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ADS833x Low-Power, 16-Bit, 500-kSPS, 4- and 8-Channel Unipolar Input
Analog-to-Digital Converters With Serial Interface

1 Features

* Low-Power, Flexible Supply Range:
— 2.7-V to 5.5-V Analog Supply

— 8.7 mW (250 kSPS in Auto-NAP Mode,
VA =27V,VBD =1.65V)

— 14.2 mW (500 kSPS, VA = 2.7 V,
VBD = 1.65 V)

» Up to 500-kSPS Sampling Rate
» Excellent DC Performance:

— 1.2 LSB Typical, +2 LSB Maximum INL at
2.7V

— 0.6 LSB Typical, -1, 1.5 LSB Maximum DNL
at2.7Vv

— 16-Bit NMC Over Temperature
e Excellent AC Performance at 5V, fiy = 1 kHz:
— 91.5-dB SNR, 101-dB SFDR, —100-dB THD
» Flexible Analog Input Arrangement:
— On-Chip 4-, 8-Channel Mux With Breakout
— Auto, Manual Channel Select and Trigger
* Other Hardware Features:
— On-Chip Conversion Clock (CCLK)
— Software, Hardware Reset
— Programmable Status, Polarity EOC/INT
— Daisy-Chain Mode
— Global CONVST (Independent of CS)
— Deep, Nap, and Auto-NAP Powerdown Modes
— SPI™ DSP Compatible Serial Interface
— Separate 1/0 Supply: 1.65 V to VA
— SCLK upto 40 MHz (VA=VBD =5V)

e 24-Pin 4-mm x 4-mm VQFN and 24-Pin TSSOP
Packages

2 Applications

» Communications

» Transducer Interfaces

* Medical Instruments

* Magnetometers

* Industrial Process Controls
» Data Acquisition Systems
» Automatic Test Equipment

3 Description

The ADS8331 is a low-power, 16-bit, 500-k samples-
per-second (SPS) analog-to-digital converter (ADC)
with a unipolar, 4-to-1 multiplexer (mux) input. The
device includes a 16-bit capacitor-based successive
approximation register (SAR) ADC with inherent
sample and hold.

The ADS8332 is based on the same core and
includes a unipolar 8-to-1 input mux. Both devices
offer a high-speed, wide-voltage serial interface and
are capable of daisy-chain operation when multiple
converters are used.

These converters are available in 24-pin, 4 x 4 VQFN
and 24-pin TSSOP packages and are fully specified
for operation over the industrial —-40°C to 85°C
temperature range.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
VQFN (24) 4.00 mm x 4.00 mm

ADS833x
TSSOP (24) 7.80 mm x 4.40 mm

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

Block Diagram
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Output
7 SAR :> Latch ©sbo
IN[0:3] M and
or O u U 3-State
IN[0:7] X Driver
CDAC __
=—O FS/CS
COM Comparator Conversion [*© SCLK
and ~=—0O SDI
REF+ Control l«—O CONVST
REF- O Logic =0 EQG/INT/CDI
~=—O RESET

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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5 Companion Products

Part number Name
REF3240 4.096V 4ppm/°C, 100uA SOT23-6 Series (Bandgap) Voltage Reference
DAC8562 16-bit, dual-channel, low-power, ultra-low glitch, buffered voltage output DAC with 2.5V,4ppm/°C ref
DAC8568 16-bit, octal-channel, ultra-low glitch, voltage output DAC with 2.5V, 2ppm/°C internal reference
LM5160 Wide Input 65V, 1.5A Synchronous Step-Down DC-DC Conv
OPA2348 1MHz, 45uA, RRIO, Dual Op Amp

Copyright © 2009-2016, Texas Instruments Incorporated
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6 Device Comparison

RESOLUTION CHANNELS fs < 250 kSPS 250 kSPS < fg = 500 kSPS 500 kSPS < fg £ 1 MSPS
) 8 — ADS8698 —
18 bits
4 — ADS8694 —
8 ADS8344 ADS8688
ADS8345 ADSB8688A
16 bits ADS8341 ADS8684
4 ADS8342 —
ADS8343 ADSB8684A
TLC3548
8 ADS8678 —
_ TLC3578
14 bits
TLC3544
4 ADS8674 ADS7263
TLC3574

7 Pin Configuration and Functions

Product Folder Links: ADS8331 ADS8332

PW Package RGE Package
24-Pin TSSOP 24-Pin VQFN With Exposed Thermal Pad
Top View Top View
[
NI 10 24 [T N0 3
= X
IN2[1] 2 23 [T ] com 2 g zZ Z g 2
INs 1] 3 22 [T ] MUXOUT
IN4/NC® 1] 4 21 [T ] ADCIN @ E&J Ei‘.J @ E\]’J E"-J
IN5/NC® 1] 5 20 [T] AGND
INeNC® [T]6  ADS8331 19 [ 1 REF- INgNCD [ 1) ;-------------5 (18] ADCIN
IN7/NC® 7 ADS8332 18 REF 1 1
7NC® LI TR INsINC™ [2) 1 i (37| AeND
RESET 1] 8 17 I VA ! 1
R (1) ! _
EOC/INT/CDI (1] 9 16 [T VvBD IN/NC™ [3 ) ! ADS8331 ! (16| REF
SCLK [T 10 15 [_1_] CONVST IN7INGD [ | ADS8332 ! (35| REF+
FS/CS 1] 11 14 [T ] DGND 1 1
SDI [T 12 13 1] sbo RESET |5 ) | Thermal Pad® ! (4] va
J— 1 (Bottom Side) 1
EOC/INT/CDI | 6 ) ===———m———————— (13| vBD
L=l o] ] L )
X |u> 5 9 o |=
A 1o o z (@
(&) = o0 >
) [ JNO]
I la} ’%
s}
(1) NC = No internal connection (ADS8331 only).
(2) Connect thermal pad to analog ground.
(3) NC = No internal connection (ADS8331 only).
Pin Functions: ADS8331
PIN
1/0 DESCRIPTION
NAME TSSOP VQFN
ADCIN 21 18 | ADC input
AGND 20 17 — | Analog ground
DGND 14 11 — | Digital interface ground
COM 23 20 | Common ADC input (usually connected to AGND)
CONVST 15 12 | Conversion start. Freezes sample and hold, starts conversion.
4 Submit Documentation Feedback Copyright © 2009-2016, Texas Instruments Incorporated
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Pin Functions: ADS8331 (continued)

PIN
I/0 DESCRIPTION

NAME TSSOP VQFN

Status output. If programmed as end-of-conversion (EOC), this pin is low (default) when a

o conversion is in progress. If programmed as an interrupt (INT), this pin is low (default) after

EOC/INT/CDI 9 6 O/0/1 | the end of conversion and returns high after FS/CS goes low. The polarity of EOC or INT is

programmable.

This pin can also be used as a chain data input (CDI) when operated in daisy-chain mode.
FSICS 11 8 | Frame sync signal for DSP (such as TMS320™ DSP) or chip select input for SPI.
IN[0:3) 1-3, 24 21-24 | Mux inputs
NC 4-7 1-4 — | No connection
MUXOUT 22 19 (0] Mux output
REF+ 18 15 | External reference input

External reference ground (connect to AGND through an individual via on the printed-circuit-
REF- 19 16 —

board)
RESET 8 5 | External reset (active low)
SCLK 10 | SPI clock for serial interface
SDI 12 9 | SPI serial data in
SDO 13 10 o SPI serial data out
VA 17 14 — | Analog supply, 2.7 Vto 5.5V
VBD 16 13 — | Digital interface supply

Pin Functions: ADS8332
PIN
le} DESCRIPTION

NAME TSSOP VQFN
ADCIN 21 18 I ADC input
AGND 20 17 — | Analog ground
DGND 14 11 — | Digital interface ground
COM 23 20 | Common ADC input (usually connected to AGND)
CONVST 15 12 | Conversion start. Freezes sample and hold, starts conversion.

