [14] for CHx canversons ang sarts
° Conversion [‘ 5] for CHx stormgnd:;a‘\:gl?'\:e $Conversigr([0] for CHO
i SEQ_START bit Conversion [1] for CH1
BUSY/RDY
BUSY/RDY / Time
Figure 7-20. Start Burst With a Dual-Channel
>
—> . .
Time Configuration
Figure 7-19. Start Burst With a Single-Channel
Configuration
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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 overwritten.
Figure 7-21 and Figure 7-22 illustrate the filling of the data buffer in autonomous mode with stop burst.

A

>

Conversion [N+ 14] for CHO

sion Resul

B Conversion [N+ 15 for GH1

ersion Result o

Device stops conversions and stops fillng the o
data buffer on setting the SEQ_ABORT bit pConversion [N+ 15] for CHix

ADC Convers

ADC Con

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

Data Buffer Conversion [N] for CHO, @ Conversion [N + 14] for CHO
@  Conversion [N] for CHx : @ Conversion [N + 15] for CH1
& Conversion [N] for CHx i
Conversion [N + 14] for CHx
o Gonversion [0] for GHix @ Conversion [N + 15] for CHx SEOisgyAisT;msset wersigrfo for CHO
i Conversion [1] for CH1
BUSY/RDY
BUSY/RDY
-
Time
»-
Time H H

Figure 7-22. Stop Burst With a Dual-Channel

Figure 7-21. Stop Burst With a Single-Channel

. " Configuration
Configuration

7.4.4 High-Precision Mode

High-precision mode increases the accuracy of the data measurement by accumulating ADC conversion results.
This accumulation is useful for applications where the level of precision required to accurately measure the
sensor output must be higher than 12 bits.

For this mode, set the OPMODE_SEL register to 111b. In this mode, the ADC starts converting and starts
accumulating the conversion results in an accumulator when the SEQ_START bit is set. The ADC stops
accumulating after 16 conversion results. The accumulator contains one 16-bit conversion result. The ADC
has an accumulator for each analog input channel. If the operation of the ADC is aborted in high-precision mode
before the BUSY/RDY pin goes low because the SEQ_ABORT bit is set by the user, the ADC provides invalid
data and the internal data buffer (Figure 7-8), provides zeroes as output. In this mode, the BUSY/RDY can wake
up the MCU or host from sleep or hibernation when accumulation completes. The steps for configuring the ADC
into high-precision mode are illustrated in Figure 7-23.
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( High Precision Mode® )

Select the Channels in AUTO
Sequence®

v

Select the Oscillator
& Set the nCLK value®©

2

Enable the accumulator®

<
<
A

Set the SEQ_START Bit®

A

Device Starts Conversions
& Starts Accumulating Data

|
<

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‘?

For setting the operation mode to high-precision mode, see Figure 7-11.

Select the channels in the AUTO_SEQ_CHEN register.

Select the oscillator by configuring the OSC_SEL register and configure the NCLK_SEL register.
Enable the accumulator by setting the bits in the ACC_EN register.

Set the SEQ_START bit in the START_SEQUENCE register.

Read the ACC_CHx_xxx registers.

Select another operation mode in the OPMODE_SEL register.

For reading and writing registers, see the Programming section.

IeMMUO®>»

Figure 7-23. Configuring ADC in High-Precision Mode

Abort the current sequence by setting the SEQ_ABORT bit before changing the ADC operation mode or ADC

configuration.
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Figure 7-24 and Figure 7-25 show the accumulation of conversion results in high-precision mode.
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o -
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g Device starts conversion results

8 accumulating on setting
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<
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Figure 7-24. High-Precision Mode With Single-Channel Configurations
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Figure 7-25. High-Precision Mode With Dual-Channel Configurations
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7.5 Programming

Table 7-3 provides the acronyms for different conditions in an I2C frame.

Table 7-3. I2C Frame Acronyms

SYMBOL DESCRIPTION

S START condition for I2C frame

Sr RESTART condition for I2C frame

P STOP condition for I2C frame

A ACK (low)

N NACK (high)

R Read bit (high)

w Write bit (low)

Table 7-4. Opcodes for Commands

OPCODE COMMAND DESCRIPTION
00010000b Single register read
00001000b Single register write
00011000b Set bit
00100000b Clear bit
00110000b Reading a continuous block of registers
00101000b Writing a continuous block of registers

7.5.1 Reading Registers

The 12C controller can either read a single register or a continuous block registers from the ADC, as described in
the Single Register Read and Reading a Continuous Block of Registers sections.

7.5.1.1 Single Register Read

To read a single register from the ADC, the 12C controller must first provide an 12C command with three frames
(of eight bits each) to set the address as shown in Figure 7-26. The register address is the address of the
register that must be read. The opcode for register read command is listed in Table 7-4.

S Device Address (7 Bits) w

Register Read or Block Read A
Opcode (8 Bits)

Register Address (8 Bits)

A P/Sr

Data from Host to Device

Data from Device to Host

Figure 7-26. Setting Register Address for Reading Registers

Next, the I2C controller must provide another I°C frame containing the ADC address and read bit as illustrated in
Figure 7-27. After this frame, the ADC provides register data. If the host provides more clocks, the ADC provides
the same register data. To end the register read command, the controller must 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 7-27. Reading Register Data

7.5.1.2 Reading a Continuous Block of Registers

To read a continuous block of registers, the 12C controller must first provide an I2C command to set the address,
as illustrated in Figure 7-26. The register address is the address of the first register in the block that must be
read. The opcode for reading a continuous block of register is listed in Table 7-4.

Next, the 12C controller must provide another 12C frame containing the ADC address and read bit, as shown in
Figure 7-28. After this frame, the ADC provides register data. On providing more clocks, the ADC provides data
for the next register. On reading data from addresses that do not exist in the Register Map of the ADC, the ADC
returns zeros. If the ADC does not have any further registers to provide the data, the ADC provides zeros. To
end the register read command, the controller must provide a STOP or a RESTART condition in the I12C 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 -

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

Data from Host to Device

Data from Device to Host

Figure 7-28. Reading a Continuous Block of Registers

7.5.2 Writing Registers

The I2C controller can either write a single register or a continuous block registers to the ADC. The 12C controller
can also set or clear a few bits in a register.

7.5.2.1 Single Register Write

To write to a single register in the ADC, the 12C controller has to provide an 12C command with four frames as
shown in Figure 7-29. 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 7-4. To end the register
write command, the controller has to provide a STOP or a RESTART condition in the 12C frame.

