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ADST79xx Pin Compatible, 12-, 10-, 8-Bit, 1-MSPS, 16-, 12-, 8-, 4-Channel, Single-Ended,
Serial Interface ADCs

1 Features

e 1-MHz Sample Rate Serial Devices

* Product Family of 12-, 10-, 8-Bit Resolution
e Zero Latency

* 20-MHz Serial Interface

* Analog Supply Range: 2.7 t0 5.25 V

e 1/O Supply Range: 1.7 t0 5.25V

e Two SW Selectable Unipolar, Input Ranges: 0 to
Vger and 0 to 2 X Vger

* Auto and Manual Modes for Channel Selection

* 4-, 8-Channel Devices and 12-, 16-Channel
Devices Share the Same Footprint

* Two Programmable Alarm Levels per Channel

» Four Individually Configurable GPIOs in TSSOP
Package: One GPIO in VQFN Package

» Typical Power Dissipation: 14.5 mW (+VA =5V,
+VBD = 3 V) at 1 MSPS

» Power-Down Current (1 pA)
* Input Bandwidth (47 MHz at 3 dB)

» 38-, 30-Pin TSSOP and 32-, 24-Pin VQFN
Packages

2 Applications

 PLC/IPC

» Optical Line Card Monitoring

» Medical Instrumentation

» Digital Power Supplies

e Multi-Channel, General-Purpose Signal Monitoring
» High-Speed Data Acquisition Systems

» High-Speed Closed-Loop Systems

Detailed Block Diagram
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3 Description

The ADS79xx is a 12-, 10-, 8-bit pin compatible
multichannel analog-to-digital converter family. The
device comparison table shows all twelve devices
from this product family.

The devices include a capacitor based SAR A/D
converter with inherent sample and hold.

The devices accept a wide analog supply range from
2.7 V to 5.25 V. Very low power consumption makes
these devices suitable for battery-powered and
isolated power-supply applications.

A wide 1.7-V to 5.25-V I/O supply range facilitates a
glueless interface with the most commonly used
digital hosts. The serial interface is controlled by CS
and SCLK for easy connection with microprocessors
and DSP.

The input signal is sampled with the falling edge of
CS. It uses SCLK for conversion, serial data output,
and reading serial data in. The devices allow auto
sequencing of preselected channels or manual
selection of a channel for the next conversion cycle.

There are two software selectable input ranges (0 V
to Vger and 0 V to 2 x Vgep), individually configurable
GPIOs (four in case of the TSSOP and one on the
VQFN package devices), and two programmable
alarm thresholds per channel. These features make
the devices suitable for most data acquisition
applications.

The devices offer an attractive power-down feature.
This is extremely useful for power saving when the
device is operated at lower conversion speeds.

The 16-, 12-channel devices from this family are
available in a 38-pin TSSOP and 32 pin VQFN
package and the 4/8-channel devices are available in
a 30-pin TSSOP and 24 pin VQFN packages.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TSSOP (30) 7.80 mm x 4.40 mm
VQFN (24) 4.00 mm x 4.00 mm

ADS79xx
TSSOP (38) 9.70 mm x 4.40 mm
VQFN (32) 5.00 mm x 5.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

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

Changes from Revision B (July 2015) to Revision C Page
e Changed0to2.5Vand 0to5Vto0to Vge and 0 to 2 x Vgee in INnput Range Features bullet ..., 1
e Changed GPIO FEAUIES DUIIET ... .o ittt e e ettt e e e ettt et e e e s ate e e e e e aabbe e e e e e amsbeeeaeaanbbeeeeeeansneeeasaannseeaaean 1
¢ Changed Optical Line Card Monitoring and Multi-Channel, General-Purpose Signal Monitoring Applications bullets.......... 1
e Changed (OVto25Vand0Vto5V)to(0V1to Vge and 0V to 2 X Vgee) in Description SECtion ..........ccooceveveiiiiiieeenne 1
e Deleted Companion ProdUCES tADIE ............ooiiiiii et e e e

¢ Changed RGE to RHB for two 32-pin VQFN pin diagrams

LI Yo (o [=To IRCT0 R o] 1o B = I o= Tod = To = TP P PP UPPPRR

e Changed I/O column of Pin Functions: TSSOP Packages table to show full definition instead of abbreviation ................... 6
« Added active low to definition of CS pin in Pin Functions: TSSOP Packages table ............c.cceeeeveveceeresieeesesessesseseneneenns 7
e Changed pin name and description of Alarm pin in Pin Functions: TSSOP Packages table ...........ccccocoiiiiiiiiiniiis 7

Added settings to description of Range pin in Pin Functions: TSSOP Packages table: added (1) to high and (0) to low .... 7

« Added active low to description of CS pin in Pin Functions: VQFN Packages table
e Changed pin name and description of Alarm pin in Pin Functions: VQFN Packages table ...........ccccoiiiiiiiiiiiinieee 9
* Changed value of Input current to any pin except supply pins row from £10 mA (max) to =10 mA (min) and 10 mA

(max) in Absolute Maximum Ratings table .............ooo e
e Changed VBD = 1.7 Vto 5.25 V to VBD = 1.7 V to +VA in condition statement
¢ Changed minimum specification from —1 LSB to —0.99 LSB in first row of Differential linearity parameter......................... 12
e Added input to Reference input resiStanCce ParameEter NAIME ..........oiuuiii ittt e et e et eee e e e aibaee e e s abbeeeaeaannee 13
e Changed maximum specification from FFC Hex to 4092 LSB in Alarm Setting parameters ...........ccccovvveriieeinneenieee e 13
¢ Changed unit from Numbers to Conversion in Invalid conversions after power up or reset parameter ...........ccccceeeeeeennee. 13
e Changed VBD = 1.7 V t0 5.25 V to VBD = 1.7 V to +VA in condition Statement ............ccceiiiiiiiiiiiiiiiiiee e 14
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Revision History (continued)
¢ Added input to Reference input resiStance ParameEter NAIME ...........c.uciioiiiiiiia et e e e e atie e e e e abaee e e e aanbereaesaasbeeeaaaanes 14
¢ Changed maximum specification from FFC Hex to 4092 LSB in Alarm Setting parameters ..........cccccveveeiiieenineenieee e 14
¢ Changed VBD = 1.7 V10 5.25 V to VBD = 1.7 V to +VA in condition Statement ...........ccccceeiiiiiiiiee i 15
¢ Added input to Reference input resiStance ParameEter NAIME ...........c.uciioiiiiiiia et e e e e atie e e e e abaee e e e aanbereaesaasbeeeaaaanes 16
¢ Changed maximum specification from FF Hex to 255 LSB in Alarm Setting parameters ..........ccccccvevieeeviiieenineenieeeenneenn 16
¢ Changed unit from Numbers to Conversion in Invalid conversions after power up or reset parameter ..........cccccceeveveennne 16
¢ Changed REF and GND pins to REFP and REFM pins in the Reference SeCtion ............cccccoiiiiiiaiiiiiiiiee e 29
¢ Added Example Manual Mode Timing Diagram figure and corresponding text to Operating in Manual Mode section ...... 33
¢ Added Example Auto-1 Mode Timing Diagram figure and corresponding text to the Operating in Auto-1 Mode
=T 110 o H TP TP TP T RO PP UPR PR PPPOPRRURPIIN 35
* Added Example Auto-2 Mode Timing Diagram figure and corresponding text to the Operating in Auto-2 Mode
C]=T o 110 ] E T PO T T T TP TP TP T SO PP PPRR PP PPPOPRVRRPPIN 39
e Changed 2.5V to Vgge in first DIO6 row and 5V to 2XVgee iN SECONA DIOB FOW .......eevieieiiiiiiiie e 40
e Changed binary code from 0001 1111 1111 to 0011 1111 1111 in Full scale row of Ideal Input Voltages for 10-Bit
Devices and Digital Output Codes for 10-Bit Devices (ADS7954/55/56/57) table ...........cccovviiriiiiiiieeiee e 41
« Changed 10-Bit to 8-Bit in title of Ideal Input Voltages for 8-Bit Devices and Digital Output Codes for 8-Bit Devices
(ADST958/59/B0/B61L) TADIE .....ccueeeiiieiieitie sttt ettt sb e b et e sbe e e s b e ekt eshe e es bt e bt e eRe e e R bt e eEe e eRe e bt e eEe e eae e e b e e nreennneebeen 42
¢ Changed Application Diagram for an Unbuffered MXO fIQure NOLE .........cccuiiiiiiieiiiiie et 48
« Changed Recommended Layout figure title to Recommended Layout for the TSSOP Packaged Device............cccccouueee. 52
¢ Added Recommended Layout for the VQFN Packaged DeViCe fIQUIE ..........coiiiiiiiiiiiiieiieie et 53
Changes from Revision A (April 2010) to Revision B Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and