Status output. If programmed as end-of-conversion (EOC), this pin is low (default) when a

o conversion is in progress. If programmed as an interrupt (INT), this pin is low (default) after

EOC/INT/CDI 9 6 O/0/1 | the end of conversion and returns high after FS/CS goes low. The polarity of EOC or INT is

programmable.

This pin can also be used as a chain data input (CDI) when operated in daisy-chain mode.
FS/CS 11 8 | Frame sync signal for DSP (such as TMS320™ DSP) or chip select input for SPI.
IN[:7] 1-7,24 | 1-4, 21- | Mux inputs

24

MUXOUT 22 19 (0] Mux output
REF+ 18 15 | External reference input

External reference ground (connect to AGND through an individual via on the printed-circuit-
REF- 19 16 —

board)
RESET 8 5 | External reset (active low)
SCLK 10 | SPI clock for serial interface
SDI 12 9 | SPI serial data in
SDO 13 10 (0] SPI serial data out
VA 17 14 — | Analog supply, 2.7 Vto 5.5V
VBD 16 13 — | Digital interface supply

Copyright © 2009-2016, Texas Instruments Incorporated
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8 Specifications

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

MIN MAX UNIT

INx, MUXOUT, ADCIN, REF+ to AGND -0.3 VA + 0.3

COM, REF-to AGND -0.3 0.3
Voltage VA to AGND -0.3 \%

VBD to DGND -0.3

AGND to DGND -0.3 0.3
Digital input voltage to DGND -0.3 VBD + 0.3 \Y
Digital output voltage to DGND -0.3 VBD + 0.3 Y
4x4 Power dissipation (T;Max — Tp) / Rgia w
VQFN-24 .
Package Rgja thermal impedance a7 °CIW
TSSOP-24 | Power dissipation (TyMax —Ta) / 634 W
Package R34 thermal impedance 47 °C/W
Operating free-air temperature, Ta -40 85 °C
Junction temperature, T; Max 150 °C
Storage temperature range, Ty —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, and functional operation of the device at these or any other conditions beyond those indicated is not implied. Exposure to absolute-

maximum-rated conditions for extended periods may affect device reliability.

8.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
Vesp)y Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- 1500 \
c101® -
(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.
8.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
VA Analog supply voltage 2.7 3 5.5 \%
VBD Digital supply voltage 1.65 3 VA +0.2 \%
8.4 Thermal Information
ADS833x
THERMAL METRIC® RGE (VQFN) PW (TSSOP) UNIT
24 PINS 24 PINS
Rosa Junction-to-ambient thermal resistance 319 78.3 °C/IW
RoJc(top) Junction-to-case (top) thermal resistance 29.2 12.1 °C/IW
Ross Junction-to-board thermal resistance 8.7 33.8 °C/IW
LAL Junction-to-top characterization parameter 0.3 0.3 °C/IW
Vi Junction-to-board characterization parameter 8.7 335 °C/IW
RoJc(bot Junction-to-case (bottom) thermal resistance 2.25 NA °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6 Submit Documentation Feedback
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8.5 Electrical Characteristics: VA =2.7V
at T, =—40°Cto 85°C,VA=27V,VBD =1.65Vt0 2.7V, Vger = 2.5V, and fspyp e = 500 kSPS (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG INPUT
Full-scale input voltage ) INx — COM, ADCIN — COM 0 VRer \%
. INx, ADCIN AGND - 0.2 VA + 0.2
Absolute input voltage \4
COM AGND - 0.2 AGND + 0.2
Input capacitance ADCIN 40 45 pF
Input leakage current Unselected ADC input +1 nA
SYSTEM PERFORMANCE
Resolution 16 Bits
No missing codes 16 Bits
. . ADS8331l, ADS8332I -3 +2 3
INL Integral linearity LSB®
ADS83311B, ADS8332IB -2 +1.2 2
) L . ADS8331l, ADS8332I -1 +0.6 2
DNL Differential linearity LsB®
ADS8331IB, ADS8332IB -1 +0.6 1.5
Eo Offset error® -05 015 0.5 mv
Offset error drift +1 PPM/°C
Offset error matching -0.2 0.2 mvV
Eg Gain error -0.25  -0.06 0.25| %FSR
Gain error drift +0.4 PPM/°C
Gain error matching —0.003 0.003 %FSR
Transition noise 28 wVv RMS
PSRR Power-supply rejection ratio 74 dB
SAMPLING DYNAMICS
tconv Conversion time 18 CCLK
t Manual-trigger mode 3
SAMPLEL Acquisition time - 9 CCLK
tsamPLE2 Auto-trigger mode 3
Throughput rate 500 kSPS
DYNAMIC CHARACTERISTICS
Vi = 2.5 Vpp at 1 kHz -101
THD Total harmonic distortion dB
Vin = 2.5 Vpp at 10 kHz -95
ADS8331I, ADS8332I 88
Vi = 2.5 Vpp at 1 kHz
ADS8331IB, ADS8332IB 89
SNR Signal-to-noise ratio dB
ADS8331I, ADS8332I 86.5
Vin = 2.5 Vpp at 10 kHz
ADS8331IB, ADS8332IB 87.5
ADS8331I, ADS8332I 87.5
Vin = 2.5 Vpp at 1 kHz
. ) . ) ADS83311B, ADS8332IB 88.5
SINAD Signal-to-noise + distortion dB
ADS8331I, ADS8332I 86
Vin = 2.5 Vpp at 10 kHz
ADS8331IB, ADS8332IB 87
) ) Vin = 2.5 Vpp at 1 kHz 103
SFDR Spurious-free dynamic range dB
Vin = 2.5 Vpp at 10 kHz 98
Vi = 2.5 Vpp at 1 kHz 125
Crosstalk dB
Vin = 2.5 Vpp at 100 kHz 108
) . INx — COM with MUXOUT tied to ADCIN 17
—3-dB small-signal bandwidth MHz
ADCIN — COM 30
(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 (INx — COM) of 2.5 V when VA =2.7 V.
(4) Calculated on the first nine harmonics of the input frequency.
Copyright © 2009-2016, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics: VA = 2.7 V (continued)

at T, =—40°Cto 85°C, VA =2.7V,VBD =1.65V t0 2.7 V, Vgee = 2.5V, and fgayp e = 500 kSPS (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN  TYP MAX| uNIT
CLOCK
Internal conversion clock 105 1 12.2 MHz
frequency
. Used as I/O clock only 25 MHz
SCLK external serial clock -
Used as both 1/0 clock and conversion clock 1 21 MHz
EXTERNAL VOLTAGE REFERENCE INPUT
Input (REF+) — (REF-) 1.2 2.525
VRer reference \%
range(s) (REF-) - AGND -0.1 0.1
Resistance © Reference input 20 kQ
DIGITAL INPUT/OUTPUT
Logic family CMOS
. . 1.65V<VBD <25V 0.8 x VBD VBD + 0.3
Viy High-level input voltage \%
25V <sVBD<sVA 0.65 x VBD VBD + 0.3
. 1.65<VBD<25V -0.3 0.1 x VBD
Vi Low-level input voltage \
25V<VBD < VA -0.3 0.25 x VBD
I Input current V\n = VBD or DGND -1 1 pA
C Input capacitance 5 pF
Vou High-level output voltage VA 2 VBD = 1.65V, lg = 100 pA VBD - 0.6 VBD Y
Voo Low-level output voltage VA2VBD 21.65V, I =-100 pA 0 0.4 \%
Co SDO pin capacitance Hi-Z state 5 pF
C, Load capacitance 30 pF
Data format Straight binary
POWER-SUPPLY REQUIREMENTS
VA Analog supply voltage® 2.7 3.6 \%
VBD Digital 1/0 supply voltage 1.65 VA +0.2 \%
fsampLe = 500 kSPS 5.2 6.5 A
m
fsampLe = 250 kSPS in Auto-NAP mode 3.2
1A Analog supply current
Nap mode, SCLK = VBD or DGND 325 400 pA
Deep PD mode, SCLK = VBD or DGND 50 250 nA
f = 500 kilobytes per second 0.1 0.4
IBD Digital 1/0 supply current SAMPLE - mA
fsampLe = 250 kSPS in Auto-NAP mode 0.05
VA =27V, VBD = 1.65 V, fsaupLe = 500 kSPS 14.2 18.2
Power dissipation VA = 2.7V, VBD = 1.65 V, fsawpie = 250 kSPS in Auto- mw
8.72
NAP mode
TEMPERATURE RANGE
Ta Operating free-air temperature -40 85 °C

(5) The ADS8331, ADS8332 operates with VA from 2.7 V to 5.5 V, and Vrgr between 1.2 V and VA. However, the device may not meet the
specifications listed in the Electrical Characteristics when VA is from 3.6 Vto 4.5 V.
(6) Can vary £30%.

