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ADS891xB 18-Bit, High-Speed SAR ADCs
With Integrated Reference Buffer and Enhanced Performance Features

1 Features

* Resolution: 18-Bits
» High Sample Rate With No Latency Output:
— ADS8910B: 1-MSPS
— ADSB8912B: 500-kSPS
— ADSB8914B: 250-kSPS
» Integrated LDO Enables Single-Supply Operation
» Low-Power Reference Buffer With No Droop
» Excellent AC and DC Performance:
— SNR: 102.5-dB, THD: —125-dB
— INL: £0.5-LSB
— DNL: £0.2-LSB, 18-Bit No-Missing-Codes
* Wide Input Range:
— Unipolar Differential Input Range: +Vgere
— Vgee Input Range: 2.5-V to 5-V

e Single-Supply, Low-Power Operation
(Includes Internal Reference Buffer and LDO)

— ADS8910B : 21-mW at 1-MSPS

— ADS8912B : 16-mW at 500-kSPS

— ADS8914B : 14-mW at 250-kSPS
» Enhanced-SPI Digital Interface

— Interface SCLK: 20-MHz at 1-MSPS

— Configurable Data Parity Output
» Extended Temperature Range: —40°C to +125°C
» Small Footprint: 4-mm x 4-mm VQFN

2 Applications

» Test and Measurement

* Medical Imaging

« High-Precision, High-Speed Data Acquisition

3 Description

The ADS8910B, ADS8912B, and ADS8914B
(ADS891xB) belong to a family of pin-to-pin
compatible, high-speed, single-channel, high-
precision, 18-bit successive approximation register
(SAR) analog-to-digital convertors (ADCs) with an
integrated reference buffer and integrated low-
dropout regulator (LDO). The device family includes
the ADS890xB (20-bit) and ADS892xB (16-bit)
resolution variants.

The ADS891xB boost analog performance while
maintaining high-resolution data transfer by using TI's
enhanced-SPI feature. Enhanced-SPI enables the
ADS89xxB to achieve high throughput at lower clock
speeds, thereby simplifying the board layout and
lowering system cost. Enhanced-SPI also simplifies
clocking-in of data, thereby making this device an
excellent choice for applications involving FPGAs,
DSPs. The ADS89xxB is compatible with a standard
SPI Interface.

The ADS891xB has an internal data parity feature
that can be appended to the ADC data output. ADC
data validation by the host, using parity bits, improves
system reliability.

SPI Interface Clock at 1 MSPS

REgg\L/IUCTEION ERbUlINE SIP ENH:,Z\-I\\/IVC”EE SPI
20 bits 70 MHz 22 MHz
18 bits 58 MHz 20 MHz
16 bits 52 MHz 18 MHz

(1) For all features of the enhanced SPI, see the Interface
Module section.

Ease of System Design With ADS89xxB Integrated Features

Multi-ADC System With Single Supply and Reference
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5 Pin Configuration and Functions

RGE Package
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Pin Functions
PIN
NAME NO. FUNCTION DESCRIPTION
AINM 10 Analog input Negative analog input
AINP 9 Analog input Positive analog input
e Chip-select input pin; active low e
Cs 24 Digital input The device takes control of the data bus when CS is low.
The SDO-x pins go to Hi-Z when CS is high.
P Conversion start input pin.
CONVST 1 Digital input A CONVST rising edge brings the device from ACQ state to CNV state.
DECAP 13,14 Power supply Place decoupling capacitor here for internal power supply. Short pin 13 and 14 together.
DVDD 16 Power supply Interface power supply pin
GND 11, 15 Power supply Ground
NC 6 No connection Float these pins; no external connection.
REFBUFOUT 57 Analog input/output | Internal reference buffer output, external reference input. Short pin 5 and 7 together.
REFIN 3 Analog input Reference voltage input
REFM 4,8 Analog input Reference ground potential
— L Asynchronous reset input pin.
RST 2 Digital input A low pulse on the RST pin resets the device. All register bits return to the default state.
RVDD 12 Power supply Analog power supply pin.
Multifunction output pin.
RVS 21 Digital output With CS held high, RVS reflects the status of the internal ADCST signal.
With CS low, the status of RVS depends on the output protocol selection.
P Clock input pin for the serial interface.
SCLK 23 Digital input All system-synchronous data transfer protocols are timed with respect to the SCLK signal.
S Serial data input pin.
Sbi 22 Digital input This pin is used to feed data or commands into the device.
4 Submit Documentation Feedback Copyright © 2016-2018, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
NAME NO. FUNCTION DESCRIPTION
SDO-0 20 Digital output Serial communication pin: data output O
SDO-1 19 Digital output Serial communication pin: data output 1
SDO-2 18 Digital output Serial communication pin: data output 2
SDO-3 17 Digital output Serial communication pin: data output 3
Thermal pad Supply Exposed thermal pad; connect to GND.

Copyright © 2016-2018, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
RVDD to GND -0.3 7 \%
DVDD to GND -0.3 7 \%
REFIN to REFM -0.3 RVpp + 0.3 \Y
REFM to GND -0.1 0.1 \%
Analog Input (AINP, AINM) to GND -0.3 Vger + 0.3 \%
Digital input (RST, CONVST, CS, SCLK, SDI) to GND -0.3 DVpp + 0.3 \%
Digital output (RVS, SDO-0, SDO-1, SDO-2, SDO-3) to GND -0.3 DVpp + 0.3 Y
Analog Input (AINP, AINM) to RVDD and GND -130 130 mA
Operating free-air temperature, T —40 125 °C
Storage temperature, Tgyq —65 150 °C

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

6.2 ESD Ratings

VALUE UNIT

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

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

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

MIN NOM MAX UNIT
RVpp Analog supply voltage (RVDD to AGND) 3 5 5.5 \
o Operating 1.65 3 5.5
DVpp Digital supply voltage (DVDD to AGND) — \%
Specified throughput 2.35 3 5.5
VRer Reference input voltage on REFIN 25 RVpp — 0.3 \
CREFBUF External ceramic decoupling capacitor 10 22 uF
Resr External series resistor 0 1 1.3 Q
Ta Specified free-air operating temperature -40 25 125 °C
6.4 Thermal Information
ADS891xB
THERMAL METRIC® RGE (VQFN) UNITS
24 PINS
Rgia Junction-to-ambient thermal resistance 31.9 °C/IW
Roactop) Junction-to-case (top) thermal resistance 29.9 °C/IW
RgiB Junction-to-board thermal resistance 8.9 °C/IW
AL Junction-to-top characterization parameter 0.3 °CIW
VB Junction-to-board characterization parameter 8.9 °CIW
Roacbot) Junction-to-case (bottom) thermal resistance 2.0 °C/IW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6 Submit Documentation Feedback Copyright © 2016-2018, Texas Instruments Incorporated
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6.5 Electrical Characteristics

At RVpp =5.5V, DVpp = 1.65 V t0 5.5V, Vger = 5V, and maximum throughput (unless otherwise noted).

Minimum and maximum values at T, = —40°C to +125°C; typical values at T, = 25°C.

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT
ANALOG INPUT
Full-scale input range
FSR (AINP — AINM) ~VRer VRer v
Absolute input voltage
Vin (AINP and AINM to REFM) 0 Vrer v
vV Common-mode voltage (Vree ! 2) — Vere [ 2 (Vree ! 2) + Vv
cMm (AINP + AINM) / 2 0.1 REF 0.1
. Sample mode 60 pF
Cin Input capacitance
Hold mode 4 pF
VOLTAGE REFERENCE INPUT (REFIN)
IRer Reference input current VRep =5V 0.1 1 HA
CRrer Internal capacitance 10 pF
REFERENCE BUFFER OUTPUT (REFBUFOUT)
Viro) Reference buffer offset voltage With EN_MARG = 0b®, Ty= 250C @) _o50 250 ny,
(VrerBuFouT — VREF)
External ceramic decoupling
Crereur capacitor 10 22 HF
Resr External series resistor 0 1 1.3 Q
ISHRT Short-circuit current 30 mA
Margining range With EN_MARG = 1pb® +4.5 mv
Margining resolution With EN_MARG = 1@ 280 Y
DC ACCURACY® (Crergur = 22 UF, Resp = 1 Q)
Resolution 18 Bits
NMC No missing codes 18 Bits
INL Integral nonlinearity ® -15 +0.5 15| LSB®
DNL Differential nonlinearity -05 +0.2 0.5| LSB®
Tp=25°C® -3 +0.5 3
Eqo) Input offset error® A 5 LSB®)
Ta = —40°C to +125°C@ -20 +3 20
dVos/dT  Input offset thermal drift@ 1 pv/eC
Ge Gain error® EN_MARG = 0b(®® -0.02 +0.005 0.02| %FSR
dGg/dT Gain error thermal drift EN_MARG = 0b(®® 25 ppm/°C
TNS Transition noise 0.72 LSB®
First output code dewz_atl_o_n for See Reference Buffer Module -3 3| TNS
burst-mode data acquisition
CMRR Common-mode rejection ratio | dc to 20 kHz 80 dB
SAMPLING DYNAMICS
Aperture delay ns
ti.rms Aperture jitter 2 ps RMS
f3pgsmany  Small-signal bandwidth 23 MHz
(1) See the REF_MRG Register.
(2) For selected Vgeg, see the OFST_CAL Register.
(3) While operating with internal reference buffer and LDO.
(4) See Figure 8, Figure 9, Figure 14, and Figure 15 for statistical distribution data for DNL, INL, offset, and gain error parameters.
(5) LSB = least-significant bit. 1 LSB at 18-bit resolution is approximately 3.8 ppm.
(6) Includes internal reference buffer errors and drifts.
Copyright © 2016-2018, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

At RVpp =5.5V, DVpp =1.65 V1o 5.5V, Vger =5V, and maximum throughput (unless otherwise noted).
Minimum and maximum values at T, = —40°C to +125°C; typical values at T, = 25°C.

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX | UNIT
AC ACCURACY @) (Crerpur = 22 UF, Respr = 1 Q)
SINAD Signal-to-noise + distortion fin =2 kHz 100 102.48 dB
. . . fin = 2 kHz 101 102.5
SNR Signal-to-noise ratio dB
fin = 100 kHz 99
THD Total harmonic distortion fin = 2 kHz 125 dB
fin = 100 kHz -110
SFDR Spurious-free dynamic range | fiy = 2 kHz 125 dB
LDO OUTPUT (DECAP)
Voo DO cutvlase v
Cioo E)Iét(e;glsl F;:itarsamlc capacitor on 1 uF
tpu LDO LDO power-up time Cipo =1 uF, RVpp > V| po 1 ms
IshrT-LDO  Short-circuit current 100 mA
DIGITAL INPUTS
\ High-level input voltage 165V <DVpp<23V 0.8 DVoo DVop * 0.3 Y
23V <DVpp<55V 0.7 DVpp DVpp + 0.3
. 165V <DVpp<23V -0.3 0.2 DVpp
Vi Low-level input voltage \
23V <DVpp<55V -0.3 0.3 DVpp
Input current +0.01 0.1 A
DIGITAL OUTPUTS
Vou High-level output voltage lon = 500-pA source 0.8 DVpp DVpp
VoL Low-level output voltage lon = 500-pA sink 0 0.2 DVpp
POWER SUPPLY
ADS8910B at RVpp =5V, 1-MSPS 4.2 58| mA
ADS8912B at RVpp = 5 V, 500-KSPS 3.2 4| mA
ADS8914B at RVpp = 5 V, 250-KSPS 2.8 3.6 mA
. Analog supply current Static, no conversion 970 pA
Static, PD_ADC = 1b®) 900 A
Static, PD_REFBUF = 1b®) 120 pA
T o 2
IpvoD Digital supply current (I:D(XR/Der:sif)rY’ Croap = 10 pF, no 1 pA
ADS8910B at RVpp =5V, 1-MSPS 21 29
PrvbD Power dissipation ADS8912B at RVpp =5V, 500-KSPS 16 200 mw
ADS8914B at RVpp = 5 V, 250-KSPS 14 18
(7) For V) =-0.1dBFS.
(8) See the PD_CNTL Register.
8 Submit Documentation Feedback Copyright © 2016-2018, Texas Instruments Incorporated
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6.6 Timing Requirements

TIMING
MIN TYP MAX UNIT DIAGRAM
CONVERSION CYCLE
ADS8910B 1000
feycle Sampling frequency ADS8912B 500 kHz
ADS8914B 250
ADS8910B
teycle ADC cycle-time period | ADS8912B ps Figure 1
ADS8914B
twh_convst Pulse duration: CONVST high 30 ns
twi_convst Pulse duration: CONVST low 30 ns
tacq Acquisition time 300 ns
tqt_acq Quiet acquisition time 30 ns Figure 44,
see Data
ty_cnveap Quiet aperture time 20 ns Transfer
- Protocols
ASYNCHRONOUS RESET, AND LOW POWER MODES
twi RST Pulse duration: RST low 100 ns Figure 2
SPI-COMPATIBLE SERIAL INTERFACE
235V <DVpp=s55V,
Ta =—40°C to +125°C, 70
VlH > 0.7 DVDD! VIL <0.3 DVDD
1.65V <DVpp <235V,
Ta =—40°C to +125°C, 20
Vi > 0.8 DVpp, VL < 0.2 DV,
fok Serial clock frequency I bD: It bo MHz Figure 3
1.65V <DVpp <235V,
Ta = 0°C to +60°C, 57
VlH >0.8 DVDD! VIL <0.2 DVDD
1.65V <DVpp <235V,
Ta =—40°C to +125°C, 68
VlH >0.9 DVDD! VIL <01 DVDD
toik Serial clock time period ek ns Figure 3
tph_CK SCLK hlgh time 0.45 0.55 tCLK
tpl_CK SCLK low time 0.45 0.55 tCLK
tw csck  Setup time: CS falling to the first SCLK capture edge 12 ns e 5
_ igure
tsu_ckol Setup time: SDI data valid to the SCLK capture edge 15 ns 9
tht_ckoi Hold time: SCLK capture edge to (previous) data valid on SDI 1 ns
th ckcs Delay time: last SCLK falling to CS rising 7 ns
SOURCE-SYNCHRONOUS SERIAL INTERFACE (External Clock)®
SDR (DATA_RATE = 0b), 70
¢ Serial clock f 235V <DVpps55V MH Figure 4,
erial clock frequenc z
oK e TDDR (DATA_RATE = 1b), a5 see Data
235V <DVpps55V
Protocols
toik Serial clock time period ek ns
(1) The external clock option is not recommended when operating with DVpp < 2.35 V. See Table 9.
Copyright © 2016-2018, Texas Instruments Incorporated Submit Documentation Feedback 9
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6.7 Switching Characteristics

At RVpp =5.5V, DVpp = 1.65 V to 5.5V, Vger = 5V, and maximum throughput (unless otherwise noted).

