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5 Device Comparison Table

RESOLUTION

PRODUCT (Bits) INPUT CONFIGURATION NMC (Bits) INL (LSB) SNR (dB)

ADS8354 16 Fully-differential 16 +2.5 93 (typ)

ADS7854 14 Fully-differential 14 +1.5 88 (typ)

ADS7254 12 Fully-differential 12 +1 74 (typ)
Single-ended and

ADS8353 16 pseudo-differential 16 +2.5 89 (typ)
Single-ended and

ADST853 14 pseudo-differential 14 *2 84 (typ)
Single-ended and

ADS7253 12 pseudo-differential 12 *1 73.5 (typ)

Copyright © 2013-2014, Texas Instruments Incorporated 3
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6 Pin Configurations and Functions

RTE Package

WOQFN-16 PW Package
(Top View) (-'I—F?)?)?/'T(;]\;\?)
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REFGND_B 5 zl SCLK
RIGISIR
2 o g 7 REFIO_B 6 E cs
= 23
< < ANM B [ 7 E SDI
AINP_B 8 ZI DVDD
Pin Functions
PIN
NO.
NAME TSSOP WQFN 110 DESCRIPTION
AINM_A 2 16 Analog input Negative analog input, channel A
AINM_B 7 5 Analog input Negative analog input, channel B
AINP_A 1 15 Analog input Positive analog input, channel A
AINP_B 8 6 Analog input Positive analog input, channel B
AVDD 16 14 Supply Supply voltage for ADC operation
[ 11 Digital input Chip-select signal; active low
DVDD 9 Digital I/O supply Digital I/O supply
GND 15 13 Supply Digital ground
REFGND_A Supply Reference ground potential A
REFGND_B Supply Reference ground potential B
REFIO_A Analog input/output Reference voltage input/output, channel A
REFIO_B 4 Analog input/output Reference voltage input/output, channel B
SCLK 12 10 Digital input Clock for serial communication
SDI 10 8 Digital input Data input for serial communication
SDO_A 13 11 Digital output Data output for serial communication, channel A and channel B
SDO_B 14 12 Digital output Data output for serial communication, channel B
Temaipaa | — | Thema Sy e e et Sy o ey o
4 Copyright © 2013-2014, Texas Instruments Incorporated
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7 Specifications

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

MIN MAX UNIT
AVDD to REFGND_x or DVDD to GND -0.3 6 \
,ﬁer;?)lggt(tﬁlgEEgaNng_ﬁlNM_x) and reference input (REFIO_x) voltage with REFGND_x — 0.3 AVDD + 0.3 Vv
Digital input voltage with respect to GND GND -0.3 DvDD + 0.3 \%
Ground voltage difference |REFGND_x-GND| 0.3 \%
Input current to any pin except supply pins +10 mA
Maximum virtual junction temperature, T 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.

7.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
;?121(%” body model (HBM), per ANSI/ESDA/JEDEC JS-001, all —2000 2000
Vesp) | Electrostatic discharge - — \%
Charged device moc_jel gCDM), per JEDEC specification 500 500
JESD22-C101, all pins®
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
AVDD Analog supply voltage 5 \%
DVDD Digital supply voltage 3.3 \%
7.4 Thermal Information
ADS8353, ADS7853, ADS7253
THERMAL METRIC® RTE (WQFN) PW (TSSOP) UNIT
16 PINS 16 PINS
Reia Junction-to-ambient thermal resistance 33.3 86.9
Reic(top) Junction-to-case (top) thermal resistance 29.5 21
Ress Junction-to-board thermal resistance 7.3 39.1 CIW
Wit Junction-to-top characterization parameter 0.2 0.8
Wi Junction-to-board characterization parameter 7.4 38.4
Reic(boy) Junction-to-case (bottom) thermal resistance 0.9 N/A

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

Copyright © 2013-2014, Texas Instruments Incorporated
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7.5 Electrical Characteristics: ADS8353

All minimum and maximum specifications are at T, = —40°C to 125°C, AVDD =5V, DVDD = 3.3 V, Vger o = Vrer g = VRrer =
2.5V (internal), and fpara = 600 kSPS, unless otherwise noted.
Typical values are at T, = 25°C, AVDD =5V, and DVDD = 3.3 V.

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
RESOLUTION
Resolution | ‘ 16 ’ Bits
DC ACCURACY®
NMC No missing codes 32-clock mode 16 Bits
INL Integral nonlinearity 32-clock mode -2.5 +1 25| LSB
DNL Differential nonlinearity 32-clock mode —-0.99 +0.6 2| LSB
Eio Input offset error -1 0.5 1| mv
E,o match ADC_Ato ADC_B -1 +0.5 1] mv
dE,o/dT Input offset thermal drift 1 pv/eC
Eg Gain error Referenced to the voltage at REFIO_x -0.1 +0.05 0.1| %FS
Eg match ADC_Ato ADC_B -0.1 +0.05 0.1| %FS
dEg/dT Gain error thermal drift Referenced to the voltage at REFIO_x 1 ppm/°C
AC ACCURACY®
VREF =25 V,
VRer input range, 32-clock mode 80.2 83 dB
. oo . . VREF =25 V,
SINAD Signal-to-noise + distortion 2 x Ve input range, 32-clock mode 83.9 dB
Vgrer = 5 V (external),
VRer input range, 32-clock mode 88.7 dB
VREF =25 V,
Vger input range, 32-clock mode 80.5 83 dB
o ) Vger =25V,
SNR Signal-to-noise ratio 2 X Vper input range, 32-clock mode 84 dB
VRer = 5V (external), 89 dB
Vger input range, 32-clock mode
Veee = 2.5V, _
VRer input range, 32-clock mode 100 dB
. . . VREF =25 V, _
THD Total harmonic distortion 2'x Ve input range, 32-clock mode 100 dB
Vgrer = 5 V (external), _
VRer input range, 32-clock mode 100 dB
VREF =25 V,
Vger input range, 32-clock mode 105 dB
. = f VREF =25 V,
SFDR Spurious-free dynamic range 2 X Vger input range, 32-clock mode 105 dB
VRer = 5V (external),
Vger input range, 32-clock mode 105 dB

(1) LSB = least significant bit.
(2) All ac parameters are tested at —0.5 dBFS and a 2-kHz input frequency.

6 Copyright © 2013-2014, Texas Instruments Incorporated
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7.6 Electrical Characteristics: ADS7853

All minimum and maximum specifications are at T, = —40°C to 125°C, AVDD =5V, DVDD = 3.3 V, Vger o = Vrer g = VRrer =
2.5V (internal), and foara = 1 MSPS, unless otherwise noted.
Typical values are at T, = 25°C, AVDD =5V, and DVDD = 3.3 V.

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
RESOLUTION
Resolution | ‘ 14 ’ Bits
DC ACCURACY®
L 32-clock mode 14 Bits
NMC No missing codes -
16-clock mode 13 Bits
. . 32-clock mode -2 +0.7 2| LSB
INL Integral nonlinearity
16-clock mode -2.5 +1 25| LSB
. . . . 32-clock mode -0.99 +0.5 1| LSB
DNL Differential nonlinearity
16-clock mode -1 0.9 2| LsB
Eio Input offset error -1 0.5 1| mv
E,o match ADC_Ato ADC_B -1 +0.5 1] mv
dE,o/dT Input offset thermal drift +1 pv/eC
Eg Gain error Referenced to the voltage at REFIO_x -0.1 +0.05 0.1| %FS
Eg match ADC_Ato ADC_B -0.1 +0.05 0.1| %FS
dEg/dT Gain error thermal drift Referenced to the voltage at REFIO_x +1 ppm/°C
AC ACCURACY®
VRer = 2.5V, 32-clock mode 78.4 80.9 dB
Vger input range 16-clock mode 80.3 dB
= 32-clock mode 814 dB
SINAD Signal-to-noise + distortion VRer =25V,
2 x Vggr input range | 16-clock mode 80.8 dB
Vrer = 5 V (external), | 32-clock mode 83.9 dB
Vger input range 16-clock mode 82.9 dB
VRer = 2.5V, 32-clock mode 78.5 81 dB
Vger input range 16-clock mode 80.5 dB
= 32-clock mode 81.5 dB
SNR Signal-to-noise ratio VRer =25V,
2 x Vggr input range | 16-clock mode 81 dB
Vrer = 5 V (external), | 32-clock mode 84 dB
Vger input range 16-clock mode 83.5 dB
VRer = 2.5V, 32-clock mode -100 dB
Vger input range 16-clock mode -93 dB
= 32-clock mode -98 dB
THD Total harmonic distortion VRer =25V,
2 x Vggr input range | 16-clock mode -94 dB
Vrer = 5 V (external), | 32-clock mode -102 dB
Vger input range 16-clock mode -92 dB
VRer = 2.5V, 32-clock mode 100 dB
Vger input range 16-clock mode 95 dB
= 32-clock mode 100 dB
SFDR Spurious-free dynamic range VRer =25V,
2 x Vggr input range | 16-clock mode 95 dB
Vrer = 5 V (external), | 32-clock mode 102 dB
Vger input range 16-clock mode 95 dB
= 0,
ISOXT ADC-to-ADC isolation I'N 15_ "z'gzkathlgt I/:"SFS -100 dB
NOISE =

(1) LSB = least significant bit.
(2) All ac parameters are tested at —0.5 dBFS and a 2-kHz input frequency.

Copyright © 2013-2014, Texas Instruments Incorporated 7



13 TEXAS
INSTRUMENTS
ADS8353, ADS7853, ADS7253

ZHCSCQ1B —OCTOBER 2013—-REVISED AUGUST 2014 www.ti.com.cn

7.7 Electrical Characteristics: ADS7253

All minimum and maximum specifications are at T, = —40°C to 125°C, AVDD =5V, DVDD = 3.3 V, Vger o = Vrer g = VRrer =
2.5V (internal), and foara = 1 MSPS, unless otherwise noted.
Typical values are at T, = 25°C, AVDD =5V, and DVDD = 3.3 V.