Write Register or Set Bit or Clear Bit . .
S Device Address (7 Bits) w A Opcode (8 Bits) A Register Address (8 Bits) A Register Data (8 Bits) A P/sr

Data from Host to Device

Data from Device to Host

Figure 7-29. Writing a Single Register
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7.5.2.2 Writing a Continuous Block of Registers

To write to a continuous block of registers, the 12C controller must provide an 12C command as shown in Figure
7-30. The register address is the address of the first register in the block that must be written. The 12C controller
must provide data for registers in subsequent 12C frames in an ascending order of register addresses. Writing
data to addresses that do not exist in the Register Map of the ADC has no effect. The opcode for writing a
continuous block of registers is listed in Table 7-4. If the data provided by the 12C controller exceeds the address
space of the ADC, the ADC neglects the data beyond the address space. To end the register write command,
the controller must provide a STOP or a RESTART condition in the I2C 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 L e R | Register Data (8 Bits) for Register N+k A P/Sr

Data from Host to Device

Data from Device to Host

Figure 7-30. Writing a Continuous Block of Registers

7.5.2.3 Set Bit

To set bits in a register without changing the other bits, the 12C controller must provide an 12C command with four
frames, as illustrated in Figure 7-29. The register address is the address of the register in which the bits must be
set and the register data are the values representing the bits that must be set. Bits with a value of 1 in register
data are set and bits with a value of 0 in register data are not changed. The opcode for set bit is listed in Table
7-4. To end this command, the controller must provide a STOP or RESTART condition in the I12C frame.

7.5.2.4 Clear Bit

To clear bits in a register without changing the other bits, the 12C controller must provide an 12C command with
four frames, as illustrated in Figure 7-29. The register address is the address of the register where the bits must
be cleared and where the register data are the values representing the bits that must be cleared. Bits with a
value of 71 in register data are cleared and bits with a value of 0 in register data are not changed. The opcode
for clearing a bit is listed in Table 7-4. To end this command, the controller must provide a STOP or a RESTART
condition in the 12C frame.
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7.6 Register Map
7.6.1 Page1 Registers

Table 7-5 lists the memory-mapped registers for the Page1 registers. All register offset addresses not listed in
Table 7-5 should be considered as reserved locations and the register contents should not be modified.

Table 7-5. PAGE1 Registers

Address Acronym Register Name Section
0x0 OPMODE_|2CMODE_STATUS Device operation mode register Section 7.6.1.1
0x1 DATA_BUFFER_STATUS Data buffer status register Section 7.6.1.2
0x2 ACCUMULATOR_STATUS Status of ADC accumulator Section 7.6.1.3
0x3 ALERT_TRIG_CHID Alert trigeer channel ID Section 7.6.1.4
0x4 SEQUENCE_STATUS Sequence status register Section 7.6.1.5
0x8 ACC_CHO_LSB CHO accumulator data register (LSB) Section 7.6.1.6
0x9 ACC_CHO_MSB CHO accumulated data register (MSB) Section 7.6.1.7
O0xA ACC_CH1_LSB CH1 accumulated data register (LSB) Section 7.6.1.8
0xB ACC_CH1_MSB CH1 accumulated data register (MSB) Section 7.6.1.9
0xC ALERT_LOW_FLAGS Alert low flags register Section 7.6.1.10
OxE ALERT_HIGH_FLAGS Alert high flags register Section 7.6.1.11
0x14 DEVICE_RESET Device reset register Section 7.6.1.12
0x15 OFFSET_CAL Offset calibration register Section 7.6.1.13
0x17 WKEY Write key for writing into Section 7.6.1.14

DEVICE_RESET register
0x18 OSC_SEL Oscillator selection register Section 7.6.1.15
0x19 NCLK_SEL nCLK selection register Section 7.6.1.16
0x1C OPMODE_SEL Device operation mode selection Section 7.6.1.17
OX1E START_SEQUENCE Start channel scanning sequence Section 7.6.1.18
register
Ox1F ABORT_SEQUENCE Abort channel sequence register Section 7.6.1.19
0x20 AUTO_SEQ_CHEN Auto sequencing channel select register Section 7.6.1.20
0x24 CH_INPUT_CFG Channel input configuration register Section 7.6.1.21
0x28 DOUT_FORMAT_CFG Data buffer word configuration register Section 7.6.1.22
0x2C DATA_BUFFER_OPMODE Data buffer operation mode register Section 7.6.1.23
0x30 ACC_EN Accumulator control register Section 7.6.1.24
0x34 ALERT_CHEN Alert channel enable register Section 7.6.1.25
0x36 PRE_ALT_MAX_EVENT_COUNT Pre-alert count register Section 7.6.1.26
0x37 ALERT_DWC_EN Alert digital window comparator register Section 7.6.1.27
0x38 DWC_HTH_CHO_LSB CHO high threshold LSB register Section 7.6.1.28
0x39 DWC_HTH_CHO_MSB CHO high threshold MSB register Section 7.6.1.29
0x3A DWC_LTH_CHO_LSB CHO low threshold LSB register Section 7.6.1.30
0x3B DWC_LTH_CHO_MSB CHO low threshold MSB register Section 7.6.1.31
0x3C DWC_HTH_CH1_LSB CH?1 high threshold LSB register Section 7.6.1.32
0x3D DWC_HTH_CH1_MSB CH1 high threshold MSB register Section 7.6.1.33
0x3E DWC_LTH_CH1_LSB CH1 low threshold LSB register Section 7.6.1.34
0x3F DWC_LTH_CH1_MSB CH1 low threshold MSB register Section 7.6.1.35
0x40 DWC_HYS_CHO CHO comparator hysterisis register Section 7.6.1.36
0x41 DWC_HYS_CH1 CH1 comparator hysterisis register Section 7.6.1.37
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Complex bit access types are encoded to fit into small table cells. Table 7-6 shows the codes that are used for

access types in this section.

Table 7-6. Page1 Access Type Codes

Access Type ‘Code ‘Description
Read Type

R R |Read

Write Type

w W | write

Reset or Default Value

-n

Value after reset or the default
value

Register Array Variables

i.j,k,l,m,n

When these variables are used in
a register name, an offset, or an
address, they refer to the value of
a register array where the register
is part of a group of repeating
registers. The register groups
form a hierarchical structure and
the array is represented with a
formula.

When this variable is used in a
register name, an offset, or an
address this variable refers to the
value of a register array.
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7.6.1.1 OPMODE_I2CMODE_STATUS Register (Address = 0x0) [Reset = 0x0]
OPMODE_I2CMODE_STATUS is shown in Figure 7-31 and described in Table 7-7.
Return to the Table 7-5.

Device operation mode register
Figure 7-31. OPMODE_I2CMODE_STATUS Register

7 6 5 4 3 2 1 0
RESERVED HS_MODE DEV_OPMODE[1:0]
R-00000b R-0b R-00b

Table 7-7. OPMODE_I2CMODE_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R 00000b Reserved bits. Read returns 00000b.
2 HS_MODE R Ob This bit indicates when device is in high speed mode for 12C
Interface.

0b = Device is not in high speed mode for 12C Interface.
1b = Device is in high speed mode for 12C Interface.

1-0 DEV_OPMODE]1:0] R 00b These bits indicate funtional 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.