Mechanical, Packaging, and Orderable INformation SECHON ...........ccciiiiiiiiiiiic e e e earees 1
Changes from Original (June 2008) to Revision A Page
e Added QFN INfOrMALtiON 1O FEALUIES.........uiiiiiiiiiiee ettt ettt e e et e e e s e e e e s satb et e e e sataeteeessbaetaeesnsbaeeaesansbaseeeeansbaeeaesanssaeeanan 1
e Added QFN infOrmation t0 DESCIIPLION........ciitiiiiiii ittt ettt e sttt et e st e e s r bt e e sabe e e sabe e e sabeeesmteeesmbeeesnbeeesnbeeesaneaesnneeas 1
¢ Changed VEE to AGND and VCC to +VA 0N 38-piN TSSOP PINOUL .....cceiiiiuiiiieiiiiiee e eiiiee e e e e e e st e e e sneae e e e eneee 5
LI Vo [0 [=To I @ T N o o To U T PP PP PV PPOUPPOUPPPPPRN 5
LI Ao [0 [=To B @ T o Lo | PP OUPRTRPOPRIN 5
LI Yo (o [=To B @ T AN T o 11| RSP PPPUPPPPR 6
LI Vo [0 [=To I @ T NI o o To U | T PP U PP VPP OUPPOUPPPPPRN 6
¢ Added terminal functions fOr QFN PACKAGES. .....c.uutiiiiie ittt ettt e s bt s be e e e bb e e sbe e e sbee e e nbeeesbeeesneeesnnneas 8

¢ Changed ADS7950/4/8 QFN package MXO pin from 7 to 3
e Added Vger = 2.5V + 0.1V to Electrical Characteristics, ADS7950/51/52/53
¢ Added while 2Vger < +VA to full-scale input span range 2 teSt CONAItIONS .........oeiiiiiiiiiieiiiie e 12

¢ Added while 2Vgge < +VA to Absolute input range span range 2 test CONAItIONS ..........ooiviiiiaiiiiiiee e

e Added Total unadjusted error (TUE) specification .............ccccocvvennnee.

¢ Changed reference voltage at REFP Min and MaX VAIUES .........ccioiiiiiiiie ittt et e et e e e s eabae e e e s eesaaaeaesenees

« Added Note to Electrical Characteristics, ADST7O50/51/52/53 ...ttt e e et e e e et e e e e e e s s eraa e e aseaaans 13
¢ Added Vgege = 2.5V £ 0.1V to Electrical Characteristics, ADS7954/55/56/57 test conditions.............cccvvveeviiiiieeeiisiinennnn 14
¢ Added while 2Vger < +VA to full-scale input span range 2 teSt CONAItIONS .........oeiiiiieiiiieiiiee e 14
¢ Added while 2Vgge < +VA to full-scale input span range 2 teSt CONAIIONS .........oiiiiiiii i e e 14
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e Changed V, reference voltage at REFP min value from 2.49 V 10 2.0 V .....ueiiiiiiiiiie e 14
e Changed V¢ reference voltage at REFP max value from 2.51 V 10 3.0 V ...coiiiiiiiiiiiiiii e e 14

e Added V=25V = 0.1V to Electrical Characteristics, ADS7958/59/60/61 test conditions..............ccoccvvvveeeviiiieeeiiiiinenn.
¢ Added while 2Vgge < +VA to full-scale input span range 2 test conditions

e Added while 2Vger < +VA to full-scale input span range 2 test conditions
¢ Changed V, reference voltage at REFP min value from 2.49 V to 2.0 V
* Changed V, reference voltage at REFP max value from 2.51 V to 3.0 V
e Changed tg,; ValUES frOM MAX 10 MIN ..ottt e s e e e et e e e ase e e e s s e e et r e e e nee e s nnn e e e nneennneesnnnees

e Changed tg, Values frOM MAX 10 MIN......uiiiiiiiiiiee et e e e e e e e e et e e e e e s asbteeeeeeasbeeeaeeasbseeaeeassseeaesassseeaeeasnraeaeas 17
e Added TOTAL UNADJUSTED ERROR (TUE MaX) Graph.......cccoiiiiiiiiiiiiieiieie ettt 25
e Added TOTAL UNADJUSTED ERROR (TUE Min) Graph.......coueiiieiieiieeiee ettt ne et nne e 25
LI O F-TaTo T=To W €] ol (@ B o1 g TS0 (=TTt 4] o1 o] o SO PPRS PP 28
* Added device powerdown through GPIO in the case of the TSSOP packaged deViCesS ...........cocceiieiiiiiiieeiiiiiieee i 28

e Added note to Table 1
e Added note to Table 2
¢ Added note to Table 5
e Added note to Programming GPIO Registers description
LI Yo [o [=To @ T =\ BT} {o]q g g F= 1 (o) a1 (o TN IF= o[ 00 It S PPR PP
e Changed DI12 = 1? from No or No to Yes or No in Figure 59
¢ Added note to Figure 60
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5 Device Comparison Table