Minimum and maximum values at T, = —40°C to +125°C; typical values at T, = 25°C.

PARAMETER MIN TYP MAX UNIT D-II-A”\(/;IRNEM

CONVERSION CYCLE

ADS8910B 580 640
teonv Conversion time ADS8912B 1100 1200 ns Figure 1

ADS8914B 2400 2500
ASYNCHRONOUS RESET, AND LOW POWER MODES
ty rst Delay time: RST rising to RVS rising 3 ms Figure 2
tpu_ADC Power-up time for converter module 1 ms
tpy rRerBUr  Power-up time for internal reference buffer, Crergyr = 22 UF 10 ms PngeNTL
tpy_pevice ng\i/ggup time for Cipo = 1 WF, Crerpur = 22 UF 10 ms Register
SPI-COMPATIBLE SERIAL INTERFACE
tgen cspo  Delay time: CS falling to data enable 9 ns
t4z_cspo Delay time: CS rising to SDO going to Hi-Z 10 ns Figure 3
t4_ckoo Delay time: SCLK launch edge to (next) data valid on SDO 13 ns
ty csrovy ¢ Delay time: CS falling to RVS falling 12 ns Figure 4

ime: After NOP operation 30
la_csRoY_s %g?éltfl‘gio RVSrising | After WR orFI;D operation 120 ns Figure 4
SOURCE-SYNCHRONOUS SERIAL INTERFACE (External Clock)®
ty_ckstr r  Delay time: SCLK launch edge to RVS rising 13 ns
ty ckstr ¢ Delay time: SCLK launch edge to RVS falling 13 ns
tof sTRDO_ ¢ Time offset: RVS falling to (next) data valid on SDO -2 2 ns Figure 4
tof sTRDO ¢ TiMe offset: RVS rising to (next) data valid on SDO -2 2 ns
toh_STR Strobe output high time, 2.35 V< DVpp <55V 0.45 0.55 tsTrR
to STR Strobe output low time, 2.35V < DVpp <55V 0.45 0.55 tsTrR
SOURCE-SYNCHRONOUS SERIAL INTERFACE (Internal Clock)
ty_cssTrR Delay time: CS falling to RVS rising 15 50 ns
) INTCLK option 15

tsTr Sgr(i)ct))c? output time INTCLK /2 opt?on 30 ns Figure 5

INTCLK / 4 option 60
toh_sTR Strobe output high time 0.45 0.55 tsTr
to STR Strobe output low time 0.45 0.55 tsTr

(1) The external clock option is not recommended when operating with DVpp < 2.35 V. See Table 9.
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Figure 1. Conversion Cycle Timing
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Figure 3. SPI-Compatible Serial Interface Timing
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Figure 4. Source-Synchronous Serial Interface Timing (External Clock)

12 Submit Documentation Feedback Copyright © 2016-2018, Texas Instruments Incorporated
Product Folder Links: ADS8910B ADS8912B ADS8914B



13 TEXAS
INSTRUMENTS

www.ti.com

ADS8910B
ADS8912B
ADS8914B

SBAS707B —JUNE 2016—REVISED JANUARY 2018

cs
—» 4= tgen_cspo —» 4= tg; cspo
SDOx ——————4 }7
—»> 14— tq_csrov._f —> 14— 14 csrov_r
RVS _v _\_ /
—» 4 ty_cssTR

RVS

toff_sTrRDO_r —™

»
L

—tpn sTR——P——tpy sTR——P

B
|

-
- —» 4= 1o STRDO_f

SDO-x
(DDR)

X

14— toft_sTRDO ¢

SDO-x
(SDR)

Figure 5. Source-Synchronous Serial Interface Timing (Internal Clock)

Copyright © 2016-2018, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: ADS8910B ADS8912B ADS8914B

13



ADS8910B
ADS8912B
ADS8914B

SBAS707B —JUNE 2016—REVISED JANUARY 2018

13 TEXAS
INSTRUMENTS

www.ti.com

6.8 Typical Characteristics

at Tp = 25°C, RVpp = 5.5V, DVpp = 3V, Vger = 5V, and maximum-rated throughput (unless otherwise noted)

0.5 1
) a
4 o0z § o0s
2 z
£ g
< 0 £ o0
2 5
= =z
2 ©
3 g
g 025 g 05
5 IS
-0.5 -1
-131072 131071 -131072 131071
ADC Output Code ADC Output Code
Typical DNL = £0.4 LSB Typical INL = +0.5 LSB
Figure 6. Typical DNL Figure 7. Typical INL
500 500
400 400
2 300 2 300
c c
[} [}
> >
o o
< <
I 200 I 200
100 100
0 I. 0 = l
PP I OL Y IP P BRI PN N TS S RN ¢
1000 devices 1000 devices
Figure 8. Typical DNL Distribution Figure 9. Typical INL Distribution
0.5 15
—— Minimum — Maximum
= = Maximum = =  Minimum
& 1
2] o —
4 o025 & | y
2 — < 05
g £
£ g
= 0 £ 0
2 5
8  fF----- e z
c S 05—t et
g & "t |
g 025 g | 0 0 ]
a -1
-0.5 -1.5
-40 -7 26 59 92 125 -40 -7 26 59 92 125
Free-Air Temperature (°C) Free-Air Temperature (°C)
Figure 10. DNL vs Temperature Figure 11. INL vs Temperature
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Typical Characteristics (continued)

at T, = 25°C, RVpp = 5.5V, DVpp = 3V, Vger =5V, and maximum-rated throughput (unless otherwise noted)
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Figure 14. Typical Offset Distribution
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Figure 15. Typical Gain Error Distribution
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Typical Characteristics (continued)

at T, = 25°C, RVpp = 5.5V, DVpp = 3V, Vger =5V, and maximum-rated throughput (unless otherwise noted)

0.01 0.02 T T
= = Gain (%FS) ADC only -
—— Gain (%FS) ADC + REFBUF - - Gain (%FS) ADC only
—— Gain (%FS) ADC + REFBUF
0.005 0.01
o n
(VR L
S S
S 0 S o
i i
£ £
[ ©
0] . U ke
-0.005 f————— L — = T -0.01 = Pt
— |
] /'
-0.01 -0.02
-40 -7 26 59 92 125 25 3 35 4 45 5
Free-Air Temperature (°C) Reference Voltage (V)
EN_MARG = 0b EN_MARG = 0b
Figure 18. Gain Error vs Temperature Figure 19. Gain Error vs Reference Voltage
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Figure 22. Noise Performance vs Temperature Figure 23. Distortion Performance vs Temperature
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Typical Characteristics (continued)

at T, = 25°C, RVpp = 5.5V, DVpp = 3V, Vger =5V, and maximum-rated throughput (unless otherwise noted)

105 17.5 -121 127
— SNR -- THD
- - SINAD . —— SFDR
103| — ENOB 17 . -
. -121.5 | 1126
S 101 T 165 2 | @ " . 2
a " [CI . . 3
< A o |2 122 0 ~ - 125 =
z .- r O |a . ‘ &
999 = 16 & ' . ‘ 5
24 _— o3 . R t el . n
- -122.5 - 124
97 15.5 . .
95 15 -123 123
25 3 35 4 45 5 25 3 35 4 45 5
Reference Voltage (V) Reference Voltage (V)
fin = 2 kHz fin = 2 kHz
Figure 24. Noise Performance vs Reference Voltage Figure 25. Distortion Performance vs Reference Voltage
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7 Detailed Description

7.1 Overview

The ADS891xB is a family of high-speed, successive approximation register (SAR), analog-to-digital converters
(ADC) based on a charge redistribution architecture. These compact devices integrate a reference buffer and
LDO, and feature high performance at a high throughput rate with low power consumption.

This device family supports unipolar, fully differential, analog input signals. The integrated reference buffer
supports the burst mode of data acquisition for external reference voltages in the range 2.5 V to 5 V, and offers a
wide selection of input ranges without additional input scaling.

When a conversion is initiated, the differential input between the AINP and AINM pins is sampled on the internal
capacitor array. The device uses an internal clock to perform conversions. During the conversion process, both
analog inputs are disconnected from the internal circuit. At the end of conversion process, the device reconnects
the sampling capacitors to the AINP and AINM pins and enters an acquisition phase.

The integrated LDO allows the device to operate on a single supply, RVpp. The device consumes only 21 mW,
16 mW, or 14 mW of power when operating at the rated maximum throughput of 1 MSPS, 500 kSPS, or 250
kSPS, respectively, with the internal reference buffer and LDO enabled.

The enhanced multiSPI™ digital interface is backward-compatible with traditional SPI protocol. Configurable
features simplify board layout, timing, and firmware, and support high throughput at lower clock speeds, thus
allowing an easy interface with a variety of microcontrollers, DSPs, and FPGAs.

The ADS891xB enables test and measurement, medical, and industrial applications to achieve fast, low-noise,
low-distortion, low-power data acquisition in small form factors.

7.2 Functional Block Diagram

REFIN
BUF REFBUFOUT
RVDD REFM
LDO
DVDD
DECAP 1
v
AINP multisPI™ To
< SARADC K= Digital \‘_/ I_:(> Digital
AINM Interface Host
GND
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7.3 Feature Description

From a functional perspective, the device comprises four modules: the low-dropout regulator (LDO), the
reference buffer (BUF), the converter (SAR ADC), and the interface (multiSPI digital interface), as shown in the
Functional Block Diagram section.

The LDO module is powered by the RVpp supply, and generates the bias voltage for internal circuit blocks of the
device. The reference buffer module buffers the external reference voltage source from the dynamic, capacitive
switching load present on the reference pins during the conversion process. The converter module samples and
converts the analog input into an equivalent digital output code. The interface module facilitates communication
and data transfer between the device and the host controller.

7.3.1 LDO Module

To enable single-supply operation, the device features an internal low-dropout regulator (LDO). The LDO is
powered by the RVpp supply, and the output is available on the two DECAP pins. This LDO output powers the
critical analog blocks within the device, and must not be used for any other external purposes.

Short the two DECAP pins together, and decouple with the GND pin by placing a 1-uF, X7R-grade, ceramic
capacitor with a 10-V rating, as shown in Figure 30. There is no upper limit on the value of the decoupling
capacitor; however, a larger decoupling capacitor results in a longer power-up time for the device. See the
Layout section for layout recommendations.

RVDD DECAP

LDO
& T

DECAP | Cipo
1 uF

GND

i

<

Figure 30. Internal LDO Connections

7.3.2 Reference Buffer Module

On the CONVST rising edge, the device moves from ACQ state to CONV state, and the internal capacitors are
switched to the REFBUFOUT pins as per the successive approximation algorithm. Most of the switching charge
required during the conversion process is provided by external decoupling capacitor Crergue- If the charge lost
from the Crergyr is not replenished before the next CONVST rising edge, the voltage on REFBUFOUT pins is
less than Vgersurout- The subsequent conversion occurs with this different reference voltage, and causes a
proportional error in the output code. The internal reference buffer of the device maintains the voltage on
REFBUFOUT pins within 0.5-LSB of Vgersurout- All the performance characteristics of the device are specified
with the internal reference buffer and specified values of Crergur and Regg-

In burst-mode of operation, the device stays in ACQ state for a long duration of time and then performs a burst of
conversions. During the acquisition state (ACQ), the sampling capacitor (Cs) is connected to the differential input
pins and no charge is drawn from the REFBUFOUT pins. However, during the very first conversion cycle, there
is a step change in the current drawn from the REFBUFOUT pins. This sudden change in load triggers a
transient settling response in the reference buffer. For a fixed input voltage, any transient settling error at the end
of the conversion cycle results in a change in output codes over the subsequent conversions, as shown in
Figure 31. The internal reference buffer of the ADS89xxB, when used with the recommended values of Crergur
and Rgggr, keeps the transient settling error at the end of each conversion cycle within 0.5-LSB. Therefore, the
device supports burst-mode of operation with every conversion result being as per the datasheet specifications.
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Feature Description (continued)

- \\/ith External Series Reference Directly Driving SAR ADC
With External Reference Buffer Driving SAR ADC

= \\Vith ADS891xB Internal Reference Buffer

Deviation From Final Value (LSB)
o

0 100 200 300 400 500 600 700 800 900 1000
Time (us)

Figure 31. ADC Output Codes in Burst-Mode Operation With Various ADC Reference Buffers

Figure 32 shows the block diagram of the internal reference buffer.

J ADS89xxB
RVDD :

BUF o REFBUFOUT
REFIN ¢ —o—P +
$ REFBUFOUT
Margin
REFM

GND T o . K—‘ REFM

Figure 32. Internal Reference Buffer Block Diagram

The input range for the device is set by the external voltage applied at the REFIN pin (Vggr). The REFIN pin has
electrostatic discharge (ESD) protection diodes to the RVDD and GND pins. For minimum input offset error (see

Eqo) specified in the Electrical Characteristics), set the REF_SEL[2:0] bits to the value closest to Vger (see the
OFST_CAL register).