8 Submit Documentation Feedback Copyright © 2009-2016, Texas Instruments Incorporated
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8.6 Electrical Characteristics: VA =5V
at T, =—40°C to 85°C,VA=5V,VBD =1.65Vt0 5V, Vger = 4.096 V, and fsayp e = 500 kSPS (unless otherwise noted)

PARAMETER | TEST CONDITIONS \ MIN TYP MAX|  UNIT
ANALOG INPUT
Full-scale input voltage INx — COM, ADCIN — COM 0 VRer \%
. INyx, ADCIN AGND - 0.2 VA + 0.2
Absolute input voltage \
COM AGND - 0.2 AGND + 0.2
Input capacitance ADCIN 40 45 pF
Input leakage current Unselected ADC input +1 nA
SYSTEM PERFORMANCE
Resolution 16 Bits
No missing codes 16 Bits
) ) ADS8331I, ADS8332I -3 +2 3
INL Integral linearity LSB®
ADS83311B, ADS8332IB -2 +1 2
. o ) ADS8331I, ADS8332I -1 +1 2
DNL Differential linearity LsSB®
ADS8331IB, ADS8332IB -1 +0.5 1.5
Eo Offset error® -1 +0.23 1 mv
Offset error drift +1 PPM/°C
Offset error matching -0.125 0.125 mV
Eg Gain error -0.25 -0.06 0.25 %FSR
Gain error drift +0.02 PPM/°C
Gain error matching -0.003 0.003 %FSR
Transition noise 30 nv RMS
PSRR Power-supply rejection ratio 78 dB
SAMPLING DYNAMICS
tconv Conversion time 18 CCLK
t Manual-trigger mode 3
SAMPLEL Acquisition time - 9 CCLK
tsamPLE2 Auto-trigger mode 3
Throughput rate 500 kSPS
DYNAMIC CHARACTERISTICS
Vin = 4.096 Vpp at 1 kHz -100
ADS8331l, _94
THD Total harmonic distortion Vjy = 4.096 Vpp at | ADS8332I dB
10 kHz ADS8331IB, 95
ADS8332IB
ADS8331l, 905
Vin = 4.096 Vpp at | ADS8332I
SNR Signal-to-noise ratio 1 kHz ADS8331IB, 015 dB
ADS83321B '
Vin = 4.096 Vpp at 10 kHz 88
ADS8331l, 9
Vin = 4.096 Vpp at | ADS8332I
SINAD Signal-to-noise + distortion 1 kHz ADS8331IB, o1 dB
ADS83321B
Vin = 4.096 Vpp at 10 kHz 87
) ) Vin = 4.096 Vpp at 1 kHz 101
SFDR Spurious-free dynamic range dB
Vin = 4.096 Vpp at 10 kHz 96
Vin = 4.096 Vpp at 1 kHz 119
Crosstalk dB
Vin = 4.096 Vpp at 100 kHz 107
INy — COM with MUXOUT tied to
. . 22
—3-dB small-signal bandwidth ADCIN MHz
ADCIN — COM 40

(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 (INx — COM) of 4.096 V when VA =5 V.
(4) Calculated on the first nine harmonics of the input frequency.

Copyright © 2009-2016, Texas Instruments Incorporated Submit Documentation Feedback 9
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Electrical Characteristics: VA =5 V (continued)

at T, =—40°C to 85°C,VA=5V,VBD =1.65V t0 5V, Vger = 4.096 V, and fsayp e = 500 kSPS (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
CLOCK
Internal conversion clock frequency 10.9 115 12.6 MHz
Used as I/O clock only 40
SCLK external serial clock Used as both 1/0 clock and conversion 1 21 MHz
clock
EXTERNAL VOLTAGE REFERENCE INPUT
Input reference (REF+) — (REF-) 1.2 4.096 4.2
VRer ©) \
range (REF-) — AGND -0.1 0.1
Resistance © Reference input 20 kQ
DIGITAL INPUT/OUTPUT
Logic family CMOS
. . 1.65<VBD <25V 0.8 x VBD VBD + 0.3
ViH High-level input voltage \
25V <VBD<sVA 0.65 x VBD VBD + 0.3
. 1.65<VBD <25V -0.3 0.1 x VBD
Vi Low-level input voltage \
25V<VBD<VA -0.3 0.25 x VBD
I Input current V|y = VBD or DGND -1 1 HA
C Input capacitance 5 pF
Vou High-level output voltage VA 2VBD 21.65V, o =100 pA VBD - 0.6 VBD Y
Voo Low-level output voltage VA2VBD 21.65V, I =-100 pA 0 0.4 \%
Co SDO pin capacitance Hi-Z state 5 pF
C. Load capacitance 30 pF
Data format Straight binary
POWER-SUPPLY REQUIREMENTS
VA Analog supply voltage® 4.5 5 5.5 \%
VBD Digital 1/0 supply voltage 1.65 VA + 0.2 \%
fsampLe = 500 kSPS 6.6 7.75 A
m
fsampLe = 250 kSPS in Auto-NAP mode 4.2
IA Analog supply current Nap mode, SCLK = VBD or DGND 390 500 HA
Bge,\ﬁ)DPD mode, SCLK = VBD or 80 250 nA
f =500 kSPS 1.2 2
IBD Digital 1/0O supply current SAVPLE - mA
fsampLe = 250 kSPS in Auto-NAP mode 0.7
VA =5V, VBD =5V, fgawpLe = 500
o KSPS 39 48.75
Power dissipation mw
VA =5V, VBD =5V, fsawpLe = 250 245
kSPS in Auto-NAP mode ’
TEMPERATURE RANGE
Ta Operating free-air temperature -40 85 °C

(5) The ADS8331, ADS8332 operates with VA from 2.7 V to 5.5 V, and Vggr between 1.2 V and VA. However, the device may not meet the
specifications listed in the Electrical Characteristics when VA is from 3.6 Vto 4.5 V.
(6) Can vary +30%.
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8.7 Timing Requirements: VA =27V
at T, = —40°C to 85°C, VA = 2.7 V, and VBD = 1.65 V (unless otherwise noted)®®