RESOLUTION
NUMBER OF CHANNELS
12 BIT 10 BIT 8 BIT
16 ADS7953 ADS7957 ADS7961
12 ADS7952 ADS7956 ADS7960
8 ADS7951 ADS7955 ADS7959
ADS7950 ADS7954 ADS7958
6 Pin Configuration and Functions
DBT Package
38-Pin TSSOP RHB _Package
Top View 32-Pin VQFN
Top View
GPIO2 [1] |_| [38] GPIO1 GPIO2 [1] |_| [38] GPIO1 %
GPI03 [T 51 GPIOO GPIo3 [T 571 GPIOO < E E o g 9 9 5
REFM [ [z8 +vBD REFM [5] [sg +vBD T+ X O a0 9
REFP [T [ BDGND REFP [2] 13 BDGND oo ogg
WA [E] ] spo A [E] % Sbo acnp [1% %4 scLk
AGND [&] [33 spi AGND [ 33 SDI o
Mxo [T 37 scLk Mxo [T 33 scLk MX0 [] []cs
AINP [E] [31 cs AINP  [&] [31 Cs AINP [] | AGND
ADS7953 G
AINM - [5] ADS79%2 130 AGND AINM L] Ao eay [ AGND AINM [] ADS7953/ ] ~A
AGND [0 aps7es0 |29 +VA AGND (] aps7oe1 [2d +VA ADS7957/
NC [ 28] CHO CH15 [i] 2e] CHO CH15 [ ] ADS7961 [} cho
NC  [zZ] [27] CH1 CH14 [Z] %cm CH14 [] [] cH1
NC [3] [26] CH2 CH13 [13] 26] CH2
o o —— oH12 @ S chs CH13 [] [] CH2
CH11 [15] [24 CH4 CH11 [i5] [24 CHa CH12 []8 1(;7D CH3
CHI10 [m] [=lcHs CH10 [re} (2] CHS [% OO nnm
CH9 [17] [22] CHe CHY [17] (2] CHe T 2 9 @~ © ©v =
cHe [E] G CH7 cHs [ [21] CH7 z % 55853583
AGND [19] [20] AGND AGND [19] [20] AGND
RHB Package
DBT Package 32-Pin VQFN
30-Pin TSSOP Top View
Top View a
o = o Q z
o 0 O =
GPIO2 g |_| %GPIOl GPIO2 % |—| % 2:2(1) <>f E g % % % 8 8
GPIO3 [2 23] GPIOO GPIO3 [2
REFM [Z] [28] +vBD REFM [5] 28] +VBD 3E2] oo uy %’
REFP [Z] 7] BDGND REFP [7] [27] BDGND AGND [ 1 24[] SCLK
WA [5] %] spo WA [E (zs] SDO MXO [] (] cs
AGND [&] [25] sDI AGND [s | [23 sSDI
MxO [7] ADST9%0 [z scik MXO [T| ADST®5L 3 scix AINP [] (] AGND
ADS7954 [ ADS7955 — ADS7952/
AINP [E] Aps79ss [ CS AINP [E] ADS7959 [23] CS AINM [] ] ~A
AINM [5] [22] AGND AINM  [5] [72] AGND NG ADS7956/ NG
AGND [I] [21] +VA AGND [1] [21] +VA H ADS7960 O]
NC [ [20] CHO cH7 [d] [20] CHO NC [] ] NC
cH3 ] pel NC CHe [z el cH CH11[] [] cHo
NC [13] [18] CH1 CHs [13] [18] CH2
CH2 [ [7] NC CH4 [i] [7] CH3 CH10 []8 9 1617D CH1
NC [ EIYe NC [© %6 NC O mrrrm
(2] e} ~ © v < [se} N
I I r T I I I I
O O 0O o0 o o o o

Copyright © 2008-2018, Texas Instruments Incorporated
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RGE Package

RGE Package

24-Pin VQFN 24-Pin VQFN
Top View Top View
g z
tEogsg g tEg823
¥ 2638 6 26 3 a0
oo oo odg
24 19 24 19
+VA[ 1 18] SDI +VA[ 1 18[] SDI
AGND [ ] [] scLk AGND [ ] [ ] scLk
ADS7951/ e ADS7950/ ==
MXO CS MXO CS
= ADS7955/ - - ADS7954/ B
AINP [ ] ADS7959 ] AGND AINP [ ] ADS7958 ] AGND
AINM ] ] +vA AINM [ ] ] +vA
CH7:]67 1213[] CHO Nc:]e7 1213[] NC
i HENEREEEREN
© v ¥ ® N = O @ o T 2 0O
555553 2555852
Pin Functions: TSSOP Packages
PIN
ADS7953 | ADS7952 | ADS7951 ADS7950 1/O DESCRIPTION
NAME ADS7957 | ADS7956 | ADS7955 ADS7954
ADS7961 | ADS7960 | ADS7959 ADS7958
REFERENCE
Analog .
REFP 4 4 4 4 input Reference input
REFM 3 3 3 3 Analog Reference ground
input
ADC ANALOG INPUT
Analog . .
AINP 8 8 8 8 input ADC input signal
Analog .
AINM 9 9 9 9 input ADC input ground
MULTIPLEXER
Analog .
MXO 7 7 7 7 output Multiplexer output
Cho 28 28 20 20 Airr:;LOtg Analog channel for multiplexer
Chl 27 27 19 18 Aiggluotg Analog channel for multiplexer
Ch2 26 26 18 14 Airr:;LOtg Analog channel for multiplexer
Ch3 25 25 17 12 Aiggluotg Analog channel for multiplexer
Ch4 24 24 14 — Airr:;LOtg Analog channel for multiplexer
Ch5 23 23 13 — Aiggluotg Analog channel for multiplexer
Ché 22 22 12 — Airr:;LOtg Analog channel for multiplexer
Ch7 21 21 11 — Aiggluotg Analog channel for multiplexer
Ch8 18 18 — — Airr:;LOtg Analog channel for multiplexer
Ch9 17 17 — — Aiggluotg Analog channel for multiplexer
6 Submit Documentation Feedback Copyright © 2008-2018, Texas Instruments Incorporated
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Pin Functions: TSSOP Packages (continued)

PIN
ADS7953 ADS7952 ADS7951 ADS7950 /O DESCRIPTION
NAME ADS7957 | ADS7956 | ADS7955 ADS7954
ADS7961 | ADS7960 | ADS7959 ADS7958
Ch10 16 16 — — Airr:SIlJOtg Analog channel for multiplexer
Chi1l 15 15 — — Ai?]f)lluotg Analog channel for multiplexer
Ch12 14 — — — Airr:SIlJOtg Analog channel for multiplexer
Ch13 13 — — — Ai?]f)lluotg Analog channel for multiplexer
Ch14 12 — — — Airr:SIlJOtg Analog channel for multiplexer
Chi5 11 — — — Ai?]f)lluotg Analog channel for multiplexer
DIGITAL CONTROL SIGNALS
[ 31 31 23 23 I?r'%ltj?l Chip-select input pin; active low
SCLK 32 32 24 24 '?r'%fft" Serial clock input pin
SDI 33 33 25 25 I?r'%ltj?l Serial data input pin
SDO 34 34 26 26 Digital | 5o ial data output pin
output
GENERAL-PURPOSE INPUTS/OUTPUTS®
GPIO0 Digital I/O | General-purpose input or output
Alarm 37 37 29 29 Digital | Active high alarm output. For configuration, see the
output Programming section.
GPIO1 Digital I/O | General-purpose input or output
38 38 30 30 Digital ) . Lo
Low alarm Active high output indicating low alarm
output
GPI02 Digital I/O | General-purpose input or output
Rande 1 1 1 1 Digital | Selects ADC input range: High (1) -> Range 2 (0 to
9 input | 2xVger) / Low (0) -> Range 1 (0 to Vrer)
GPIO3 Digital I/O | General-purpose input or output
— 2 2 2 2 i
PD D'g'tal Active low power-down input
input
POWER SUPPLY AND GROUND
+VA 5,29 5,29 521 521 — Analog power supply
6, 10, 19, | 6, 10, 19,
AGND 20, 30 20, 30 6, 10, 22 6, 10, 22 — Analog ground
+VBD 36 36 28 28 — Digital 1/0 supply
BDGND 35 35 27 27 — Digital ground
NC PINS
. . 11,12, 13, 15. 16 11, 13, 15, . Pins internally not connected, do not float these pins,
14 ' 16, 17, 19 connect these pins to ground

(1) These pins have programmable dual functionality. See Table 12 for functionality programming.