The internal reference buffer has a typical gain of 1 V/V with minimal offset error (see V(rg) specified in the
Electrical Characteristics), and the output of the buffer is available between the REFBUFOUT pins and the REFM
pins. Set the REF_OFSTI[4:0] bits to add or subtract an intentional offset voltage (see the REF_MRG register).

Figure 33 shows the external connections required for the internal reference buffer.
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Feature Description (continued)

+VA
—‘7 1 RVDD ADS89xxB

Irer i REFBUFOUT
External ", Veer | REFIN BUF
Reference [—\\/\ .o 4—\ +
Source RRer FLT T REFBUFOUT Resr
— Margin REFM Crersur
Crer_FLT
TGND K REFM

Figure 33. External Connections for the Internal Reference Buffer

Select Rger gt and Cree g7 to limit the broadband noise contribution from the external reference source. The
device takes very little current, Izgg, from the REFIN pin (typically, 0.1 pA). However, this current flows through
Rrer_rLr @and may result in additional gain error.

Short the two REFBUFOUT pins externally. Short the two REFM pins to GND externally. As shown in Figure 33,
place a combination of Rgsg and Crergue (See the Electrical Characteristics) between the REFBUFOUT pins and
the REFM pins as close to the device as possible. See the Layout section for layout recommendations.

7.3.3 Converter Module

As shown in Figure 34, the converter module samples the analog input signal (provided between the AINP and
AINM pins), compares this signal with the reference voltage (between the pair of REFBUFOUT and REFM pins),
and generates an equivalent digital output code.

The converter module receives RST and CONVST inputs from the interface module, and outputs the ADCST
signal and the conversion result back to the interface module.

REFP AVDD DVDD

———————————————————————————— )

! !

! !

i 0sCc : ] RST

! ! T CONVST
| ==

[ | Lo cs

| |

| ST 4 SCLK

AINP O——+——1 " Sample- | COnvsT | | DI
: ag?;?u?tld : ADCST Interface SDO-0
AINM N

| I — Module SDO-1

: 1 Conversion SDO-2
|

: AGND \ Result SDO-3

| | RVS

! !

! Converter Module !

S e

REFM GND
Figure 34. Converter Module
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Feature Description (continued)
7.3.3.1 Sample-and-Hold Circuit

These devices support unipolar, fully differential, analog input signals. Figure 35 shows a small-signal equivalent
circuit of the sample-and-hold circuit. Each sampling switch is represented by a resistance (Rg; and Rg), typically
50 Q) in series with an ideal switch (SW, and SW,). The sampling capacitors, Cg; and Cs,, are typically 60 pF.

Rs1 SWy
AINP O * . - AN o~ o
4 pF
——=ca
REFBUFOUT
‘ )
4 pF %
T % G
GND Reo SW,
AINM O ‘ - AN o o

Device in Hold Mode

Figure 35. Input Sampling Stage Equivalent Circuit

During the acquisition process (ACQ state), both positive and negative inputs are individually sampled on Cg;
and Cg,, respectively. During the conversion process (CNV state), the device converts for the voltage difference
between the two sampled values: Vane — Vainm:

Each analog input pin has electrostatic discharge (ESD) protection diodes to REFBUFOUT and GND. Keep the
analog inputs within the specified range to avoid turning the diodes on.

Equation 1 and Equation 2 show the full-scale input range (FSR) and common-mode voltage (Vcy), respectively,
supported at the analog inputs for any external reference voltage provided on the REFIN pin (Vggr).

FSR = iVREF (1)

Vem =(%ji0.l Y
@
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Feature Description (continued)
7.3.3.2 Internal Oscillator

The device family features an internal oscillator (OSC) that provides the conversion clock; see Figure 34. The
conversion duration is bound by the minimum and maximum value of t.,, as specified in the Switching
Characteristics table.

The interface module uses this internal clock (OSC), an external clock (provided by the host controller on the
SCLK pin), or a combination of both the internal and external clocks, to execute the data transfer operations
between the device and host controller; see the Interface Module section for more details.

7.3.3.3 ADC Transfer Function

The device family supports unipolar, fully differential analog inputs. The device output is in two's compliment
format. Figure 36 and Table 1 show the ideal transfer characteristics for the device.

The least significant bit (LSB) for the ADC is given by Equation 3:

FSR V,
1LSB=——=2x—REF
218 218
)
i
|
|
|
|
|
|
|
|
|
|
< }
[ |
I |
T 00000 F—————————————— —— - |
° |
S 3FFFF |
Q \
< |
|
|
|
|
|
|
|
i
20001 }
l
20000 ! P Vi
—Vger +1LSB -1LSB 0 Vrer — 1 LSB
Differential Analog Input
(AINP — AINM)
Figure 36. Differential Transfer Characteristics
Table 1. Transfer Characteristics
DIFFERENTIAL ANALOG INPUT VOLTAGE OUTPUT CODE
(AINP — AINM) (HEX)
< —VREr 20000
—Vger + 1 LSB 20001
-1LSB 3FFFF
0 00000
1LSB 00001
> Vger — 1 LSB 1FFFF
Copyright © 2016-2018, Texas Instruments Incorporated Submit Documentation Feedback 23

Product Folder Links: ADS8910B ADS8912B ADS8914B



ADS8910B j
ADS8912B
ADS8914B

SBAS707B —JUNE 2016—REVISED JANUARY 2018

TEXAS
INSTRUMENTS

www.ti.com

7.3.4 Interface Module

The interface module facilitates the communication and data transfer between the device and the host controller.

As shown in Figure 37, the module consists of shift registers (both input and output), configuration registers, and
a protocol unit.

Shift Registers

RST
Output Data Register (ODR) CONVST
D21 [ D20 [——— [ D1 | DO =
! | | - | | ! cs
r 22 Bits >
SCLK
< 22 Bits » =
' ' g SDI
Converter Module | B21 | B20 | —__ | Bl | 50 | g
Input Data Register (IDR) a SDO-0
<L SDO-1
| Command Processor | SDO-2
SCLK SDO-3
Counter

RVS

| Configuration Registers |

Interface Module

Figure 37. Interface Module

The Pin Configuration and Functions section provides descriptions of the interface pins. The Data Transfer
Frame section details the functions of shift registers, the SCLK counter, and the command processor. The Data

Transfer Protocols section details supported protocols. The Register Maps section explains the configuration
registers and bit settings.
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7.4 Device Functional Modes

As shown in Figure 38, this device family supports three functional states: RST, ACQ, and CNV. The device
state is determined by the status of the CONVST and RST control signals provided by the host controller.

Power Up

RST Rising Edge
CONVST Rising Edge

RST Falling Edge

End of Conversion

[
Ladl

RST Falling Edge

Figure 38. Device Functional States

7.4.1 RST State

The RST pin is an asynchronous digital input for the device. To enter RST state, the host controller pulls the RST
pin low and keeps it low for the t, rst duration (as specified in the Timing Requirements table).

In RST state, all configuration registers (see the Register Maps section) are reset to their default values, the RVS
pin remains low, and the SDO-x pins are Hi-Z.

To exit RST state, the host controller pulls the RST pin high, with CONVST and SCLK held low and CS held
high, as shown in Figure 39. After a delay of ty ¢, the device enters ACQ state and the RVS pin goes high.

e

[ty rsT—

! i<_td7rst_h:
CONVST A\ o/

|
- — e w— e e e em— e e e —

sk VTV VTV TV
RVARANE AU G AN

LN

TV TV T
A I

SDO-x

Figure 39. Asynchronous Reset

To operate the device in either ACQ or CNV state, RST must be held high. With RST held high, transitions on
the CONVST pin determine the functional state of the device.
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Device Functional Modes (continued)

Figure 40 shows a typical conversion process. The internal ADCST signal goes low during conversion and goes
high at the end of conversion. With CS held high, RVS reflects the status of ADCST.

Sample

Sample
S S+1
iﬂ—twhfcomvm—ﬁ §<_twlicONVS1—"i
convst /7 VAN VAR /
1 AN A N N N A N ;
b tcycle =;
3: tconv_max i

. A

P
<

t
tconv

N &
A

-

h 4

:"—tconvimin—ﬁ

ADCST (Internal)_\ //- /7 //_//_/ / \_

e CNV (C)—— o —ACQ(C+1)——»

RVS_\L /i/‘ /7 /_//_/ 7 \_

Figure 40. Typical Conversion Process

7.4.2 ACQ State

In ACQ state, the device acquires the analog input signal. The device enters ACQ state at power-up, when
coming out of power down (See the PD Control section), after any asynchronous reset, and at the end of every
conversion.

An RST falling edge takes the device from ACQ state to RST state. A CONVST rising edge takes the device
from ACQ state to CNV state.

7.4.3 CNV State

The device moves from ACQ state to CNV state on a rising edge of the CONVST pin. The conversion process
uses an internal clock. The device ignores any further transitions on the CONVST signal until the ongoing
conversion is complete (that is, during the time interval of t;,,,)-

At the end of conversion, the device enters ACQ state. The cycle time for the device is given by Equation 4:

tcycle—min = tconv + tacq—min (4)

NOTE
The conversion time, t.,,,, varies within the specified limits of t.,ny min @nNd teony max (8S
specified in the Switching Characteristics table). After initiating a conversion, the host
controller must monitor for a low-to-high transition on the RVS pin or wait for the t.ony max
duration to elapse before initiating a new operation (data transfer or conversion). If RVS is
not monitored, substitute t.y,, in Equation 4 with t.ony max-
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7.5 Programming

This device family features nine configuration registers (as described in the Register Maps section). To access
the internal configuration registers, these devices support the commands listed in Table 2.

Table 2. Supported Commands

B[21:17] B[16:8] B[7:0] igggﬂ,ﬁyﬁ COMMAND DESCRIPTION

00000 000000000 00000000 NOP No operation
10000 <9-bit address> <8-bit unmasked bits> CLR_BITS | Clear <8-bit unmasked bits> from <9-bit address>
10001 <9-bit address> 00000000 RD_REG | Read contents from the <9-bit address>
10010 <9-bit address> <8-bit data> WR_REG | Write <8-bit data> to the <9-bit address>
10011 <9-bit address> <8-bit unmasked bits> SET_BITS | Set <8-bit unmasked bits> from <9-bit address>
11111 111111111 11111111 NOP No operation

Rem_aini_ng N—— N—— Reserved The_se commands are reserved and treated by the

combinations device as no operation

These devices support two types of data transfer operations: data write (the host controller configures the
device), and data read (the host controller reads data from the device).

Any data write to the device is always synchronous to the external clock provided on the SCLK pin. The
WR_REG command writes the 8-bit data into the 9-bit address specified in the command string. The CLR_BITS
command clears the specified bits (identified by 1) at the 9-bit address (without affecting the other bits), and the
SET_BITS command sets the specified bits (identified by 1) at the 9-bit address (without affecting the other bits).

The data read from the device can be synchronized to the same external clock or to an internal clock of the
device by programming the configuration registers (see the Data Transfer Protocols section for details).
7.5.1 Output Data Word

In any data transfer frame, the contents of an internal, 22-bit, output data word are shifted out on the SDO pins.
The D[21:4] bits of the 22-bit output data word for any frame F + 1, are determined by:

» Value of the DATA_VAL bit applicable to frame F + 1 (see the DATA CNTL register)

» The command issued in frame F

If a valid RD_REG command is executed in frame F, then the D[21:14] bits in frame F + 1 reflect the contents of
the selected register, and the D[13:0] bits are zeros.

If the DATA_VAL bit for frame F + 1 is set to 1, then the D[21:4] bits in frame F + 1 are replaced by the
DATA_PATN[17:0] bits.

For all other combinations, the D[21:4] bits for frame F + 1 are the latest conversion result.

Figure 41 shows the output data word. Figure 42 shows further details of the parity computation unit illustrated in
Figure 41.
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A valid RG_READ command is received in

Register Data
<8-bit REGDATA>_<10-bit 0's>

18-bit Conversion Result % No
1 ’
18-bit DATA_PATN[17:0] %/
DATA_VAL

Yes

_ N

the previous frame?

D[21:4]

Output Data
Word D[21:0]

D21

D20

D5

D4

Parity Computation Unit

D3

D2

b — D1

Ob ——> DO

Figure 41. Output Data Word (D[21:0])
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Output Data Word D[21:0]

Parity Computation Unit

D21

D20

XOR 4
D19
D18
XOR
D17
D16
D15

D14
XOR
D13

D12

XOR

D11

AL

D8

XOR

D7

D6

D5

D4

FLPAR D3

4—\ ’Ji
FTPAR D2 <€ \

D1 <— 0

()

11
< 16 MSBs
10

l———— MUX 12 MSBs
01

DO <— 0

8 MSBs

00

A

4 MSBs

PAR_EN FPAR_LOC[1:0]

Figure 42. Parity Bits Computation

With the PAR_EN bit set to 0, the D[3] and D[2] bits of the output data word are set to 0 (default configuration).

When the PAR_EN bit is set to 1, the device calculates the parity bits (FLPAR and FTPAR) and appends them
as bits D[3] and D[2].

* FLPAR is the even parity calculated on bits D[21:4].

 FTPAR is the even parity calculated on the bits defined by FPAR_LOC[1:0].

See the DATA_CNTL register for more details on the FPAR_LOCJ1:0] bit settings. Bits D[1:0] are set to 00b.
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7.5.2 Data Transfer Frame

A data transfer frame between the device and the host controller is bounded between a CS falling edge and the
subsequent CS rising edge. The host controller can initiate a data transfer frame (as shown in Figure 43) at any
time irrespective of the status of the CONVST signal; however, the data read during such a data transfer frame is
a function of relative timing between the CONVST and CS signals.