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
RESOLUTION
Resolution | ‘ 12 ’ Bits
DC ACCURACY®
NMC No missing codes 12 Bits
INL Integral nonlinearity -1 +0.3 1| LSB
DNL Differential nonlinearity —-0.99 +0.3 1| LSB
Eio Input offset error -2 0.5 2] mv
E,o match ADC_Ato ADC_B -2 +0.5 2] mv
dE,o/dT Input offset thermal drift +1 pv/eC
Eg Gain error Referenced to the voltage at REFIO_x -0.2 +0.05 0.2| %FS
Eg match ADC_Ato ADC_B -0.2 +0.05 0.2| %FS
dEg/dT Gain error thermal drift Referenced to the voltage at REFIO_x +1 ppm/°C
AC ACCURACY®
Vrer =25V, 71 72.9 dB
VRer input range
. oo . . VREF =25 V,
SINAD Signal-to-noise + distortion 2 % Ve iNput range 72.9 dB
Vrer =5V (external), 73.4 dB
VRer input range
VREF =25 V,
VRer input range L5 3 dB
SNR Signal-to-noise ratio VRer =25V, 73 dB
2 x VRgr input range
VRer = 5V (external),
VRer input range 735 dB
Vrer =25V, -90 dB
VRer input range
. . . VREF =25 V, _
THD Total harmonic distortion 2 % Ve input range 90 dB
Vrer =5V (external), —90 dB
VRer input range
VREF =25 V,
VRer input range 93.5 dB
. = f VREF =25 V,
SFDR Spurious-free dynamic range 2 X Vger input range 93.5 dB
VRer = 5V (external),
VRer input range 93.5 dB
. ] fiy = 15 kHz at 10 %FS,
ISOXT ADC-to-ADC isolation fuoise = 25 kHz at FS -80 dB

(1) LSB = least significant bit.
(2) All ac parameters are tested at —0.5 dBFS and a 2-kHz input frequency.

8 Copyright © 2013-2014, Texas Instruments Incorporated
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7.8 Electrical Characteristics: All Devices

All minimum and maximum specifications are at T, = —40°C to 125°C, AVDD =5V, DVDD = 3.3 V, Vger o = Vrer g = VRrer =
2.5V, and fyata = maximum, unless otherwise noted.
Typical values are at T, = 25°C, AVDD =5V, and DVDD = 3.3 V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ANALOG INPUT

Single-ended input,
VRer AINM_x = GND 0 Veer| V
range Pseudo-differential input,
AINM_X = +Vper / 2 ~Vrer /2 Vrer /2| V
FSR Full-scale input range Single-ended input,
(AINP_x — AINM_x) AINM_x = GND, 0 2xVgege| V
2% Vpgr | AVDD 2 2 X Ver
range Pseudo-differential input,
AINM_X = +Vger, —VRer VRer \
AVDD 2 2 x Vggr
V. Absolute input voltage VRer range 0 VrRer| Vv
INP (AINP_x to REFGND) 2 x Vger range, AVDD 2 2 x Vger 0 2xVree| V
VReF Single-ended input -0.1 0.1 \Y
range Pseudo-differential input VREF /2-0.1 VREF /2 VREF /2+0.1 \
Absolute input voltage Single-ended input
Vinm Ingre-endec input, -0.1 01 Vv
(AINM_x to REFGND) 2 x Vgge | AVDD 2 2 x Vpep
range Pseudo-differential input,
AVDD 2 2 X Vrer Vgrer— 0.1 VRer Vger +0.1 \
] In sample mode 40 pF
Ci Input capacitance
In hold mode 4 pF
likg iy Input leakage current 0.1 HA
INTERNAL VOLTAGE REFERENCE
VREFOUT Reference output voltage ;EZFSQSC—X = 1FFh (default), 2.495 2.500 2.505 \%
- REFDAC_x = 1FFh (default),
VREF-match VRer_a t0 Vrer_g Matching o~ ( ) 1 mv
at 25°C
REFDAC_x resolution® 1.1 mv
Reference voltage _ o
dVRerout/dT temperature drift REFDAC_x = 1FFh (default) +10 ppm/°C
dVReFouT/dt Long-term stability 1000 hours 150 ppm
Internal reference output
Ro impedance L Q
Reference output dc
lreFouT current 2 mA
Recommended output
Crerout capacitor 10 WF
—— :i?ncifeerence output settling For Cper = 10 pF 8 ms
VOLTAGE REFERENCE INPUT
. VRer range 2.4 2.5 AVDD \%
VRer Reference voltage (input)
2 x VRgr range 2.4 25 AVDD / 2 \%
Average Reference input
IREF current Per ADC 300 HA
External ceramic
Crer reference capacitance 10 WF
likg(dc) DC leakage current +0.1 HA

(1) Ideal input span, does not include gain or offset error.
(2) Refer to the Reference section for more details.

Copyright © 2013-2014, Texas Instruments Incorporated 9
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Electrical Characteristics: All Devices (continued)

All minimum and maximum specifications are at T, = -40°C to 125°C, AVDD =5V, DVDD = 3.3 V, Vger o = Vrer g = VRrer =
2.5V, and fpara = maximum, unless otherwise noted.
Typical values are at T, = 25°C, AVDD =5V, and DVDD = 3.3 V.

(normal operation)

internal reference

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SAMPLING DYNAMICS
ta Aperture delay 8 ns
ta match ADC_Ato ADC_B 40 ps
tagT Aperture jitter 50 ps
DIGITAL INPUTS®
) ) DVDD > 2.3V 0.7 DVDD DVDD + 0.3 \Y;
\m High-level input voltage
DVDD =23V 0.8 bvDD DVDD + 0.3 \%
. DVDD >2.3V -0.3 0.3 bvDD \%
Vi Low-level input voltage
DVDD =23V -0.3 0.2 bvDD \%
Input current +10 nA
DIGITAL OUTPUTS®
VoH High-level output voltage | Ioy = 500-pA source 0.8 DVDD DVDD Y
VoL Low-level output voltage lon = 500-pA sink 0 0.2 DVDD Y
POWER SUPPLY
Internal reference 45 5.0 5.5 Y
+Vrer \E/xternal rifirgn\ge: 45 5.0 55 Vv
Anal ly voltage range EOLREE
nalog supply v .
AVDD (AVDD to AGND) \E/xternal rifirgn\cl:e. Vext Rer 5.0 55 v
EXT_REF > 4- -
+2 x Vgge | INternal reference 5.0 5.0 5.5 Y
range External reference 2 X VRer ExT 5.0 5.5 \%
Digital supply voltage
DVDD (DVDD to AGND) 1.65 5.5 \%
AVDD =5V, fastest throughput 8.5 10 mA
internal reference
AVDD =5V, fasteat) throughput 75 mA
external reference
AVDD =5V, no conversion 55 7 mA
internal reference
AIDD Analog supply current AVDD =5V, no C(()Bversmn 45 mA
external reference
AVDD =5V, STANDBY mode 25 mA
Internal Reference
AVDD =5V, STANDBY mode 1
4 mA
external reference
Power-down mode 10 50 MA
DVDD = 3.3V, C_opp = 10 pF,
. fastest throughput 05 mA
DIDD Digital supply current
DVDD =5V, CLOAD =10 pF 1 mA
fastest throughput
Po Power dissipation AVDD = 5V, fastest throughput, 95 50 mw

(3) Specified by design; not production tested.
(4) With internal reference powered down, CFR.B6 = 0.

10
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7.9 Timing Requirements: Interface Mode®

PARAMETER ASSOCIATED FIGURES
toik CLOCK period Figure 1, Figure 91, Figure 92, Figure 93, Figure 94
taco Acquisition time Figure 91, Figure 92, Figure 93, Figure 94
tconv Conversion time Figure 91, Figure 92, Figure 93, Figure 94

(1) These parameters are specific to the interface mode of operation. Refer to the Conversion Data Read section for more details.

7.10 Timing Characteristics: Serial Interface

PARAMETER ‘ TEST CONDITIONS ASSOCIATED FIGURES MIN TYP MAX | UNIT
TIMING REQUIREMENTS
tpH_ck CLOCK high time 0.4 0.6 | tcik
tpL_ck CLOCK low time Figure 1 0.4 0.6 tcix
fok CLOCK frequency 1/tck | MHz
te_cs CS high time Figure 1 40 ns
ADS8353 150 ns
toH_Cs_SHRT CS high time after frame abort ADS7853 Figure 99 100 ns
ADS7253 70 ns
; Setup time: CS falling edge to 15 ns
SU_CseK SCLK falling edge
t Delay time: Last SCLK falling edge 15 ns
D_CKes to CS rising edge ]
- - Figure 1
t Setup time: DIN data valid to SCLK 5 ns
SU_CKDI falling edge
t Hold time: SCLK falling edge to 5 ns
HT_CKDI (previous) data valid on DIN
Power-up time from STANDBY )
thy_sTOBY ode P Figure 96 1 ps
. With internal reference ) ms
tpu sPD Power-up time from SPD mode - Figure 98
- With external reference ms
TIMING SPECIFICATIONS
ADS8353 32-CLK mode ) . 1.666 us
Figure 91, Figure 92
32-CLK mode 1 us
) ADS7853 - -
tTHROUGHPUT Throughput time 16-CLK mode Figure 93, Figure 94 1 us
32-CLK mode Figure 91, Figure 92 1 us
ADS7253 , -
16-CLK mode Figure 93, Figure 94 1 us
Figure 91, Figure 92,
frHrouGHPUT Throughput Figure 93 Figure 94 1/ trurouchput | KSPS
Delay time: CS falling edge to data
tov_cspo enab)I/e gedg 12| ns
Delay time: CS rising edge to data )
tbz_cspo going to 3-state Figure 1 12 ns
Delay time: SCLK falling edge to
fb_ckpo next data valid 20| ns
Copyright © 2013-2014, Texas Instruments Incorporated 11
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Figure 1 shows the details of the serial interface between the device and the digital host controller.
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Figure 1. Serial Interface Timing Diagram
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7.11 Typical Characteristics: ADS8353
At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyara = 600 kSPS, unless otherwise noted.
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Typical Characteristics: ADS8353 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyara = 600 kSPS, unless otherwise noted.
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Typical Characteristics: ADS8353 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyara = 600 kSPS, unless otherwise noted.

Figure 18. Typical DNL

Figure 19. Typical INL
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Typical Characteristics: ADS8353 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyara = 600 kSPS, unless otherwise noted.
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7.12 Typical Characteristics: ADS7853

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyata = 1 MSPS, unless otherwise noted.
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Figure 27. Typical FFT
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Typical Characteristics: ADS7853 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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Typical Characteristics: ADS7853 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.

16-CLK interface

Figure 38. Analog Supply Current vs SCLK Frequency
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Typical Characteristics: ADS7853 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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Typical Characteristics: ADS7853 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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7.13 Typical Characteristics: ADS7253

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyata = 1 MSPS, unless otherwise noted.
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Typical Characteristics: ADS7253 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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Typical Characteristics: ADS7253 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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Typical Characteristics: ADS7253 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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Typical Characteristics: ADS7253 (continued)

At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vgee = 2.5 V (internal), and fyara = 1 MSPS, unless otherwise noted.
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7.14 Typical Characteristics: Common to ADS8353, ADS7853, and ADS7253
At T, = 25°C, AVDD =5V, DVDD = 3.3V, Vger = 2.5 V (internal), and fyara = maximum, unless otherwise noted.