Copyright © 2008-2018, Texas Instruments Incorporated
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Pin Functions: VQFN Packages

PIN
ADS7953 ADS7952 ADS7951 ADS7950 /O DESCRIPTION
PIN NAME ADS7957 | ADS7956 | ADS7955 ADS7954
ADS7961 | ADS7960 | ADS7959 ADS7958
REFERENCE
REFP 31 31 24 24 Analog | poference input
input
REFM 30 30 23 23 Ai?]‘;’)"lj’tg Reference ground
ADC ANALOG INPUT
Analog . .
AINP 3 3 4 4 input ADC input signal
AINM 4 4 5 5 Analog | Anc input ground
input
MULTIPLEXER
Analog .
MXO 2 2 3 3 output Multiplexer output
Cho 20 18 13 11 Aigzluotg Analog-input channel for multiplexer
Chl 19 17 12 10 P;Egluotg Analog-input channel for multiplexer
Ch2 18 16 11 9 Aigzluotg Analog-input channel for multiplexer
Ch3 17 15 10 8 P;Egluotg Analog-input channel for multiplexer
Ch4 16 14 9 — Aigzluotg Analog-input channel for multiplexer
Ch5 15 13 8 — P;Egluotg Analog-input channel for multiplexer
Ché 14 12 7 — Aigzluotg Analog-input channel for multiplexer
Ch7 13 11 6 — P;Egluotg Analog-input channel for multiplexer
Ch8 12 10 — — Aigzluotg Analog-input channel for multiplexer
Ch9 11 9 — — P;Egluotg Analog-input channel for multiplexer
Ch10 10 8 — — Aigzluotg Analog-input channel for multiplexer
Chi1 9 7 — — P;Egluotg Analog-input channel for multiplexer
Ch12 8 — — — Aigzluotg Analog-input channel for multiplexer
Ch13 7 — — — P;Egluotg Analog-input channel for multiplexer
Chi4 6 — — — Aigzluotg Analog-input channel for multiplexer
Ch15 5 — — — P;Egluotg Analog-input channel for multiplexer
DIGITAL CONTROL SIGNALS
[ 23 23 16 16 l?r']?)'ltj?l Chip-select input pin; active low
SCLK 24 24 17 17 '?r']%'fﬁ" Serial clock input pin
SDI 25 25 18 18 Digital | g ia) data input pin
input
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Pin Functions: VQFN Packages (continued)

PIN

ADS7953 ADS7952 ADS7951 ADS7950 /O DESCRIPTION
PIN NAME ADS7957 | ADS7956 | ADS7955 ADS7954
ADS7961 | ADS7960 | ADS7959 ADS7958

SDO 26 26 19 19 OD:J%SS: Serial data output pin

GENERAL-PURPOSE INPUT/OUTPUT®W

GPIO0 Digital I/O | General purpose input or output

Alarm 29 29 22 22 Digital | Active high alarm output. For configuration, see the

output Programming section.

POWER SUPPLY AND GROUND

+VA 21,32 21,32 1,14 1,14 — Analog power supply
AGND 1,22 1,22 2,15 2,15 — Analog ground
+VBD 28 28 21 21 — Digital I/O supply
BDGND 27 27 20 20 — Digital ground
NC PINS
5, 6,19, Pins internally not connected, do not float these pins,

— — 20 — 6,7,12,13 —

connect these pins to ground

(1) This pin has programmable dual functionality. See Table 12 for functionality programming.
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
AINP or CHn to AGND -0.3 VA +0.3 \%
+VA to AGND, +VBD to BDGND -0.3 7 \%
Digital input voltage to BDGND -0.3 7 \%
Digital output to BDGND -0.3 VA +0.3 \Y
Input current to any pin except supply pins -10 10 mA
Operating temperature -40 125 °C
Junction temperature (T; Max) 150 °C
Storage temperature (Tg) -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings 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 Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) DBT packaged versions of ADS79xx family devices are rated for MSL2 260°C per the JSTD-020 specifications and the RGE and RHB
packaged versions of ADS79xx family devices are rated for MSL3 260C per JSTD-020 specifications

7.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
V(Esp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +500

(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.

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

MIN NOM MAX | UNIT
V(+va) Analog power-supply voltage 2.7 3.3 5.25 \%
V(+vBD) Digital I/O-supply voltage 1.7 3.3 Vva \%
V(REF) Reference voltage 2 2.5 3 \%
f (scLk) SCLK frequency 20| MHz
Ta Operating temperature range -40 125 °C
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7.4 Thermal Information: TSSOP

ADS795x
THERMAL METRIC® DBT (TSSOP) DBT (TSSOP) UNIT
38 PINS 30 PINS
Rgia Junction-to-ambient thermal resistance 83.6 89.8 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 29.8 22.9 °C/IW
Rgis Junction-to-board thermal resistance 44.7 43.1 °C/IW
WIT Junction-to-top characterization parameter 2.9 0.8 °C/IW
viB Junction-to-board characterization parameter 44.1 42.5 °C/IW
Rosc (ot Junction-to-case (bottom) thermal resistance n/a n/a °C/IW

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

report.

7.5 Thermal Information: VQFN

ADS7953, ADS7957, ADS7961
THERMAL METRIC® RHB (VQFN) RGE (VQFN) UNIT
32 PINS 24 PINS
Rgia Junction-to-ambient thermal resistance 40.6 36.9 °C/W
Rojctop) Junction-to-case (top) thermal resistance 32.1 39.3 °C/W
Rgis Junction-to-board thermal resistance 131 14.7 °C/W
WIT Junction-to-top characterization parameter 0.8 0.7 °C/W
Vi Junction-to-board characterization parameter 13 14.8 °C/W
Roscbot) Junction-to-case (bottom) thermal resistance 5.7 5.6 °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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7.6 Electrical Characteristics: ADS7950, ADS7951, ADS7952, ADS7953

VA=27V10525V,VBD =17V t0o +VA, Vgee =25V £ 0.1V, T, = —40°C to 125°C, fsampe = 1 MHz (unless otherwise

noted)
PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
ANALOG INPUT
Range 1 0 V
Full-scale input span® g . REF \Y
Range 2 while 2xVRgg < +VA 0 2*VRer
Range 1 -0.2 V +0.2
Absolute input range g - REF \%
Range 2 while 2xVRgg < +VA -0.2 2*VRgeg + 0.2
Input capacitance 15 pF
Input leakage current Tp=125°C 61 nA
SYSTEM PERFORMANCE
Resolution 12 Bits
o ADS795XSB®@ 12 )
No missing codes 2 Bits
ADS795XS® 11
o ADS795XSB®@ -1 +0.5 1 5
Integral linearity 5 LsB®
ADS795XS® -15 +0.75 15
) o ADS795XSB®@ -0.99 +0.5 1
Differential linearity > LSB
ADS795XS® -2 +0.75 15
Offset error® -35 #1.1 35 LSB
. Range 1 -2 +0.2 2
Gain error LSB
Range 2 +0.2
Total unadjusted error (TUE) +2 LSB
SAMPLING DYNAMICS
Conversion time 20 MHz SCLK 800 ns
Acquisition time 325 ns
Maximum throughput rate 20 MHz SCLK 1 MHz
Aperture delay 5 ns
Step response 150 ns
Overvoltage recovery 150 ns

(1) Ideal input span; does not include gain or offset error.
(2) ADS795X, where X indicates 0, 1, 2, or 3.