Frame F

A 4

CONVST

—

|
|
|
I
|
|
|
|
\

s _\\
N
|
| |
| I
|
|
: As per output protocol selection.
|
|
|
|
|

\

—N l“ ta_csrov_r

SCLK / \ / \ / \ / \ :
N SCLKs
so X X

|
|
1
|
|
1
|
|
|
|
ODR Data > |
|
|
|
|
|

Valid Command

SDO-x

|

|

|

|

SCLK Counter SCLK Counter
0 N
Output Data Word Input Data Register (IDR)

D21 _—— - DO B21 _—— - BO
D21 _—— - DO D21 _—— - DO
Output Data Register (ODR) Command Processor

Figure 43. Data Transfer Frame

For this discussion, assume that the CONVST signal remains low.

A typical data transfer frame F follows this order:
1. The host controller pulls CS low to initiate a data transfer frame. On the CS falling edge:
— RVS goes low, indicating the beginning of the data transfer frame.
— The SCLK counter is reset to 0.
— The device takes control of the data bus. As shown in Figure 43, the 22-bit contents of the output data
word (see Figure 41) are loaded in to the 22-bit output data register (ODR; see Figure 37).
— The 22-bit input data register (IDR; see Figure 37) is reset to 000000h, corresponding to a NOP
command.
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2. During the frame, the host controller provides clocks on the SCLK pin. Inside the device:

— For each SCLK capture edge, the SCLK counter is incremented and the data bit received on the SDI pin
is shifted in to the IDR.

— For each launch edge of the output clock (SCLK in this case), ODR data are shifted out on the selected
SDO-x pins.

— The status of the RVS pin depends on the output protocol selection (see the Protocols for Reading From
the Device section).

3. The host controller pulls CS high to end the data transfer frame. On the CS rising edge:
— The SDO-x pins go to Hi-Z.
— RVS goes high (after a delay of ty csroy 1)-

— As illustrated in Figure 43, the 22-bit contents of the IDR are transferred to the command processor (see
Figure 37) for decoding and further action.

After pulling CS high, the host controller monitors for a low-to-high transition on the RVS pin, or waits for the
ty csroy ¢ time (see the Switching Characteristics table) to elapse before initiating a new operation (data transfer
or conversion). The delay, ty csrpy » for any data transfer frame F varies based on the data transfer operation
executed in frame F. N -

At the end of data transfer frame F:

» If the SCLK counter is < 22, then the IDR captured less than 22 bits from the SDI. In this case, the device
treats frame F as a short command frame. At the end of a short command frame, the IDR is not updated and
the device treats the frame as a no operation (NOP) command.

» If the SCLK counter = 22, then the IDR captured exactly 22 bits from SDI. In this case, the device treats the
frame F as a optimal command frame. At the end of an optimal command frame, the command processor
decodes the 22-bit contents of the IDR as a valid command word.

» If the SCLK counter > 22, then the IDR captured more than 22 bits from the SDI; however, only the last 22
bits are retained. In this case, the device treats frame F as a long command frame. At the end of a long
command frame, the command processor treats the 22-bit contents of the IDR as a valid command word.
There is no restriction on the maximum number of clocks that can be provided within any data transfer frame
F. However, as explained above, make sure that the last 22 bits shifted into the device before the CS rising
edge constitute the desired command.

In a short command frame, the write operation to the device is invalidated; however, the output data bits
transferred during the short command frame are still valid output data. Therefore, the host controller can use
such shorter data transfer frames to read only the required nhumber of MSB bits from the 22-bit output data word.
As shown in Figure 41, an optimal read frame for the ADS891xB devices must read only the 18 MSB bits of the
output data word. The length of an optimal read frame depends on the output protocol selection; see the
Protocols for Reading From the Device section for more details.

NOTE
The previous example shows data-read and data-write operations synchronous to the
external clock provided on the SCLK pin.

However, the device also supports data read operation synchronous to the internal clock;
see the Protocols for Reading From the Device section for more details. In this case, while
the ODR contents are shifted on the SDO (or SDOs) on the launch edge of the internal
clock, the device continues to capture the SDI data into the IDR (and increment the SCLK
counter) on SCLK capture edges.
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7.5.3 Interleaving Conversion Cycles and Data Transfer Frames

The host controller operates the device at the desired throughput by interleaving the conversion cycles and the
data transfer frames.

The cycle time of the device, ty. e, is the time difference between two consecutive CONVST rising edges
provided by the host controller. The response time of the device, t.p, is the time difference between the host
controller initiating conversion C, and the host controller receiving the complete result for conversion C.

Figure 44 shows three conversion cycles: C, C + 1, and C + 2. Conversion C is initiated by a CONVST rising
edge at time t = 0, and the conversion result becomes available for data transfer at t,,,. However, this result is
loaded into the ODR only on the subsequent CS falling edge. This CS falling edge must be provided before the
completion of conversion C + 1 (that is, before teyce + teony)-

To achieve the rated performance specifications, the host controller must make sure that no digital signals toggle
during the quiet acquisition time (ty acq) and quiet aperture time (ty cnvcap)- ANy noise during ty coveap May
negatively affect the result of the ongoing conversion, whereas any noise during ty . may negatively affect the
result of the subsequent conversion.
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| |
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| |

| | | |

b | | |

I ’ Ny I N I

CONVST /_\ ' /_u'_\ ! ! /-E_\ !
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| : | | | |

| | | | |

|
: Conversion | : Conversion : : Conversion :
“ C ! “ C+1 g “ C+2 g

,_.
n -
o

Figure 44. Data Transfer Zones

This architecture allows for two distinct time zones (zone 1 and zone 2) to transfer data for each conversion.
Zone 1 and zone 2 for conversion C are defined in Table 3.

Table 3. Data Transfer Zones Timing

ZONE STARTING TIME ENDING TIME
Zone 1 for conversion C teonv teycle ~ ot acq
Zone 2 for conversion C tcycle + td_cnvcap tcycle + tcycle _tqt_acq

The response time includes the conversion time and the data transfer time, and thus is a function of the selected
data transfer zone.
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Figure 45 and Figure 46 illustrate interleaving of three conversion cycles (C, C + 1, and C + 2) with three data
transfer frames (F, F + 1, and F + 2) in zone 1 and in zone 2, respectively.
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Figure 45. Zone 1 Data Transfer
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Figure 46. Zone 2 Data Transfer
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To achieve cycle time t e, the read time in zone 1 is given by Equation 5:
tread-Zl < tcycle - tconv - tqt_acq

For an optimal data transfer frame, Equation 5 results in an SCLK frequency given by Equation 6:
18

tread-Zl

fscik 2

Then, the zone 1 data transfer achieves a response time defined by Equation 7:

tresp—Zl—min =teonv +lread-z1

At lower SCLK speeds, t,ca4.71 iNCreases, resulting in slower response times and higher cycle times.

To achieve the same cycle time, t.yqe, the read time in zone 2 is given by Equation 8:

tread—ZZ < tcycle - td_cnvcap - tqt_acq

For an optimal data transfer frame, Equation 8 results in an SCLK frequency given by Equation 9:
18

tread722

fscik =

Then, the zone 2 data transfer achieves a response time defined by Equation 10:

tresp—ZZ—min = tcycle + td_cnvcap + tread—ZZ

Any increase in t.,q4.7> iNCreases response time and may increase cycle time.

®)

©)

™

®

©

(10)

For a given cycle time, the zone 1 data transfer clearly achieves faster response time, but also requires a higher
SCLK speed (as evident from Equation 5, Equation 6, and Equation 7); whereas, the zone 2 data transfer clearly
requires a lower SCLK speed but has a slower response time (as evident from Equation 8, Equation 9, and
Equation 10). For more information about benefits of zone 2 data transfer when using isolated digital interface or

MCU refer to Tl TechNote - Simplify Isolation Designs Using an Enhanced-SPI ADC Interface.

NOTE

A data transfer frame can begin in zone 1, and then extend into zone 2; however, the host
controller must make sure that no digital transitions occur during the ty acq and tq coveap

time intervals.

NOTE

For data transfer operations in zone 2 using the ADC-Clock-Master protocol
(SDO_MODE[1:0] = 11b), the device supports only the external-clock-echo option

(SSYNC_CLK_SEL[1:0] = 00b); see Table 9.

7.5.4 Data Transfer Protocols

This device family features a multiSPI digital interface that allows the host controller to operate at slower SCLK
speeds and still achieve the required throughput and response time. The multiSPI digital interface module offers

three options to reduce the SCLK speed required for data transfer:
* Increase the width of the output data bus.

» Enable double data rate (DDR) transfer.

» Extended data transfer window, as shown in Figure 46.

These three options can be combined to achieve further reduction in SCLK speed.
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There are various factors that limit the maximum SCLK frequency in a system.

Figure 47 shows the delays in the communication channel between the host controller and the device in a typical
serial communication.

Digital Isolator

TI Device

Host Controller

(Optional)
< tpeb_ck
SCLK |_ - T _; SCLK
T (< i |< I O T
ta_ckdo :<_td7ISO_| tsun g
I
SO l—td iso—>| so!
—_—— —
tpcb_SDu >

Copyright © 2016, Texas Instruments Incorporated

Figure 47. Delays in Serial Communication

For example, if to, cx and tye, spo are the delays introduced by the printed circuit board (PCB) traces for the
serial clock and SDO signals, t4 ckpo is the clock-to-data delay of the device, ty 5o is the propagation delay
introduced by the dlgltal isolator, and tg, , is the setup time specification of the host controller, then the total
delay in the path is given by Equation 11:

td_total_serial = tpcb_CK + td_iso + td_ckdo + td_iso + tpcb_SDO + tsu_h (11)
In a standard SPI protocol, the host controller and the device launch and capture data bits on alternate SCLK

edges. Therefore, the ty ol seriar delay must be kept to less than half of the SCLK duration. Equation 12 shows
the fastest clock allowed by the SPI protocol:

1
fcIk-SPI < 2—
X tditotal-serial (12)

Larger values of the ty ra_serial d€lay restricts the maximum SCLK speed for the SPI protocol, resulting in higher
read and response times, and can possibly limit the throughput.

Figure 48 shows a delay (ty_geicap) iNtroduced in the capture path (inside the host controller).
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Figure 48. Delayed Capture

The total delay in the path modifies to Equation 13:

td_total_serial = tpcb_CK + td_iso + td_ckdo + td_iso + tpcb_SDO + tsu_h - td_delcap (13)
This reduction in total delay allows the SPI protocol to operate at higher clock speeds.
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The multiSPI digital interface module offers two additional options to remove the restriction on the SCLK speed:

Early data launch (EDL) mode of operation

In EDL mode, the device launches the output data on SDO-x pin (or pins) half a clock earlier compared to the
standard SPI protocol. Therefore, Equation 12 modifies to Equation 14:

1
td_total—serial (14)
The reduction in total delay allows the serial interface to operate at higher clock speeds.

ADC-Clock-Master (source-synchronous) mode of operation

As illustrated in Figure 49, in ADC-Clock-Master mode, the device provides a synchronous output clock (on
the RVS pin) along with the output data (on the SDO-x pins).
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Figure 49. Delays in ADC-Clock-Master (Source-Synchronous) Mode

For negligible values of ty; strpo, the total delay in the path for a source-synchronous data transfer, is given
by Equation 15:

td_total_srcsync = tpcb_RVS - tp(:b_SDO + tsu_h (15)

As shown by the difference between Equation 11 and Equation 15, using ADC-Clock-Master mode
completely eliminates the effect of isolator delays (ty so) and clock-to-data delays (ty ckpo); typically, the
largest contributors in the overall delay computation.

Furthermore, the actual values of t,c, rys @and t,e, spo do not matter. In most cases, the ty otal_srcsync delay
can be kept at a minimum by routing the RVS and SDO lines together on the PCB. Therefore, the ADC-
Clock-Master mode allows the data transfer between the host controller and the device to operate at much
higher SCLK speeds. For more information about using ADC-Clock-Master to mode to achieve fast SCLK
speeds, with an isolated interface or high routing delays, see Optimizing Data Transfer on High-Resolution,
High Throughput Data Converters. Zone 2 data transfer also enables longer quiet time for analog input
settling, and is discussed in Improving Input Settling for Precision Data Converters.

36

Submit Documentation Feedback Copyright © 2016-2018, Texas Instruments Incorporated
Product Folder Links: ADS8910B ADS8912B ADS8914B



13 TEXAS ADS8910B
INSTRUMENTS ADS8912B
ADS8914B

www.ti.com

SBAS707B —JUNE 2016—REVISED JANUARY 2018

7.5.4.1 Protocols for Configuring the Device

As shown in Table 4, the host controller can use any of the four legacy, SPI-compatible protocols (SPI-00-S, SPI-
01-S, SPI-10-S, or SPI-11-S) to write data to the device.

Table 4. SPI Protocols for Configuring the Device

NO. OF SCLK
SCLK POLARITY SCLK PHASE h TIMING
PROTOCOL (At CS Falling Edge) (Capture Edge) SDI_CNTL SDO_CNTL (OptlmFarIa(r:noeTmand DIAGRAM
SPI-00-S Low Rising 00h 00h 22 Figure 50
SPI-01-S Low Falling 01h 00h 22 Figure 51
SPI-10-S High Falling 02h 00h 22 Figure 52
SPI-11-S High Rising 03h 00h 22 Figure 53

At power-up or after coming out of any asynchronous reset, the device supports the SPI-00-S protocol for data-
read and data-write operations.

To select a different SPI-compatible protocol, program the SDI_MODE[1:0] bits in the SDI_CNTL register. This
first write operation must adhere to the SPI-00-S protocol. Any subsequent data transfer frames must adhere to
the newly selected protocol.