MIN NOM MAX | UNIT
fcck  Frequency, conversion clock, CCLK External, feeix = 1/2 fsci 05 105 MHz
Internal 105 11 12.2
tsu1 Setup time, rising edge of CS to EOC®) Read while converting 1 CCLK
thr CS hold time with respect to EOC®) Read while sampling 25 ns
twy  Pulse duration, CONVST low 40 ns
tws  Pulse duration, CS high 40 ns
tsuz Setup time, rising edge of CS to EOS Read while sampling 25 ns
tho CS hold time with respect to EOS Read while converting 25 ns
tsus Setup time, falling edge of CS to first falling edge of SCLK 14 ns
twi2 Pulse duration, SCLK low 17 tscLk — twH2 ns
twh2 Pulse duration, SCLK high 12 tscik — twiz ns
1/0 clock only 40
I/0 and conversion clocks 47.6 1000
tscik  Cycle time, SCLK I/0 clock, daisy-chain mode 40 ns
daisy cham mode. | 475 1000
to1 Delay time, falling edge of SCLK to SDO invalid 10-pF load 8 ns
tp2 Delay time, falling edge of SCLK to SDO valid 10-pF load 35| ns
tp3 Delay time, falling edge of CS to SDO valid, SDO MSB output | 10-pF load 35| ns
tsua Setup time, SDI to falling edge of SCLK 8 ns
ths Hold time, SDI to falling edge of SCLK ns
tpa Delay time, rising edge of CS to SDO 3-state 10-pF load 15| ns
tsus Setup time, last falling edge of SCLK before rising edge of CS 15 ns
tha Hold time, last falling edge of SCLK before rising edge of CS 2 ns
tsus®  Setup time, rising edge of SCLK to rising edge of CS 10 ns
tys™®  Hold time, rising edge of SCLK to rising edge of CS 2 ns
tos Delay time, falling edge of CS to deactivation of INT | 10-pF load 40| ns
(1) Allinput signals are specified with t; = t; = 1.5 ns (10% to 90% of VBD) and timed from a voltage level of (V|_ + V|4) / 2.
(2) See the timing diagrams.
(3) The EOC and EOS signals are the inverse of each other.
(4) Applies to the 5th or 17th rising SCLK when sending 4-bit or 16-bit commands, respectively, to the ADS8331, ADS8332.
Copyright © 2009-2016, Texas Instruments Incorporated Submit Documentation Feedback 11
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8.8 Timing Characteristics: VA =5V
at T, = —40°C to 85°C, and VA = VBD = 5 V (unless otherwise noted)®®
MIN TYP MAX | UNIT

fcck  Frequency, conversion clock, CCLK External, feeix = 1/2 fsci 05 105 MHz

Internal 109 115 12.6
tsu1 Setup time, rising edge of CS to EOC®) Read while converting 1 CCLK
thr CS hold time with respect to EOC®) Read while sampling 20 ns
twy  Pulse duration, CONVST low 40 ns
tws  Pulse duration, CS high 40 ns
tsuz Setup time, rising edge of CS to EOS Read while sampling 20 ns
tho CS hold time with respect to EOS Read while converting 20 ns
tsus Setup time, falling edge of CS to first falling edge of SCLK 8 ns
twi2 Pulse duration, SCLK low 12 tscLk —twH2 | NS
twh2 Pulse duration, SCLK high 11 tscik — twz | NS

1/0 clock only 25

I/0 and conversion clocks 47.6 1000
tscik  Cycle time, SCLK I/0 clock, daisy-chain mode 25 ns

daisy-chan mode. | 475 1000
to1 Delay time, falling edge of SCLK to SDO invalid 10-pF load 5 ns
tp2 Delay time, falling edge of SCLK to SDO valid 10-pF load 20| ns
tp3 Delay time, falling edge of CS to SDO valid, SDO MSB output | 10-pF load 20| ns
tsua Setup time, SDI to falling edge of SCLK 8 ns
ths Hold time, SDI to falling edge of SCLK 8 ns
tpa Delay time, rising edge of CS to SDO 3-state 10-pF load 10| ns
tsus Setup time, last falling edge of SCLK before rising edge of CS 10 ns
tha Hold time, last falling edge of SCLK before rising edge of CS 2 ns
tsus®  Setup time, rising edge of SCLK to rising edge of CS 10 ns
tys™®  Hold time, rising edge of SCLK to rising edge of CS 2 ns
tos Delay time, falling edge of CS to deactivation of INT | 10-pF load 20| ns

(1) Allinput signals are specified with t; = t; = 1.5 ns (10% to 90% of VBD) and timed from a voltage level of (V|_ + V|4) / 2.
(2) See the timing diagrams.

(3) The EOC and EOS signals are the inverse of each other.

(4) Applies to the 5th or 17th rising SCLK when sending 4-bit or 16-bit commands, respectively, to the ADS8331, ADS8332.

tWL1
CONVST
EOC
(active low) |
tyy tsuz
CS — tsus
tsoLk»
R
SCLK i T W N 1
e Tpy e tpy —{ |- 1p,
High-Z High-Z
sp0 —22 (" visB XMSB—1XMSB— \LSB+1 LSB X TAG2 X| TAG1 X TAGO X o M
i e—tpg tsus
SDI X o Ix X x X x X x X x X x X X
— /
Figure 1. Read While Sampling (Shown With Manual-Trigger Mode)
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21 Conversion Clock Cycles
EOC Ii
(active low) |
tho t
|| [ Syl
cs
N T twie . tra
e e s
solk i il S N S S S

It
WH2 -

ta— g5

SDO M{ MsB XMSB - 1XMsB - 2XMsB - 3X\ \ LSB X TAG2 X TAGI X TAGO \ High-Z
> /l*tm
SDI X o1 X o X [x X x X x X x X X
/
Figure 2. Read While Converting (Shown With Auto-Trigger Mode at 500 kSPS)
> |atsus
cS | //
( ( ts
<—tSU:B—>
scLk il [ [ I [ I [ I
|ty \
SDI MSB )k MSB-1| X MSB-2 \ LSB+1 X LSB X Don’t/Care
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Figure 3. SPI11/O
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EOC

P

(active low)

a— tp5 —m|

INT
(active low)
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Figure 4. Relationship among CS, EOC, and INT
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8.9 Typical Characteristics: DC Performance
at T, = 25°C, Vrer (REF+ — REF-) = 4.096 V when VA = VBD =5V or Vger (REF+ — REF-) = 2.5 V when VA = VBD = 2.7
V, fscik = 21 MHz, and fgayp e = 500 kSPS (unless otherwise noted)

3 3
VA =VBD =27V VA =VBD = 5.0V
Vgee = 2.500V Vgee = 4.096V
2 2
1 1
o o
ﬁ 0 y b 1 % Iy ﬁ 0
w w
= =
-1 | -1
-2 -2
-3 -3
0000h 4000h 8000h C000h FFFFh 0000h 4000h 8000h C000h FFFFh
Output Code Output Code
Figure 5. Integral Linearity Error vs Code Figure 6. Integral Linearity Error vs Code
3 3
VA =VBD = 2.7V VA =VBD = 5.0V
Vger = 2.500V Vger = 4.096V
2 2
1 1
o o
4 4
S o A S O R
w w
- -
o o
-1 -1
-2 -2
-3 -3
0000h 4000h 8000h Coooh FFFFh 0000h 4000h 8000h C000h FFFFh
Output Code Output Code
Figure 7. Differential Linearity Error vs Code Figure 8. Differential Linearity Error vs Code
8.0 ‘ ‘ ‘ ‘ ‘ 500
1] ]
Vier = 4.096V Vier = 4.096V
7.0 N 450 =
— i |1
6.5 = = Vpger = 2.500V |1
< Vgeg = 2.500V —7 £ N —
E 60 N £ 400 N
< A — 8 ////
5.5 — — aQ "1
L +—" g
5.0 350
45
4.0 300
NROO-ANMETOWLON®RDO - N®Y WY NOOO T N®MYLOION®DDO - N®Y Y
NANNODOOOOOOFTITITITITOOWOWWLW NANNOOOOOOOSTITETTTOOWWWW
VA (V) VA (V)
Figure 9. Analog Supply Current vs Analog Supply Voltage Figure 10. Analog Supply Current in NAP Mode vs
Analog Supply Voltage
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Typical Characteristics: DC Performance (continued)

at Ty = 25°C, Vger (REF+ — REF-) = 4.096 V when VA = VBD =5V or Vggr (REF+ — REF-) = 2.5 V when VA =VBD = 2.7
V, fscik = 21 MHz, and fsayp e = 500 kKSPS (unless otherwise noted)