7.6.1.2 DATA_BUFFER_STATUS Register (Address = 0x1) [Reset = 0x0]
DATA_BUFFER_STATUS is shown in Figure 7-32 and described in Table 7-8.
Return to the Table 7-5.
Data buffer status register

Figure 7-32. DATA_BUFFER_STATUS Register

7 6 5 4 3 2 1 0
RESERVED DATA_WORDCOUNT[4:0]
R-000b R-00000b

Table 7-8. 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[4:0] [R 00000b DATA_WORDCOUNT [00000] to [10000] = Number of entries filled in
data buffer (0 to 16)
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7.6.1.3 ACCUMULATOR_STATUS Register (Address = 0x2) [Reset = 0x0]
ACCUMULATOR_STATUS is shown in Figure 7-33 and described in Table 7-9.
Return to the Table 7-5.

Status of ADC accumulator

Figure 7-33. ACCUMULATOR_STATUS Register

7 6 5 4 3 2 1 0
RESERVED ACC_COUNTI[3:0]
R-0000b R-0000b
Table 7-9. 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.

7.6.1.4 ALERT_TRIG_CHID Register (Address = 0x3) [Reset = 0x0]
ALERT_TRIG_CHID is shown in Figure 7-34 and described in Table 7-10.
Return to the Table 7-5.

Alert trigeer channel ID

Figure 7-34. ALERT_TRIG_CHID Register

7 6 5 4 3 2 1 0
ALERT_TRIG_CHIDI[3:0] RESERVED
R-0000b R-0000b
Table 7-10. ALERT_TRIG_CHID Register Field Descriptions
Bit Field Type Reset Description
7-4 ALERT_TRIG_CHID[3:0] |R 0000b These bits provide the channel ID of channel which was first to set
the alert output.
0000b = Channel 0.
0001b = Channel 1.
3-0 RESERVED R 0000b Reserved bits. Reads returns 0000b.
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 45

Product Folder Links: ADS7142-Q1


https://www.ti.com
https://www.ti.com/product/ADS7142-Q1
https://www.ti.com/lit/pdf/SBAS891
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAS891B&partnum=ADS7142-Q1
https://www.ti.com/product/ads7142-q1?qgpn=ads7142-q1

13 TEXAS
ADS7142-Q1 INSTRUMENTS
SBAS891B — NOVEMBER 2017 — REVISED SEPTEMBER 2022 www.ti.com

7.6.1.5 SEQUENCE_STATUS Register (Address = 0x4) [Reset = 0x0]
SEQUENCE_STATUS is shown in Figure 7-35 and described in Table 7-11.
Return to the Table 7-5.

Sequence status register
Figure 7-35. SEQUENCE_STATUS Register

7 6 5 4 3 2 1 0
RESERVED SEQ_ERR_ST[1:0] RESERVED
R-00000b R-00b R-Ob

Table 7-11. SEQUENCE_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R 00000b Reserved bits. Read returns 00000b.
2-1 SEQ_ERR_STI[1:0] R 00b These bits give 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 RESERVED R 0b Reserved bit. Read returns Ob.

7.6.1.6 ACC_CHO_LSB Register (Address = 0x8) [Reset = 0x0]
ACC_CHO_LSB is shown in Figure 7-36 and described in Table 7-12.
Return to the Table 7-5.

CHO accumulator data register (LSB)

Figure 7-36. ACC_CHO_LSB Register
7 6 5 4 3 2 1 0

CHO_LSBI[7:0]
R-00000000b

Table 7-12. ACC_CHO0_LSB Register Field Descriptions

Bit Field Type Reset Description
7-0 CHO_LSBJ[7:0] R 00000000b |LSB of accumulated data for CHO.
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7.6.1.7 ACC_CHO_MSB Register (Address = 0x9) [Reset = 0x0]
ACC_CHO_MSB is shown in Figure 7-37 and described in Table 7-13.
Return to the Table 7-5.
CHO accumulated data register (MSB)
Figure 7-37. ACC_CHO_MSB Register
7 6 5 4 3 2 0
CHO_MSBJ[7:0]
R-00000000b
Table 7-13. ACC_CHO_MSB Register Field Descriptions
Bit Field Type Reset Description
7-0 CHO_MSB[7:0] R 00000000b |MSB of accumulated data for CHO.
7.6.1.8 ACC_CH1_LSB Register (Address = 0xA) [Reset = 0x0]
ACC_CH1_LSB is shown in Figure 7-38 and described in Table 7-14.
Return to the Table 7-5.
CH1 accumulated data register (LSB)
Figure 7-38. ACC_CH1_LSB Register
7 6 5 4 3 2 0
CH1_LSB[7:0]
R-00000000b
Table 7-14. 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.
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7.6.1.9 ACC_CH1_MSB Register (Address = 0xB) [Reset = 0x0]

ACC_CH1_MSB is shown in Figure 7-39 and described in Table 7-15.

Return to the Table 7-5.

CH1 accumulated data register (MSB)
Figure 7-39. ACC_CH1_MSB Register
7 6 5 4 3 2 1 0
CH1_MSB[7:0]
R-00000000b

Table 7-15. ACC_CH1_MSB Register Field Descriptions
Bit Field Type Reset Description
7-0 CH1_MSB[7:0] R 00000000b |MSB of accumulated data for CH1.

7.6.1.10 ALERT_LOW_FLAGS Register (Address = 0xC) [Reset = 0x0]
ALERT_LOW_FLAGS is shown in Figure 7-40 and described in Table 7-16.
Return to the Table 7-5.

Alert low flags register
Figure 7-40. ALERT_LOW_FLAGS Register

7 6 5 4 3 2 1 0
RESERVED ALERT_LOW_ | ALERT_LOW_
CH1 CHo
R-000000b R/W-0b R/W-0b

Table 7-16. 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 This bit 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 This bit indicates alert on low side comparator for CHO.
0Ob = Alert is not set for low side comparator for CHO.
1b = Alert is set for low side comparator for CHO.
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7.6.1.11 ALERT_HIGH_FLAGS Register (Address = 0xE) [Reset = 0x0]
ALERT_HIGH_FLAGS is shown in Figure 7-41 and described in Table 7-17.

Return to the Table 7-5.
Alert high flags register

Figure 7-41. ALERT_HIGH_FLAGS Register

7 6 5 4 3 2 1 0
RESERVED ALERT_HIGH_ | ALERT_HIGH_
CH1 CHO
R-000000b R/W-0b R/W-0b
Table 7-17. 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 This bit indicates alert on high side comparator of CH1.
0b = 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 This bit indicates alert on high side comparator for CHO.
0b = Alert is not set for high side comparator for CHO.
1b = Alert is set for high side comparator for CHO.

7.6.1.12 DEVICE_RESET Register (Address = 0x14) [Reset = 0x0]
DEVICE_RESET is shown in Figure 7-42 and described in Table 7-18.

Return to the Table 7-5.

Device reset register

Figure 7-42. DEVICE_RESET Register

7 6 5 4 3 2 1 0
RESERVED DEV_RST
R-0000000b W-0b
Table 7-18. 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 to this bit resets the device.
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7.6.1.13 OFFSET_CAL Register (Address = 0x15) [Reset = 0x0]
OFFSET_CAL is shown in Figure 7-43 and described in Table 7-19.