3 200
_ 25 < 160
E 16 CLK Mode £
> 2 s
2 g 120
> -
<15 32 CLK Mode g
0 & 80
Ja)
s ! 8
< 2 40 1
0.5
16 CL‘K Mode=/ 32 CLK Mode
0 0
-40 -7 26 59 92 125 -40 -7 26 59 92 125
Free-Air Temperature (°C) coz7 Free- AirTemperature (°C) cozs
Figure 80. STANDBY Current vs Temperature Figure 81. Power-Down Current vs Temperature
2.55 26
§ 2.53 S 255
g 2
=] 5 25
© 251 o
Q
2 o
o G 245
2 @
o 2.49 2
£ E 24
@ = .
E c
2 247 3
1S £ 235
2.45 23
-40 7 26 59 92 125 5 0 5 10 15 20 25 30
Free-Air Temperature (°C) co16 Load Current (mA) co17
ROUT =0.67Q
Figure 82. Internal Reference Output vs Temperature Figure 83. Internal Reference Output Impedance
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8 Detailed Description

8.1 Overview

These devices belong to a family of pin-compatible, dual, high-speed, simultaneous-sampling, analog-to-digital
converters (ADCs). The ADS8353, ADS7853, and ADS7253 support single-ended and pseudo-differential input
signals. The devices provide a simple, serial interface to the host controller and operate over a wide range of
analog and digital power supplies.

These devices have two independently programmable internal references to achieve system-level gain error
correction. The Functional Block Diagram section provides a functional block diagram of the device.

8.2 Functional Block Diagram

l

~ |Interface

¢ REF_A
+ Comparator
CDAC
SAR
SAR
+
CDAC
7y Comparator
REF_B

Serial

28

Copyright © 2013-2014, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
ADS8353, ADS7853, ADS7253

www.ti.com.cn ZHCSCQ1B —OCTOBER 2013—-REVISED AUGUST 2014

8.3 Feature Description

8.3.1 Reference

The device has two simultaneous sampling ADCs (ADC_A and ADC_B). ADC_A and ADC_B operate with
reference voltages Vrer 4 and Vger g present on the REFIO_A and REFIO_B pins, respectively. The REFIO_A
and REFIO_B pins should be decoupled with the REFGND_A and REFGND_B pins, respectively, with 10-pF
decoupling capacitors.

The device supports operation either with an internal or external reference source, as shown in Figure 84. The
reference voltage source is determined by setting bit 6 of the configuration register (CFR.B6). Note that this bit is
common to ADC_A and ADC_B.

AINP_A
AINM_A ADC_A :1/,\
T 1
REFGND_A
. — REFDAC_A
<~ L  orc_a (=TT
10 pF REFIO_A
INTREF |
REFIO_B
10 4F REFDAC_B
REFGND_B <—{[TTTT11T]
AINP_B Yy ¥
abc_B [

Figure 84. Reference Configurations and Connections

When CFR.B6 is 0, the device shuts down the internal reference source (INTREF) and ADC_A and ADC_B
operate on external reference voltages provided by the user on the REFIO_A and REFIO_B pins, respectively.

When CFR.B6 is 1, the device operates with the internal reference source (INTREF) connected to REFIO_A and
REFIO_B via DAC_A and DAC_B, respectively. In this configuration, Vger o @and Vgegr g Can be changed
independently by writing to the respective user-programmable registers, REFDAC_A and REFDAC_B,
respectively. Refer to the REFDAC Registers (REFDAC_A and REFDAC_B) section for more details.
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Feature Description (continued)
8.3.2 Analog Inputs

The ADS8353, ADS7853, and ADS7253 support single-ended or pseudo-differential analog inputs on both ADC
channels. These inputs are sampled and converted simultaneously by the two ADCs, ADC_A and ADC_B.
ADC_A samples and converts (Vanp_a — Vainu_a), and ADC_B samples and converts (Vane g — Vainm_g)-

Figure 85a and Figure 85b show equivalent circuits for the ADC_A and ADC_B analog input pins, respectively.
Series resistance, Rg, represents the on-state sampling switch resistance (typically 50 Q) and CgavpLe IS the
device sampling capacitor (typically 40 pF).

AVDD AVDD

Rs  CsawmpLe Rs  CsawmpLe

AINP_A WwH @ AINP_B WW @

GND GND
AVDD AVDD

RS cSAMPLE RS CSAMPLE

AINM_A o—AM—] }—47 AINM_B o—AM—]

GND GND
a) ADC_A b) ADC_B

Figure 85. Equivalent Circuit for the Analog Input Pins

8.3.2.1 Analog Input: Full-Scale Range Selection

The full-scale range (FSR) supported at the analog inputs of the device is programmable with bit B9 of the
configuration register (CFR.B9). This bit is common for both ADCs (ADC_A and ADC_B). The FSR is given by
Equation 1 and Equation 2 :

For CFR.B9 = 0, FSR_ADC_A = 010 Vggr 4 and FSR_ADC_B = 0 t0 Vger g 1)
For CFR.B9 = 1, FSR_ADC_A =010 2 x Vger o and FSR_ADC_B = 010 2 X Ve g
where:
*  Vger a and Vger g are the reference voltages going to ADC_A and ADC_B, respectively (as described in the
Reference section). (2)

Therefore, with appropriate settings of the REFDAC_A and REFDAC_B registers, CFR.B7, and CFR.B9, the
maximum dynamic range of the ADC can be used.

Note that while using CFR.B9 set to 1, care must be taken so that the ADC analog supply (AVDD) is as in
Equation 3 and Equation 4:

2 X Vger o < AVDD < AVDD(max) ©)
2 X Vier g < AVDD < AVDD(max) (4)
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Feature Description (continued)
8.3.2.2 Analog Input: Single-Ended and Pseudo-Differential Configurations
The ADS8353, ADS7853, and ADS7253 can support single-ended or pseudo-differential input configurations.

For supporting single-ended inputs, B7 in the configuration register (CFR.B7) must be set to 0 (CFR.B7 = 0) and
AINM_A and AINM_B must be externally connected to GND.

For supporting pseudo-differential inputs, CFR.B7 must be setto 1 (CFR.B7 = 1) and AINM_A and AINM_B must
be externally connected to FSR_ADC_A /2 and FSR_ADC_B / 2, respectively. Note that CFR.B7 is common to
both ADCs.

The CFR.B9 and CFR.B7 settings can be combined to select the desired input configuration, as shown in
Table 1.

Table 1. Input Configurations

INPUT RANGE SELECTION AINM SELECTION CONNECTION DIAGRAM

A
VREF_x
VREF_x

.

REFIO_x
1 AINP_x
CFR.B9=0 CFR.B7=0 -
(FSR_ADC_A = 0 10 Vggr o) (AINM_A = GND)
(FSR_ADC_B = 0 t0 Vger g) (AINM_B = GND) ov
Device
F AINM_x
2 x VREF_X 4
VREF_X
REFIO_x
1 AINP_x
CFRB9=1 CFR.B7=0 -
(FSR_ADC_A =010 2 X Ve 4) (AINM_A = GND)
(FSR_ADC_B =010 2 X Ve p) (AINM_B = GND) ov

Device

F AINM_x
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Feature Description (continued)

Table 1. Input Configurations (continued)

INPUT RANGE SELECTION

AINM SELECTION

CONNECTION DIAGRAM

A
VREF_X
VREF_X
REFIO_x
1 AINP_x
ov
CFR.B9=0 CFRB7=1
(FSR_ADC_A = Vigr ) (AINM_A = Viee 4/2) Device
(FSR_ADC_B = Vger g) (AINM_B = Vger 5/2) X
- - r
j AINM_x
VREF_x /2
A
2 x VREF_X
VREF_X
REFIO_x
1 AINP_x
ov
CFRB9=1 CFRB7=1
(FSR_ADC_A = 2 X Vggr _n) (AINM_A = Viee o) Device
(FSR_ADC_B = 2 X Vger g) (AINM_B = Vrer g)
- - A
j AINM_x
VREF_X
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8.3.3 Transfer Function

The device supports two input configurations:
1. Single-ended inputs, CFR.B7 = 0 (default), or
2. Pseudo-differential inputs, CFR.B7 = 1.

The device also supports two output data formats:
1. Straight binary output, CFR.B4 = 0 (default), or
2. Twos compliment output, CFR.B4 = 1.

Device resolution is calculated by Equation 5:

1LSB = (FSR_ADC_x) / (2V)

where:
* N =16 (ADS8353), 14 (ADS7853), or 12 (ADS7253) and
« FSR_ADC_x is the full-scale input range of the ADC (refer to the Analog Input section for more details) (5)

Table 2 and Table 3 show the different input voltages and the corresponding output codes from the device.

Table 2. Transfer Characteristics for Straight Binary Output (CFR.B4 = 0, Default)

OUTPUT CODE (Hex)
INPUT INPUT VOLTAGE — -
e T STRAIGHT BINARY (CFR.B4 = 0, Default)
AINP_x AINM_x AINP_x - AINM_x CODE | ADS8353 | ADS7853 | ADS7253
) <1LSB <1LSB zC 0000 0000 000
Single-ended
(CFR.B7=0, FSR_ADC_x /2 0 FSR_ADC_x /2 MC 7FFF 1FFF 7FF
default) >FSR_ADC_x — 1 LSB >FSR_ADC_x — 1 LSB FSC FFFF 3FFF FFF
<1LSB <-FSR_ADC_x/2+1LSB zC 0000 0000 000
Pseudo-differential
(CFRB7 = 1) FSR_ADC_x /2 FSR_ADC_x /2 0 MC 7FFF 1FFF 7FF
2 FSR_ADC_x —1LSB 2 FSR_ADC x/2-1LSB FSC FFFF 3FFF FFF
Table 3. Transfer Characteristics for Twos Compliment Output (CFR.B4 = 1)
OUTPUT CODE (Hex)
INPUT INPUT VOLTAGE —
AT E TWOS COMPLIMENT (CFR.B4 = 1)
AINP_x AINM_x AINP_x - AINM_x CODE | ADS8353 | ADS7853 | ADS7253
) <1LSB <1LSB NFSC 8000 2000 800
Single-ended
(CFR.B7 =0, FSR_ADC_x /2 0 FSR_ADC_x /2 MC 0000 0000 000
default) > FSR_ADC x —1LSB > FSR_ADC x - 1LSB PFSC 7FFF 1FFF 7FF
<1LSB <-FSR_ADC_x/2+1LSB NFSC 8000 2000 800
Pseudo-differential
(CFRB7 = 1) FSR_ADC _x/2 FSR_ADC x/2 0 MC 0000 0000 000
> FSR_ADC_x—1LSB 2 FSR_ADC x/2—-1LSB PFSC 7FFF 1FFF 7FF
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Figure 86 shows the ideal device transfer characteristics for the single-ended analog input.

FSC | PFSC
5 s
]
£ 3
o
—~ L 8Z(>
35 30
= 20
83 Mc : MC 3 O
o > 22
O ! 5)
O= | : 2=
o | =
a | | ° Q
<z S5 ! : ==
= | m
s ! | =)
brey |
[ | ! 3
| | -
|
zc : : NFSC

1LSB FSR_ADC x/2 FSR_ADC x-1LSB

Single-Ended Analog Input

Vin (AINP_x — AINM_x)

Figure 86. Ideal Transfer Characteristics for a Single-Ended Analog Input

Figure 87 shows the ideal device transfer characteristics for the pseudo-differential analog input.