(3) LSB means least significant bit.

(4) Measured relative to an ideal full-scale input.
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Electrical Characteristics: ADS7950, ADS7951, ADS7952, ADS7953 (continued)

VA=27V10525V,VBD =17V 1t0 +VA, Vgege = 2.5V £ 0.1V, T, = —40°C to 125°C, fsmpe = 1 MHz (unless otherwise

noted)
PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
DYNAMIC CHARACTERISTICS
Total harmonic distortion® 100 kHz -82 dB
) ) ) 100 kHz, ADS795XSB®@ 70 71.7
Signal-to-noise ratio > dB
100 kHz, ADS795XS® 70 71.7
) ) o 100 kHz, ADS795XSB®@ 69 71.3
Signal-to-noise + distortion > dB
100 kHz, ADS795XS® 68 71.3
Spurious free dynamic range 100 kHz 84 dB
Small signal bandwidth At -3 dB a7 MHz
Any off-channel with 100 kHz, Full-scale input to
channel being sampled with DC input (isolation -95
crosstalk).
Channel-to-channel crosstalk - - dB
From previously sampled to channel with 100
kHz, Full-scale input to channel being sampled -85
with DC input (memory crosstalk).
EXTERNAL REFERENCE INPUT
Vger reference voltage at REFP© 2 25 3 v
Reference input resistance At fsample = 1 MHz 100 kQ
ALARM SETTING
High threshold range 4092 LSB
Low threshold range 4092 LSB
DIGITAL INPUT/OUTPUT
Logic family CMOS
ViH .7*(+VBD)
Vi +VBD =5V 0.8
Logic level Vi +VBD =3V 0.4 \%
Vou At lsource = 200 pA +VBD-0.2
VoL At lsink = 200 pA 0.4
Data format MSB first MSB First
POWER SUPPLY REQUIREMENTS
+VA supply voltage 2.7 3.3 5.25 \%
+VBD supply voltage 1.7 3.3 5.25 \%
At +VA = 2.7 to 3.6 V and 1 MHz throughput 1.8
At +VA = 2.7 to 3.6 V static state 1.05
Supply current (normal mode) mA
At +VA = 4.7 t0 5.25 V and 1 MHz throughput 2.3
At +VA = 4.7 t0 5.25 V static state 1.1 1.5
Power-down state supply current 1 pA
+VBD supply current +VA =5.25V, fg = 1IMHz 1 mA
Power-up time 1 us
Invalid conversions after power up or 1 Conversion
reset

(5) Calculated on the first nine harmonics of the input frequency.
(6) Device is designed to operate over Vggg = 2 V to 3 V. However one can expect lower noise performance at V¢ < 2.4 V. This is due to
SNR degradation resulting from lowered signal range.
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7.7 Electrical Characteristics, ADS7954, ADS7955, ADS7956, ADS7957

+VA=27V10525V, +VBD = 1.7 V10 +VA, Vgee = 2.5V + 0.1V, Tp = -40°C to 125°C, fyampe = 1 MHz (unless otherwise
noted)

PARAMETER | TEST CONDITIONS | MIN  TYP  MAX| UNIT
ANALOG INPUT
Full-scale input span® Range 1 - 0 Vrer \Y;
Range 2 while 2xVRgg < +VA 0 2*VRer
. Range 1 -0.20 Vrer +0.20
Absolute input range - \%
Range 2 while 2xVRgg < +VA -0.20 2*Vger 10.20
Input capacitance 15 pF
Input leakage current Tp=125°C 61 nA
SYSTEM PERFORMANCE
Resolution 10 Bits
No missing codes 10 Bits
Integral linearity -0.5 +0.2 05| LSB®@
Differential linearity -0.5 +0.2 0.5 LSB
Offset error® -15 +0.5 15 LSB
Gain error Range 1 -1 01 ! LSB
Range 2 +0.1
SAMPLING DYNAMICS
Conversion time 20 MHz SCLK 800 ns
Acquisition time 325 ns
Maximum throughput rate 20 MHz SCLK 1 MHz
Aperture delay 5 ns
Step response 150 ns
Overvoltage recovery 150 ns
DYNAMIC CHARACTERISTICS
Total harmonic distortion® 100 kHz -80 dB
Signal-to-noise ratio 100 kHz 60 dB
Signal-to-noise + distortion 100 kHz 60
Spurious free dynamic range 100 kHz 82 dB
Full power bandwidth At -3 dB 47 MHz
Any off-channel with 100 kHz, Full-scale input to -95
channel being sampled with DC input.
Channel-to-channel crosstalk From previously sampled to channel with 100 kHz, -85 dB
Full-scale input to channel being sampled with DC
input.
EXTERNAL REFERENCE INPUT
VRer reference voltage at REFP 2 2.5 3 \%
Reference input resistance fsample = 1 MHz 100 kQ
ALARM SETTING
High threshold range 000 4092 LSB
Low threshold range 000 4092 LSB

(1) Ideal input span; does not include gain or offset error.

(2) LSB means least significant bit.

(3) Measured relative to an ideal full-scale input.

(4) Calculated on the first nine harmonics of the input frequency.
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Electrical Characteristics, ADS7954, ADS7955, ADS7956, ADS7957 (continued)

+VA=27V10525V, +VBD = 1.7 V10 +VA, Vgge =25V £ 0.1V, Tp = -40°C to 125°C, f3mpe = 1 MHZ (unless otherwise

noted)
PARAMETER | TEST CONDITIONS | MIN  TYP  MAX| UNIT
DIGITAL INPUT/OUTPUT
Logic family CMOS
ViH 0.7*(+VBD)
Vi +VBD =5V 0.8
Logic level Vi +VBD =3V 0.4 \%
Vou At lsource = 200 pA +VBD-0.2
VoL At lsink = 200 pA 0.4
Data format MSB first MSB First
POWER SUPPLY REQUIREMENTS
+VA supply voltage 2.7 3.3 5.25 \%
+VBD supply voltage 1.7 3.3 5.25 \%
At +VA = 2.7 to 3.6 V and 1MHz throughput 1.8
At +VA = 2.7 to 3.6 V static state 1.05
Supply current (normal mode) mA
At +VA = 4.7 t0 5.25 V and 1 MHz throughput 2.3
At +VA = 4.7 to 5.25 V static state 11 15
Power-down state supply current 1 A
+VBD supply current +VA = 5.25V, fs = 1IMHz 1 mA
Power-up time us
Invalid conversions after power up or Conversion
reset