Return to the Table 7-5.

Offset calibration register

Figure 7-43. OFFSET_CAL Register

7 6 5 4 3 2 1 0
RESERVED TRIG_OFFCAL
R-0000000b W-0b
Table 7-19. OFFSET_CAL Register Field Descriptions
Bit Field Type Reset Description
71 RESERVED R 0000000b Reserved bits. Read returns 0000000b.
0 TRIG_OFFCAL W Ob Writing 1 into this bit triggers internal offset calibration.

7.6.1.14 WKEY Register (Address = 0x17) [Reset = 0x0]
WKEY is shown in Figure 7-44 and described in Table 7-20.

Return to the Table 7-5.
Write key for writing into DEVICE_RESET register

Figure 7-44. WKEY Register

7 6 5 4 3 2 1 0
RESERVED WKEYI[3:0]
R-0000b R/W-0000b
Table 7-20. WKEY Register Field Descriptions

Bit Field Type Reset Description

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

3-0 WKEY[3:0] R/W 0000b Write 1010b into these bits to get write access for the
DEVICE_RESET register. 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.
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7.6.1.15 OSC_SEL Register (Address = 0x18) [Reset = 0x0]
OSC_SEL is shown in Figure 7-45 and described in Table 7-21.
Return to the Table 7-5.

Oscillator selection register
Figure 7-45. OSC_SEL Register

7 6 5 4 3 2 1 0
RESERVED HSZ_LP
R-0000000b R/W-0b

Table 7-21. 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 This bit selects oscillator used for the conversion process and cycle

time for a single conversion.
0b = Device uses high speed oscillator.
1b = Device uses low power oscillator.

7.6.1.16 NCLK_SEL Register (Address = 0x19) [Reset = 0x0]
NCLK_SEL is shown in Figure 7-46 and described in Table 7-22.
Return to the Table 7-5.
nCLK selection register

Figure 7-46. NCLK_SEL Register
7 6 5 4 3 2 1 0
NCLK[7:0]
R/W-00000000b

Table 7-22. NCLK_SEL Register Field Descriptions
Bit Field Type Reset Description

7-0 NCLK][7:0] R/W 00000000b | 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 ¢ if x <21, nCLK is set to 21
(00010101b) « if x > 21, nCLK is set to x When using the Low Power
Oscillator, For Value x written into the nCLK register: « if x < 18, nCLK
is set to 18 (00010010b) « if x > 18, nCLK is set to x
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7.6.1.17 OPMODE_SEL Register (Address = 0x1C) [Reset = 0x0]
OPMODE_SEL is shown in Figure 7-47 and described in Table 7-23.
Return to the Table 7-5.

Device operation mode selection
Figure 7-47. OPMODE_SEL Register

7 6 5 4 3 2 1 0
RESERVED SEL_OPMODE[2:0]
R-00000b R/W-000b

Table 7-23. 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 = Manual mode with CHO only (Default mode).

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.

7.6.1.18 START_SEQUENCE Register (Address = 0x1E) [Reset = 0x0]
START_SEQUENCE is shown in Figure 7-48 and described in Table 7-24.
Return to the Table 7-5.
Start channel scanning sequence register

Figure 7-48. START_SEQUENCE Register

7 6 5 4 3 2 1 0
RESERVED SEQ_START
R-0000000b W-0b

Table 7-24. 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 to 1 brings the BUSY/RDY pin high and starts the first
conversion in the sequence.
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7.6.1.19 ABORT_SEQUENCE Register (Address = 0x1F) [Reset = 0x0]
ABORT_SEQUENCE is shown in Figure 7-49 and described in Table 7-25.

Return to the Table 7-5.

Abort channel sequence register

Figure 7-49. ABORT_SEQUENCE Register

7 6 5 4 3 2 1 0
RESERVED SEQ_ABORT
R-0000000b W-0b

Table 7-25. 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 to 1 aborts the ongoing conversion and brings the
BUSY/RDY pin low.

7.6.1.20 AUTO_SEQ_CHEN Register (Address = 0x20) [Reset = 0x3]
AUTO_SEQ_CHEN is shown in Figure 7-50 and described in Table 7-26.

Return to the Table 7-5.

Auto sequencing channel select register

Figure 7-50. AUTO_SEQ_CHEN Register

7 6 5 4 3 2 1 0
RESERVED AUTOSEQ_EN | AUTOSEQ_EN
_CH1 _CHO
R-000000b R/W-1b RW-1b

Table 7-26. AUTO_SEQ_CHEN Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved bits. Read returns 000000b.
1 AUTOSEQ_EN_CH1 R/W 1b This bit selects CH1 for auto sequencing.
0Ob = Channel 1 is not selected for auto sequencing.
1b = Channel 1 is selected for auto sequencing.
0 AUTOSEQ_EN_CHO R/W 1b This bit selects CHO for auto sequencing.
Ob = Channel 0 is not selected for auto sequencing.
1b = Channel 0 is selected for auto sequencing.
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7.6.1.21 CH_INPUT_CFG Register (Address = 0x24) [Reset = 0x0]
CH_INPUT_CFG is shown in Figure 7-51 and described in Table 7-27.

Return to the Table 7-5.

Channel input configuration register

Figure 7-51. CH_INPUT_CFG Register

7 6 5 4 3 2 1 0
RESERVED CHO_CH1_IP_CFG[1:0]
R-000000b R/W-00b
Table 7-27. CH_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 This bit 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.

7.6.1.22 DOUT_FORMAT_CFG Register (Address = 0x28) [Reset = 0x0]
DOUT_FORMAT_CFG is shown in Figure 7-52 and described in Table 7-28.

Return to the Table 7-5.

Data buffer word configuration register
Figure 7-52. DOUT_FORMAT_CFG Register

7 6 5 4 3 2 1 0
RESERVED DOUT_FORMAT[1:0]
R-000000b R/W-00b
Table 7-28. DOUT_FORMAT_CFG Register Field Descriptions
Bit Field Type Reset Description
7-2 RESERVED R 000000b Reserved bits. Read returns 000000b.
1-0 DOUT_FORMATI[1:0] R/W 00b These bits select 16-bit content of the data word in the data buffer.
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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7.6.1.23 DATA_BUFFER_OPMODE Register (Address = 0x2C) [Reset = 0x1]
DATA_BUFFER_OPMODE is shown in Figure 7-53 and described in Table 7-29.

Return to the Table 7-5.