FSC f=——~——=""""------------------ | PFSC
— | g
< I
€ I &
o |
~ L | 8 >
55 - ! 35
| o]
.y % -FSR_ADC_x/2 , =0
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= |
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Figure 87. Ideal Transfer Characteristics for a Pseudo-Differential Analog Input
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8.4 Device Functional Modes

The device provides three user-programmable registers: the configuration register (CFR), the REFDAC_A
register, and the REFDAC_B register. These registers support write (refer to the Write to User Programmable
Registers section) and readback (refer to the Reading User-Programmable Registers section) operations and
allow the user to customize ADC behavior for specific application requirements.

The device supports four interface modes (refer to the Conversion Data Read section), two low-power modes
(refer to the Low-Power Modes section), and short-cycling/reconversion feature (refer to the Frame Abort,
Reconversion, or Short-Cycling section).

8.5 Register Maps and Serial Interface

8.5.1 Serial Interface
The device uses the serial clock (SCLK) for synchronizing data transfers in and out of the device.

The CS signal defines one conversion and serial transfer frame. A frame starts with a CS falling edge and ends
with a CS rising edge. Between the start and end of the frame, a minimum of N SCLK falling edges must be
provided to validate the read or write operation. As shown in Table 4, N depends upon the interface mode used
to read the conversion result. When N SCLK falling edges are provided, the write operation attempted in the
frame is validated and the internal user-programmable registers are updated on the subsequent CS rising edge.
This CS rising edge also ends the frame.

Table 4. SCLK Falling Edges for a Valid Write Operation

VLS PN s iy o
32-CLK, dual-SDO mode (default). See the 32-CLK, Dual-SDO Mode section. 32
32-CLK, single-SDO mode. See the 32-CLK, Single-SDO Mode section. 48
16-CLK, dual-SDO mode. See the 16-CLK, Dual-SDO Mode section. 16
16-CLK, single SDO mode. See the 16-CLK, Single SDO Mode section. 32

If CS is brought high before providing N SCLK falling edges, the write operation attempted in the frame is not
valid. Refer to the Frame Abort, Reconversion, or Short-Cycling section for more details.

8.5.2 Write to User Programmable Registers

The device features three user-programmable registers: the configuration register (CFR), the REFDAC_A
register, and the REFDAC_B register. These registers can be written with the device SDI pin. The first 16 bits of
data on SDI are latched into the device on the first 16 SCLK falling edges. However, the new configuration takes
effect only when the read or write operation is validated. If these registers are not required to update, SDI must
remain low during the respective frames.

The first four SDI data bits (B[15:12]) determine what operation is performed (that is, either a read or write
operation or no operation), which register address the operation uses, and the function of the next 12 SDI data
bits (B[11:0]). Table 5 lists the various combinations supported for B[15:12].

Table 5. Data Write Operation

B15 B14 B13 B12 OPERATION FUNCTION OF BITS B[11:0]
0 0 0 0 No operation is performed These bits are ignored
0 0 0 1 REFDAC_A read 000h; see the Reading User-Programmable Registers section
0 0 1 0 REFDAC_B read 000h; see the Reading User-Programmable Registers section
0 0 1 1 CFR read 000h; see the Reading User-Programmable Registers section
1 0 0 0 CFR write See the Configuration Register (CFR) section
1 0 0 1 REFDAC_A write See the REFDAC_A section
1 0 1 0 REFDAC_B write See the REFDAC_B section
1 0 1 1 No operation is performed These bits are ignored
X 1 X X No operation is performed These bits are ignored
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8.5.2.1 Configuration Register (CFR)

The device operation configuration is controlled by the configuration register (CFR) status. Data written into the
CFR in a valid frame (F) determine the device configuration for frame (F+1). The bit functions are outlined in

Figure 88. On power-up, all bits in the CFR default to 0.

Figure 88. CFR Bit Functions

15 14 13 12 11 10 9 8
RD_CLK_ RD_DATA_
WRITE/READ 0 ADDR1 ADDRO MODE [INES INPUT_RANGE 0
7 6 5 4 3 2 1 0
RD_DATA_
INM_SEL REF_SEL STANDBY FORMAT 0 0 0 0
Table 6. Configuration Register (CFR) Field Descriptions
Bit Field Type Reset Description
15 WRITE/READ W Oh
14 0 RIW oh These bits select the user-programmable register.
1000 = Select this combination to write to the CFR register and
13 ADDR1 RIW Oh to enable bits 11:0
12 ADDRO R/W Oh
This bit provides clock mode selection for the serial interface.
0 = Selects 32-CLK mode (default)
11 RD_CLK_MODE R/W Oh 1 = Selects 16-CLK mode
(Note that the ADS8353 only supports 32-CLK mode. This bit is
ignored for the ADS8353.)
This bit provides data line selection for the serial interface.
0 = Use SDO_A to output ADC_A data and SDO_B to output of
10 RD_DATA_LINES RIW oh ADC_B data (default)
1 = Use only SDO_A to output of ADC_A data followed by
ADC_B data
This bit selects the maximum input range for the ADC as a
function of the reference voltage provided to the ADC. See the
9 INPUT_RANGE R/W Oh Analog Inputs section for more details.
0 = FSR equals Vgge
1 =FSR equals 2 x Vgeg
8 0 R/W Oh This bit must be set to 0 (default)
This bit selects the voltage to be externally connected to the
INM pin.
7 INM_SEL RIW oh E)d:fg\lljll\t/l) must be externally connected to the GND potential
1 = INM must be externally connected to the FSR_ADC_x /2
potential
This bit selects the ADC reference voltage source. Refer to the
Reference section for more details.
6 REF_SEL RIW oh 0 = Use external reference (default)
1 = Use internal reference
This bit is used by the device to enter or exit STANDBY mode.
5 STANDBY w oh Refer to the STANDBY Mode section for more details.
This bit selects the output data format.
4 RD_DATA_FORMAT R/W Oh 0 = Output is in straight binary format (default)
1 = Output is in twos compliment format
3.0 0 R/W Oh These bits must be set to 0 (default)
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8.5.2.2 REFDAC Registers (REFDAC_A and REFDAC_B)
The REFDAC registers, bit functions, and resolution information are described in this section.

Figure 89. REFDAC_X Bit Functions

15 14 13 12 11 10 9 8
WRITE/READ | 0 | ADDRL |  ADDRO D8 | D7 \ D6 | D5
7 6 5 4 3 2 1 0
D4 | D3 \ D2 | D1 DO | 0 \ 0 | 0
Table 7. REFDAC Registers Field Descriptions
Bit Field Type Reset Description
15 WRITE/READ w Oh These bits select the configurable register address.
14 0 RIW oh 1001 = Select this combination to write to the REFDAC_A
register
13 ADDR1 RIW Oh 1010 = Select this combination to write to the REFDAC_B
12 ADDRO R/IW Oh register
Data to program the individual DAC output voltage.
Note: These bits are valid only for bits 15:12 = 1001 or bits
11:3 D[8:0] R/W Oh 15:12 = 1010.
Table 8 shows the relationship between the REFDAC_x
programmed value and the DAC_x output voltage.
2:0 0 R/W Oh This bit must be set to 0 (default)

Table 8. REFDAC Settings

REFDAC_x VALUE (Bits 11:3 in Hex) B[2:0] Typical DAC_x OUPTUT VOLTAGE (V)®

1FF (default) 000 2.5000
1FE 000 2.4989
1FD 000 2.4978
137 0;0 2;5
IZE 0;0 210
1;6 0;0 2;5
1;D 0;0 2:0
1;4 0;0 2;5
1;C 0;0 2:0
OES 0;0 225
O;A 0;0 220
Ogl 0;0 2;5
029 0;0 220

064 ; 000 0;0 Do n;t use

(1) Actual output voltage may vary by a few millivolts from the specified value. To obtain the desired output voltage, TI recommends starting
with the specified register setting and then experimenting with five codes on either side of the specified register setting.
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8.5.3 Data Read Operation

The device supports two types of read operations: reading user-programmable registers and reading conversion
results.

8.5.3.1 Reading User-Programmable Registers

The device supports a readback option for all user-programmable registers: CFR, REFDAC_A, and REFDAC_B.
Figure 90 shows a detailed timing diagram for this operation.

Frame (F) Frame (F+1) Frame (F+2) Frame (F+3)
S [] [ ] [ ] [ L
sclk 1] [2 N] FTT] [2] [3] (4] [5 1 ag 1] [2 15] [1q 47] |48 1] [2 N T
SDO-A —( Valid Data )—( Valid data as per device configuration. m ,—(W)—
SDO-B —( Valid Data )—( Valid data as per device configuration. )—\ Valid Data
No change in device No change in device
SDI - — configuration B15 X X l X X H Device configuration for frame (F+3) )—\ configuration —

Note that N is a function of the device configuration, as described in Table 4.

Figure 90. Register Readback Timing

To readback the user-programmable register settings, the appropriate control word should be transmitted to the
device during frame (F+1), as shown in Table 9. Frame (F+1) must have at least 48 SCLK falling edges.

Table 9. Control Word to Readback User-Programmable Registers
CONTROL WORD TO BE PROGRAMMED IN FRAME (F+1)

USER-PROGRAMMABLE REGISTER -
B[15:12] (Binary) B[11:0] (Hex)
CFR 0011b 000h
REFDAC_A 0001b 000h
REFDAC_B 0010b 000h

Frame (F+2) must have at least 48 SCLK falling edges. During frame (F+2), SDO_A outputs the contents of the
selected user-programmable register on the first 16 SCLK falling edges (as shown in Table 10) and then outputs
Os for any subsequent SCLK falling edges. The SDO_B pin outputs Os for all the SCLK falling edges.

Table 10. Register Data Read Back

USER- DATA READ ON SDO-A IN FRAME (F+2)
PROGRAMMABLE
REGISTER R15 | R14 | R13 | R12 |R1l — R3| R2 R1 RO
CFR 1 CFG.B11 — CFG.B3| CFG.B2 | CFGBL | CFG.BO
REFDAC_A 0 REFDAC_A.D8 — REFDAC_A.DO 0 0 0
REFDAC_B 1 REFDAC_B.D8 — REFDAC_B.DO 0 0 0

Register settings programmed during frame (F+2) determine the device configuration in frame (F+3).
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8.5.3.2 Conversion Data Read

The device provides four different interface modes to the user for reading the conversion result. These modes
offer flexible hardware connections and firmware programming. Table 11 shows how to select one of the four
interface modes.