7.8 Electrical Characteristics, ADS7958, ADS7959, ADS7960, ADS7961
+VA=27V10525V, +VBD = 1.7 V10 +VA, Vgee = 2.5V £ 0.1V, Tp = -40°C to 125°C, fsampe = 1 MHz (unless otherwise

noted)
PARAMETER | TEST CONDITIONS | MIN TYP  MAX| UNIT
ANALOG INPUT
Range 1 0 V
Full-scale input span® g : REF \Y
Range 2 while 2xVggg < +VA 0 2*VRer
. Range 1 -0.20 Vger + 0.2
Absolute input range - \%
Range 2 while 2xVggg < +VA -0.20 2*VRgeg + 0.2
Input capacitance 15 pF
Input leakage current Tp=125°C 61 nA
SYSTEM PERFORMANCE
Resolution 8 Bits
No missing codes 8 Bits
Integral linearity -03 0.1 03| LsB®
Differential linearity -0.3 +0.1 0.3 LSB
Offset error(®) -05 0.2 0.5 LSB
. Range 1 -0.6 +0.1 0.6
Gain error LSB
Range 2 +0.1
(1) Ideal input span; does not include gain or offset error.
(2) LSB means least significant bit.
(3) Measured relative to an ideal full-scale input.
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Electrical Characteristics, ADS7958, ADS7959, ADS7960, ADS7961 (continued)

+VA=27V10525V, +VBD = 1.7 V10 +VA, Vgge =25V £ 0.1V, Tp = -40°C to 125°C, f3mpe = 1 MHZ (unless otherwise

noted)
PARAMETER ‘ TEST CONDITIONS MIN  TYP MAX ‘ UNIT
SAMPLING DYNAMICS
Conversion time 20 MHz SCLK 800 ns
Acquisition time 325 ns
Maximum throughput rate 20 MHz SCLK 1 MHz
Aperture delay 5 ns
Step response 150 ns
Overvoltage recovery 150 ns
DYNAMIC CHARACTERISTICS
Total harmonic distortion® 100 kHz —75 dB
Signal-to-noise ratio 100 kHz 49 dB
Signal-to-noise + distortion 100 kHz 49
Spurious free dynamic range 100 kHz -78 dB
Full power bandwidth At -3 dB a7 MHz
Any off—cha_nnel with 100 I_(Hz, FL_JII—scaIe input to _o5
channel being sampled with DC input.
Channel-to-channel crosstalk From previously sampled to channel with 100 kHz, dB
Full—scale input to channel being sampled with DC -85
input.
EXTERNAL REFERENCE INPUT
Vger reference voltage at REFP 2 25 3 \Y,
Reference input resistance fsample = 1 MHz 100 kQ
ALARM SETTING
High threshold range 000 255 LSB
Low threshold range 000 255 LSB
DIGITAL INPUT/OUTPUT
Logic family CMOS
ViH 0.7*(+VBD)
Vi +VBD =5V 0.8
Logic level Vi +VBD =3V 0.4 \%
Vou At lsource = 200 pA +VBD-0.2
VoL At lgink = 200 pA 04
Data format MSB First
POWER SUPPLY REQUIREMENTS
+VA supply voltage 2.7 3.3 5.25 \Y,
+VBD supply voltage 1.7 3.3 5.25 \%
At +VA = 2.7 t0 3.6 V and 1 MHz throughput 1.8
At +VA = 2.7 to 3.6 V static state 1.05
Supply current (normal mode) mA
At +VA = 4.7 t0 5.25 V and 1 MHz throughput 2.3
At +VA = 4.7 to 5.25 V static state 1.1 15
Power-down state supply current 1 pA
+VBD supply current +VA =5.25V, fg = 1IMHz 1 mA
Power-up time us
Irz\gtid conversions after power up or Conversion

(4) Calculated on the first nine harmonics of the input frequency.
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7.9 Timing Requirements

All specifications typical at —40°C to 125°C, +VA = 2.7 V to 5.25 V (unless otherwise specified)®® (see Figure 1, Figure 2,
Figure 3, and Figure 4)

MIN NOM MAX | UNIT
+vBD =18V 16
teonv Conversion time +VBD =3V 16| SCLK
+VBD =5V 16
o _ _ _ +vVBD =18V 40
+VBD =5V 40
+vBD =18V 38
ta1 Delay time, CS low to first data (DO-15) out +VBD =3V 27 ns
+VBD =5V 17
+vVBD =18V
tsu1 Setup time, CS low to first rising edge of SCLK +VBD =3V ns
+VBD =5V
+vVBD =18V 35
tao Delay time, SCLK falling to SDO next data bit valid |+VBD =3V 27 ns
+VBD =5V 17
+vVBD =18V
th1 Hold time, SCLK falling to SDO data bit valid +VBD =3V ns
+VBD =5V
+vVBD =18V 26
ta3 Delay time, 16 SCLK falling edge to SDO 3-state +VBD =3V 22 ns
+VBD =5V 13
+vBD =18V
tsu2 Setup time, SDI valid to rising edge of SCLK +VBD =3V ns
+VBD =5V
+vVBD =18V 12
tho Hold time, rising edge of SCLK to SDI valid +VBD =3V 10 ns
+VBD =5V 6
+vVBD =18V 20
ta Pulse duration CS high +VBD =3V 20 ns
+VBD =5V 20
+vVBD =18V 24
taa Delay time CS high to SDO 3-state +VBD =3V 21 ns
+VBD =5V 12
+vVBD =18V 20
twh Pulse duration SCLK high +VBD =3V 20 ns
+VBD =5V 20
+vVBD =18V 20
twi Pulse duration SCLK low +VBD =3V 20 ns
+VBD =5V 20
+vVBD =18V 20
Frequency SCLK +VBD =3V 20 MHz
+VBD =5V 20

(1) 1.8V specifications apply from 1.7 V to 1.9 V, 3 V specifications apply from 2.7 V to 3.6 V, 5 V specifications apply from 4.75 V to

@

5.25V.
With 50-pF load
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| |
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Figure 1. Device Operation Timing Diagram

T= 1/t Throughput (Single Frame) ::

cs — \ /| —
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SCLK oo I: 1 2 3 4 5 6 14 |15 [18 1 1 :' i i!
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SDO DO-14X DO—13XDO—12 bo-0 ' :
tsu2 _’: :‘_ i :: tq =!
SDI } oi15 Y oita X or13 ) pit2 | oeit ) it X:ztx p2 X o1 ) oro ) |
| 1

fe—>— tho
Figure 2. Serial Interface Timing Diagram for 12-Bit Devices (ADS7950/51/52/53)
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Figure 3. Serial Interface Timing Diagram for 10-Bit Devices (ADS7954/55/56/57)
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Figure 4. Serial Interface Timing Diagram for 8-Bit Devices (ADS7958/59/60/61)
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7.10 Typical Characteristics (All ADS79xx Family Devices)

35 T
fg =1 MSPS,
Tp=25°C

25

/

+VA - Supply Current - mA

2.7 3.4 4.1 4.8 55
+VA - Supply Voltage - V
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7.11 Typical Characteristics (12-Bit Devices Only)

Variations for 10-bit and 8-bit devices are too small to be illustrated through the characteristic curves
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Figure 11. Differential Nonlinearity vs Supply Voltage
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Figure 12. Integral Nonlinearity vs Supply Voltage
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Figure 13. Differential Nonlinearity vs Free-Air Temperature
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Figure 14. Integral Nonlinearity vs Free-Air Temperature
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Typical Characteristics (12-Bit Devices Only) (continued)