Figure 50 to Figure 53 detail the four protocols using an optimal command frame; see the Timing Requirements
and Switching Characteristics tables for associated timing parameters.

NOTE
As explained in the Data Transfer Frame section, a valid write operation to the device
requires a minimum of 22 SCLKs to be provided within a data transfer frame.

Any data write operation to the device must continue to follow the SPI-compatible protocol
selected in the SDI_CNTL register, irrespective of the protocol selected for the data-read
operation.

& / s\

SCLK /\ 7/ \ 7 -_\_/_\_/_\
SDI B21 X B20 X B19 ::X B1 X BO SDl B21 X B20 )C: B1 X BO
Rvs — \ ) VARRE N\ ) /S

Figure 50. SPI-00-S Protocol, Optimal Command Figure 51. SPI-01-S Protocol, Optimal Command
Frame Frame

cs / cs \

/_
VA VAN A VAW \WAVANESAVAVERE
SDI B21 X B20 X B19 ::X B1 X BO SbI B21 X B20 X::: B2 X BL X BO

RVS _\ _ /_ RVS _\ __ /_

Figure 52. SPI-10-S Protocol, Optimal Command Figure 53. SPI-11-S Protocol, Optimal Command
Frame Frame

SCLK
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7.5.4.2 Protocols for Reading From the Device

The protocols for the data-read operation can be broadly classified into three categories:
1. Legacy, SPI-compatible (SPI-xy-S) protocol

2. SPIl-compatible protocols with bus width options (SPI-xy-D and SPI-xy-Q)

3. Source-synchronous (SRC) protocols

7.5.4.2.1 Legacy, SPI-Compatible (SYS-xy-S) Protocols

As shown in Table 5, the host controller can use any of the four legacy, SPI-compatible protocols (SPI-00-S, SPI-
01-S, SPI-10-S, or SPI-11-S) to read data from the device.

Table 5. SPI Protocols for Reading From the Device

SCLK
prorocoL | RO | SRS | LAl o | SoLONTL | spo.owm | (mma Res | NS,
Edge)
SPI-00-S Low Rising CS falling 00h 00h 18 Figure 54
SPI-01-S Low Falling 15t SCLK rising 01h 00h 18 Figure 55
SPI-10-S High Falling CS falling 02h 00h 18 Figure 56
SPI-11-S High Rising 15! SCLK falling 03h 00h 18 Figure 57

At power-up or after coming out of any asynchronous reset, the device supports the SPI-00-S protocol for data-

read and data-write operations. To select a different SPIl-compatible protocol for both the data transfer

operations:

1. Program the SDI_MODE[1:0] bits in the SDI_CNTL register. This first write operation must adhere to the SPI-
00-S protocol. Any subsequent data transfer frames must adhere to the newly selected protocol.

2. Set the SDO_MODE[1:0] bits = 00b in the SDO_CNTL register.
Figure 54 to Figure 57 explain the details of the four protocols using an optimal command frame to read all 22

bits of the output data word. Table 5 shows the number of SCLK required in an optimal read frame for the
different output protocol selections.

S\ ST s\ Vo

D20 D19 D1 DO D21 D20 D1 DO

SCLK 7\ A\ f _\_/_\_/_\ SCLK /_\_/_\_/_ ./
D21 D20 D19 D1 DO D21 D20 D19 DO
RVS \ / RVS \ S

Figure 54. SPI-00-S Protocol, 22 SCLKs Figure 55. SPI-01-S Protocol, 22 SCLKs

s\ /T s\ S

D21 D20 D19 D1 DO D21 D20 D19 D1 DO

SCLK N/ \/ \ _/_\_/_\_/ SCLK \_/_\_/_\_ - T\

D20 D19 D1 DO D21 D20 “"b2 D1 DO
SIS ) G €3 0 T T Gy ) 6 D )
RVS \ /_ RVS \ /

Figure 56. SPI-10-S Protocol, 22 SCLKs Figure 57. SPI-11-S Protocol, 22 SCLKs
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For SDI_MODEJ[1:0]

= 00b or 10b, the device supports an Early Data Launch (EDL) option. Set SDO_MODE[1:0]

= 01b in the SDO_CNTL register to enable the feature (see Table 6). Setting SDO_MODE[1:0] = 01b has no

effect if SDI_MODE[1:0] =

0l1b or 11b.

Table 6. SPI Protocols with Early Data Launch

SCLK POLARITY NO. OF SCLK
PROTOCOL (At CS Falling ((S:aCLtfrZHE%SE) Mt BE'EEEUNCH SDICNTL | SDO CNTL | (Optimal Read DITA'\(’B”Q'SM
Edge) p 9 Frame)
SPI-00-S-EDL Low Rising CS falling 00h 01h 18 Figure 54
SPI-10-S-EDL High Falling CS falling 02h 01h 18 Figure 56

As shown in Figure 58, and Figure 59, the device launches the output data bit on the SDO-0 pin half clock earlier
compared to the standard SPI protocol.

& D21 / E

\ox -

AN NI —\/‘\_/’\_M/_
—EXEXTN XX — w000 — (YT XEE_—
s T\ /T ows T ] S

Figure 58. SPI-00-S-EDL Protocol, 22 SCLKs Figure 59. SPI-10-S-EDL Protocol, 22 SCLKs

SCLK

SDO-0

When using these SPI-compatible protocols, the RVS output remains low throughout the data transfer frame; see
the Timing Requirements and Switching Characteristics tables for associated timing parameters.

With SDO_CNTL][7:0] = 00h or 0O1h, if the host controller uses a long data transfer frame, the device exhibits
daisy-chain operation (see the Multiple Devices: Daisy-Chain Topology section).

NOTE
Use SPIl-compatible protocols to execute the RD_REG, WR_REG, CLR_BITS, and
SET_BITS commands specified in Table 2.
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7.5.4.2.2 SPI-Compatible Protocols with Bus Width Options

The device provides an option to increase the SDO bus width from one bit (default, single SDO) to two bits (dual
SDO) or four bits (quad SDO) when operating with any of the four legacy, SPI-compatible protocols.

Set the SDO_WIDTHI[1:0] bits in the SDO_CNTL register to select the SDO bus width. The SCLK launch edge
depends on the SPI protocol selection (as shown in Table 7).

Table 7. SPI-Compatible Protocols with Bus Width Options

POSLC,:ALRITTY SCLK PHASE MSB BIT SIS TIMING
PROTOCOL | At TS Falling | (Capture Edge) | LAUNCH EDGE | SP!-CNTL | SDO_CNTL (Opf:ima' Read | hAGRAM
Edge) rame)
SPI-00-D Low Rising CS falling 00h 08h 9 Figure 60
SPI-01-D Low Falling First SCLK rising 01lh 08h 9 Figure 61
SPI-10-D High Falling CS falling 02h 08h 9 Figure 62
SPI-11-D High Rising First SCLK falling 03h 08h 9 Figure 63
SPI-00-Q Low Rising CS falling 00h 0Ch 5 Figure 64
SPI-01-Q Low Falling First SCLK rising 01lh 0Ch 5 Figure 65
SPI-10-Q High Falling CS falling 02h 0Ch 5 Figure 66
SPI-11-Q High Rising First SCLK falling 03h 0Ch 5 Figure 67

In dual-SDO mode (SDO_WIDTH[1:0] = 10b), two bits of data are launched on the two SDO pins (SDO-0 and
SDO-1) on every SCLK launch edge.

In quad-SDO mode (SDO_WIDTHJ[1:0] = 11b), four bits of data are launched on the four SDO pins (SDO-0,
SDO-1, SDO-2, and SDO-3) on every SCLK launch edge.

s\ / s\ /

SCLK 7\ 7\ / -_\_/_\_/_\ SCLK /_\_/_\_/_- /-
01— (FYEN I EN T ot —— o (XX
00— (Y EN N EN T 00— 2 [N X
Rs O\ /T ors N\ /S

Figure 60. SPI-00-D Protocol Figure 61. SPI-01-D Protocol
s\ _ / s\ _ /
5001 (o Yo X X EX B — sv01 ——— ofTY X XX
5000 ———(Com Yo X X EX ) — svos —— ofTEYTEX X TN

R T\ / Rrus T\ i Van

Figure 62. SPI-10-D Protocol Figure 63. SPI-11-D Protocol

40 Submit Documentation Feedback Copyright © 2016-2018, Texas Instruments Incorporated
Product Folder Links: ADS8910B ADS8912B ADS8914B



13 TEXAS ADS8910B
INSTRUMENTS ADS8912B
ADS8914B

www.ti.com SBAS707B —JUNE 2016—REVISED JANUARY 2018
/ cs

s\ ] ] /
s NS\ N\ A VANV .
SDO-3 4( D21 X D17 : X D1 SDO-3 \ 0 /< D21 X D17 :

SCLK

N

SDO-2 4( D20 X D16 _ X DO > SDO-2 \ 0 /< D20 X D16 B D4 X DO >7
SDO-1 4( D19 X D15 : X 0 > SDO-1 \ 0 /< D19 X D15 B D3 X 0 >7
SDO-0 D18 D14 :_ X o ) SDO-0 \ O /< D18 X p1a D2 X 0 >7

RVS \ RVS \

Figure 64. SPI-00-Q Protocol Figure 65. SPI-01-Q Protocol

cs \ N \ N /
ek VAN AW/ AVAVERRW
SDO-3 :: >< D1 } SDO-3 0 D21 D17-- D5 m
SDO-2 : >< Do > SDO-2 0 D16 D4 (oo )

—

SCLK

SDO-1 D15 X o ) SDO-1 o/ b Y bis W
SDO-0 D14 X o > SDO-0 0o /{ pis D14 E@i
RVS \ / RVS \ /

Figure 66. SPI-10-Q Protocol Figure 67. SPI-11-Q Protocol

For SDI_MODE[1:0] = 00b or 10b, the device supports an early data launch (EDL) option. Set SDO_MODE[1:0]
= 01b in the SDO_CNTL register to enable the feature (see Table 8). Setting SDO_MODE[1:0] = 01b has no
effect if SDI_MODE[1:0] = 01b or 11b.

Table 8. SPI Protocols with Early Data Launch

SCLK

proTocoL | (SR | SOt e | Ao | SPLONTL | Sp0.oNTL | (@ptmalReas | NS,
Edge)

SPLOO-D- Low Rising CS falling 00h ooh 9 Figure 60

SPLLO-D- High Falling CS falling 02h 09h 9 Figure 62

SPLO-Q- Low Rising CS falling 0oh 0Dh 5 Figure 64

SPLLO-C- High Falling CS falling 02h oDh 5 Figure 66
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As shown in Figure 58, and Figure 59, the device launches the output data bits on the SDO-x pins half clock
earlier compared to the standard SPI protocol.

cs / s\ - /
sy VA VAR VA VA unE - VA VA WA VA VAR
soo1. ———(oar Yo Yo X _Xoe X o1\ /— ot —{oar Xom Yo Y X X o\ —
5000 ———(o20 X o1a X oo X0 X 02 X 00\ — spoo ———(o20 Y oss Xowe ) Y02 X o0\ —

RS T\ / rus N\ B /e

Figure 68. SPI-00-D-EDL Protocol Figure 69. SPI-10-D-EDL Protocol

3 \ / cs \ - /

SCLK i\ £ ) \ / \ SCLK / ./ v

SDO-3 4< D21 X D17 X:::x D1 \ / SDO-3 D21 X D17 :
SDO-2 4< D20 X D16 X:::X DO \ / SDO-2 D20 D16 :
SDO-1 W:} 0 / Sbo-1 P19 A PP :mf

RVS —\ ) /_ RVS —\ . /_

Figure 70. SPI-00-Q-EDL Protocol Figure 71. SPI-10-Q-EDL Protocol

When using any of the SPI-compatible protocols, the RVS output remains low throughout the data transfer frame;
see the Timing Requirements and Switching Characteristics tables for associated timing parameters.

Figure 60 to Figure 71 illustrate how the wider data bus allows the host controller to read all 22 bits of the output
data word using shorter data transfer frames. Table 7 and Table 8 show the number of SCLK required in an
optimal read frame for the different output protocol selections.

NOTE
With SDO_CNTL[7:0] # 00h or O1h, a long data transfer frame does not result in daisy-
chain operation. On SDO pin (or pins), the 22 bits of output data word are followed by
zeros.
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7.5.4.2.3 Source-Synchronous (SRC) Protocols

As described in the Data Transfer Protocols section, the multiSPI digital interface supports an ADC-Clock-Master
or a source-synchronous mode of data transfer between the device and host controller. In this mode, the device
provides an output clock that is synchronous with the output data. Furthermore, the host controller can also
select the output clock source, data bus width, and data transfer rate.

7.5.4.2.3.1 Output Clock Source Options with SRC Protocols

In all SRC protocols, the RVS pin provides the output clock. The device allows this output clock to be
synchronous to either the external clock provided on the SCLK pin or to the internal clock of the device.
Furthermore, this internal clock can be divided by a factor of two or four to lower the data rates.

As shown in Figure 72, set the SSYNC_CLK_SEL[1:0] bits in the SDO_CNTL register to select the output clock
source.

() scik
OosC
00
INTCLK o1
Output Clock
utput Clocl () s
W INTCLK /2 10
L=
m INTCLK / 4 11 /‘
L
SSYNC_CLK_SEL [1:0]

Figure 72. Output Clock Source Options With SRC Protocols
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7.5.4.2.3.2 Bus Width Options With SRC Protocols

The device provides an option to increase the SDO bus width from one bit (default, single SDO) to two bits (dual
SDO) or to four bits (quad SDO) when operating with any of the SRC protocols. Set the SDO_WIDTHJ[1:0] bits in
the SDO_CNTL register to select the SDO bus width.

