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5 Pin Configuration and Functions

RUG PACKAGE

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

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

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

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

Input for selecting I1°C address of the device. The device address can be selected from one of
ADDR 4 Analog Input the eight values by connecting resistors on this pin.
Refer 3 2 for details
e - The device pulls this pin high when it is scanning through channels in a sequence and brings

BUSY/RDY 5 Digital output this pin low when sequence is completed or aborted.
—_— - Active low, open drain output. Status of this pin is controlled by Digital window comparator
ALERT 6 Digital output block. Connect a pull-up resistor from DVDD to this pin
SDA 7 Digital input/output | Serial data in/out for 1°C interface. Connect a pull-up resistor from DVDD to this pin
SCL 8 Digital input Serial clock for 12C interface. Connect a pull-up resistor from DVDD to this pin
DVDD 9 Supply Digital I/O supply voltage
GND 10 Supply Ground for power supply, all analog and digital signals are referred to this pin

Copyright © 2017, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT

ADDR to GND -0.3 AVDD + 0.3 \%
AVDD to GND -0.3 3.9 \%
DVDD to GND -0.3 3.9 \%
AINP/AINO to GND -0.3 AVDD + 0.3 \%
AINM/AIN1 to GND -0.3 AVDD + 0.3 \%

Input current on any pin except supply pins -10 10 mA
Digital Input to GND -0.3 DVvDD + 0.3 \%
Storage Temperature, Tgy —60 150 °C

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

6.2 ESD Ratings

VALUE UNIT
Human(gody model (HBM), per ANSI/ESDA/JEDEC JS-001, +2000
all pins -
V(Esb) Electrostatic discharge P - S \%
Charged device model (ZCDM), per JEDEC specification +1000
JESD22-C101, all pins®@ =

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

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

MIN NOM MAX UNIT

AVDD Analog Supply Voltage Range 1.65 3.6 \%
DVDD Digital Voltage Supply Voltage Range 1.65 3.6 A
Ta Ambient temperature -40 125 °C
T; Junction temperature -60 150 °C
6.4 Thermal Information

ADS7142

THERMAL METRIC® RUG UNIT

10 PINS
Roia Junction-to-ambient thermal resistance 120.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 42.7 °C/W
Ross Junction-to-board thermal resistance 51.1 °C/W
Yyt Junction-to-top characterization parameter 0.8 °C/W
Y8 Junction-to-board characterization parameter 51.2 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics - All Modes
At TA = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.

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

(1) Ideal Input span, does not include gain or offset error.

Copyright © 2017, Texas Instruments Incorporated
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6.6 Electrical Characteristics - Manual Mode
At TA = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.

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

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

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

(3) Calculated on the first nine harmonics of the input frequency.

6 Copyright © 2017, Texas Instruments Incorporated
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6.7 Electrical Characteristics - Autonomous Modes

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

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
Sampling Dynamics
. . High Speed Oscillator 14 thso
teonv Conversion Time -
Low Power Oscillator 14 tpo
o . High Speed Oscillator 7 thso
tacq Acquistion Time -
Low Power Oscillator tpo
. High Speed Oscillator nCLK thso
teycle Cycle Time -
Low Power Oscillator nCLK tpo
DC Specifications
Resolution 12 Bits
Eo Offset Error Post Offset Calibration 0.5 LSB
Eg Gain Error +0.03 %FSR
Power Consumption
With Low Power Oscillator, nCLK =18 0.75 HA
With Low Power Oscillator, AVDD = 1.8 V,
_ 0.45 PA
lavop  Analog Supply Current nCLK =18
With Low Power Oscillator, nCLK = 250 0.5 HA
With High Speed Oscillator, nCLK =21 940 HA
. With Low Power Oscillator, nCLK =18,
IbvbD Digital Supply Current DVDD =3.3 V 0.15 HA
Lavon Static Analog Supply Current ngActMty on SCL and SDA, BUSY/RDY 5 nA
lovon Static Analog Supply Current E(())WActMty on SCL and SDA, BUSY/RDY 0.6 nA
6.8 Electrical Characteristics - High Precision Mode
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted®.
PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
DC Specifications
Resolution® 16 i
its
ENOB  Effective number of bits With DC Input of AVvDD/2®) 15.4
Eo Offset Error Post Offset Calibration +10 LSB
Ec Gain Error +0.03 %FSR
Power Consumption
With Low Power Oscillator, nCLK =18 0.6 HA
With Low Power Oscillator, AVDD = 1.8 V,
- 0.3 HA
lavoo  Analog Supply Current nCLK =18
With Low Power Oscillator, nCLK = 250 0.5 HA
With High Speed Oscillator, nCLK =21 980 MA
- With Low Power Oscillator, nCLK =21,
IbvbD Digital Supply Current DVDD =3.3 V 0.2 HA
LAV Static Analog Supply Current Eé)WActMty on SCL and SDA, BUSY/RDY 5 nA
Voo Static Analog Supply Current No Activity on SCL and SDA, BUSY/RDY 0.7 nA