Variations for 10-bit and 8-bit devices are too small to be illustrated through the characteristic curves
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Figure 17. Gain Error vs Supply Voltage
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Figure 18. Gain Error vs Interface Supply Voltage
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72
8 715
8
e 71
(]
0
S
Z 705
8
T
c
2 70 +VBD =3V,
(] fg = 1MSPS,
x fiy = 100 kHz
2 695 Tp=25°C —
69 |
27 34 4.1 48 55

+VA - Supply Voltage - V
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Typical Characteristics (12-Bit Devices Only) (continued)

Variations for 10-bit and 8-bit devices are too small to be illustrated through the characteristic curves
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Figure 23. Total Harmonic Distortion vs Supply Voltage

©
o

‘

| +vBD=3V,
fg =1 MSPS,

L f,y = 100 kHz
Tp=25°C

e
o ©

J

(=

® o o ©

(3]

@
~

[

® o o
- N

SFDR - Spurious Free Dynamic Range - dB

[
o

27 3.4 4.1 4.8 55
+VA - Supply Voltage -V

Figure 24. Spurious Free Dynamic Range vs Supply Voltage
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Figure 25. Signal-To-Noise Ratio vs Free-Air Temperature
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Typical Characteristics (12-Bit Devices Only) (continued)

Variations for 10-bit and 8-bit devices are too small to be illustrated through the characteristic curves
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Figure 29. Signal-to-Noise Ratio vs Input Frequency
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Figure 30. Signal-to-Noise + Distortion vs Input Frequency
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Figure 31. Total Harmonic Distortion vs Input Frequency
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Figure 32. Spurious Free Dynamic Range vs Input
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Figure 33. Signal-to-Noise + Distortion vs Input Frequency
(Across Different Source Resistance Values)
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Typical Characteristics (12-Bit Devices Only) (continued)

Variations for 10-bit and 8-bit devices are too small to be illustrated through the characteristic curves
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Frequency (Across Different Source Resistance Values)
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Figure 40. Signal-to-Noise Ratio Variation Across Channels
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Typical Characteristics (12-Bit Devices Only) (continued)

Variations for 10-bit and 8-bit devices are too small to be illustrated through the characteristic curves
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Figure 42. Crosstalk vs Input Frequency
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Figure 43. Input Leakage Current vs Free-Air Temperature
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7.12 Typical Characteristics (12-Bit Devices Only)
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8 Detailed Description

8.1 Overview

The ADS7950 to ADS7961 are 12-, 10-, 8-bit multichannel pin-compatible devices. The ADS79xx is a family of
12-, 10-, 8-bit, high-speed, low-power, successive approximation register (SAR) analog-to-digital converter (ADC)
that uses an external reference. The architecture is based on charge redistribution, which inherently includes a
sample/hold function. The analog inputs to the ADS79xx are provided to CHX input channels. All input channels
share a common analog ground AGND. ADS79xx has multiplexer breakout feature which allows user to connect
the signal conditioning circuit between multiplexer output (MXO) and ADC input (AINP). This feature enables use
of common signal conditioning block for the input signal which exhibit similar performance characteristics.
ADS79xx can be programmed to select a channel manually or can be programmed into the auto channel select
mode to sweep through the input channels automatically

Figure 1, Figure 2, Figure 3, and Figure 4 show device operation timing. Device operation is controlled with CS,
SCLK, and SDI. The device outputs its data on SDO.

Each frame begins with the falling edge of CS. With the falling edge of CS, the input signal from the selected
channel is sampled, and the conversion process is initiated. The device outputs data while the conversion is in
progress. The 16-bit data word contains a 4-bit channel address, followed by a 12-bit conversion result in MSB
first format. There is an option to read the GPIO status instead of the channel address. (Refer to Table 1,
Table 2, and Table 5 for more details.)

The device selects a new multiplexer channel on the second SCLK falling edge. The acquisition phase starts on
the fourteenth SCLK rising edge. On the next CS falling edge the acquisition phase will end, and the device
starts a new frame.

The TSSOP packaged devices have four General Purpose 10 (GPIO) pins while QFN versions have only one
GPIO. These four pins can be individually programmed as GPO or GPI. It is also possible to use them for
preassigned functions, refer to Table 11. GPO data can be written into the device through the SDI line. The
device refreshes the GPO data on the CS falling edge as per the SDI data written in previous frame.

Similarly the device latches GPI status on the CS falling edge and outputs the GPI data on the SDO line (if GPI
read is enabled by writing DI04=1 in the previous frame) in the same frame starting with the CS falling edge.

The falling edge of CS clocks out DO15 (first bit of the four bit channel address), and remaining address bits are
clocked out on every falling edge of SCLK until the third falling edge. The conversion result MSB is clocked out
on the 4th SCLK falling edge and LSB on the 15th/13th/11th falling edge respectively for 12/10/8-bit devices. On
the 16th falling edge of SCLK, SDO goes to the 3-state condition. The conversion ends on the 16th falling edge
of SCLK. CS can be asserted (pulled high) only after 16 clocks have elapsed

The device reads a sixteen bit word on the SDI pin while it outputs the data on the SDO pin. SDI data is latched
on every rising edge of SCLK starting with the 1st clock as shown in Figure 2, Figure 3, and Figure 4.

CS can be asserted (pulled high) only after 16 clocks have elapsed.

The device has two (high and low) programmable alarm thresholds per channel. If the input crosses these limits;
the device flags out an alarm on GPIO0/GPIO1 depending on the GPIO program register settings (refer to
Table 11). The alarm is asserted (under the alarm conditions) on the 12th falling edge of SCLK in the same
frame when a data conversion is in progress. The alarm output is reset on the 10th falling edge of SCLK in the
next frame.

The device offers a power-down feature to save power when not in use. There are two ways to powerdown the
device. It can be powered down by writing DIO5 = 1 in the mode control register (refer to Table 1, Table 2, and
Table 5); in this case the device powers down on the 16th falling edge of SCLK in the next data frame. Another
way to powerdown the device is through GPIO in the case of the TSSOP packaged devices. GPIO3 can act as
the PD input (refer to Table 11 to assign this functionality to GPIO3). This is an asynchronous and active low
input. The device powers down instantaneously after GPIO3 (PD) = 0. The device will power up again on the CS
falling edge with DIO5 = 0 in the mode control register and GPIO3 (PD) = 1.
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8.2 Functional Block Diagram

MXO AINP REF +VA AGND

Cho—] 4
Ch1—]

ADC —» SDO
Ch2—]

A
Alarm
Threshold
Control Logic SDI
Chn*— & SCLK
Sequencing s

GPIO BDGND  VBD
NOTE: n*is number of channels (16,12,8, or 4) depending on the device from the ADS79xx product family.
NOTE: There are 4 GPIOs in the TSSOP package and 1 GPIO in the QFN package..

8.3 Feature Description

8.3.1 Reference

The ADS79xx can operate with an external 2.5-V + 10-mV reference. A clean, low noise, well-decoupled
reference voltage on the REFP pin is required to ensure good performance of the converter. A low noise band-
gap reference like the REF5025 can be used to drive this pin. A 10-uF ceramic decoupling capacitor is required
between the REFP and REFM pins of the converter. The capacitor should be placed as close as possible to the
pins of the device.