In dual-SDO mode (SDO_WIDTH[1:0] = 10b), two bits of data are launched on the two SDO pins (SDO-0 and
SDO-1) on every SCLK rising edge.

In quad-SDO mode (SDO_WIDTHJ[1:0] = 11b), four bits of data are launched on the four SDO pins (SDO-0,
SDO-1, SDO-2, and SDO-3) on every SCLK rising edge.

7.5.4.2.3.3 Output Data Rate Options With SRC Protocols

The device provides an option to transfer the data to the host controller at a single data rate (default, SDR) or at
a double data rate (DDR). Set the DATA_RATE bit in the SDO_CNTL register to select the data transfer rate.

In SDR mode (DATA_RATE = 0b), the RVS pin toggles from low to high, and the output data bits are launched
on the SDO pins on the output clock rising edge.

In DDR mode (DTA_RATE = 1b), the RVS pin toggles (from low-to-high or high-to-low), and the output data bits
are launched on the SDO pins on every output clock edge, starting with the first rising edge.

The device supports all 24 combinations of output clock source, bus width, and output data rate, as shown in
Table 9.

Table 9. SRC Protocol Combinations

PROTOCOL OUTSP(;JJRCCLSCK Buswipth | OUTPUTPATA | spy oL SDO_CNTL #?g,fg i%%:gg « DITL"é'gEM
SRC-EXT-SS SCLK® Single SDR 03h 9 Figure 73
SRC-INT-SS INTCLK® Single SDR 43h 9
SRC-IB2-SS INTCLK / 2 Single SDR 83h 9 Figure 74
SRC-IB4-SS INTCLK / 4® Single SDR C3h 9
SRC-EXT-DS SCLK® Dual SDR 0Bh 9 Figure 77
SRC-INT-DS INTCLK® Dual SDR 4Bh 9
SRC-IB2-DS INTCLK / 2® Dual SDR 8Bh 9 Figure 78
SRC-IB4-DS INTCLK / 4® Dual SDR CBh 9
SRC-EXT-QS SCLK® Quad SDR OFh 5 Figure 81
SRC-INT-QS INTCLK® Quad SDR 4Fh 5
SRC-IB2-QS INTCLK / 2® Quad SDR 8Fh 5 Figure 82
SRC-IB4-QS INTCLK / 4@ Quad SDR 00h, 01h, CFh 5
SRC-EXT-SD SCLK® Single DDR 02h, or 03h® 13h 9 Figure 75
SRC-INT-SD INTCLK® Single DDR 53h 9
SRC-IB2-SD INTCLK / 2® Single DDR 93h 9 Figure 76
SRC-IB4-SD INTCLK / 4® Single DDR D3h 9
SRC-EXT-DD SCLK® Dual DDR 1Bh 5 Figure 79
SRC-INT-DD INTCLK® Dual DDR 5Bh 5
SRC-IB2-DD INTCLK / 2® Dual DDR 9Bh 5 Figure 80
SRC-1B4-DD INTCLK / 4® Dual DDR DBh 5
SRC-EXT-QD SCLK® Quad DDR 1Fh 3 Figure 83
SRC-INT-QD INTCLK® Quad DDR 5Fh 3
SRC-IB2-QD INTCLK / 2® Quad DDR 9Fh 3 Figure 84
SRC-I1B4-QD INTCLK / 4® Quad DDR DFh 3

(1) The EXTCLK option is not recommended when operating with DVpp < 2.35 V.

(2) Any of the four values can be used; see the Protocols for Configuring the Device section for more information.

(3) The device supports INTCLK, INTCLK / 2, and INTCLK / 4 options only for data transfer operations in zone 1. The EXTCLK option is
supported in zone 1 and zone 2; see Figure 44.
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Figure 73 to Figure 84 show the details of various source synchronous protocols. Table 9 shows the number of
output clocks required in an optimal read frame for the different output protocol selections.

=\ _ S~ =\ _ S
SCLK / \ / \ / \ _/_\_/_\ SCLK
SDO-0 —\_/< D21 X D20 )C p2 X b1 X DO SDO-0 \_/( p21 X D20 )C: p2 X b1 X DO o

Figure 73. SRC-EXT-SS: SRC, SCLK, Single SDO, Figure 74. SRC-INT-SS: SRC, INTCLK, Single SDO,

SDR SDR
& / &\ S
D20 D2 DO
SCLK 7\ / _\_/_\ SCLK
D21 D19 D1

w000 ——\__JEENENXEXo X ) — som0 —— A X EX®E)—
VS _\_/_\_/___//_\_/_\_/_ RVS _\_/_\_/___/_\_/_\_/_

Figure 75. SRC-EXT-SD: SRC, SCLK, Single SDO, Figure 76. SRC-INT-SD: SRC, INTCLK, Single SDO,
DDR DDR

s\ _ / &\ _ /S
scik AV aVaNTava\ sci
spo1 ——— oz Xon X o X oz X o sD0-1 Aoz Xom X o5 X(o2 X o »—
s000 ——— {20 X o X s X 0z X o0 $D0-0 Lo Xow X o X o2 X oo —

AV AVAVERVAVAWER. "W AVAVARVAVANA

Figure 77. SRC-EXT-DS: SRC, SCLK, Dual SDO, Figure 78. SRC-INT-DS: SRC, INTCLK, Dual SDO,
SDR SDR
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Figure 79. SRC-EXT-DD: SRC, SCLK, Dual SDO,

Figure 80. SRC-INT-DD: SRC, INTCLK, Dual SDO,

DDR DDR
& / s T\ S
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Figure 81. SRC-EXT-QgI:D%RC, SCLK, Quad SDO, Figure 82. SRC-INT-QS:SSEC, INTCLK, Quad SDO,
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Figure 83. SRC-EXT-QD: SRC, SCLK, Quad SDO,
DDR
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Figure 84. SRC-INT-QD: SRC, INTCLK, Quad SDO,
DDR
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7.5.5 Device Setup

The multiSPI digital interface and the device configuration registers offer multiple operation modes. This section
describes how to select the hardware connection topology to meet different system requirements.

7.5.5.1 Single Device: All multiSPI Options

Figure 85 shows the connections between a host controller and a single device in order to exercise all options
provided by the multiSPI digital interface.

DVDD
Isolation
(Optional)

RST
CONVST

cs
SCLK

SDI

Host

[
I |
1 1
T I
| |
Ll
I |
I I
; I
Tl Device SDO-0 | : Controller
I I
i |
[
I |
1 1
| —

SDO-1

SDO-2

SDO-3

RVS

Copyright © 2016, Texas Instruments Incorporated

Figure 85. MultiSPI Digital Interface, All Pins

7.5.5.2 Single Device: Minimum Pins for a Standard SPI Interface
Figure 86 shows the minimum-pin interface for applications using a standard SPI protocol.
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o
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RVS f————————

Copyright © 2016, Texas Instruments Incorporated

Figure 86. SPI Interface, Minimum Pins

The @,_SCLK, SDI, and SDO-0 pins constitute a standard SPI port of the host controller. The CONVST pin is
tied to CS, and the RST pin is tied to DVDD. The SDO-1, SDO-2, and SDO-3 pins have no external connections.
The following features are also available:

» Control the CONVST pin independently to get additional timing flexibility.
» Control RST pin independently to add asynchronous reset functionality.
» Monitor the RVS pin for additional timing benefits.
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7.5.5.3 Multiple Devices: Daisy-Chain Topology

A typical connection diagram showing multiple devices in a daisy-chain topology is shown in Figure 87.

'_
g Host Controller
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o o o
Device 1 Device 2 Device N

Figure 87. Daisy-Chain Connections

The CONVST, CS, and SCLK inputs of all devices are connected together and controlled by a single CONVST,
CS, and SCLK pin of the host controller, respectively. The SDI input pin of the first device in the chain (Device 1)
is connected to the SDO pin of the host controller, the SDO-0 output pin of Device 1 is connected to the SDI

input pin of Device 2, and so on. The SDO-0 output pin of the last device in the chain (Device N) is connected to
the SDI pin of the host controller.

To operate multiple devices in a daisy-chain topology, the host controller sets the configuration registers in each
device with identical values and operates with any of the legacy, SPI-compatible protocols for data-read and
data-write operations (SDO_CNT[7:0] = 00h or 01h). With these configurations settings, the 22-bit ODR and 22-

bit IDR registers in each device collapse to form a single, 22-bit unified shift register (USR) per device, as shown
in Figure 88.

Host Controller

SDO CONVST CS SCLK SDI

I

l——22 Bits———»! l——22 Bits———»! l———22 Bits———p!
sbl_(pB|DB| . . DB | DB | SDO-0 sbl_(pB|DB| . . pB|DB[SDOO|  [sDl |pB|DB| . DB | DB | SDO-0
0 1 20 | 21 0 1 20 | 21 0 1 20 | 21
Unified Shift Register (USR) Unified Shift Register (USR) Unified Shift Register (USR)

Device 1 Device 2 Device N

Figure 88. Unified Shift Register
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All devices in the daisy-chain topology sample the respective device analog input signals on the CONVST rising
edge. The data transfer frame starts with a CS falling edge. On each SCLK launch edge, every device in the
chain shifts out the MSB of the respective USR on to the respective SDO-0 pin. On every SCLK capture edge,
each device in the chain shifts in data received on the respective SDI pin as the LSB bit of the respective USR.

Therefore, in a daisy-chain configuration, the host controller receives the data of Device N, followed by the data
of Device N — 1, and so on (MSB-first). On the CS rising edge, each device decodes the contents in the
respective USR, and takes appropriate action.

A typical timing diagram for three devices connected in daisy-chain topology using the SPI-00-S protocol is
shown in Figure 89.

=\ /
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Figure 89. Three-Device, Daisy-Chain Timing

In daisy-chain topology, the overall throughput of the system is proportionally reduced as more devices are
connected in the daisy-chain.

NOTE
For N devices connected in daisy-chain topology, an optimal data transfer frame must
contain 22 x N SCLK capture edges. For a longer data transfer frame (number of SCLK in
the frame > 22 x N), the host controller must appropriately align the configuration data for
each device before bringing CS high. A shorter data transfer frame (number of SCLK in
the frame < 22 x N) might result in an erroneous device configuration, and must be
avoided.
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7.5.5.4 Multiple Devices: Star Topology

A typical connection diagram showing multiple devices in a star topology is shown in Figure 90. The CONVST,
SDI, and SCLK inputs of all devices are connected together, and are controlled by a single CONVST, SDO, and
SCLK pin of the host controller, respectively. Similarly, the SDO output pin of all devices are tied together and
connected to the a single SDI input pin of the host controller. The CS input pin of each device is individually
controlled by separate CS control lines from the host controller.
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Figure 90. Star-Topology Connection

The timing diagram for three devices connected in the star topology is shown in Figure 91. In order to avoid any
conflict related to multiple devices driving the SDO line at the same time, make sure that the host controller pulls
down the CS signal for only one device at any particular time.
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Figure 91. Three-Device, Star Connection Timing
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7.6 Register Maps

7.6.1 Device Configuration and Register Maps
The device features nine configuration registers, mapped as described in Table 10.

Table 10. Configuration Registers Mapping

ADDRESS REGISTER NAME REGISTER DESCRIPTION
004h PD_CNTL Low-power modes control
008h SDI_CNTL SDI input protocol selection
00Ch SDO_CNTL SDO output protocol selection
010h DATA_CNTL Output data word configuration
014h PATN_LSB Eight least significant bits (LSB) of the output pattern
015h PATN_MID Eight middle bits of the output pattern
016h PATN_MSB Four most significant bits (MSB) of the output pattern
020h OFST_CAL Offset calibration
030h REF_MRG Reference margin

7.6.1.1 PD_CNTL Register (address = 04h) [reset = 00h]
This register controls the low-power modes offered by the device.

Figure 92. PD_CNTL Register

7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | PD_REFBUF PD_ADC 0
R-0b R-0b R-0b R-0b R-0b R/W-0b R/W-0b R-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 11. PD_CNTL Register Field Descriptions

Bit Field Type Reset Description
7-3 0 R 00000b Reserved bits. Reads return 00000b.
2 PD_REFBUF R/W Ob This bit powers down the internal reference buffer.
Ob = Internal reference buffer is powered up
1b = Internal reference buffer is powered down
1 PD_ADC R/W Ob This bit powers down the converter module.
Ob = converter module is powered up
1b = converter module is powered down
0 0 R Ob Reserved bits. Do not write. Reads return Ob.

To power-down the converter module, set the PD_ADC bit in the PD_CNTL register. The converter module
powers down on the rising edge of CS. To power-up the converter module, reset the PD_ADC bit in the
PD_CNTL register. The converter module starts to power-up on the rising edge of CS. Wait for tp; apc before
initiating any conversion or data transfer operation. N

To power-down the internal reference buffer, set the PD_REFBUF bit in the PD_CNTL register. The internal
reference buffer powers down on the rising edge of CS. To power-up the internal reference buffer, reset the
PD_REFBUF bit in the PD_CNTL register. The internal reference buffer starts to power-up on the rising edge of
CS. Wait for tpy rergur before initiating any conversion.
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7.6.1.2 SDI_CNTL Register (address = 008h) [reset = 00h]
This register selects the SPI protocol for writing data to the device.

Figure 93. SDI_CNTL Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | 0 \ SDI_MODE[1:0]
R-Ob R-0b R-Ob R-0b R-Ob R-0b R/W-00b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 12. SDI_CNTL Register Field Descriptions

Bit Field Type Reset Description
7-2 0 R 000000b | Reserved bits. Do not write. Reads return 000000b.
1-0 SDI_MODE[1:0] R/W 00b These bits select the protocol for writing data into the device.