8 120 ‘
7 <
- < 100 VA = VBD = 5.0V
6 VA = VBD = 5.0V = Viger = 4.096V |
Vger = 4.096V 2 80 L —T |
5 3 L
z \J — S
£ 4 S 60
< /’R D.'_
8 v S —
// 2 40 VA =VBD = 2.7V
2 VA =VBD =2.7V %_ Vper = 2.500V
Ve = 2.500V g L0
1 [a]
0 0
0 50 100 150 200 250 300 350 400 450 -50 -25 0 25 50 75 100
Sampling Rate (kHz) Temperature (°C)
Figure 11. Analog Supply Current vs Sampling Rate in Auto- Figure 12. Deep Power-Down Current vs Temperature
NAP Mode
12.2 4
6 3
o ) VA =VBD = 2.7V
17 i Vger = 2.500V
0 Vagr = 4.096V ;: ~ REF
s Vper = 2.500V A g Y
Ry — kS|
§ 11.2 //// g 0 ~
g |1 @ -1 VA = VBD = 5.0V
i = Vier = 4.096V
107 )
)
< -3
10.2 4
N®R®OO T N®MYLQOION®ODQO - N®Y Y
[V VI SV B B B B B B B I A T T To B To R To R o) -50 -25 0 25 50 75 100
VA (V) Temperature (°C)
Figure 13. Internal Clock Frequency vs Figure 14. Change in Gain vs Temperature
Analog Supply Voltage
6 1.0
5 0.8
© 4
9 VA = VBD = 2.7V o 06 7
¥ 3 Vg = 2.500V i e
2 2 0.4 ~
2 1 / 2 0.2 S
kS| g VA =VBD =27V
T 0 B O [ Ve =2500v
@ 4 ] S 02
2 2 AN < ~
B VA=VBD =50V | \_ = -04 b=
2} -3 <
5 Ve = 4.096V < 06
- 08 N VA= VBD = 5.0V
-5 : Vger = 4.096V
-6 -1.0 :
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
Figure 15. Change in Offset vs Temperature Figure 16. Change in Analog Supply Current vs
Temperature
Copyright © 2009-2016, Texas Instruments Incorporated Submit Documentation Feedback 15

Product Folder Links: ADS8331 ADS8332



ADS8331, ADS8332
SBAS363E —DECEMBER 2009—REVISED AUGUST 2016

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics: DC Performance (continued)

at Ty = 25°C, Vger (REF+ — REF-) = 4.096 V when VA = VBD =5V or Vggr (REF+ — REF-) = 2.5 V when VA =VBD = 2.7
V, fscik = 21 MHz, and fsayp e = 500 kKSPS (unless otherwise noted)

1.0 150
0.8 o 125
— Te}
O 06 g 1% VA = VBD = 2.7V
@ 04 VA = VBD = 2.7V ‘E 75 Vige = 2.500V
b Vger = 2.500V 2 50
o 02 5]
2 / — g =
T 0 N O
[ T
= -25
< 02 =
E — X VA= VBD = 5.0V & 50
g 04 Vegr = 4.006V 5 VA = VBD = 5.0V
REF = 7 S -75
2 o6 > Ve = 4.096V
< £ -100
-0.8 < -125
-1.0 -150
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
Figure 17. Change in Digital Supply Current vs Temperature Figure 18. Change in Internal Clock Frequency vs
Temperature
25 T
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Figure 19. Change in Analog Supply Current in NAP Mode vs Temperature

Temperature (°C)
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8.10 Typical Characteristics: AC Performance
at T = 25°C, Vger (REF+ — REF-) = 4.096 V when VA = VBD =5 V or Vger (REF+ — REF-) = 2.5V when VA = VBD = 2.7

V, fscik = 21 MHz, and fgayp e = 500 kSPS (unless otherwise noted)

VA = VBD = 2.7V
Vier = 2.500V
4791
1665 1643
53 40
| —
7FFD  7FFE  7FFF 8000 8001
Code

Figure 20. Output Code Histogram for a DC Input
(8192 Conversions)

VA =VBD = 5.0V
6336 Viger = 4.096V
768 1088
0 | | 0
7FFD 7FFE 7FFF 8000 8001
Code

Figure 21. Output Code Histogram for a DC Input
(8192 Conversions)

0 0
VA =VBD =2.7V VA =VBD = 5.0V
-20 Vger = 2.500V 1 -20 Vger = 4.096V -
-40 -40
g -60 g -60
[0} [0}
Z -8 3 -8
2 2
g -100 g -100
-120 -120
-140 -140
-160 -160 | ; ; ; f
0 50 100 150 200 250
Frequency (kHz) Frequency (kHz)
Figure 22. Frequency Spectrum Figure 23. Frequency Spectrum
(8192 Point FFT, fy = 1.0376 kHz, -0.2 dB) (8192 Point FFT, fy = 1.0376 kHz, -0.2 dB)
0 0
VA =VBD =2.7V VA =VBD = 5.0V
-20 Vger = 2.500V - -20 Viger = 4.096V -
40 -40
g -60 g -60
[0} [0}
z -8 S -8
g g
g -100 g -100
~120 -120 !
-140 -140
-160 -160 | ; ; ; ;
0 50 100 150 200 250
Frequency (kHz) Frequency (kHz)
Figure 24. Frequency Spectrum Figure 25. Frequency Spectrum
(8192 Point FFT, f;y = 10.0708 kHz, —0.2 dB) (8192 Point FFT, f;y = 10.0708 kHz, —0.2 dB)
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Typical Characteristics: AC Performance (continued)

at T, = 25°C, Vger (REF+ — REF-) = 4.096 V when VA = VBD =5V or Vger (REF+ — REF-) = 2.5 V when VA = VBD = 2.7

V, fscik = 21 MHz, and fsayp e = 500 kKSPS (unless otherwise noted)
% \ % IRALL
fiy = 1.03760kHz, -0.2dB VA = VBD = 5.0V
92 |— VA=VBD=5.0V N Vger = 4.096V
Vigr = 4.096V/,—\\ --\\\
. 91 90 ~
3 g I
a 90 / %, D
= g VA=VBD =27V | [ [ ———__
@ Z Ve = 2.500V N N
89 — 85 &
—
88 | VA=VBD =27V
Vpger = 2.500V
87 ‘ ‘ \
80
-50 -25 0 25 50 75 100 1 10 100 250
Temperature (°C) fi (kH2)
Figure 26. Signal-to-Noise + Distortion vs Temperature Figure 27. Signal-to-Noise Ratio vs
Input Frequency
—65 105 T T T T
Y VA =VBD =2.7V
_70 S 100 ~ T Vger = 2.500V
/ TN \/
-75 v/ 95
A AN
a -80 Z a 90 \\\
s . VA = VBD = 5.0V Y - VA = VBD = 5.0V N
o - Vper = 4.096V 4 ol Vgee = 4.096V N
I REF 4 o NN
F 90 // - AN
N
-95 = pal 75 N
LT VA =VBD = 2.7V \\
-100 %ﬁ Ve = 2.500V 70 AN
o 1L o
1 10 100 250 1 10 100 250
fin (kHz) fin (kHz)
Figure 28. Total Harmonic Distortion vs Input Frequency Figure 29. Spurious-Free Dynamic Range vs Input
Frequency
95 16.0 T T
VA =VBD = 5.0V VA = VBD = 5.0V
% L] Vg = 4.096V 155 Ve = 4.096V
\§___—— < 15.0 ] /
7 14.5
85 _ 1
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\ 12,5 \\
\ 12.0
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fin (kHZ) fin (kHZ)
Figure 30. Signal-to-Noise + Distortion vs Input Frequency Figure 31. Effective Number of Bits vs Input Frequency
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Typical Characteristics: AC Performance (continued)

at T, = 25°C, Vger (REF+ — REF-) = 4.096 V when VA = VBD =5V or Vger (REF+ — REF-) = 2.5 V when VA = VBD = 2.7

V, fscik = 21 MHz, and fsayp e = 500 kKSPS (unless otherwise noted)

95 -95
o0 | VereLe=05Vee L T
VA = VBD = 2.7V 100
Zi Ve = 2.500V /’
£ | -105 »
75 N & A
g 70 = ) A
= N < -110 VA = VBD = 5.0V =7
ox 65 © =
3 VA = VBD = 5.0V AN 2 s Vrer = 4.096V "
$ 60 Viger = 4.096V \ o~ L
55 w o |
\ -120
50 \ N
45 _125 VA = VBD = 2.7V
40 Vger = 2.500V
35 _130 L1l |
0.1 1 10 100 500 1 10 100 250
Ripple Frequency (kHz) fin (kHZ2)
Figure 32. Power-Supply Rejection Ratio vs Power-Supply Figure 33. Crosstalk vs Input Frequency
Ripple Frequency
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9 Detailed Description

9.1 Overview

The ADS833x is a 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 ADS833x has an internal clock that is used to run the conversion. However, the ADS833x can be
programmed to run the conversion based on the external serial clock (SCLK).