Low

(1) Sampling Dynamics for High Precision Mode are same as for Autonomous modes.

(2) Referto =5

(3) For DC Input, ENOB = Ln[FSR/Standard deviation of Codes]/Ln[2]. Refer to & 34

Copyright © 2017, Texas Instruments Incorporated
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6.9 Timing Requirements
At T, = -40°C to 125°C, AVDD = 3V, DVDD = 1.65 to 3.6V, All Channel Configurations, unless otherwise noted.®

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

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

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

(3) The maximum typ pat could be 3.45 pys and 0.9 ps for Standard-mode and Fast-mode, but must be less than the maximum of typ_pat OF
typ.ack by a transition time. This maximum must only be met if the device does not stretch the LOW period (t_ow) of the SCL signal. If
the clock is streched, the data must be valid by the set-up time before it releases.

8 Copyright © 2017, Texas Instruments Incorporated
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Timing Requirements (continued)

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

PARAMETER Test Conditions MIN MAX | UNIT
tsu-DAT data setup time 10 ns
tsu-sTo setup-up time for STOP condition 160 ns
Cp capacitive load on each line 400 pF
High Speed mode (3.4 MHz) Cy, = 100 pF (Max) K 2
fscLH SCLH clock frequency 0 3.4 MHz
tHp-sTA Hold time (repeated) START condition 160 ns
tLow Low period of SCL 160 ns
tHiGH High period of SCL 60 ns
tsu-sTA set-up time for a repeated start condition 160 ns
tHD-DAT data hold time 0 70 ns
tsu-DAT data setup time 10 ns
tsu-sTo setup-up time for STOP condition 160 ns
Cp capacitive load on each line 100 pF

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

PARAMETER Test Conditions MIN MAX | UNIT
Standard-mode (100 kHz) B 1
trcL Rise time of SCL 1000 ns
troa Rise time of SDA 1000 ns
ticL Fall time of SCL 300 ns
tioa Fall time of SDA 300 ns
typ.par @ data valid time 3.45 ps
typ.ack @ data hold time 3.45 ps
Fast-mode (400 kHz) B 1
trcL Rise time of SCL 20 300 ns
troa Rise time of SDA 20 300 ns
ticL Fall time of SCL 20 x DVDD/3.6 300 ns
tioa Fall time of SDA 20 x bVDD/3.6 300 ns
tvD-DAT data valid time 0.9 us
tvD-ACK data hold time 0.9 us
tep ®) ﬁ::)lﬁtefmgrth of spikes suppressed by the 0 50 ns
Fast-mode Pus (1000 kHz) & 1
troL Rise time of SCL 120 ns
tpa Rise time of SDA 120 ns
ticL Fall time of SCL 20 x DVDD/3.6 120 ns
tioa Fall time of SDA 20 x DVDD/3.6 120 ns
tvD-DAT data valid time 0.45 us
tvp-ACK data hold time 0.45 us
tep ﬁ\lgﬁffmgrth of spikes suppressed by the 0 50 ns
High Speed mode (1.7 MHz) C,, = 400 pF (Max) K 2
treL Rise time of SCLH 20 80 ns

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

(2) typ-.paT = time for data signal from SCL LOW to SDA output.

(3) Input filters on the SDA and SCL inputs suppress noise spikes of less than 50 ns.

Copyright © 2017, Texas Instruments Incorporated 9
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Switching Characteristics (continued)

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

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

tsu-pat
o —— L —_—

cont.