Table 11. Interface Mode Selection

MINIMUM SCLK FALLING EDGES
CFR.B11 CFR.B10 INTERFACE MODE REQUIRED TO VALIDATE WRITE
OPERATION N
0 0 32-CLK, dual-SDO mode (default) 32
0 1 32-CLK, single-SDO mode 48
1 0 16-CLK, dual-SDO mode 16
1 1 16-CLK, single SDO mode 32

In the 32-CLK interface modes, the device uses an internal clock to convert the sampled analog signal. The
conversion is completed during the first 16 periods of SCLK and the conversion result can be read on the
subsequent SCLK falling edges. All devices in the family (that is, ADS8353, ADS7853, and ADS7253) support
the 32-CLK interface modes.

In addition to the 32-CLK interface modes, the ADS7853 and ADS7253 also support the 16-CLK interface
modes. By using the 16-CLK interface modes, the same throughput can be achieved at much lower SCLK
speeds.

The following sections detail the various interface modes supported by the device.

8.5.3.2.1 32-CLK, Dual-SDO Mode (CFR.B11 = 0, CFR.B10 = 0, Default)

The 32-CLK, dual-SDO mode is the default mode supported by all devices. This mode can also be selected by
writing CFR.B11 = 0 and CFR.B10 = 0.

In this mode, the SDO_A pin outputs the ADC_A conversion result and the SDO_B pin outputs the ADC_B
conversion result. Figure 91 shows a detailed timing diagram for this mode.

Sample Sample
N N+1
< tTHROUGHPUT >
€—tcony < taco
V( A 4
CS |
tscik

scLk ] m 14| |15 |16] |17] |18 25] |26] [27] [e8] [eo 30 [31] |32 _ I_
gDD?)SSAS:;nﬁDSSD%%SS — ‘ D15 XD14 D7 x D6 X D5 X D4 X D3 X D2 X D1 X po \ —

Data From Sample N
proiplareian /0 G £ €3 £ €3 €3 K KA Yer'd
- - Data From Sample N
S00 AandsD0 B —\ for Yoo os Y o2 Y or Yoo Yo Yo Yo Y o \—<C
Data From Sample N
SDI B15 XB14 EXBlXBoXxXxX: XxXxXxXxXxXxXxX X

Figure 91. 32-CLK, Dual-SDO Mode Timing Diagram

J
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A CS falling edge brings the serial data bus out of 3-state and also outputs a 0 on the SDO_A and SDO_B pins.
The device converts the sampled analog input during the conversion time (tcony). SDO_A and SDO_B read 0
during this period. After completing the conversion process, the sample-and-hold circuit returns to sample mode.
The device outputs the MSBs of ADC_A and ADC_B on SDO_A and SDO_B pins, respectively, on the 16th
SCLK falling edge. The subsequent SCLK falling edges are used to shift out the rest of the bits of the conversion
result, as shown in Table 12.

Table 12. Data Launch Edge

LAUNCH EDGE
DEVICE PINS CS SCLK [
! 11 — 115 116 — 127 128 129 130 131 132 ... i
SDO-A 0 0 — 0|D15_A — D4 A| D3A D2_A D1_A DO_A 0.. Hi-z

ADS8353
SDO-B 0 0 — 0|D15 B — D4 B| D3B D2_B D1 B DO B 0.. Hi-Z
SDO-A 0 0 — 0|D13 A — D2A| D1LA DO_A 0 0 0.. Hi-Z
ADS7853 -
SDO-B 0 0 — 0|D13_B — D2B| DLB DO_B 0 0 0.. Hi-z
SDO-A 0 0 — 0|D11_A — DOA 0 0 0 0 0.. Hi-z

ADS7253
SDO-B 0 0 — 0|D11_B — DOB 0 0 0 0 0.. Hi-z

In this mode, at least 32 SCLK falling edges must be given to validate the read or write frame. A CS rising edge
ends the frame and puts the serial bus into 3-state.

Refer to Table 13 for timing specifications specific to this serial interface mode.

Table 13. 32-CLK, Dual-SDO Interface Specific Timing

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
TIMING REQUIREMENTS
ADS8353 50 ns
ek CLOCK period ADS7853 29.4 ns
ADS7253 29.4 ns
taco Acquisition time 33 x tc k — tconv ns
TIMING SPECIFICATIONS
ADS8353 730 ns
tconv Conversion time ADS7853 450 ns
ADS7253 450 ns
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8.5.3.2.2 32-CLK, Single-SDO Mode (CFR.B11 = 0, CFR.B10 = 1)

The 32-CLK, single-SDO mode provides the option of using only one SDO pin (SDO_A) to read conversion
results from both ADCs (ADC_A and ADC_B). SDO_B remains in 3-state and can be treated as a no connect
(NC) pin.

This mode can be selected by writing CFR.B11 = 0 and CFR.B10 = 1. Figure 92 shows a detailed timing diagram
for this mode.

Sample Sample
N N+1
< tTHROUGHPUT
—tcony > tacq >

scLk i1] |2 14) 15| fel [7] |18 28] [oo] 30l (34 (32| [33] |34 44] |4s| |ae| [47| s _ I_
S oA ™ 10 9 W9 9 1 B 4 9 9 9 9

Data From Sample N
AT A oA 9 1 1 6 ) B 9 @ ) ©) ©
SDO_A 3-AN2-A ANAAA 3-B BABASB
Data From Sample N

AR o A 7 5 £ 6 0 ) B 9.0 1 ©) ©

Data From Sample N

|

|

All Devices
SDO_B

ST G C 6 G 63 63 GRES €3 63 €3 €3 €3 A3 €3 €3 63 B

Figure 92. 32-CLK, Single-SDO Mode Timing Diagram

A CS falling edge brings the serial data bus out of 3-state and also outputs a 0 on the SDO_A pin. The device
converts the sampled analog input during the conversion time (tcony). SDO_A reads 0 during this period. After
competing the conversion process, the sample-and-hold circuit goes back into sample mode. The device outputs
the MSB of ADC_A on the SDO_A pin on the 16th SCLK falling edge. The subsequent SCLK falling edges are
used to shift out the conversion result of ADC_A followed by the conversion result of ADC_B on the SDO_A pin,
as shown in Table 14.

Table 14. Data Launch Edge

LAUNCH EDGE

DEVICE PIN cs SCLK cs
L | — 15|16 = 127| |28 129 130 | 131 |32 = 143 | |44 145 | |46 147 | 148 ... 1

ADS8353 | SDO-A | 0 |0 — 0|DI5A — D4 A|D3A|D2A|DILA|DOA|DI5B — D4B|D3B|D2B|D1B|DOB| 0.. | Hiz
ADS7853 | SDO-A | 0 |0 — 0|DI3A — D2A|DILA|DOA 0 o |o — D2B|D1B|DOB 0 0 0.. | Hi-z
ADS7253 | SDO-A | 0 |0 — 0|DI1.A — DOA| © 0 0 0o |o — DOB| 0 0 0 0 0.. | Hi-z

In this mode, at least 48 SCLK falling edges must be given to validate the read or write frame. A CS rising edge
ends the frame and puts the serial bus into 3-state.
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Refer to Table 15 for timing specifications specific to this serial interface mode.

Table 15. 32-CLK, Single-SDO Interface Specific Timing

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
TIMING REQUIREMENTS
ADS8353 50 ns
tok CLOCK period ADS7853 29.4 ns
ADS7253 29.4 ns
taco Acquisition time 49 x tc k — tcony ns
TIMING SPECIFICATIONS
ADS8353 730 ns
tconv Conversion time ADS7853 450 ns
ADS7253 450 ns

8.5.3.2.3 16-CLK, Dual-SDO Mode (CFR.B11 = 1, CFR.B10 = 0)

The 16-CLK, dual-SDO mode is designed to support the maximum throughput at lower SCLK frequencies. This
interface mode is not supported by the ADS8353.

For the ADS7853 and ADS7253, this interface mode can be selected by writing CFR.B11 = 1 and CFR.B10 = 0.
In this mode, the SDO_A pin outputs the ADC_A conversion result and the SDO_B pin outputs the ADC B
conversion result. Figure 93 shows a detailed timing diagram for this mode.

Sample

N

Sample
N+1

tTHROUGHPUT

[€—tpy_cs>

SCLK

tconv

taco—>

ADS7853, ADS7854
SDO_A and SDO_B

—-( 0 X 0 XDlSXDlZXDllXDlOXDQ

XD8XD7XD6XD5XD4XD3

oo Y o

tcony

>

tACQ‘»

ADS7253, ADS7254
SDO_A and SDO_B

—-( 0 X 0 XDllXDlOXDQXDS

XD7XD6XD5XD4XD3XD2XD

Yoo o o —

Data From Sample N

SDI B15

XBl4XBlBXBlZXBllXBlOX BQXBB X B7 X B6XBS X B4XBBXBZ X BlX BO

Figure 93. 16-CLK, Dual-SDO Mode Timing Diagram
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A CS falling edge brings the serial data bus out of 3-state and also outputs a 0 on the SDO_A and SDO_B pins.
The subsequent SCLK falling edges are used for conversion and for data transfer using the serial interface, as

shown in Table 16.

The sample-and-hold circuit goes back into sample mode as soon as the conversion process is over.

Table 16. Data Launch Edge

LAUNCH EDGE
DEVICE PINS [ SCLK CS
! 11 12 — 113 114 115 116 ... il
SDO-A 0 0 D13_A — D2_A D1_A DO_A 0.. Hi-z
ADS7853
SDO-B 0 0 D13 B — D2 B D1 B DO B 0.. Hi-Z
SDO-A 0 0 D11_A — DO_A 0 0.. Hi-z
ADS7253 -
SDO-B 0 0 D11 B — DO B 0 0.. Hi-Z

In this mode, at least 16 SCLK falling edges must be given to validate the read or write frame. A CS rising edge
ends the frame and puts the serial bus into 3-state.

Refer to Table 17 for timing specifications specific to this serial interface mode.

Table 17. 16-CLK, Dual-SDO Interface Specific Timing

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
TIMING REQUIREMENTS
. ADS7853 55.5 ns
tok CLOCK period
ADS7253 55.5 ns
L . ADS7853 4 X to 1k ns
taco Acquisition time
ADS7253 6 X tok ns
TIMING SPECIFICATIONS
. i ADS7853 14 X to k ns
tconv Conversion time
ADS7253 12 X to ns
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8.5.3.2.4 16-CLK, Single-SDO Mode (CFR.B11 = 1, CFR.B10 = 1)

The 16-CLK, single-SDO mode provides the option of using only one SDO pin (SDO_A) and a lower-speed clock
to read the conversion results of both ADCs. This interface mode is not supported by the ADS8353.

For the ADS7853 and ADS7253, this mode can be selected by writing CFR.B11 = 1 and CFR.B10 = 1. The
SDO_A pin is used to output the conversion results of both ADCs (ADC_A and ADC_B). SDO_B remains in 3-
state and can be treated as a no connect (NC) pin. Figure 94 shows a detailed timing diagram for this mode.