00b = Standard SPI with CPOL = 0 and CPHASE =0
01b = Standard SPI with CPOL = 0 and CPHASE =1
10b = Standard SPI with CPOL = 1 and CPHASE =0
11b = Standard SPI with CPOL = 1 and CPHASE = 1

7.6.1.3 SDO_CNTL Register (address = 0Ch) [reset = 00h]

This register configures the protocol for reading data from the device.

Figure 94. SDO_CNTL Register

7 6 5 4 3 2 1 0
SSYNC_CLK_SEL[1:0] | 0 | DATA RATE | SDO_WIDTH[1:0] \ SDO_MODE[L:0]
R/W-00b R-Ob R/W-0b R/W-00b R/W-00b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 13. SDO_CNTL Register Field Descriptions

Bit Field Type Reset Description

7-6 SSYNC_CLK_SEL[1:0] R/W 00b These bits select the source and frequency of the clock for the ADC-
Clock-Master mode, and are valid only if SDO_MODE[1:0] = 11b.
00b = External SCLK echo

01b = Internal clock (INTCLK)

10b = Internal clock / 2 (INTCLK / 2)

11b = Internal clock / 4 (INTCLK / 4)

5 0 R Ob Reserved bit. Do not write. Reads return 0b.
DATA_RATE R/W Ob This bit is ignored if SDO_MODE[1:0] = 00b. When SDO_MODEJ[1:0] =
11b:

Ob = SDOs are updated at single data rate (SDR) with respect to the
output clock

1b = SDOs are updated at double data rate (DDR) with respect to the
output clock

3-2 SDO_WIDTH[1:0] R/W 00b These bits set the width of the output bus.

Oxb = Data are output only on SDO-0

10b = Data are output only on SDO-0 and SDO-1

11b = Data are output on SDO-0, SDO-1, SDO-2, and SDO-3

1-0 SDO_MODE[1:0] R/W 00b These bits select the protocol for reading data from the device.

00b = SDO follows the SPI protocol selected in the SDI_CNTL register
01b = SDO follows the SPI protocol selected in the SDI_CNTL register
but with Early Data Launch feature enabled. See Table 6.

10b = Invalid configuration, not supported by the device

11b = SDO follows the source-synchronous protocol
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7.6.1.4 DATA_CNTL Register (address = 010h) [reset = 00h]
This register configures the contents of the 22-bit output data word (D[21:0]).

Figure 95. DATA_CNTL Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ FPAR_LOC[L:0] | PAR EN DATA VAL
R-Ob R-0b R-Ob R-0b R/W-00b RIW-0b RIW-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 14. DATA_CNTL Register Field Descriptions

Bit Field Type Reset Description
7-4 0 R 0000b Reserved bits. Reads return 0000b.
3-2 FPAR_LOCJ1:0] R/W 00b These bits control the data span for calculating the FTPAR bit (bit D[2] in

the output data word).

00b = D[2] reflects even parity calculated for 4 MSB
01b = D[2] reflects even parity calculated for 8 MSB
10b = D[2] reflects even parity calculated for 12 MSB
11b = D[2] reflects even parity calculated for 16 MSB

1 PAR_EN R/W Ob Ob = Output data does not contain any parity information
D[3]=0
D[2]=0

1b = Parity information is appended to the LSB of the output data
D[3] = Even parity calculated on bits D[21:4]
D[2] = Even parity computed on selected number of MSB of D[21:4]
as per FPAR_LOC]J1:0] setting

See Figure 42 for further details of parity computation.

0 DATA_VAL R/W Ob These bits control bits D[21:4] of the output data word.
Ob = 18-bit conversion output

1b = 18-bit contents of the fixed-pattern registers

See PATN CNTL for more details.
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7.6.1.5 PATN_LSB Register (address = 014h) [reset = 00h]
This register controls the eight LSB of the output pattern when DATA_VAL = 1b; see Figure 99.

Figure 96. PATN_LSB Register

7 6 5 4 3 2 1 0
PATN_LSB BITS
R/W-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 15. PATN_LSB Register Field Descriptions

Bit Field Type Reset Description
7-0 PATN_LSB _BITS R/W 00000000b 8 LSB of the output pattern

7.6.1.6 PATN_MID Register (address = 015h) [reset = 00h]
This register controls the middle eight bits of the output pattern when DATA_VAL = 1b; see Figure 99.

Figure 97. PATN_MID Register

7 6 5 4 3 2 1 0
PATN_MID_BITS
R/W-00000000b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 16. PATN_MID Register Field Descriptions

Bit Field Type Reset Description
7-0 PATN_MID_BITS R/W 00000000b 8 middle bits of the output pattern

7.6.1.7 PATN_MSB Register (address = 016h) [reset = 00h]
This register controls the four MSB of the output pattern when DATA VAL = 1b; see Figure 99.

Figure 98. PATN_MSB Register

7 6 5 4 3 2 1 0
0 0 0 | 0 \ PATN_MSB_BITS
R-0b R-0b R-0b R-0b R/W-0000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 17. PATN_MSB Register Field Descriptions

Bit Field Type Reset Description
7-4 0 R 0000b Reserved bits. Reads return 0000b.
3-0 PATN_MSB_BITS R/W 0000b 4 MSB of the output pattern
< 18-bit pattern >
DATA_PATNI[17:0] P17 P14 P13 P6 P5 PO

e PATN_MSB[3:0}——»l¢————PATN_MID[7:0}——»¢——PATN_LSB[7:2}——>

<+———4-hits———— P>¢————8-hits———— P¢————6-bits—>

Figure 99. DATA_PATN[17:0]
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7.6.1.8 OFST_CAL Register (address = 020h) [reset = 00h]
This register selects the external reference range for optimal offset calibration.

Figure 100. OFST_CAL Register

7 6 5 4 3 2 1 0
0 0 \ 0 | 0 \ 0 | REF_SEL[2:0]
R-Ob R-0b R-Ob R-0b R-Ob R/W-000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 18. OFST_CAL Register Field Descriptions

Bit Field Type Reset Description
7-3 0 R 00000b | Reserved bits. Reads return 00000b.
2-0 REF_SEL[2:0] R/W 000b These bits select the external reference range for optimal offset.

000b = Optimum offset calibration for Vggr = 5.0 V
001b = Optimum offset calibration for Vggg = 4.5 V
010b = Optimum offset calibration for Vggr = 4.096 V
011b = Optimum offset calibration for Vggr = 3.3 V
100b = Optimum offset calibration for Vggg = 3.0 V
101b = Optimum offset calibration for Vggg = 2.5 V
110b = Optimum offset calibration for Vggg = 5.0 V
111b = Optimum offset calibration for Vggg = 5.0 V
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7.6.1.9 REF_MRG Register (address = 030h) [reset = 00h]

This register selects the margining to be added to or subtracted from the reference buffer output; see the
Reference Buffer Module section.

Figure 101. REF_MRG Register

7 6 5 4 3 2 1 0
0 0 | EN_MARG | REF_OFST[4:0]
R-Ob R-0b R/W-0b R/W-00000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 19. REF_MRG Register Field Descriptions

Bit Field Type Reset Description
7-6 0 R 00b Reserved bits. Reads return 00b.
5 EN_MARG R/W Ob This bit enables margining feature.

Ob = Margining is disabled
1b = Margining is enabled

4-0 REF_OFST[4:0] R/W 00000b | These bits select the reference offset value as per Table 20.

Table 20. REF_OFST[4:0] settings

REF_OFST[4:0] AVgrersurout (typical @)
00000b 0mv
00001b 280 pv
00010b 580 pv
00011b 840 pv
00100b 1.12 mvV
00101b 1.4 mvV
00110b 1.68 mv
00111b 1.96 mv
01000b 2.24mV
01001b 2.52 mV
01010b 2.8mVv
01011b 3.08 mv
01100b 3.36 mV
01101b 3.64 mV
01110b 3.92mv
01111b 42mv
10000b —45mV
10001b —4.22 mV
10010b -3.94mv
10011b -3.66 mV
10100b -3.38mv
10101b -3.1mv
10110b —2.82mV
10111b —2.54mV
11000b —2.26 mV
11001b -1.98 mv
11010b -1.7mV
11011b -1.42 mv
11100b -1.14 mv
11101b -860 pvV
11110b —580 uv
11111b —280 pv

(1) The actual VrRersurouT Value may vary by £10% from Table 20
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8 Application and Implementation

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

8.1 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 presents general principles for designing these circuits, followed by an application circuit designed using
the ADS891xB.

8.1.1 ADC Reference Driver

The external reference source must provide low-drift and very accurate voltage at the REFIN pin of the
ADS891xB. The output broadband noise of most references can be in the order of a few hundred pVyys.
Therefore, to prevent any degradation in the noise performance of the ADC, appropriately filter the output of the
voltage reference by using a low-pass filter with a cutoff frequency of a few hundred hertz.

The internal reference buffer of the ADS891xB provides the dynamic load posed on the REFBUFOUT pin during
the conversion process. Decouple the REFBUFOUT pin with the REFM pin using the recommended Crgrgyr and
Resr. See the Layout section for layout recommendations.

8.1.2 ADC Input Driver

The input driver circuit for a high-precision ADC mainly consists of two parts: a driving amplifier and a charge
kickback filter. The amplifier is used for signal conditioning of the input signal and the low output impedance of
the amplifier provides a buffer between the signal source and the switched capacitor inputs of the ADC. The
charge kickback filter helps attenuate the sampling charge injection from the switched-capacitor input stage of
the ADC, and band-limits 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 the ADS891xB.

8.1.2.1 Charge-Kickback Filter

The charge-kickback filter is an RC filter at the input pins of the ADC that filters the broadband noise from the
front-end drive circuitry, and attenuates the sampling charge injection from the switched-capacitor input stage of
the ADC. A filter capacitor, Cg 1, is connected from each input pin of the ADC to the ground (as shown in
Figure 102). This capacitor helps reduce the sampling charge injection and provides a charge bucket to quickly
charge the internal sample-and-hold capacitors during the acquisition process. Generally, the value of this
capacitor must be at least 20 times the specified value of the ADC sampling capacitance. For the ADS891xB, the
input sampling capacitance is equal to 60 pF; therefore, for optimal performance, keep Cg 1 greater than 1.2 nF.
This capacitor must be a COG- or NPO-type. The type of dielectric used in COG or NPO ceramic capacitors
provides the most stable electrical properties over voltage, frequency, and temperature changes.

Recr
220

ANV _T_
Crur
Revr

10 nF
ADS89xxB
220

NV
—T— Crir

10 nF

Figure 102. Charge Kickback Filter Configuration
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Application Information (continued)

Driving capacitive loads can degrade the phase margin of the input amplifier, 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 helps with amplifier stability, 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 Rg 1 requires balancing the stability of the
driver amplifier and distortion performance of the design. Always verify the stability and settling behavior of the
driving amplifier and charge-kickback filter by TINA-TI™ SPICE simulation. Keep the tolerance of the selected
resistors less than 1% to keep the inputs balanced.

8.1.2.2 Input Amplifier Selection

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

» Small-signal bandwidth. Select the small-signhal 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 ADC sample-and-hold capacitor and the
RC filter (Charge-Kickback Filter) at the inputs of the ADC. Higher bandwidth amplifiers offer faster settling
times while driving the capacitive load of the charge-kickback filter, thus reducing harmonic distortion at
higher input frequencies. In order to maintain the overall stability of the input driver circuit, select the amplifier
with a unity gain bandwidth (UGB) as described in Equation 16:

UGB > 4 x 1
272 x Repr x Cpy

(16)

» Distortion. Both the ADC and the input driver introduce distortion in a data acquisition block. To make sure
that the distortion performance of the data acquisition system is not limited by the front-end circuit, the
distortion of the input driver must be at least 10 dB less than the distortion of the ADC, as shown in
Equation 17.

THD pyp < THDpe — 10(dB) 17)

» Noise. Noise contribution of the front-end amplifiers must be as low as possible to prevent any degradation in
SNR performance of the system. Generally, to make sure 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 must 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, charge-kickback filter, as explained in Equation 18.

2

\Vi SNR(dB)
AMP_PP 1= %0
Ng X\/EX %_—_ +er21_RMSXng—3dB < lxhxlo[ 20 J

6.6 T 5 J2

where:

* Vit amp_pp is the peak-to-peak flicker noise in pv

* e, rus is the amplifier broadband noise density in nV/\NHz

o f_34g is the 3-dB bandwidth of the charge-kickback filter

* Ng is the noise gain of the front-end circuit that is equal to 1 in a buffer configuration (18)

» Settling Time. For dc signals with fast transients that are common in a multiplexed application, the input signal

must settle within an 18-bit accuracy at the device inputs during the acquisition time window. This condition is
critical to maintain the overall linearity performance of the ADC. Typically, amplifier data sheets specify the
output settling performance only up to 0.1% to 0.001%, which may not be sufficient for the desired 18-bit

accuracy. Therefore, always verify the settling behavior of the input driver by TINA-TI SPICE simulations
before selecting the amplifier.
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8.2 Typical Application

8.2.1 Data Acquisition (DAQ) Circuit for Lowest Distortion and Noise Performance With Differential Input

sy ADS89xxB
1kQ REFIN | REFBUFOUT
Vin Vour * BUF
1uF | REF5045 010 10 pF I 010
T GND 10 yF 22 uF
Y REFM i
% RVDD
[|1nF pe
|| 1uF
1kQ | 1 “F A 4
DECAP
oy LDO
1kQ
——AAN—4 - 220Q
AN—9
+ 10 nF v
VCM
@ 112y % OPA2625 onr ADC «—>
n
¥ 220 GND
1kQ ANN—

| |1 nF
I
Figure 103. Differential-Input DAQ Circuit for Lowest Distortion and Noise Using the ADS891xB

8.2.1.1 Design Requirements
For this example, the design parameters are listed in Table 21.

Table 21. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
ADC sample rate Maximum-specified throughput
Input signal 2-kHz input, 4.5-Vpp fully differential
Noise performance, SNR > 101-dB
Distortion, THD <-120-dB
Linearity, INL < +1-LSB,
Reference 45V
Power supply < 5.5-V analog, 3.3-V /O

8.2.1.2 Detailed Design Procedure

The application circuit is illustrated in Figure 103. For simplicity, power-supply decoupling capacitors are not
shown in these circuit diagrams; see the Power-Supply Recommendations section for suggested guidelines.