1!

|
I 30%

tHp-paT

thicH

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

SCL

9" clock

L__> _ ——— Lfsc. ——»]
1* clock cycle

9" clock b= ! b= !

Vi =0.3Vop
Vin =0.7Vop

K 1. Timing Diagram for Standard-mode, Fast-mode and Fast-mode Plus
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I \ L JrJr T \_‘ —
1 1 I 1 1
i i - tsusto i N i
tsugra ! | |
} } tip-sta |4¢—tsu.pat } }
| | | |
! ! V \ [\ /N — — 0.7X Voo
SCLH or SCL I I \ / \ Z \ | |
| ! —\ L 71— & y \ JF ; = 0.3xVoo
| | | |
| | »f et | |
Lo 4 (1) Lo 4
o= [4— ton —p |4
te —p |- @
“ thcn ish tiow > ) tiow > tmenk
_/_: MCS current source pull-up
f: Rp resistor pull-up
(1) First rising edge of the SCLH signal after Sr and after each acknowledge bit.
K& 2. Timing Diagram for High Speed Mode
Copyright © 2017, Texas Instruments Incorporated 11


http://www.tij.co.jp/product/ads7142?qgpn=ads7142
http://www.tij.co.jp

13 TEXAS

INSTRUMENTS
ADS7142

JAJSE95A —SEPTEMBER 2017—-REVISED DECEMBER 2017 WWW.tij.co.jp

6.11 Typical Characteristics for All Modes

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

60

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

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

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

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

73
— SNR
— - SINAD
72.4
—
- —~——
S 718
o — - = I
: =]
g 712 =
<<
70.6
70
-40 -7 26 59 92 125

Free-Air Temperature (°C)
fsamme =140 kSPS

B 7. SNR and SINAD in Manual Mode with Temperature

73
— SNR
— = SINAD
72 /
o ,——”"————
T 71
)
3 —
2 .
g 70 RS
< ="
- / :
69 -
| -
68
1.8 2.16 2.52 2.88 3.24 3.6
AVDD (V)

fsample = 140 KSPS

K& 8. SNR and SINAD in Manual Mode with AVDD

-84

-85.6

/

-87.2

-88.8

Total Harmonic Distortion (dB)

-90.4

-92
-40 -7 26 59 92 125
Free-Air Temperature (°C)

fsample = 140 kKSPS

9. THD in Manual Mode with Temperature

93

/

©
N
[N}

/|
N

©
©
©

Spurious-Free Dynamic Range (dB)
[{e} o
o =
o B
/ /

89
-40 -7 26 59 92 125
Free-Air Temperature (°C)

fsample = 140 kKSPS

10. SFDR in Manual Mode with Temperature

-80
g 812 \\
c
S
g 824 =
a \
Q
c
g -836
]
I
: \
e -84.8
\
-86
18 2.16 2.52 2.88 3.24 3.6
AVDD (V)
fsample = 140 kSPS S

K 11. THD in Manual Mode with AVDD

60000

48000

36000

Number of Hits

24000

12000

L I

2046 2047 2048
Output Code

Standard Deviation = 0.34

Mean code = 2046.9

B 12. Typical DC Code Spread in Manual Mode
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Typical Characteristics for Manual Mode (continued)

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

1 2
/ ‘\
0.6 _/ \ 1.2
0 0
< 02 = 04
5 5
w w
2 -0.2 o -04
= =
9 o
-0.6 -1.2
-1 -2
-40 -7 26 59 92 125 1.8 2.16 2.52 2.88 3.24 3.6
Free-Air Temperature (°C) AVDD (V)
13. Offset Error in Manual Mode with Temperature B 14. Offset Error in Manual Mode with AVDD
0.05 0.05
0.03 0.03
x x
2 2
s 0.01 s 0.01
S S
i i
= -0.01 = -0.01
© ©
U] V)
-0.03 -0.03
T — ] —
-0.05 -0.05
-40 -7 26 59 92 125 1.8 2.16 2.52 2.88 3.24 3.6
Free-Air Temperature (°C) AVDD (V)
B 15. Gain Error in Manual Mode with Free-Air Temperature 16. Gain Error in Manual Mode with AVDD
0.5 0.5
—~ —~ | \
% % 0.3
S5 S5
2 2
g § 01
£ £
IS IS
(=] o
=z =z
= T -0.1
< <
o o
£ £
a8 5 03 ' ! r
-0.5 -0.5
0 819 1638 2457 3276 4095 0 819 1638 2457 3276 4095
Output Code Output Code
AVDD =3V AVDD =18V
B 17. Typical DNL in Manual Mode B 18. Typical DNL in Manual Mode
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Typical Characteristics for Manual Mode (continued)