Data buffer operation mode register

Figure 7-53. DATA_BUFFER_OPMODE Register

7 6 5 4 3 2 1 0
RESERVED STARTSTOP_CNTRL[2:0]
R-00000b R/W-001b
Table 7-29. 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 These bits select data buffer mode of operation.
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.
7.6.1.24 ACC_EN Register (Address = 0x30) [Reset = 0x0]
ACC_EN is shown in Figure 7-54 and described in Table 7-30.
Return to the Table 7-5.
Accumulator control register
Figure 7-54. ACC_EN Register
7 6 5 4 3 2 1 0
RESERVED EN_ACC[3:0]
R-0000b R/W-0000b
Table 7-30. ACC_EN Register Field Descriptions
Bit Field Type Reset Description
7-4 RESERVED R 0000b Reserved bits. Read returns 0000b.
3-0 EN_ACCI3:0] R/W 0000b These bits enable accumulator function of device. 0001b to 1110b
settings are reserved. Do not use.
0000b = Accumulator is disabled.
1111b = Accumulator is enabled.
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7.6.1.25 ALERT_CHEN Register (Address = 0x34) [Reset = 0x0]
ALERT_CHEN is shown in Figure 7-55 and described in Table 7-31.
Return to the Table 7-5.

Alert channel enable register
Figure 7-55. ALERT_CHEN Register

7 6 5 4 3 2 1 0
RESERVED ALERT_EN_CH |ALERT_EN_CH
1 0
R-000000b R/W-Ob R/W-0b

Table 7-31. 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 This bit enables alert functionality of CH1.
Ob = Alert is disabled for CH1, default.
1b = Alert is enabled for CH1.
0 ALERT_EN_CHO R/W Ob This bit enables alert functionality for CHO.
Ob = Alert is disabled for CHO, default.
1b = Alert is enabled for CHO.

7.6.1.26 PRE_ALT_MAX_EVENT_COUNT Register (Address = 0x36) [Reset = 0x0]
PRE_ALT_MAX EVENT_COUNT is shown in Figure 7-56 and described in Table 7-32.
Return to the Table 7-5.
Pre-alert count register

Figure 7-56. PRE_ALT_MAX_EVENT_COUNT Register
7 6 5 4 3 2 1 0

PREALERT_COUNTI[3:0] RESERVED
R/W-0000b R-0000b

Table 7-32. PRE_ALT_MAX_EVENT_COUNT Register Field Descriptions

Bit Field Type Reset Description

7-4 PREALERT_COUNT[3:0] |R/W 0000b These bits set the Pre-Alert Event Count = PREALERT_COUNT
[7:4] +1

3-0 RESERVED R 0000b Reserved bits. Read returns 0000b.
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7.6.1.27 ALERT_DWC_EN Register (Address = 0x37) [Reset = 0x0]
ALERT_DWC_EN is shown in Figure 7-57 and described in Table 7-33.
Return to the Table 7-5.
Alert digital window comparator register

Figure 7-57. ALERT_DWC_EN Register

7 6 5 4 3 2 1 0
RESERVED DWC_BLOCK_
EN
R-0000000b R/W-0b

Table 7-33. 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 This bit enables digital window comparator block.

0Ob = Disables digital window comparator.
1b = Enables digital window comparator.

7.6.1.28 DWC_HTH_CHO_LSB Register (Address = 0x38) [Reset = 0x0]
DWC_HTH_CHO_LSB is shown in Figure 7-58 and described in Table 7-34.
Return to the Table 7-5.
CHO high threshold LSB register

Figure 7-58. DWC_HTH_CHO_LSB Register

7 6 5 4 3 2 1 0

HTH_CHO_LSB(7:0]

R/W-00000000b

Table 7-34. DWC_HTH_CHO_LSB Register Field Descriptions

Bit Field Type Reset Description

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

7.6.1.29 DWC_HTH_CHO0_MSB Register (Address = 0x39) [Reset = 0x0]
DWC_HTH_CHO_MSB is shown in Figure 7-59 and described in Table 7-35.
Return to the Table 7-5.
CHO high threshold MSB register

Figure 7-59. DWC_HTH_CHO_MSB Register

7 6 5 4 3 2 1 0

RESERVED HTH_CHO_MSB[3:0]

R-0000b R/W-0000b

Table 7-35. DWC_HTH_CHO_MSB 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 These are 4 most significant bits of high threshold for CHO.
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7.6.1.30 DWC_LTH_CHO_LSB Register (Address = 0x3A) [Reset = 0x0]
DWC_LTH_CHO_LSB is shown in Figure 7-60 and described in Table 7-36.
Return to the Table 7-5.

CHO low threshold LSB register

Figure 7-60. DWC_LTH_CHO_LSB Register
7 6 5 4 3 2 1 0

LTH_CHO_LSB[7:0]
R/W-00000000b

Table 7-36. DWC_LTH_CHO_LSB Register Field Descriptions
Type
R/W

Bit Field
7-0 LTH_CHO_LSB[7:0]

Reset
00000000b

Description

These are 8 least significant bits of low threshold for CHO.

7.6.1.31 DWC_LTH_CHO_MSB Register (Address = 0x3B) [Reset = 0x0]
DWC_LTH_CHO_MSB is shown in Figure 7-61 and described in Table 7-37.
Return to the Table 7-5.

CHO low threshold MSB register

Figure 7-61. DWC_LTH_CHO_MSB Register
7 6 5 4 3 2 1 0
RESERVED LTH_CHO_MSB[3:0]
R-0000b R/W-0000b

Table 7-37. 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 These are 4 most significant bits of low threshold for CHO.

7.6.1.32 DWC_HTH_CH1_LSB Register (Address = 0x3C) [Reset = 0x0]
DWC_HTH_CH1_LSB is shown in Figure 7-62 and described in Table 7-38.
Return to the Table 7-5.

CH1 high threshold LSB register

Figure 7-62. DNC_HTH_CH1_LSB Register
7 6 5 4 3 2 1 0

HTH_CH1_LSB[7:0]
R/W-00000000b

Table 7-38. DWC_HTH_CH1_LSB Register Field Descriptions
Type
R/W

Bit Field
7-0 HTH_CH1_LSB([7:0]

Reset
00000000b

Description

These are 8 least significant bits of high threshold for CH1.
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7.6.1.33 DWC_HTH_CH1_MSB Register (Address = 0x3D) [Reset = 0x0]
DWC_HTH_CH1_MSB is shown in Figure 7-63 and described in Table 7-39.
Return to the Table 7-5.

CH?1 high threshold MSB register
Figure 7-63. DWC_HTH_CH1_MSB Register
7 6 5 4 3 2 1 0

RESERVED HTH_CH1_MSB[3:0]
R-0000b R/W-0000b

Table 7-39. DWC_HTH_CH1_MSB 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 These are 4 most significant bits of high threshold for CH1.

7.6.1.34 DWC_LTH_CH1_LSB Register (Address = 0x3E) [Reset = 0x0]
DWC_LTH_CH1_LSB is shown in Figure 7-64 and described in Table 7-40.
Return to the Table 7-5.

CH1 low threshold LSB register

Figure 7-64. DWC_LTH_CH1_LSB Register
7 6 5 4 3 2 1 0
LTH_CH1_LSB[7:0]
R/W-00000000b

Table 7-40. DWC_LTH_CH1_LSB Register Field Descriptions
Bit Field Type Reset Description

7-0 LTH_CH1_LSBJ7:0] R/W 00000000b | These are 8 least significant bits of low threshold for CH1.
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7.6.1.35 DWC_LTH_CH1_MSB Register (Address = 0x3F) [Reset = 0x0]
DWC_LTH_CH1_MSB is shown in Figure 7-65 and described in Table 7-41.
Return to the Table 7-5.