The analog input to the ADS833x is provided to two input pins: one of the INy input channels and the shared
COM pin. When a conversion is initiated, the differential input on these pins is sampled on the internal capacitor
array. While a conversion is in progress, both INy and COM inputs are disconnected from any internal function.

The ADS8331 has four analog inputs while the ADS8332 has eight inputs. All inputs share the same common
pin, COM. Both the ADS8331 and ADS8332 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.

9.2 Functional Block Diagram

MUXOUT ADCIN
5 SAR Output 5 SDO
. M Latch
IN[0:3] T and
or © U 3-State
IN[0:7] X Driver
CDAC —
~<—O FS/CS
COM O A Comparator Conversion [*© SCLK
and —O SDI
REF+ O Control  |=—0O CONVST
REF- O Logic =0 EQC/INT/CDI
~—O RESET

9.3 Feature Description

9.3.1 Signal Conditioning

The ADS833x has the flexibility to add signal conditioning between the MUXOUT and ADCIN pins, such as a
programmable gain amplifier (PGA) or filter. This feature reduces the system component count and cost because
each input channel does not require separate signal conditioning circuits, especially if the source impedance
connected to each channel is similar in value.

9.3.2 Analog Input

When the converter enters the hold mode, the voltage difference between the INy and COM inputs is captured
on the internal capacitor array. The voltage on the COM pin is limited from (AGND — 0.2 V) to (AGND + 0.2 V).
This limitation allows the ADS833x to reject small signals that are common to both the INy and COM inputs. The
INy inputs have a range of —-0.2 V to (VA + 0.2 V). The input span of (INy — COM) is limited to O V to Vrg.

The peak input current through the analog inputs depends upon a number of factors: reference voltage, sample
rate, input voltage, and source impedance. The current flowing into the ADS833x charges the internal capacitor
array during the sample period. After this capacitance has been fully charged, there is no further input current.
The source of the analog input voltage must be able to charge the maximum input capacitance (45 pF) to a 16-
bit settling level within the minimum acquisition time (238 ns). When the converter goes into hold mode, the input
impedance is greater than 1 GQ.
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Feature Description (continued)

Take care when regarding the absolute analog input voltage. To maintain linearity of the converter, the INy
inputs, the COM input, and the input span of (INy — COM) should be within the limits specified. If these inputs are
outside of these ranges, the linearity of the converter may not meet specifications. To minimize noise, low-
bandwidth input signals with low-pass filters should be used. Ensure that the output impedance of the sources
driving the INy and COM inputs are matched, as shown in Figure 34. If this matching is not observed, the two
inputs could have different settling times, which may result in an offset error, gain error, and linearity error that
change with temperature and input voltage.

MUXOUT ADCIN

Device in Hold Mode; Last Input Sampled from IN,
ESD
400 40pF
[espl
|EsD} o— . . .
1
4pF ——
L e
— 550 40pF — 7AGND VA
com {EsD| o—— AanD

Figure 34. Input Equivalent Circuit

9.3.2.1 Driver Amplifier Choice

To take advantage of the high sample rate offered by the ADS833x, the analog inputs to the converter should be
driven with low-noise operational amplifiers (op amps), such as the OPA365, OPA211, OPA827, or THS4031. TI
recommends a RC filter at each of the input channels to low-pass filter noise generated by the input driving
sources. These channels can accept unipolar signals with voltages between INyx and COM in the range of 0 V to
Vger- If RC filters are not used between the op amps and the input channels, the minimum -3-dB bandwidth
required by the driving op amps for the sampled signals to settle to within 1/2 LSB of the final voltage can be
calculated using Equation 1:

(n+1) xIn(2)

fag2 ——m
21 x tsampLE_MIN
where
e n = resolution of the converter (n = 16 for the ADS833Xx).
*  tsampLe_min = Minimum acquisition time. (1)

The minimum value of tgavp e in Electrical Characteristics: VA = 2.7 V and Electrical Characteristics: VA =5V is
238 ns (3 CCLKs with the internal oscillator at 12.6 MHz). Substituting these values for n and tsaypie min INtO
Equation 1 shows f_; 4z must be at least 7.9 MHz. This bandwidth can be relaxed if the acquisition time is
increased or an RC filter is added between the driving operational amplifier and the corresponding input channel
(see Texas Instruments' Application Report, Determining Minimum Acquisition Times for SAR ADCs When a
Step Function is Applied to the Input (SBAA173) and associated references for additional information, available
for download at www.ti.com). The OPA365 used in the source-follower (unity-gain) configuration is shown in
Figure 35 with recommended values for the RC filter.

MUXOUT ADCIN 5V

20Q VA ]
INy ADS8331
! ADS8332

1000pF

Figure 35. Unipolar Input Drive Configuration

Input Signal
(OV to 4V)

OPA365
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Feature Description (continued)
9.3.2.2 Bipolar to Unipolar Driver

In systems where the input signal is bipolar, op amps such as the OPA365 and OPA211 can be used in the
inverting configuration with a DC bias applied to the noninverting input to keep the input signal to the ADS833x
within its rated operating voltage range. Tl also recommends this configuration when the ADS833x is used in
signal-processing applications where good SNR and THD performance is required. The DC bias can be derived
from low-noise reference voltage ICs such as the REF5025 or REF5040. The input configuration shown in
Figure 36 is capable of delivering better than 91-dB SNR and —99-dB THD at an input frequency of 1 kHz. If
bandpass filters are used to filter the input to the driving operational amplifier, the signal swing at the input of the
bandpass filter should be small enough to minimize the distortion introduced by the filter. In these cases, the gain
of the circuit shown in Figure 36 can be increased to maintain a large enough input signal to the ADS833x to
keep the system SNR as high as possible.

MUXOUT ADCIN 5V

20Q VA J

2.048VDC

*,/\N\T IN ADS8331
60022 X

1000pF ADS8332
Input Signal

(-2V to +2V) 6000 COM

VWA =
Figure 36. Bipolar Input Drive Configuration

9.4 Device Functional Modes

9.4.1 Reference

The ADS833x can operate with an external reference with a range from 1.2 V to 4.2 V. A clean, low-noise
reference voltage on this pin is required to ensure good converter performance. A low-noise band-gap reference
such as the REF5025 or REF5040 can be used to drive this pin. A 10-uF ceramic bypass capacitor is required
between the REF+ and REF- pins of the converter. This capacitor should be placed as close as possible to the
pins of the device. The REF- pin should not be connected to the AGND pin of the converter; instead, the REF—
pin must be connected to the analog ground plane with a separate via.