Sample Sample
N N+1
< trHROUGHPUT >
<—tpy_cs>|
_ Y
Cs
tscLk
SCLK 1 2 3 4 5 ﬂ 14 5 16 17 18 19 20| 1 30 |51 32
< tcon >i< tacg ,
ADS7853, ADS7854 D13-\/D12-\[D11- - D13-\D12-\ D11-
SDO_A _( 0 X 0 X A X A X A D3R pzaforafooa) o K o PFTKOF K" o2e —
«—tcon < taco >

ADS7253, ADS?D7025: — o0 0 Dil' Dio' D9-A EXDO-AX 0 X 0 X 0 X 0 XDlBl'XDéo'XEg-B _

Data From Sample N

All Devices
SDO_B

SDI B15 XBl4XBlSXBlZX: XB3XBZXB1XBOXXXXXXXXX:X XXXX X

Figure 94. 16-CLK, Single-SDO Mode Timing Diagram

A CS falling edge brings the serial data bus out of 3-state and also outputs a 0 on the SDO_A pin. The
subsequent SCLK falling edges are used for conversion and for data transfer using the serial interface, as shown
in Table 18.

The sample-and-hold circuit goes back into sample mode as soon as the conversion process is over.

Table 18. Data Launch Edge

LAUNCH EDGE
DEVICE PIN [ SCLK [

N R ] — 13| 14 115 | 116 | 17 | |18 — 29| |30 131 132 1
ADS7853 SDO-A 0 0 [DI3A — D2A| DIA | DOA | O 0 |D13B — D2B| D1.B | DOB 0.. |Hiz
ADS7253 SDO-A 0 0 |[DI1.A — DOA 0 0 0 0 [D11.B — DOB 0 0 0.. |Hiz
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In this mode, at least 32 SCLK falling edges must be given to validate the read/write frame. A CS rising edge
ends the frame and puts the serial bus into 3-state.

Refer to Table 19 for timing specifications specific to this serial interface mode.

Table 19. 16-CLK, Single-SDO Interface Specific Timing

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
TIMING REQUIREMENTS
. ADS7853 55.5 ns
toik CLOCK period
ADS7253 55.5 ns
L ADS7853 19 x to k ns
taco Acquisition time
ADS7253 21 X tork ns
TIMING SPECIFICATIONS
. . ADS7853 14 % to k ns
tconv Conversion time
ADS7253 12 x to k ns

8.5.4 Low-Power Modes

In normal mode of operation, all internal circuits of the device are always powered up and the device is always
ready to commence a new conversion. This mode enables the device to support the rated throughput. The
device also supports two low-power modes to optimize the power consumption at lower throughputs: STANDBY
mode and software power-down (SPD) mode.

8.5.4.1 STANDBY Mode

The device supports a STANDBY mode of operation where some of the internal circuits of the device are
powered down. However, if bit 6 in configuration register is set to 1 (CFR.B6 = 1), then the internal reference is
not powered down and the contents of the REFDAC_A and REFDAC_B registers are retained to enable faster
power-up to a normal mode of operation.

As shown in Figure 95, a valid write operation in frame (F) to program the configuration register with B5 set to 1
(CFR.B5 = 1) places the device into a STANDBY mode of operation on the following CS rising edge. While in
STANDBY mode, SDO_A and SDO_B output all 1s when CS is low and remain in 3-state when CS is high.

To remain in STANDBY mode, SDI must remain low in the subsequent frames.

Frame (F) Device enters Frame (F+1)
STANDBY mode
Device in

s _| STANDBY mode |_

SDO-A and " - - - _
SDO-B —( Valid Data as per device configuration )—/
CFG.B[5] = 1
SDI < CFG.B[15:12] = 1000b X CFG.B[11:6] y Y CFG.B[4:0] = 00000b >\

Note that N is a function of the device configuration, as described in Table 4.

Figure 95. Enter STANDBY Mode
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As shown in Figure 96, a valid write operation in frame (F+3) by writing the configuration register with B5 set to O
(CFR.B5 = 0) brings the device out of STANDBY mode on the following CS rising edge. Frame (F+3) must have
at least 48 SCLK falling edges.

After exiting the STANDBY mode, a delay of tpy stpgy must elapse for the internal circuits to fully power-up and
resume normal operation in frame (F+4). Device configuration for frame (F+4) is determined by the status of the
CFR.B[11:6] bits programmed during frame (F+3).

Frame (F+2) Frame (F+3) Device exits Frame (F+4)
STANDBY mode
oesen, sonrd
<s _| mode I_l \j |_
feli T i) 2] e e M
SDO-A
and — These bits set device \——( Valid Data as per device configuration )—
SDO-B configuration for Frame (F+4)
|—— —1 CFG.B[5] =0
SDI — f creBr512)=10000 Y | CFG.B[11:6]| )\ [ creB40=000000 ) [ CFG settings for Frame (F+5))

—_—_———

Note that N is a function of the device configuration, as described in Table 4.

Figure 96. Exit STANDBY Mode

Refer to the Timing Characteristics: Serial Interface for timing specifications for this operating mode.
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8.5.4.2 Software Power-Down (SPD) Mode

In software power-down (SPD) mode, all internal circuits (including the internal references) are powered down.
However, the contents of the REFDAC_A and REFDAC_B registers are retained.

As shown in Figure 97, to enter SPD mode, the device must be selected (by bringing CS low) and SDI must be
kept high for a minimum of 48 SCLK cycles during frame (F). The device goes to SPD on the CS rising edge
following frame (F). While in SPD mode, SDO_A and SDO_B go to 3-state irrespective of the status of the CS
signal.

To remain in SPD mode, SDI must remain high in subsequent frames.

Device enters SPD

Frame (F) mode

Frame (F+1)

Device in SPD

[ O mode —

e TRAR AR TUTRMAL T

SDO-A and . : , X \
SDO-B —( Valid Data as per device configuration )
spl /

Figure 97. Enter SPD Mode

As shown in Figure 98, to exit SPD mode, the device must be selected (by bringing CS low) and SDI must be
kept low for a minimum of 48 SCLK cycles during frame (F+3). The device starts powering-up on a CS rising
edge following frame (F+3). After frame (F+3), a delay of tpy spp Must elapse before programming the
configuration register. -

A valid write operation in frame (F+4) sets the device configuration for frame (F+5). Frame (F+4) must have at
least 48 SCLK falling edges. The output data in frame (F+4) should be discarded.

Frame (F+2) Frame (F+3)  pevice exits Frame (F+4) Frame (F+5)
SPD

o tpu_spo——>|
&S —| Deg/g:g in |—| ‘ _|_| I_

SCLK

SDO-A

SDgr_Ig ( Invalid Data )—( Valid Data as per device configuration )—

SDI \ /CFG settings for Frame (F+5)X i ( CFG settings for Frame (F+6) X i

Note that N is a function of the device configuration, as described in Table 4.

Figure 98. Exit SPD Mode

Refer to the Timing Characteristics: Serial Interface for timing specifications for this operating mode.
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8.5.5 Frame Abort, Reconversion, or Short-Cycling

As discussed in Figure 99, the minimum number of SCLK falling edges (N) that must be provided between the
beginning and end of the frame depends on the serial interface mode. The SCLK falling edges (N) program the
device and retrieve the conversion result. If CS is brought high before the expected number of SCLK falling
edges are provided, the current frame is aborted and the device starts sampling the new analog input signal.

If frame (F) is aborted, then the register write operation attempted in frame (F) is considered invalid and the
internal registers are not updated. The device continues to have the same configuration in frame (F+1) from
frame (F).

The output data bits latched before the CS rising edge are still valid data that correspond to sample N.

1o _cs > ——1pH_cS_SHRT >
& T 1 1 11
SCLK S I 2 A T S R O O R A
SDO —\—/ \
Sample Sample
N N+1

fcony > taco >
tpH_cs_sHRT —»] b

o A, AARRFAREITIT
S CEEo0—

Data From Sample N

Figure 99. Frame Abort, Reconversion, or Short-Cycling Feature

Refer to the Timing Characteristics: Serial Interface for timing specifications for this operating mode.
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9 Application and Implementation

9.1 Application Information

The two primary circuits required to maximize the performance of a high-precision, successive approximation
register (SAR), analog-to-digital converter (ADC) are the input driver and the reference driver circuits. This
section details some general principles for designing these circuits, and some application circuits designed using
these devices.

The device supports operation either with an internal or external reference source. Refer to the Reference
section for details about the decoupling requirements.

The reference source to the ADC must provide low-drift and very accurate dc voltage and support the dynamic
charge requirements without affecting the noise and linearity performance of the device. The output broadband
noise (typically in the order of a few 100 uVgys) of the reference source must be appropriately filtered by using a
low-pass filter with a cutoff frequency of a few hundred hertz. After band-limiting the noise from the reference
source, the next important step is to design a reference buffer that can drive the dynamic load posed by the
reference input of the ADC. At the start of each conversion, the reference buffer must regulate the voltage of the
reference pin within 1 LSB of the intended value. This condition necessitates the use of a large filter capacitor at
the reference pin of the ADC. The amplifier selected to drive the reference input pin must be stable while driving
this large capacitor and should have low output impedance, low offset, and temperature drift specifications. To
reduce the dynamic current requirements and crosstalk between the channels, a separate reference buffer is
recommended for driving the reference input of each ADC channel.

The input driver circuit for a high-precision ADC mainly consists of two parts: a driving amplifier and a fly-wheel
RC filter. The amplifier is used for signal conditioning of the input voltage and its low output impedance provides
a buffer between the signal source and the switched capacitor inputs of the ADC. The RC filter helps attenuate
the sampling charge injection from the switched-capacitor input stage of the ADC and functions as an antialiasing
filter to band-limit the wideband noise contributed by the front-end circuit. Careful design of the front-end circuit is
critical to meet the linearity and noise performance of a high-precision ADC.

9.1.1 Input Amplifier Selection

Selection criteria for the input amplifiers is highly dependent on the input signal type and the performance goals
of the data acquisition system. Some key amplifier specifications to consider while selecting an appropriate
amplifier to drive the inputs of the ADC are:

» Small-signal bandwidth. Select the small-signal bandwidth of the input amplifiers to be as high as possible
after meeting the power budget of the system. Higher bandwidth reduces the closed-loop output impedance
of the amplifier, thus allowing the amplifier to more easily drive the low cutoff frequency RC filter at the ADC
inputs. Higher bandwidth also minimizes the harmonic distortion at higher input frequencies. In order to
maintain the overall stability of the input driver circuit, the amplifier bandwidth should be selected as
described in Equation 6:

Unity — Gain Bandwidth > 4{ 1 J
27 x (R + Re7 ) xCrp o

» Noise. Noise contribution of the front-end amplifiers should be as low as possible to prevent any degradation
in SNR performance of the system. As a rule of thumb, to ensure that the noise performance of the data
acquisition system is not limited by the front-end circuit, the total noise contribution from the front-end circuit
should be kept below 20% of the input-referred noise of the ADC. Noise from the input driver circuit is band-
limited by designing a low cutoff frequency RC filter and is calculated by Equation 7:

v AMP_PP ’ *(LR(dB)J
NGx\/Ex %_6—6_ +eﬁ_RMng><f73dB < %XVEFXlO 20
where:
* Vit awp_pp iS the peak-to-peak flicker noise in pVv,
* e, rus is the amplifier broadband noise density in nV/\Hz,
o f_34g is the 3-dB bandwidth of the RC filter, and
* Ng is the noise gain of the front-end circuit, which is equal to 1 in a buffer configuration. )
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Application Information (continued)

» Distortion. Both the ADC and the input driver introduce nonlinearity in a data acquisition block. As a rule of
thumb, to ensure that the distortion performance of the data acquisition system is not limited by the front-end
circuit, the distortion of the input driver should be at least 10 dB lower than the distortion of the ADC, as
shown in Equation 8.