CH1 low threshold MSB register

Figure 7-65. DWC_LTH_CH1_MSB Register
7 6 5 4 3 2 1 0

RESERVED LTH_CH1_MSB[3:0]
R-0000b R/W-0000b

Table 7-41. 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 These are 4 most significant bits of low threshold for CH1.

7.6.1.36 DWC_HYS_CHO Register (Address = 0x40) [Reset = 0x0]
DWC_HYS _CHO is shown in Figure 7-66 and described in Table 7-42.
Return to the Table 7-5.

CHO comparator hysterisis register

Figure 7-66. DWC_HYS_CHO Register

7 6 5 4 3 2 1 0
RESERVED HYS_CHO[5:0]
R-00b R/W-000000b

Table 7-42. DWC_HYS_CHO Register Field Descriptions

Bit Field Type Reset Description
7-6 RESERVED R 00b Reserved bits. Read returns 00b.
5-0 HYS_CHO0I[5:0] R/W 000000b These bits set hysteresis for both comparators for CHO.

7.6.1.37 DWC_HYS_CH1 Register (Address = 0x41) [Reset = 0x0]
DWC_HYS CH1 is shown in Figure 7-67 and described in Table 7-43.
Return to the Table 7-5.

CH1 comparator hysterisis register

Figure 7-67. DWC_HYS_CH1 Register
7 6 5 4 3 2 1 0

RESERVED HYS_CH1[5:0]
R-00b R/W-000000b

Table 7-43. DWC_HYS_CH1 Register Field Descriptions

Bit Field Type Reset Description
7-6 RESERVED R 00b Reserved bits. Read returns 00b.
5-0 HYS_CH1[5:0] R/W 000000b These bits set hysteresis for both comparators for CH1.
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8 Application and Implementation

Note

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

8.1 Application Information

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 enhance the quality of data collected by the system.
The ADS7142-Q1 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-Q1 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-Q1 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-Q1 as a Programmable Comparator With False Trigger Prevention and Diagnostics

+VDD

: L,

VReFUPPER) +\

Vin Vour

p
Figure 8-1. Analog Window Comparator

8.2.1.1 Design Requirements

In many automotive sensor monitors, a decision must be made at the system-level when the input signal crosses
a predefined threshold. Analog window comparators are 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 8-1 shows the circuit diagram for an analog window comparator.
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Though analog comparators are easy to design, there are certain disadvantages associated with analog

comparators.

» Higher power consumption: If the voltage being monitored is greater than the window comparator supply
voltage, then a resistive divider ladder must 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 current draw
becomes a challenge and can adversely affect the battery life.

» Fixed threshold voltages: The window comparator thresholds cannot be changed on-the-fly because these
thresholds are set by hardware (typically with a resistive ladder). These fixed voltages may add a limitation if
the comparator thresholds must be changed during operation without switching in a new resistor ladder.

Automotive systems often require a device that monitors either critical voltage rails, temperature of the critical
blocks or sensors, and gives an alert or interrupt to the host MCU only when the input being monitored crosses
a predefined, programmable threshold. The ADS7142-Q1 is an excellent fit for such system level monitoring
because this device can autonomously monitor sensor outputs and can wake up the host controller whenever
the sensor output crosses predefined thresholds. Additionally, the ADS7142-Q1 has an internal data buffer that
can store 16 sample data that can read in case further analysis is required. Figure 8-2 shows a typical block
diagram of the ADS7142-Q1 as a sensor monitor. As is shown in this figure, the sensor can be connected
directly to the input of the ADC (depending on the sensor output signal characteristics).

3V3
Reur
ANA—#
+ L scL
Sensor 1 c AINO SDA
Host MCU
I ADS7142-Q1
GND GND AL ALERT
Reur BUSY/RDY
AN\—¢
N *
Sensor 2 C i
GND GND GNP GND

Figure 8-2. Sensor Monitor Circuit With the ADS7142-Q1

8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Programmable Thresholds and Hysteresis

The ADS7142-Q1 can be programmed to monitor sensor output voltages and generate an ALERT signal to 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 8-3 illustrates
the operation of the device when monitoring for signal crossings on the low threshold by setting the high
threshold to OxFFF. In this case, 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 8-4
illustrates the operation of the device when monitoring for signal crossings on the high threshold by setting the
low threshold to 0x000. In this case, 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.
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High Threshold = OxFFF

High Side Comparator

Conversion [N] for CHx

Low Side Comparator

Conversion [N+5] for CHx Low T:hreshold
1Conversion [N+10] for CHx

: PRE_ALT_MAX_EVENT_COUNT = 50h

High Side Comparator Output
(Internal Signal Only)

(Internal Signal Only)

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

ALERT

Figure 8-3. Low Alert With the ADS7142-Q1

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

High Side Comparator

Low Side Comparator

Conversion [N] for CHx

(Internal Signal Only)

|
|
|
|
Low Side Comparator Output :
|
|
|

High Side Comparator Output
(Internal Signal Only)

ALERT

Figure 8-4. High Alert With the ADS7142-Q1

The device can also be configured to monitor for signals falling outside of a programmed window. Figure 8-5
shows the device operation for an out-of-range alert where the signal leaves the predefined window and crosses
either the high or low threshold. In this case, 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 set
when the ADC conversion result is greater than or equal to the high threshold.
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Figure 8-5. Out of Range Alert With the ADS7142-Q1

8.2.1.2.2 False Trigger Prevention With an Event Counter

The pre-alert event counter in the digital window comparator helps prevent false triggers. The alert output is not
set until the output of the comparator remains set for a predefined number (count) of consecutive conversions.

8.2.1.2.3 Fault Diagnostics With the Data Buffer

The modes that are specifically designed for autonomous sensor monitor applications are pre-alert mode
and post-alert mode. In pre-alert mode, the ADS7142-Q1 can be configured to monitor sensor outputs and
continuously fill the internal data buffer until a threshold crossing occurs. The ADS7142-Q1 generates an ALERT
signal when the sensor output falls outside of the predefined window of operation. In this particular mode, the
ADS7142-Q1 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 8-6 depicts the ADS7142-Q1 operation in pre-alert mode showing 16 data samples before
the sensor output crosses the low threshold. This operation 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-Q1 can be configured to monitor sensor outputs and start filling the internal data
buffer after a threshold crossing occurs. The ADS7142-Q1 generates an ALERT signal when the sensor output
falls outside of the predefined window of operation. In this particular mode, the ADS7142-Q1 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 8-7 illustrates the ADS7142-Q1
operation in post-alert mode showing 16 data samples after the sensor output crosses the high threshold. This
operation 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 Curves

Figure 8-6. Pre-Alert Data Capture

Figure 8-7. Post-Alert Data Capture
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8.2.2 Voltage and Temperature Monitoring in Remote Camera Modules Using the ADS7142-Q1

CO-AXIAL CABLE
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Figure 8-8. Voltage and Temperature Sensing in Remote Camera Modules Using the ADS7142-Q1

8.2.2.1 Design Requirements

Camera modules are an integral part of advanced driver assistance systems (ADAS), which are designed
to make cars safer. Automotive cameras and camera modules are often assist in blind spot detection, nap
prevention, lane and border detection, surround view and parking. Based on application, there are multiple types
of camera modules available such as front camera, rear camera, night vision camera. Figure 8-8 shows the
typical block diagram of camera module used in an automotive environment with key electronics building blocks
in the system.