9.4.2 Converter Operation

The ADS833x has an internal oscillator that can be used as the conversion clock (CCLK) source. The minimum
frequency of this oscillator is 10.5 MHz. The internal oscillator is only active during the conversion period unless
the converter is using Auto-Trigger or Auto-NAP modes. The minimum acquisition, sampling time for the
ADS833x is 3 CCLKs (250 ns with a 12-MHz conversion clock), while the minimum conversion time is 18 CCLKs
(1500 ns with a 12-MHz conversion clock).

As shown in Figure 37, the ADS833x can also be programmed to run conversions using the external serial clock
(SCLK). This feature allows system designers to achieve system synchronization. Each rising edge of SCLK
toggles the state of the conversion clock (CCLK), which reduces the frequency of SCLK by a factor of two before
it is used as CCLK. For example, a 21-MHz SCLK provides a 10.5-MHz CCLK. If the start of a conversion must
occur on a specific rising edge of SCLK when the external serial clock is used for the conversion clock (and
Manual-Trigger mode is enabled), a minimum setup time of 20 ns between the falling edge of CONVST and the
rising edge of SCLK must be met. This timing ensures the conversion is completed in 18 CCLKs (36 SCLKSs).

The duty cycle of SCLK is not critical, as long as the minimum high and low times (11 ns for VA = 5 V) are
satisfied. Because the ADS833x is designed for high-speed applications, a high-frequency serial clock must be
supplied to maintain the high throughput of the interface. This requirement can be accomplished if the period of
SCLK is at most 1 ps when SCLK is used as the conversion clock (CCLK). The 1-us maximum period for SCLK
is also set by the leakage of charge from the capacitors in the capacitive digital-to-analog converter (CDAC)
block in the ADS833x. If SCLK is used as the conversion clock, the SCLK source must have minimal rise, fall
times and low jitter to provide the best converter performance.
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Device Functional Modes (continued)
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Figure 37. Conversion Clock Source

9.4.2.1 Manual Channel Select Mode

Manual Channel Select mode is enabled through the Configuration register (CFR) by setting the CFR_D11 bit to
0 (see Table 5). The acquisition process starts with selecting an input channel. This selection is done by writing
the desired channel number to the Command register (CMR); see Table 4 for further details. The associated
timing diagram is shown in Figure 38.

@ _____
soHe I s R O N

Mux switch CHoip Chnew

Figure 38. Manual Channel Select Timing

9.4.2.2 Auto Channel Select Mode

Channel selection can also be done automatically if Auto Channel Select mode (default) is enabled (CFR_D11 =
1). If the device is programmed for Auto Channel Select mode, then signals from all channels are acquired in a
fixed order. In Auto Channel Select mode, the first conversion after entering this mode is always from the
channel of the last conversion completed before this mode is enabled. The channels are then sequentially
scanned up to and including the last channel (that is, channel 3 for the ADS8331 and channel 7 for the
ADS8332) and then back to the channel that started the sequence. For example, if the last channel used in the
conversion before enabling Auto Channel Select mode was channel 2, the sequence for the ADS8332 would be:
2,3,4,5, 6, 7, 2, and so forth, as shown in Figure 39. If the last channel in Manual Channel Select mode
happened to be channel 7, the sequence would be: 7, 7, 7, and so forth. Figure 40 shows when the next channel
in the sequence activates during Auto Channel Select mode. This timing allows the next channel to settle before
it is acquired. This automatic sequencing stops the cycle after CFR_D11 is set to 0.
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Device Functional Modes (continued)

Manual Channel Select Channel 2

Enable Auto Channel Select
Conversion Start is Automatic or Manual

Manual- or Auto-Trigger Mode

Figure 39. Auto Channel Select for the ADS8332

- FTOC;' 1 CCLK Minimum
active low,

Channel # N-1 N

Figure 40. Channel-Number Update in Auto Channel Select Mode Timing

24 Submit Documentation Feedback Copyright © 2009-2016, Texas Instruments Incorporated
Product Folder Links: ADS8331 ADS8332



13 TEXAS
INSTRUMENTS
ADS8331, ADS8332

www.ti.com SBAS363E —DECEMBER 2009—REVISED AUGUST 2016

Device Functional Modes (continued)
9.4.2.3 Start of a Conversion

The end of acquisition is the same as the start of a conversion. This process is initiated by bringing the CONVST
pin low for a minimum of 40 ns. After the minimum requirement has been met, the CONVST pin can be brought
high. CONVST acts independently of FS/CS so it is possible to use one common CONVST for applications that
require simultaneous sample/hold with multiple converters. The ADS833x switches from sample to hold mode on
the falling edge of the CONVST signal. The ADS833x requires 18 conversion clock (CCLK) cycles to complete a
conversion. The conversion time is equivalent to 1500 ns with a 12-MHz internal clock. The minimum time
between two consecutive CONVST signals is 21 CCLKs.

A conversion can also be initiated without using CONVST if the ADS833x is programmed for Auto-Trigger mode
(CFR_D9 = 0). When the converter is configured in this mode, and with CFR_D8 = 0, the next conversion is
automatically started three conversion clocks (CCLK) after the end of a conversion. These three conversion
clocks (CCLK) are used for the acquisition time. In this case, the time to complete one acquisition and
conversion cycle is 21 CCLKs. Table 1 summarizes the different conversion modes.

Table 1. Different Types of Conversion

MODE SELECT CHANNEL START CONVERSION
Auto Channel Select® Auto-Trigger Mode
Automatic | No need to write channel number to CMR. Use internal sequencer for ADS833x. Start a conversion based on conversion
clock CCLK
Manual Manual Channel Select Manual-Trigger Mode
Write channel number to CMR Start a conversion with CONVST

(1) Auto channel select should be used with Auto-Trigger mode and TAG bit output enabled.

Manual Channel select with Auto-Trigger mode enabled is generally used when continuous conversions from a
single channel are desired. In this mode, cycling the input mux to change the channel requires that conversions
are halted by setting the converter to Manual-Trigger mode. When the proper input channel is selected, the
converter can be placed back to Auto-Trigger mode to continue continuous conversions from the new channel.

9.4.2.4 Status Output Pin (EOC/INT)

The status output pin is programmable. It can be used as an EOC output (CFR_D[7:6] = 11) where the low time
is equal to the conversion time. When the status pin is programmed as EOC and the polarity is set as active low,
the pin works in the following manner: the EOC output goes low immediately following CONVST going low with
Manual-Trigger mode enabled. EOC stays low throughout the conversion process and returns high when the
conversion has ended. If Auto-Trigger mode is enabled, the EOC output remains high for three conversion clocks
(CCLK) after the previous rising edge of EOC.

This status pin can also be used as an interrupt output, INT (CFR_D[7:6] = 10), which is set low at the end of a
conversion, and is brought high (cleared) by the next read cycle. The polarity of this pin, whether used as EOC
or INT, is programmable through the CFR_D?7 bit.
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9.4.2.5 Power-Down Modes and Acquisition Time

There are three power-down modes that reduce power dissipation: Nap, Deep, and Auto-NAP. The first two, Nap
and Deep Power-Down modes, are enabled or disabled by bits CFR_D3 and CFR_D2, respectively, in the
Configuration register (see Table 5 for details).

Deep Power-Down mode provides maximum power savings. When this mode is enabled, the analog core in the
converter is shut down, and the analog supply current falls from 6.6 mA (VA =5 V) to 1 pA in 2 ps. The wake-up
time from Deep Power-Down mode is 1 ps. The device can wake up from Deep Power-Down mode by either
disabling this mode, issuing the wake-up command, loading the default value into the CFR, or performing a reset
(either with the software reset command, CFR_DO bit, or the external reset). See Table 4 and Table 5 along with
the Reset Function section for further information.

In Nap Power-Down mode, the bias currents for the analog core of the device are significantly reduced. Because
the bias currents are not completely shut off, the ADS833x can wake up from this power-down mode much faster
than from Deep Power-Down mode. After Nap Power-Down mode is enabled, the analog supply current falls
from 6.6 mA (VA =5 V) to 0.39 mA in 200 ns. The wake-up time from this mode is three conversion clock cycles
(CCLK). The device can wake up from Nap Power-Down mode in the same manner as waking up from Deep
Power-Down mode.