8.3.2 Power Saving

The ADS79xx devices offer a power-down feature to save power when not in use. There are two ways to power
down the device. It can be powered down by writing DIO5 = 1 in the Mode Control register (refer to Table 1,
Table 2 and Table 5); in this case the device powers down on the 16th falling edge of SCLK in the next data
frame. Another way to powerdown the device is through GPIO. GPIO3 can act as a PD input (refer to Table 11,
for assigning this functionality to GPIO3). This is an asynchronous and active low input. The device powers down
instantaneously after GPIO3 (PD) = 0. The device will powerup again on the CS falling edge while DIO5 = 0 in
the Mode Control register and GPIO3 (PD) = 1.

8.4 Device Functional Modes

8.4.1 Channel Sequencing Modes

There are three modes for channel sequencing, namely Manual mode, Auto-1 mode, Auto-2 mode. Mode
selection is done by writing into the Mode Control Register (refer to Table 1, Table 2, and Table 5). A new
multiplexer channel is selected on the second falling edge of SCLK (as shown in Figure 1) in all three modes.

Manual mode: When configured to operate in Manual mode, the next channel to be selected is programmed in
each frame and the device selects the programmed channel in the next frame. On powerup or after reset the
default channel is ‘Channel-0' and the device is in Manual mode.

Auto-1 mode: In this mode the device scans pre-programmed channels in ascending order. A new multiplexer
channel is selected every frame on the second falling edge of SCLK. There is a separate Program Register for
pre-programming the channel sequence. Table 3 and Table 4 show Auto-1 ‘program register’ settings.
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Device Functional Modes (continued)

Once programmed the device retains ‘Program Register settings until the device is powered down, reset, or
reprogrammed. It is allowed to exit and re-enter the Auto-1 mode any number of times without disturbing
‘program register’ settings.

The Auto-1 program register is reset to FFFF/FFF/FF/F hex for the 16-, 12-, 8-, 4 channel devices respectively
upon device powerup or reset; implying the device scans all channels in ascending order.

Auto-2 mode: In this mode the user can configure the program register to select the last channel in the scan
sequence. The device scans all channels from channel 0 up to and including the last channel in ascending order.
The multiplexer channel is selected every frame on the second falling edge of SCLK. There is a separate
‘program register’ for pre-programming of the last channel in the sequence (multiplexer depth). Table 6 lists the
‘Auto-2 prog’ register settings for selection of the last channel in the sequence.

Once programmed the device retains program register settings until the device is powered down, reset, or
reprogrammed. It is allowed to exit and re-enter Auto-2 mode any number of times, without disturbing the
‘program register’ settings.

On powerup or reset the bits D9-D6 of the Auto-2 program register are reset to F/B/7/3 hex for the 16/12/8/4
channel devices respectively; implying the device scans all channels in ascending order.

8.4.2 Device Programming and Mode Control

The following section describes device programming and mode control. These devices feature two types of
registers to configure and operate the devices in different modes. These registers are referred as ‘Configuration
Registers’. There are two types of ‘Configuration Registers’ namely ‘Mode Control Registers’ and ‘Program
Registers’.

8.4.2.1 Mode Control Register

A ‘Mode Control Register’ is configured to operate the device in one of three channel sequencing modes, namely
Manual mode, Auto-1 Mode, Auto-2 Mode. It is also used to control user programmable features like range
selection, device power-down control, GPIO read control, and writing output data into the GPIO.

8.4.2.2 Program Registers

The 'Program Registers’ are used for device configuration settings and are typically programmed once on
powerup or after device reset. There are different program registers such as ‘Auto-1 mode programming’ for pre-
programming the channel sequence, ‘Auto-2 mode programming’ for selection of the last channel in the
sequence, ‘Alarm programming’ for all 16 channels (or 12, 8, 4 channels depending on the device) and GPIO for
individual pin configuration as GPI or GPO or a pre-assigned function.

8.4.3 Device Power-Up Sequence

The device power-up sequence is shown in Figure 49. By default, the Mode Control Register is configured for
manual mode and the default channel is channel 0. As explained previously, these devices offer Program
Registers to configure user programmable features like GPIOs, Alarms, and to pre-program the channel
sequence for Auto modes. At ‘power up or on reset’ these registers are set to the default values listed in Table 1
to Table 11. On power up or after reset It is required to program Mode Control Register and Program Register to
required mode of operation. Once configured; the device is ready to use in any of the three channel sequencing
modes namely Manual, Auto-1, and Auto-2.
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Device Functional Modes (continued)

C Device power up or reset )

o Device operation in manual mode, Channel 0;
CSjL *| SDO Invalid in first frame

First frame

W ——»| Auto 1 register program (note 1)

@1 ——»| Auto 2 register program (note 1)

@L —»| Alarm register program (note 1)

ﬁjL ——»| GPIO register program (note 1)

ﬁﬂ' —»| Operation in manual mode

o] ’[ L

ﬁﬁL —»{ Operation in Auto 1 mode / E} —»| Operation in Auto 2 mode

(1) The device continues its operation in manual mode channel O throughout the programming sequence and outputs
valid conversion results. It is possible to change channel, range, GPIO by inserting extra frames in between two
programming blocks. It is also possible to bypass any programming block if the user does not intend to use that
feature.

(2) Itis possible to reprogram the device at any time during operation, regardless of what mode the device is in. During
programming the device continues its operation in whatever mode it is in and outputs valid data.

Figure 49. Device Power-Up Sequence

8.4.4 Operating in Manual Mode

The flowchart in Figure 50 illustrates the steps involved in operating in manual channel sequencing mode.
Table 1 lists the mode control register settings for manual mode. There are no program registers in manual
mode.
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Device Functional Modes (continued)

__ Device operation in Auto 1 or
CS % P P v
Auto 2 mode )

Frame: n-1

Change to Manual mode?

Yes
y

* Sample: Samples and converts channel selected in ‘frame n-1’
*Mux : Selects channel incremented from previous frame as per auto sequence this channel will be
acquired in this frame and sampled at start of ‘frame n+1’
* Range: As programmed in ‘frame n-1" . Applies to channel selected for acquisition in current frame
*8SDI  : Programming for ‘frame n +1’

DI15..12 = 0001 binary .... Selects manual mode

DI11=1 enables programming of ‘range and GPIO’

cs L DI10..7 = binary address of channel
— DI6.. As per required range for channel to be selected
Frame: n DI15=0 .. No power down
Request DI4..0... as per GPIO settings
for Manual *SDO :DO15.0 address (or GPIO data) & conversion data of channel selected in ‘frame n-1
mode *GPIO:
O/P: latched on CS falling edge as per DB..0 written in frame i1’
I/P: Input status latched on falling edge of CSand transferred serially on SDO in the same
frame

* Sample: Samples and converts channel selected in ‘frame n’
*Mux : Selects channel programmed in ‘frame n’(Manual mode) this channel will be acquired in this
frame and sampled at start of ‘frame n+2’
*Range: As programmed in ‘frame n’. Applies to channel selected for acquisition in current framé&
SDI : Programming for ‘frame n+2’

DI15..12 = 0001 binary .... To continue in manual mode

DI111=1 enables programming of ‘range and GPIO’
csS L DI10..7 = binary address of channel

0 DI6.. As per required range for channel to be selected

DI15=0 .. No power down

Frri:r;e: DI4..0... as per GPIO settings

. *SDO :DO15.0 address (or GPIO data) & conversion data of channel selected in ‘frame n’
Entry into *G