The camera module is usually situated externally at front, back or either side of the vehicle. Many times the
main controller that does the data processing can not be used on camera module side due to size constraints.
The camera module unit communicates with central processor over co-axial cable. The camera module data
is transmitted over a coaxial cable using a serializer. On the data processing unit, a deserializer is used to
communicate this data with the host processor. The power to the camera module is also transmitted over a
coaxial cable. Because the camera module is remotely placed and power is transferred over a coaxial cable
that can be few meters long, voltage received by camera module and critical voltage rails powering image
sensors are often monitored against permissible variations. Also, the difference between camera lens and
external ambient temperature can introduce dampness and degrade video quality. To ensure optimal video
quality, camera lens temperature is often monitored for any possible correction. The device monitoring these
system-level parameters must be a small size because of the limited board space available on the camera
module side. Also, the I12C interface is preferred because this interface enables the user to connect multiple
monitoring and sensing devices on the same 12C bus. The ADS7142-Q1 small footprint (2-mm x 3-mm, WSON
package) and the 12C interface capable of working over wide digital 1/0 voltages enable this device in camera
module monitoring applications without demanding extra board space.

8.3 Power Supply Recommendations
8.3.1 AVDD and DVDD Supply Recommendations

The ADS7142-Q1 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 Caypp = 220 nF and Cpypp = 100 nF ceramic decoupling capacitors, as illustrated
in Figure 8-9.
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GND
Covop
DVDD

Figure 8-9. Power-Supply Decoupling

8.4 Layout
8.4.1 Layout Guidelines

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

» 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 Caypp 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. Also connect the thermal pad
to the ground plane.

» Place the charge kickback filter components close to the device.

Among ceramic surface-mount capacitors, COG (NPQO) ceramic capacitors are recommended because these
components provide the most stable electrical properties over voltage, frequency, and temperature changes.

Figure 8-10 shows the typical connection diagram of the ADS7142-Q1.

DVDD
CDVDD
v '
; ADS7142-Q1
1 | GND DVDD | 10 Rspa RaLert
Cavop | Rsct
2 | AvDD scL | 9 > To I’C Controller

RFLTO

From Sensor SDA | 8 p  To I°C Controller
ouput — P VWA ——e——— 3 | AINP/AINO
R Criro
FLT1
From Sensor ) A AN 4 | ANM/AINL ALERT | 7 P To I°C Controller
Output T
Cru
R,
e 5 ADDR BUSY/RDY 6 | To I>C Controller
AVDD
Rapor2 PAD
Figure 8-10. Example Schematic
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8.4.2 Layout Example

® L D
® L
D DVDD
D D
CavoD Covoo 2
‘ -y
N =
D
@] GNDEM' @ DVDD

. DVDD ! .

CrLT1 VDD L) SCL

= RscL
INP [ ] SDA .
INM LERT
11 ®
RFiT1 - DDR L BUSY/RD
Rspa
d
. RapDR1 . 1 .
CFLT2
- R D RALERT
)
RADDR2 o
RFLT2
DDR D
@ -
®

Figure 8-11. Example Layout
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9 Device and Documentation Support
9.1 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.

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

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

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

9.4 Receiving Notification of Documentation Updates

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

9.5 Support Resources

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

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

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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DQCO0010A

MECHANICAL DATA

WSON - 0.8mm max height

QFN (PLASTIC QUAD FLATPACK-NO LEAD)

PIN 1

INDEX AREA—"P

!
0.35
0.25

OPTIONAL TERMINAL

.3
2

R

TYPICAL
1
0.8
0.7
I I = SEATING PLANE
o, 08
(0.2) TYP —=
0.05 |
0.8420.1 0.00
i
S| B
| 8
m I =
2X \
2.4+0.1 ’ZF’*T*’E’ SEE OPTIONAL
! 1 TERMINAL
H ‘ (\E DETAIL
=
15% | EW
T
! 0.3
PIN 1 1D i ‘ Mo
(457X0.2) 0_35J N 0.071@[c[A®[BO]
10X 525 = 0.05@|C]
4218281/A 0172013

NOTES: DIMENSIONS ARE

THIS DRAWING

IN MI

LLIMETERS. DIMENSIONS

AND MECHANICAL PERFORMANCE .

R-PWSON-N10.

1 IN PARENTHESIS ARE FOR REFERENCE ONLY.
2. IS SUBJECT TO CHANGE WITHOUT NOTICE.

3. THE PACKAGE THERMAL PAD MUST BE SOLDERED TO THE PRINTED CIRCUIT BOARD FOR THERMAL
4

70

Submit Document Feedback

Product Folder Links: ADS7142-Q1

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com/product/ADS7142-Q1
https://www.ti.com/lit/pdf/SBAS891
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAS891B&partnum=ADS7142-Q1
https://www.ti.com/product/ads7142-q1?qgpn=ads7142-q1

13 TEXAS
INSTRUMENTS

www.ti.com

ADS7142-Q1
SBAS891B — NOVEMBER 2017 — REVISED SEPTEMBER 2022

MECHANICAL DATA

DQCO0010A WSON - 0.8mm max height
QFN (PLASTIC QUAD FLATPACK-NO LEAD)
—{ (0.84) }=—
10X <o.5>441<44%7 STA<¢O 2)
1 |
O [ &
| =T
10X (0.25)
E;l | EEI (0.95)
SYMM ‘ | ! Ai
S B3 ro et L
I
: | OO
8X (0.5) \
; © |
| | |
SEE DETAILS ‘ SYMM *
| ¢ |
L%4444—<1 9)
RECOMMENDED LAND PATTERN
0.07 MAX —= =— 0.07 MIN—=
ALL AROUND ALL AROUND
METAL ! SOLDERMASK
e 1 ‘ OPENTNG
T———SOLDERMASK 1
OPEN ING L f\\\‘*METAL
NON SOLDERMASK SOLDERMASK
DEF INED DEF INED
SOLDERMASK DETAILS
4218281/A  01/2013
NOTES: 1. FOR PCB LAYOUT AND ASSEMBLY CONSIDERATIONS PLEASE REFER TO SLUA271 APPLICATION REPORT

AVATLABLE AT www.ti.com.
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MECHANICAL DATA

WSON - 0.8mm max height

QFN (PLASTIC QUAD FLATPACK-NO LEAD)

10X

8X

— (0.84)

RECOMMENDED SOLDERPASTE

EXPOSED PAD

83% PRINTED SOLDER COVERAGE BY AREA

4218281/A 01/2013
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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 ©)
@ ©)
ADS7142QDQCRQ1 Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1AU
ADS7142QDQCRQ1.A Active Production WSON (DQC) | 10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1AU

@ 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 TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. 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.