The third power-down mode, Auto-NAP, is enabled or disabled by bit CFR_D4 in the Configuration register (see
Table 5 for details). Once this mode is enabled, the device is controlled by the digital core logic on the chip. The
device is automatically placed into Nap Power-Down mode after the next end of conversion (EOC). The analog
supply current falls from 6.6mA (VA =5 V) to 0.39 mA in 200 ns. A conversion start wakes up the device in three
conversion clock cycles. Issuing the wake-up command, loading the default value into the CFR, disabling Auto-
NAP Power-Down mode, issuing a manual channel select command, or resetting the device can wake the
ADS833x from Auto-NAP Power-Down mode. A comparison of the three power-down modes is listed in Table 2.

Table 2. Comparison of Power-Down Modes

POWER
NPE CIF FORER: CONSUMPTION POWER_POWN POWER-DOWN TIME WAKEUP BY: WAKE-UP TIME ENABLE
DOWN o BY:
(VA =5V)

Normal operation 6.6 mA — — — — —
Deep power-down 1pA Setting CFR_D2 2pus Wakeup command 1011b lus Set CFR_D2
Nap power-down 0.39 mA Setting CFR_D3 200 ns Wakeup command 1011b 3 CCLKs Set CFR_D3
Auto-NAP power- EOC (end of CONVST, any channel select command, default

down 039 mA conversion) 200 ns command 1111b, or wakeup command 1011b. 3 CCLKs Set CFR_D4

The default acquisition time is three conversion clock (CCLK) cycles. Figure 41 shows the timing diagram for
CONVST, EOC, and Auto-NAP power-down signals in Manual-Trigger mode. As shown in the diagram, the
device wakes up after a conversion is triggered by the CONVST pin going low. However, a conversion is not yet
started at this time. The conversion start signal to the analog core of the chip is internally generated no less than
six conversion clock (CCLK) cycles later, to allow at least three CCLKs for wake up and three CCLKs for
acquisition. The ADS833x enters Nap Power-Down mode one conversion cycle after the end of conversion

(EOC).

CONVST | | \ \
CONVST_OUT
(internal) 8 +8=6Cycles I_l \ 1 Cycle

NAP_ACTIVE |
(internal)

EOC |
(active low)

Figure 41. Timing for CONVST, EOC, and Auto-NAP Power-Down Signals in Manual-Trigger Mode (Three
Conversion Clock Cycles for Acquisition)
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The ADS833x can support sampling rates of up to 500 kSPS in Auto-Trigger mode. This rate is selectable by
programming the CFR_D8 bit in the Configuration register. In 500-kSPS mode, consecutive conversion start
pulses to the analog core are generated 21 conversion clock cycles apart. In 250-kSPS mode, consecutive
conversion-start pulses are 42 conversion clock cycles apart. The Nap and Deep Power-Down modes are
available with either sampling rate; however, Auto-NAP mode is available only with a sampling rate of 250 kSPS
when Auto-Trigger mode is enabled. The analog core cannot be powered down when the Auto-NAP mode
sampling rate is 500 kSPS because at that rate, there is no period of time when the analog core is not actively
being used.

Figure 42 shows the timing diagram for conversion start and Auto-NAP power-down signals for a 250-kSPS
sampling rate in Auto-Trigger mode. For a 16-bit ADC output word, consecutive new conversion start pulses are
generated 2 x (18 + 3) cycles apart. NAP_ACTIVE (the signal to power down the analog core in Nap and Auto-
NAP modes) goes low six (3 + 3) conversion clock cycles before the conversion start falling edge, thus powering
up the analog core. It takes three conversion clock cycles after NAP_ACTIVE goes low to power up the analog
core. The analog core is powered down a cycle after the end of a conversion. For a 16-bit ADC with a 500-kSPS
sampling rate and three conversion clock cycle sampling, consecutive conversion start pulses are generated 21
conversion clock cycles apart.

AR

CONVﬁ;e%L;?)— \\ I_l
EOC | I—

(active low)

NAP_ACTIVE
(internal) / / / /

Figure 42. Timing for Conversion Start and Auto-NAP Power-Down Signals in Auto-Trigger Mode (250-
kSPS Sampling and Three Conversion Clock Cycles for Acquisition)

Timing diagrams for reading from the ADS833x with various trigger and power-down modes are shown in
Figure 43 through Figure 45. The total (acquisition + conversion) times for the different trigger and power-down
modes are listed in Table 3.

Table 3. Total Acquisition + Conversion Times

MODE ACQUISITION + CONVERSION TIME
Auto-Trigger at 500 kSPS =21 CCLK
Manual-Trigger =21 CCLK

Manual-Trigger with Deep Power Down 24 SCLK +1 ps + 3 CCLK + 18 CCLK + 16 SCLK + 2 ps

Manual-Trigger with Nap Power Down 24 SCLK + 3 CCLK + 3 CCLK + 18 CCLK + 16 SCLK + 200 ns

24 SCLK + 3 CCLK + 3 CCLK + 18 CCLK + 1 CCLK + 200 ns (using wakeup to resume)
>3 CCLK + 3 CCLK + 18 CCLK + 1 CCLK + 200 ns (using CONVST to resume)

Manual-Trigger with Auto-NAP Power Down
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Figure 43. Read While Converting vs Read While Sampling (Manual-Trigger Mode)
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(1) Converter is in acquisition mode between end of conversion and activation of Nap or Deep Power-Down mode.

(2) Command on SDI pin to wake-up converter (minimum of four SCLKs).
(3) Command on SDI pin to place converter into Nap or Deep Power-Down mode (minimum of 16 SCLKSs).

Figure 44. Read While Converting vs Read While Sampling With Nap or Deep Power Down
(Manual-Trigger Mode)
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MANUAL TRIGGER CASE 1 (Wakeup Using CONVST): ety 1
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MANUAL TRIGGER CASE 2 (Wakeup Using Wakeup Command): -ty 1]
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(1) Time between end of conversion and Nap Power Down mode is 1 CCLK.
(2) Command on SDI to wake-up converter (minimum of four SCLKSs).

Figure 45. Read While Converting vs Read While Sampling With Auto-NAP Power Down

9.5 Programming

9.5.1 Digital Interface

The serial interface is designed to accommodate the latest high-speed processors with an SCLK frequency of up
to 40 MHz (VA = VBD = 5 V). Each cycle starts with the falling edge of FS/CS. The internal data register content,
which is made available to the output register at the end of conversion, is presented on the SDO output pin on
the falling edge of FS/CS. The first bit is the most significant bit (MSB). The output data bits are valid on the
falling edge of SCLK with the tp, delay (see the Timing Requirements: VA = 2.7 V and Timing Characteristics:
VA =5 V) so that the host processor can read the data on the falling edge. Serial data input is also read on the
falling edge of SCLK.

The complete serial I/O cycle starts after the falling edge of FS/CS and ends 16 falling edges of SCLK later (see
NOTE). The serial interface works with CPOL = 1, CPHA = 0. This setting means the falling edge of FS/CS may
fall while SCLK is high. The same timing relaxation applies to the rising edge of FS/CS where SCLK may be high
or low as long as the last SCLK falling edge happens before the rising edge of FS/CS.
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Programming (continued)

NOTE
There are cases where a cycle can be anywhere from 4 SCLKs up to 24 SCLKs,
depending on the read mode combination. See Table 4 for details.

9.5.1.1 Internal Register

The internal register consists of two parts: four bits for the Command register (CMR) and 12 bits for the
Configuration register (CFR).

Table 4. Command Set Defined by Command Register (CMR)®

WAKE UP MINIMUM
D[15:12] HEX COMMAND D[11:0] FROM AUTO- SCLKs R/W
NAP REQUIRED
0000b Oh Select anal