THD pyp < THDppc — 10(dB) ®)

» Settling Time. For dc signals with fast transients that are common in a multiplexed application, the input signal
must settle to the desired accuracy at the inputs of the ADC during the acquisition time window. This
condition is critical to maintain the overall linearity performance of the ADC. Typically, the amplifier data
sheets specify the output settling performance only up to 0.1% to 0.001%, which may not be sufficient for the
desired accuracy. Therefore, the settling behavior of the input driver should always be verified by TINA™-
SPICE simulations before selecting the amplifier.

9.1.2 Antialiasing Filter

Converting analog-to-digital signals requires sampling an input signal at a constant rate. Any higher frequency
content in the input signal beyond half the sampling frequency is digitized and folded back into the low-frequency
spectrum. This process is called aliasing. Therefore, an analog, antialiasing filter must be used to remove the
harmonic content from the input signal before being sampled by the ADC. An antialiasing filter is designed as a
low-pass, RC filter, for which the 3-dB bandwidth is optimized based on specific application requirements. For dc
signals with fast transients (including multiplexed input signals), a high-bandwidth filter is designed to allow
accurately settling the signal at the ADC inputs during the small acquisition time window. For ac signals, the filter
bandwidth should be kept low to band-limit the noise fed into the ADC input, thereby increasing the signal-to-
noise ratio (SNR) of the system.

A filter capacitor, Cg 1, connected across the ADC inputs (as shown in Figure 100), filters the noise from the
front-end drive circuitry, reduces the sampling charge injection and provides a charge bucket to quickly charge
the internal sample-and-hold capacitors during the acquisition process. As a rule of thumb, the value of this
capacitor should be at least 10 times the specified value of the ADC sampling capacitance. For these devices,
the input sampling capacitance is equal to 40 pF. Thus, the value of Cg 1 should be greater than 400 pF. The
capacitor should be a COG- or NPO-type because these capacitor types have a high-Q, low-temperature
coefficient, and stable electrical characteristics under varying voltages, frequency, and time.

Note that driving capacitive loads can degrade the phase margin of the input amplifiers, thus making the amplifier
marginally unstable. To avoid amplifier stability issues, series isolation resistors (Rg 1) are used at the output of
the amplifiers. A higher value of Rg 1 is helpful from the amplifier stability perspective, but adds distortion as a
result of interactions with the nonlinear input impedance of the ADC. Distortion increases with source impedance,
input signal frequency, and input signal amplitude. Therefore, the selection of R 1 requires balancing the stability
and distortion of the design. For these devices, TlI recommends limiting the value of Rg 1 to a maximum of 22 Q
in order to avoid any significant degradation in linearity performance. The tolerance of the selected resistors can
be chosen as 1% because the use of a differential capacitor at the input balances the effects resulting from any
resistor mismatch.

Rrp1<220Q

Fags = 1 M ADs8353
- 2nx (Rerr +Rpur )xCey Crir 2 400 pF ﬁgg;ggg
M

GND

Rp1£220Q

Figure 100. Antialiasing Filter

The input amplifier bandwidth should be much higher than the cutoff frequency of the antialiasing filter. Tl
strongly recommends performing a SPICE simulation to confirm that the amplifier has more than 40° phase
margin with the selected filter. If an amplifier has less than a 40° phase margin with 22-Q resistors, using a
different amplifier with higher bandwidth or reducing the filter cutoff frequency with a larger differential capacitor
is advisable.
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9.2 Typical Applications

9.2.1 DAQ Circuit to Achieve Maximum SINAD for a 10-kHz Input Signal at Full Throughput

VDC

Where;

Vpc =0V for CFR.B7 =0
Vpc = FSR_ADC_x/2 for CFR.B7 =1
Vem = FSR_ADC_x/2

ADSB8353 : 16-bit, 600 kSPS
ADS7853 : 14-bit, 1 MSPS
ADS7253 : 12-bit, 1 MSPS

INPUT DRIVER

NOTE: Only one ADC channel is shown in this diagram. Replicate the same circuit for other ADC channels.
Figure 101. DAQ Circuit: Maximum SINAD for a 10-kHz Input Signal at Full Throughput, 32-CLK Interface

ADS7853 : 14-bit, 1 MSPS

Voc =0V for CFRB7 =0 ADS7253 : 12-bit, 1 MSPS

Ve = FSR_ADC_x/2 for CFR.B7 = 1
Vew = FSR_ADC_x/2

1 AVDD W )
| Vewm h !
|
! OPA836 " !
: L p ! :
! + 4Q ! !
P1k0 A 13 1
L - | |
+ | 1.8 nF i }
Vins ! = COG ——1i !
| 1kQ (NPO) ' !
|
i AA%AY . “ i
| A & |
| 40 I |
| | |
| I |
— | 1 |
! Vbc 1 i
| | :
i Where; 1; |
| |
! i 1
| i |
| I |
| 1 |
| 1 |
| 1 |
| 1 |
| 1 |
| IR )

INPUT DRIVER

NOTE: Only one ADC channel is shown in this diagram. Replicate the same circuit for other ADC channels.

Figure 102. DAQ Circuit: Maximum SINAD for a 10-kHz Input Signal at Full Throughput, 16-CLK Interface
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Typical Applications (continued)
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(1) When using the REF5050, AVDD must be setto 5.5 V.

OPA2350

REFGND-A

ADC_A

REFIN-A

Device

REFIN-B
ADC_B

REFGND-B

Figure 103. Reference Drive Circuit

9.2.1.1 Design Requirements

10 uFE

To design an application circuit optimized to achieve target specifications listed in Table 20.

Table 20. Target Specifications

TARGET SPECIFICATIONS TEST CONDITIONS
SNR THD DEVICE Iﬁ;légs:z?\}\lcﬁl‘ THROUGHPUT INTERFACE MODE
>83dB <-100 dB ADS8353 10 kHz Maximum supported 32-CLK, dual-SDO
>81dB <-95dB ADS7853 10 kHz Maximum supported 32-CLK, dual-SDO
>77.5dB <-85dB ADS7853 10 kHz Maximum supported 16-CLK, dual-SDO
>71.5dB <-88 dB ADS7253 10 kHz Maximum supported 32-CLK, dual-SDO
>70.5dB <-80dB ADS7253 10 kHz Maximum supported 16-CLK, dual-SDO

9.2.1.2 Detailed Design Procedure

Best practice is for the distortion from the input driver to be at least 10 dB less than the ADC distortion. The
distortion resulting from variation in the common-mode signal is eliminated by using the amplifier in an inverting
gain configuration that establishes a fixed common-mode level for the circuit. This configuration also eliminates
the requirement of rail-to-rail swing at the amplifier input. The low-power OPA836, used as an input driver,
provides exceptional ac performance because of its extremely low-distortion and high-bandwidth specifications.
In addition, the components of the antialiasing filter are such that the noise from the front-end circuit is kept low
without adding distortion to the input signal.

The application circuit illustrated in Figure 101 is optimized to achieve the lowest distortion and lowest noise for a
10-kHz input signal fed to the ADS8353 or ADS7853 or ADS7253 operating at full throughput with the default 32-
CLK, dual-SDO interface mode. The input signal is processed through a high-bandwidth, low-distortion amplifier

in an inverting gain configuration and a low-pass RC filter before being fed into the device.
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The ADS7853 and the ADS7253 also support 16-CLK interface modes that achieve the rated throughput rate at
much lower SCLK frequencies. However, when using the 16-CLK interface modes, the device receives less
acquisition time when compared to the 32-CLK interface modes. The application circuit illustrated in Figure 102 is
optimized to achieve the lowest distortion and lowest noise for a 10-kHz input signal fed to the ADS7853 or
ADS7253 operating at full throughput with the 16-CLK, dual-SDO interface mode. The input signal is processed
through a high-bandwidth, low-distortion amplifier in an inverting gain configuration and a low-pass RC filter
before being fed into the device.

Figure 103 illustrates the reference driver circuit when operation with an external reference is desired. The
reference voltage is generated by the high-precision, low-noise REF50xx circuit. The output broadband noise of
the reference is heavily filtered by a low-pass filter with a 3-dB cutoff frequency of 160 Hz. The decoupling
capacitor on each reference pin is selected to be 10 yF. The low output impedance, low noise, and fast settling
time makes the OPA2350 a good choice for driving this high capacitive load.

9.2.1.3 Application Curves

To minimize external components and to maximize the dynamic range of the ADC, device is configured to
operate with internal reference (CFR.B6 = 1) and 2 x Vggg  input full scale range (CFR.B9 = 1).

Figure 104, Figure 105, and Figure 106, show the FFT plots and test results obtained with the ADS8353,
ADS7853, and ADS7253, respectively, operating at full throughput with a 32-CLK interface and the circuit
configuration of Figure 101.
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o -100 g
B -120 g -9
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n -140
-160 ' -120
-180
-200 -150
0 60 120 180 240 300 0 100 200 300 400 500
Input Frequency (kHz) c3o1 Input Frequency (kHz) coos
SNR =83.5dB THD =-101.2 dB fin = 10.1 kHz SNR =82.1 dB THD = -98.2 dB fiy = 10.1 kHz
Figure 104. ADS8353 in 32-CLK Interface Mode Figure 105. ADS7853 in 32-CLK Interface Mode
0
-30
o -60
=
g
£-90 H+H
-120
-150
0 100 200 300 400 500
Input Frequency (kHz) coo1
SNR =72.5dB THD = -94.2 dB fin = 10.1 kHz
Figure 106. ADS7253 in 32-CLK Interface Mode

Copyright © 2013-2014, Texas Instruments Incorporated 53



13 TEXAS
INSTRUMENTS
ADS8353, ADS7853, ADS7253

ZHCSCQ1B —OCTOBER 2013—-REVISED AUGUST 2014 www.ti.com.cn

Figure 107 and Figure 108 show the FFT plots and test results obtained with the ADS7853 and ADS7253,
respectively, operating at full throughput with 16-CLK interface and the circuit configuration of Figure 102.