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

K 23. INL in Manual Mode with Temperature

1 1
~ 0.6 ~ 0.6
m m
n n
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= 0.2 1 =
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Output Code Output Code
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K 19. Typical INL in Manual Mode K 20. Typical INL in Manual Mode
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B 24. INL in Manual Mode with AVDD
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Typical Characteristics for Manual Mode (continued)

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

350 / 260
304 // 256
< 258 ,/ < 252
5 / 5 _’_\/
T 212 X 248
166 / 244
120 240
1.8 2 22 24 26 28 3 32 34 36 -40 -7 26 59 92 125
AVDD (V) Free-Air Temperature (°C)
fsample = 140 kSPS SCL = 3.4 MHz
25. Iavpp in Manual Mode with AVDD B 26. Iaypp in Manual Mode with Temperature
10 3
— AVDD =18V
—- AVDD =3V
8 2.4
i(:; 6 i(% 1.8
[a) [a)
= s K
o 4 < 12 %
! < /,
2 0.6 /
100 760 1420 2080 2740 3400 -40 -7 26 59 92 125
SCL (kHz) Free-Air Temperature (°C)
DvDD =18V No Activity on SCL and SDA
27. lpypp in Manual Mode with SCL 28. Static Iaypp in Manual Mode with Temperature
50
40
ié, 30 /
[a)
=
o 20
10 _/
0
-40 -7 26 59 92 125
Free-Air Temperature (°C)
No Activity on SCL and SDA
B 29. static Ipypp in Manual Mode with Temperature
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6.13 Typical Characteristics for Autonomous Modes
At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.
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31. Analog Input Current in Autonomous modes with
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33. laypp in Autonomous Modes with Temperature
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6.14 Typical Characteristics for High Precision Mode
At T, = 25°C, AVDD = 3V, DVDD = 3.3 V, and Two-Channel, Single-Ended Configuration, unless otherwise noted.
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7 Detailed Description

7.1 Overview

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

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

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

7.2 Functional Block Diagram

] ]

AVDD L‘—l L
DVDD

I: High/Low Threshold
+ Hysteresis

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

AINM/AIN1

[

SCL
Offset r
Calibration
Oscillator and SDA
Timing Control Accumulator °C Interface

BUSY/RDY
Data Buffer [

Conversion Result [0]
I°C Address
Selector

Conversion Result [15]

[ e
L
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7.3 Feature Description

7.3.1 Analog Input and Multiplexer

K 39 shows a small-signal equivalent circuit for the analog input pins. The device includes a two-channel analog
multiplexer with each input pin having ESD protection diodes to AVDD and GND. The sampling switches are
represented by ideal switches SW,; and SW, in series with resistors Rg; and Ry, (typically 150 Q). The sampling
capacitors, C41 and C,, are typically 15 pF. The multiplexer configuration is set by the CHANNEL_INPUT_CFG
register.

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

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

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

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

AVDD AVDD _______
77777 eHo. AINP/AINO®———1=r550 SWy R
ot ¢
AINP/AINO SWy L ) N CH1 Ca
@/ O—,\Nj GND
AVDD Car

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

GND

GND

[ CHANNEL_INPUT_CFG_REG |

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

AINP/AINO .——0\07 SW, Rt

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

g
JOGND i GND
T CHANNEL_INPUT_CFG_REG
[ CHANNEL_INPUT_CFG_REG | +

41. Single-Channel, Single-Ended Configuration with K 42. Single-Channel, Pseudo-Differential Configuration
Remote Ground Sensing

7.3.1.1 Two-Channel, Single-Ended Configuration

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

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

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

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

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

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

7.3.1.2 Single-Channel, Single-Ended Configuration

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

7.3.1.3 Single-Channel, Pseudo-Differential Configuration

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

7.3.