The reference voltage of 4.5 V is generated by the high-precision, low-noise REF5045 circuit. The output
broadband noise of the reference is heavily filtered by a low-pass filter with a 3-dB cutoff frequency of 16 Hz.
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Generally, the distortion from the input driver must be at least 10 dB less than the ADC distortion. The low-power
OPA2625 (a high-bandwidth, low-distortion, high-precision amplifier in an inverting gain configuration) as an input
driver provides exceptional ac performance because of its extremely low-distortion and high-bandwidth
specifications. The distortion resulting from variation in the common-mode signal is eliminated by using the
OPAZ2625 in an inverting gain configuration. To exercise the complete dynamic range of the device, the common-
mode voltage at the ADS891xB inputs is established at a value of 2.25 V (4.5 V / 2) by using the noninverting
pins of the OPA2625 amplifiers. In addition, the components of the charge kickback filter keep the noise from the
front-end circuit low without adding distortion to the input signal.

For a complete schematic, see the ADS8910BEVM-PDK user's guide located in the ADS8910B SAR Analog to
Digital Converter Evaluation Module web folder at www.ti.com.

A simialr circuit is used in reference design TIPD211, a step-by-step process to design a 20-Bit, 1-MSPS, 4-Ch
Small Form Factor Design for Test and Measurement Applications using four ADS8900B SAR ADCs, four
OPA2625 precision amplifiers and one REF5050 precision reference.

o For step-by-step design procedure, circuit schematics, bill of materials, PCB files, simulation results, and test
TIPrecision results, refer to Tl Precision Design TIPD211, 18-Bit, 1-MSPS, 4-Ch Small Form Factor Design for Test and
Measurement Applications (TIDUBW?7).

8.2.1.3 Application Curves

0.5 0
0.4
~ 03
@ -50
4 02
) )
T s
£ ol S 100
§ l d oy .l £
S oa £
® <
:';’ -0.2
2 -150
= 03
-0.4
-0.5 -200
-131072 131071 0 100 200 300 400 500
ADC Output Code fin, Input Frequency (kHz)
18-bit NMC DNL, +0.3-LSB INL fin = 2 kHz, 101.2-dB SNR, —124-dB THD
Figure 104. Typical Linearity Figure 105. Noise-Performance FFT Plot - ADS8910B
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Figure 106. Noise-Performance FFT Plot - ADS8912B Figure 107. Noise-Performance FFT Plot - ADS8914B
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8.2.2 DAQ Circuit With FDA Input Driver and Single-Ended or Differential Input

5V ADS89xxB
1kQ REFIN | REFBUFOUT
Vin Vour AAvAY BUF
1uF | REF5045 01Q 10 uF ]
- GND -
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1nF Copyright © 2017, Texas Instruments Incorporated

22 uF

Figure 108. DAQ Circuit With FDA Input Driver and Differential Input

iy ADS89xxB
1kQ REFIN | REFBUFOUT
VIN VOUT ’V\/\/ BUF
1uF | REF5045 010 10 uF T 010
— GND T
10 yF
T 22 yF
€7 oy REFM
T RVDD
| |1 nF J—l uF
I LHE | pecap
1kQ LDO
Y
——10nF ADC >
GND

1kQ
—\V\W\—o

| |1nF
I

8.2.3 Design Requirements
For this example, the design parameters are listed in Table 22.
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Figure 109. DAQ Circuit With FDA Input Driver and Single-Ended Input
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Table 22. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
ADC sample rate Maximum-specified throughput
Input signal 2-kHz input, +4.5-Vpp fully differential and +4.5-Vpp single-ended bipolar signal
Noise performance, SNR > 101-dB
Distortion, THD <-120-dB,
Linearity, INL < +1-LSB
Reference 45V
Power supply < 5.4-V analog, 3.3-V /O

8.2.4 Detailed Design Procedure

The application circuits are shown in Figure 108 and Figure 109. In both applications, the input signal is
processed through a high-bandwidth, low-distortion, fully-differential amplifier (FDA) designed in a gain of 1 V/V
and a low-pass RC filter before going to the ADC.

The reference voltage of 4.5 V generated by the high-precision, low-noise REF5045 circuit. The output
broadband noise of the reference is heavily filtered by a low-pass filter with a 3-dB cutoff frequency of 16 Hz.

Generally, the distortion from the input driver must 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 FDA in an inverting gain
configuration that establishes a fixed common-mode level for the circuit. This configuration also eliminates the
requirement of a rail-to-rail swing at the amplifier input. Therefore, these circuits use the low-power THS4551 as
an input driver that provides exceptional ac performance because of its extremely low-distortion and high
bandwidth specifications. In addition, the components of the charge kickback filter keep the noise from the front-
end circuit low without adding distortion to the input signal.

The circuit in Figure 108 shows a fully-differential data acquisition (DAQ) block optimized for low distortion and
noise using the THS4551 and ADS891xB. This front-end circuit configuration requires a differential signal at the
input of the FDA and provides a differential output to drive the ADC inputs. The common-mode voltage of the
input signal provided to the ADC is set by the Vgem pin of the THS4551 (not shown in Figure 108). To use the
complete dynamic range of the ADC, Vocpm can be set to Vger / 2 by using a simple resistive divider.

The circuit in Figure 109 shows a single-ended to differential DAQ block optimized for low distortion and noise
using the THS4551 and the ADS891xB. This front-end circuit configuration requires a single-ended bipolar signal
at the input of the FDA and provides a fully-differential output to drive the ADC inputs. The common-mode
voltage of the input signal provided to the ADC is set by the Vgcm pin of the THS4551 (not shown in Figure 109).
To use the complete dynamic range of the ADC, Vocm can be set to Vger / 2 by using a simple resistive divider.

8.2.5 Application Curves

1 1
~ 0.6 ~ 0.6
m m
0 0
= =
> >
3 s
2 2
IS s
o o
b4 b4
T T
<3 <3
2 2
= .06 =

-1 -1

-131072 131071 -131072 131071
ADC Output Code ADC Output Code
18-bit NMC DNL, +0.25-LSB INL 18-bit NMC DNL, +0.4-LSB INL
Figure 110. Typical Linearity, Differential Input Figure 111. Typical Linearity, Single-Ended Input
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Figure 112. Noise-Performance FFT Plot: ADS8910B, Figure 113. Noise-Performance FFT Plot: ADS8910B,
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Figure 116. Noise-Performance FFT Plot: ADS8914B, Figure 117. Noise-Performance FFT Plot: ADS8914B,
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9 Power-Supply Recommendations

The devices have two separate power supplies: RVpp and DVpp. The internal reference buffer and the internal
LDO operate on RVpp. The ADC core operates on the LDO output (available on the DECAP pins). DVpp is used
for the interface circuits. RVpp and DVpp can be independently set to any value within their permissible ranges.
During normal operation, if RVpp supply drops below the RVpp minimum specification, ramp the RVpp supply
down to < 0.7 V before power-up. During power-up, RVpp must rise monotonically to the recommended minimum
operating voltage.

The RVpp supply voltage value defines the permissible range for the external reference voltage Vggr 0n REFIN
pin as:
2.5V £ Vger < (RVpp —0.3) V (19)

Place a 10-uF decoupling capacitor between the RVDD and GND pins, and between the DVDD and GND pins,
as shown in Figure 118. Use a minimum 1-pF decoupling capacitor between the DECAP pins and the GND pin.

ADS89xxB

LI;B_‘J
RVDD B

I DECAP

RVop

A

y
LDO

h 4 DVpp

10 yF

DVDD
GND 10 uF

.l 1
e

Figure 118. Power-Supply Decoupling
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10 Layout

10.1 Layout Guidelines

This section provides some layout guidelines for achieving optimum performance with the ADS891xB device
family.

10.1.1 Signal Path

As illustrated in Figure 119, the analog input signals are routed in opposite directions to the digital connections.
The reference decoupling components are kept away from the switching digital signals. This arrangement
prevents noise generated by digital switching activity from coupling to sensitive analog signals.

10.1.2 Grounding and PCB Stack-Up

Low inductance grounding is critical for achieving optimum performance. Grounding inductance is kept below 1
nH with 15-mil grounding vias and a printed circuit board (PCB) layout design that has at least four layers. Place
all critical components of the signal chain on the top layer with a solid analog ground from subsequent inner
layers to minimize via length to ground.

For lowest inductance grounding, connect the GND pins of the ADS891xB (pin 11 and pin 15) directly to the
device thermal pad and place at least four 8-mil grounding vias on the device thermal pad.

10.1.3 Decoupling of Power Supplies

Place the decoupling capacitors on RVpp, the LDO output, and DVpp within 20 mil from the respective pins, and
use a 15-mil via to ground from each capacitor. Avoid placing vias between any supply pin and the respective
decoupling capacitor.

10.1.4 Reference Decoupling

Dynamic currents are also present at the REFBUFOUT and REFM pins during the conversion phase, and
excellent decoupling is required to achieve optimum performance. Place a 22-uF, X7R-grade, ceramic capacitor
with at least 10-V rating and an ESR of 1-Q between the REFBUFOUT and the REFM pins, as illustrated in
Figure 119. Select 0603- or 0805-size capacitors to keep equivalent series inductance (ESL) low. Connect the
REFM pins to the decoupling capacitor before a ground via.

10.1.5 Differential Input Decoupling

Dynamic currents are also present at the differential analog inputs of the ADS891xB. Use COG- or NPO-type
capacitors to decouple these inputs because with these type of capacitors, capacitance stays almost constant
over the full input voltage range. Lower-quality capacitors (such as X5R and X7R) have large capacitance
changes over the full input-voltage range that may cause degradation in the performance of the device.
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10.2 Layout Example
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Figure 119. Recommended Layout
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:
+ ADSB8910BEVM-PDK User's Guide (SBAU268)

» Enabling Faster, Smarter, and More Robust System Solutions for SAR ADCs With TI's multiSPI™ Digital
Interface

» Ultrasound CW Doppler Summing and 20-bit True Raw Data Conversion Reference Design
» 20-Bit, 1-MSPS, 4-Ch Small Form Factor Design for Test and Measurement Applications Reference Design
» 20-Bit, 1-MSPS Isolator Optimized Data Acquisition Reference Design Maximizing SNR and Sample Rate

* A 20-bit,2 MSPS Isolated Data Acquisition (DAQ) Reference Design Optimizing Jitter for Maximum SNR and
Sample Rate

» Simplify Isolation Designs Using an Enhanced-SPI ADC Interface
e Optimizing Data Transfer on High-Resolution, High Throughput Data Converters
e Improving Input Settling for Precision Data Converters

e OPAXx625 High-Bandwidth, High-Precision, Low THD+N, 16-Bit and 18-Bit Analog-to-Digital Converter (ADC)
Drivers Data Sheet

» REF5050 Low-Noise, Very Low Drift, Precision Voltage Reference Data Sheet
» THS4551 Low Noise, Precision, 150MHz, Fully Differential Amplifier
11.2 Related Links

The following table lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

Table 23. Related Links

PARTS PRODUCT FOLDER ORDER NOW J(IDE(C::SI\N/IE:I\?TLS S-(I-)(ID:('I?\II_VSAgE (S:SII\DA';A%T\]-II-T%(
ADS8910B Click here Click here Click here Click here Click here
ADS8912B Click here Click here Click here Click here Click here
ADS8914B Click here Click here Click here Click here Click here

11.3 Receiving Notification of Documentation Updates

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

11.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
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11.5 Trademarks

multiSPI, TINA-TI, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.6 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.
11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)

ADS8910BRGER ACTIVE VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 8910B Samples
& no Sh/Br) =

ADS8910BRGET ACTIVE VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 8910B Samples
& no Sh/Br) =

ADS8912BRGER ACTIVE VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 8912B Samples
& no Sh/Br)

ADS8912BRGET ACTIVE VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 8912B
& no Sh/Br) —

ADS8914BRGER ACTIVE VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 8914B Eamnles
& no Sh/Br) —

ADS8914BRGET ACTIVE VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 8914B Samples
& no Sh/Br) =

@ 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. TI 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.

@ 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.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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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
O O O O OO O O O 0778procket 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)
ADS8910BRGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
ADS8910BRGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
ADS8912BRGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
ADS8912BRGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
ADS8914BRGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
ADS8914BRGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS8910BRGER VQFN RGE 24 3000 367.0 367.0 35.0
ADS8910BRGET VQFN RGE 24 250 210.0 185.0 35.0
ADS8912BRGER VQFN RGE 24 3000 367.0 367.0 35.0
ADS8912BRGET VQFN RGE 24 250 210.0 185.0 35.0
ADS8914BRGER VQFN RGE 24 3000 367.0 367.0 35.0
ADS8914BRGET VQFN RGE 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

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

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

@ d 4.1 ]
1 3.9 ‘
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PIN 1 INDEX AREA 3.9
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T g Floos@le

4219016 / A 08/2017

NOTES:

1. Alllinear 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

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
| (3.825) |
| ———4444447(527) |
| |
-k 580880
24X (0.24) \

T,i,,
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4219016 /A 08/2017

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

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
- (3.825) -
i 4X (11.188) ‘
i 24 19 i
- 500000
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
78% PRINTED COVERAGE BY AREA
SCALE: 20X

4219016/ A 08/2017

NOTES: (continued)

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

design recommendations..

INSTRUMENTS

www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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