OTHER QUALIFIED VERSIONS OF ADS7142-Q1 :
o Catalog : ADS7142
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NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

ADS71420DQCRQ1 | WSON | DQcC

10

3000 180.0 8.4 2.3 3.2 1.0 4.0 8.0

Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS7142QDQCRQ1 WSON DQC 10 3000 213.0 191.0 35.0
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GENERIC PACKAGE VIEW
DQC 10 WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4209674/B
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PACKAGE OUTLINE
DQCO0010A WSON - 0.8mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—|.

[l )

0.3
j 0.2
T

0.35
0.25
OPTIONAL TERMINAL
TYPICAL
0.8 MAX
[ S = I = N B 1
— — — SEATING PLANE
——{ 0.84+0.1 |~ (0.2) TYP —=|
0.05
SYMM 0.00

6 1

5
H

8x[05]
! ] L
1 SYMM
2.4+0.1 —- T —F+-—¢
T SEE OPTIONAL
] ! /E Y« TERMINAL
\ N DETAIL
‘ g
1 EL/X \ [
— 10 1
| ‘ 10X 8'2
PIN 11D J '01@ ST
(45°X0.2) _ :
10X 8,3 =~ ¢ 0.05@ [c

4218281/C 11/2022

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DQCO0010A WSON - 0.8mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(0.84)

10X (0.5) ﬁ L — &%32) TYP
' 1

10X ;0.25) [ l j [ { ; :%

|
| :
|
11
|
N ss
|
| |
s o |
(R0.05) TYP - | - w
SYMM i
|

|
9 —————

LAND PATTERN EXAMPLE
SCALE: 30X
0.07 MAX —=| 0.07 MIN
ALL AROUND ALL AROUND
METAL — \ SOLDER MASK
L | /OPENING
! |
! |
T ~_SOLDER MASK | ~_
OPENING et METAL
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4218281/C 11/2022

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DQCO0010A WSON - 0.8mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(0.8)
10X (0.5) —ﬁ
+ 4 F—%ﬁ t
) [ [ O
: |
| ‘ (1.08)
|
| oo
SYMM | l . :
S I [ I O R
i s P P B G B 1
8X (0.5) | ‘ |
L I | (0.64)
teer] || oo
METAL | ajiiTiiﬂiii \777
TYP
h
(R0.05) TYP i

‘ SYMM
I

¢ |
L— (1.9 —"
SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
EXPOSED PAD 11:

86% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE: 30X

4218281/C 11/2022

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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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Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Revision History
	5 Pin Configuration and Functions
	6 Specifications
	6.1 Absolute Maximum Ratings
	6.2 ESD Ratings
	6.3 Recommended Operating Conditions
	6.4 Thermal Information
	6.5 Electrical Characteristics: All Modes
	6.6 Electrical Characteristics: Manual Mode
	6.7 Electrical Characteristics: Autonomous Modes
	6.8 Electrical Characteristics: High Precision Mode
	6.9 Timing Requirements
	6.10 Switching Characteristics
	6.11 Timing Diagrams
	6.12 Typical Characteristics: All Modes
	6.13 Typical Characteristics: Manual Mode
	6.14 Typical Characteristics: Autonomous Modes
	6.15 Typical Characteristics: High-Precision Mode

	7 Detailed Description
	7.1 Overview
	7.2 Functional Block Diagram
	7.3 Feature Description
	7.3.1 Analog Input and Multiplexer
	7.3.1.1 Two-Channel, Single-Ended Configuration
	7.3.1.2 Single-Channel, Single-Ended Configuration With Remote Ground Sense
	7.3.1.3 Single-Channel, Pseudo-Differential Configuration

	7.3.2 Offset Calibration
	7.3.3 Reference
	7.3.4 ADC Transfer Function
	7.3.5 Oscillator and Timing Control
	7.3.6 I2C Address Selector
	7.3.7 Data Buffer
	7.3.7.1 Filling of the Data Buffer
	7.3.7.2 Reading Data From the Data Buffer

	7.3.8 Accumulator
	7.3.9 Digital Window Comparator
	7.3.10 I2C Protocol Features
	7.3.10.1 General Call
	7.3.10.2 General Call With Software Reset
	7.3.10.3 General Call With Write Software Programmable Part of the Target Address
	7.3.10.4 Configuring the ADC Into High-Speed I2C Mode
	7.3.10.5 Bus Clear


	7.4 Device Functional Modes
	7.4.1 Device Power Up and Reset
	7.4.2 Manual Mode
	7.4.2.1 Manual Mode With CH0 Only
	7.4.2.2 Manual Mode With AUTO Sequence

	7.4.3 Autonomous Modes
	7.4.3.1 Autonomous Mode With Threshold Monitoring and Diagnostics
	7.4.3.1.1 Autonomous Mode With Pre-ALERT Data
	7.4.3.1.2 Autonomous Mode With Post-ALERT Data

	7.4.3.2 Autonomous Mode With Burst Data
	7.4.3.2.1 Autonomous Mode With Start Burst
	7.4.3.2.2 Autonomous Mode With Stop Burst


	7.4.4 High-Precision Mode

	7.5 Programming
	7.5.1 Reading Registers
	7.5.1.1 Single Register Read
	7.5.1.2 Reading a Continuous Block of Registers

	7.5.2 Writing Registers
	7.5.2.1 Single Register Write
	7.5.2.2 Writing a Continuous Block of Registers
	7.5.2.3 Set Bit
	7.5.2.4 Clear Bit


	7.6 Register Map
	7.6.1 Page1 Registers


	8 Application and Implementation
	8.1 Application Information
	8.2 Typical Applications
	8.2.1 ADS7142-Q1 as a Programmable Comparator With False Trigger Prevention and Diagnostics
	8.2.1.1 Design Requirements
	8.2.1.2 Detailed Design Procedure
	8.2.1.2.1 Programmable Thresholds and Hysteresis
	8.2.1.2.2 False Trigger Prevention With an Event Counter
	8.2.1.2.3 Fault Diagnostics With the Data Buffer

	8.2.1.3 Application Curves

	8.2.2 Voltage and Temperature Monitoring in Remote Camera Modules Using the ADS7142-Q1
	8.2.2.1 Design Requirements


	8.3 Power Supply Recommendations
	8.3.1 AVDD and DVDD Supply Recommendations

	8.4 Layout
	8.4.1 Layout Guidelines
	8.4.2 Layout Example


	9 Device and Documentation Support
	9.1 Electrostatic Discharge Caution
	9.2 Glossary
	9.3 Trademarks
	9.4 Receiving Notification of Documentation Updates
	9.5 Support Resources

	10 Mechanical, Packaging, and Orderable Information