0 0
-30 -30
g 60 g -60
o} 9]
2
g -9 § -90 4
-120 -120
~150 -150
0 100 200 300 400 500 0 100 200 300 400 500
Input Frequency (kHz) coo4 Input Frequency (kHz) co02
SNR =78.1 dB THD = -89.8 dB fin = 10.1 kHz SNR =71.2 dB THD = -84.9 dB fin = 10.1 kHz
Figure 107. ADS7853 in 16-CLK Interface Mode Figure 108. ADS7253 in 16-CLK Interface Mode
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9.2.2 DAQ Circuit to Achieve Maximum SINAD for a 100-kHz Input Signal at Full Throughput
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| » Pl |
| 470 b |
I L +
| 6020 YW i |
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! Lo ADS7853 : 14-bit, 1 MSPS !
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I I I
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NOTE: Only one ADC channel is shown in this diagram. Replicate the same circuit for other ADC channels.
Figure 109. DAQ Circuit: Maximum SINAD for a 100-kHz Input Signal at Full Throughput
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(1) When using the REF5050, AVDD must be setto 5.5 V.
Figure 110. Reference Drive Circuit
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9.2.2.1 Design Requirements

To design an application circuit optimized to achieve target specifications listed in Table 21.

Table 21. Target Specifications

TARGET SPECIFICATIONS TEST CONDITIONS
SNR THD DEVICE Iﬁ;légs:z?\}\lcﬁl‘ THROUGHPUT INTERFACE MODE
>83dB <-95dB ADS8353 100 kHz Maximum supported 32-CLK, dual-SDO
>78.5dB <-88dB ADS7853 100 kHz Maximum supported 32-CLK, dual-SDO
>77.5dB <-85dB ADS7853 100 kHz Maximum supported 16-CLK, dual-SDO
>71.5dB <-85dB ADS7253 100 kHz Maximum supported 32-CLK, dual-SDO
>71dB <-84 dB ADS7253 100 kHz Maximum supported 16-CLK, dual-SDO

9.2.2.2 Detailed Design Procedure

Best practice is for the distortion from the input driver to be at least 10 dB less than the ADC distortion. The
distortion resulting from variation in the common-mode signal is eliminated by using the amplifier in an inverting
gain configuration that establishes a fixed common-mode level for the circuit. This configuration also eliminates
the requirement of rail-to-rail swing at the amplifier input. The low-power OPA836, used as an input driver,
provides exceptional ac performance because of its extremely low-distortion and high-bandwidth specifications.
In addition, the components of the antialiasing filter are such that the noise from the front-end circuit is kept low
without adding distortion to the input signal. To take full advantage of the pseudo-differential input structure of the
ADC, the AINM pin must be driven to the appropriate Vpc with the same amplifier and matching source
impedance.

The application circuit illustrated in Figure 109 is optimized to achieve the lowest distortion and lowest noise for a
100-kHz input signal fed to the ADS8353 or ADS7853 or ADS7253 operating at full throughput. The THS4032,
used as an input driver, provides exceptional ac performance because of its extremely low-distortion, low-noise,
and high-bandwidth specifications. In addition, the components of the antialiasing filter are such that the noise
from the front-end circuit is kept low without adding distortion to the input signal. External clamp circuit may be
required to ensure that the inputs to the device do not exceed AVDD.

Figure 103 illustrates the reference driver circuit when operation with an external reference is desired. The
reference voltage is generated by the high-precision, low-noise REF50xx circuit. The output broadband noise of
the reference is heavily filtered by a low-pass filter with a 3-dB cutoff frequency of 160 Hz. The decoupling
capacitor on each reference pin is selected to be 10 yF. The low output impedance, low noise, and fast settling
time makes the OPA2350 a good choice for driving this high capacitive load.
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9.2.2.3 Application Curves

To minimize external components and to maximize the dynamic range of the ADC, device is configured to
operate with internal reference (CFR.B6 = 1) and 2 x Vggg 4 input full scale range (CFR.B9 = 1).

Figure 111, Figure 112, and Figure 113 show the FFT plots and test results obtained with the ADS8353,
ADS7853 and ADS7253, respectively, operating at full throughput with a 32-CLK interface and the circuit
configuration of Figure 109.
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Figure 111. ADS8353 in 32-CLK Interface Mode Figure 112. ADS7853 in 32-CLK Interface Mode
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Figure 113. ADS7253 in 32-CLK Interface Mode
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Figure 114 and Figure 115 show the FFT plots and test results obtained with the ADS7853 and ADS7253,
respectively, operating with a 16-CLK interface and the circuit configuration of Figure 109.
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Figure 114. ADS7853 in 16-CLK Interface Mode Figure 115. ADS7253 in 16-CLK Interface Mode
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10 Power-Supply Recommendations

The devices have two separate power supplies: AVDD and DVDD. The device operates on AVDD; DVDD is
used for the interface circuits. AVDD and DVDD can be independently set to any value within the permissible
ranges.

When using the device with 2 x Vgge input range (CFR.B9 = 1), the AVDD supply voltage value defines the
permissible voltage swing on the analog input pins. To avoid saturation of output codes, and to use the full
dynamic range on the analog input pins, AVDD must be set as shown in Equation 9, Equation 10, and
Equation 11:

AVDD 2 2 X Vger o )
AVDD 2 2 X Vgee g (10)
475V < AVDD £5.25 V (11)

Decouple the AVDD and DVDD pins with the GND pin using individual 10-puF decoupling capacitors, as shown in
Figure 116.

AVDD [ > i AVDD (pin 14)
10 uF
GND (pin 13)
%7 \L 10 uF
pvob [ > ® DVDD (pin 7)

Figure 116. Power-Supply Decoupling
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11 Layout

11.1 Layout Guidelines

Figure 117 shows a board layout example for the ADS8353, ADS7853, and ADS7253 with the WQFN package.
Use a ground plane underneath the device and partition the PCB into analog and digital sections. Avoid crossing
digital lines with the analog signal path and keep the analog input signals and the reference input signals away
from noise sources. As shown in Figure 117, the analog input and reference signals are routed on the left side of
the board and the digital connections are routed on the right side of the device.

The power sources to the device must be clean and well-bypassed. Use 10-uF, ceramic bypass capacitors in
close proximity to the analog (AVDD) and digital (DVDD) power-supply pins. Avoid placing vias between the
AVDD and DVDD pins and the bypass capacitors. Connect all ground pins to the ground plane using short, low
impedance paths.

The REFIO-A and REFIO-B reference inputs and outputs are bypassed with 10-uyF, X7R-grade, 0805-size, 16-V
rated ceramic capacitors (Crery)- Place the reference bypass capacitors as close as possible to the reference
REFIO-x pins and connect the bypass capacitors using short, low-inductance connections. Avoid placing vias
between the REFIO-x pins and the bypass capacitors. Small 0.1-Q to 0.2-Q resistors (Rrgr.x) are used in series
with the reference bypass capacitors to improve stability.

The fly-wheel RC filters are placed immediately next to the input pins. Among ceramic surface-mount capacitors,
COG (NPO) ceramic capacitors provide the best capacitance precision. The type of dielectric used in COG
(NPO) ceramic capacitors provides the most stable electrical properties over voltage, frequency, and temperature
changes. Figure 117 shows Cyy.4 and Cyg filter capacitors placed across the analog input pins of the device.

11.2 Layout Example

oo gl REFGND-A

REFGND-8

E:DVDD r Y

Py wr

-

Figure 117. Recommended Layout
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Table 22. #HcHE#:

A F= i 3 FE R 503K HARSCRY THS5% 4 XHE5#LIX
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ADS7853 15 B Ak 15 s Ak 15 s Ak 15 s Ak 1 i Ak
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+ OPA836. OPA2836 ##li#%, SLOS712.

« THS4032 #i##3, SLOS224.

12.3 Trademarks

TINA is a trademark of Texas Instruments Inc..
All other trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

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

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
6)

ADS7253IPW ACTIVE TSSOP PW 16 90 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 ADS7253 Samples
ADS7253IPWR ACTIVE TSSOP PW 16 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 ADS7253 Samples
ADS7253IRTER ACTIVE WQFN RTE 16 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 7253
ADS7253IRTET ACTIVE WQFN RTE 16 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 7253 Samples

ADS7853IPW ACTIVE TSSOP PW 16 90 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 ADS7853 Samples
ADS7853IPWR ACTIVE TSSOP PW 16 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 ADS7853
ADS7853IRTER ACTIVE WQFN RTE 16 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 7853 Samples
ADS7853IRTET ACTIVE WQFN RTE 16 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 7853 Samples

ADS8353IPW ACTIVE TSSOP PW 16 90 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 ADS8353 Samples
ADS8353IPWR ACTIVE TSSOP PW 16 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 ADS8353
ADS8353IRTER ACTIVE WQFN RTE 16 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 8353 Samples
ADS8353IRTET ACTIVE WQFN RTE 16 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 8353 Samples

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O orSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
ADS7253IPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
ADS7253IRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
ADS7253IRTET WQFN RTE 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS7853IPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
ADS7853IRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS7853IRTET WQFN RTE 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS8353IPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
ADS8353IRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS8353IRTET WQFN RTE 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
e ~.
/\g\‘ /}#\
™~ e
T d
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS7253IPWR TSSOP PW 16 2000 367.0 367.0 35.0
ADS7253IRTER WQFN RTE 16 3000 367.0 367.0 35.0
ADS7253IRTET WQFN RTE 16 250 210.0 185.0 35.0
ADS7853IPWR TSSOP PW 16 2000 367.0 367.0 35.0
ADS7853IRTER WQFN RTE 16 3000 367.0 367.0 35.0
ADS7853IRTET WQFN RTE 16 250 210.0 185.0 35.0
ADS8353IPWR TSSOP PW 16 2000 367.0 367.0 35.0
ADSB8353IRTER WQFN RTE 16 3000 367.0 367.0 35.0
ADS8353IRTET WQFN RTE 16 250 210.0 185.0 35.0
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TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
ADS7253IPW PW TSSOP 16 90 530 10.2 3600 35
ADS7853IPW PW TSSOP 16 90 530 10.2 3600 35
ADS8353IPW PW TSSOP 16 90 530 10.2 3600 35
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GENERIC PACKAGE VIEW
RTE 16 WQFN - 0.8 mm max height

3 x 3, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RTEOO16D WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—

1
0.8
0.7
Vi o
0.05
0.00
ﬁzx
! SYMM ! — (0.2) TYP
EXPOSED— 5‘ ‘8 ﬁ
THERMAL PAD w U U w DJ
J0.8+0.1

O

0.30
16X 0.18

0.1 |C|A|B
A4 0.050)

4219118/A 11/2018

NOTES:

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

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RTEOO16D WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

€ 13 SEE SOLDER MASK
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OPENING METAL | ) OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)

SOLDER MASK DETAILS
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RTEOO16D WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 17
90% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
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\ / ]
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P

DETAIL A
TYPICAL
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NOTES:

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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