Technical
documentation

'E Ordering &

quality

i3 TEXAS
INSTRUMENTS

Design &
development

E Support &
training

ADS9813
JAJSPF5 — APRIL 2024

ADS9813 7F A&/ 7AYbM ITVRARE. 18 Ew ., 2MSPS, 8 Fv¥ 1), E
BY > 71U >4 ADC

15K

s Tmr TarhmU RO 8 Fr b, 18 Bk
ADC:
- Ry TV
IMQ BEA A E—F L ADT7rr bR
o TmJIAR[EERT s A FA
+12V. +10V, 27V, 5V, +3.5V, +2.5V
T NVEURBIOEEI AT
[FIFEE— R LI : £12V
— AJNEEERE: ok 18V
o TmJ AR o — Y — 3
— 21kHz & 400kHz
o [KRUZNOEREY 7 7L A% N :
— ADC VU777l %:4.096V
— AEBEIEE O 2.5V V7 7L A )
o INAN—TNTOIEFITENT- AC BLODC 4
BE:
— DNL:+0.35LSB. INL:+1LSB
— [E 5% M5 92.3dBFS, THD:—114dB
. EEIR:
— THulBIOF VL5V BL 1.8V
- FUHN A B —T A A:1.2V~1.8V
o JRFEFIPH :-40°C~+125°C
27U —=3>
o CPERT AL
o 7usI<7 /L DC EJE
o NIANYZREL=yH (PMU)

ERATEE :

Dynamic Input
Signal Support
AINxP and AINxM

Differential with
wide input

AVDD_5V =4.75V to 5.25 V

3=

ADS9813 1%, A7V 18 B DB Ll
(SAR) A/D = /3x—% (ADC) #fEHL7= 8 FX¥ /DT
—4% T4V ar (DAQ) AT LT, ADS9813 13,
AN IZ o T EDFERRT I rr 7ushxz R (AFE)
EEF v RNVIAHRZ TODBIEZ R EL TWES, Fiz.
IMQ DANALE—F AL 22— —RIRI A REAR
WA avwzl-7ars<~7 N 54y T
(PGA) LEHR T, ATTALE—F U ARE WD,
P ROA g & TE L AMPT OR T ANE B
EhHER A, A #12V DA NFHEEED. £12V.,
+10V. 27V, £5V. +3.5V, +2.5V AR —F AN %&=%1F
ANDHEHIZ ADS9813 ZHERLL £7,
1.2V ~ 1.8V TOEHEEL VR — DT VXL A H2—
T ARZEY, ADS9813 T4 EREE EL ~ LA LT
R CcEET,
Ny r—JE8R
PRir— (1)
RSH (VQFN, 56)

Rolr—9 A X2

7mm X 7mm

g
ADS9813

(1) FEMIZOWTIE, TAB=TL R —T BIXOVESUEHR 25

LTI,
(2) 7=V AR (RS x B) IZATMETHY, 34T 55613

UHEENET,

T ks

B ES SPEED RS
ADS9813 2MSPS /[ Fyx/L  |220mW
ADS9811 1MSPS / F ¥ 1/V 160mW

VDD_1V8 =175V to 1.85V REFIO IOVDD=1.15Vt0 1.85V

Bipolar Differential Unipolar

common-mode
| voltage

Oo—
ADC Reference N
4.096 V

| 1MQ
I

*3.5V o 5v

| | | | DCLKOUT
' ' ' ' I 1MQ FCLKOUT
AINTP User- Data DO
2V selectable ADC > Interface D1
Multiple analog input a LPF D2
e ANiM o

8 CHANNELS

T AINSM
Optimum

SNR for

multiple

cs
User SCLK
25V Registers SDI/EXTREF
SbO

REFOUT_2V5

FTNAZADTOvHHE

2 ZOVY—ADTED S FHITHFET Y, TR ELE TR 260 T, ALY —/L (BREIER) 2L CWODZEBY, TI TIERIRRO EMEMEB L 0% Y

PEIZOFEL U —UIRGEN e L EE A, ERROR G2 E ORIIC

I3, ti.com TUT R OUGERE Z B MTZSNET IO BN ZLET,

English Data Sheet: SBASAQ6

§%§ﬂ|

ADVANCE INFORMATION


https://www.ti.com/solution/semiconductor-test
https://www.ti.com/solution/programmable-dc-power-supply
https://www.ti.com/solution/parametric-measurement-unit-pmu
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/ja-jp/lit/pdf/JAJSPF5
https://www.ti.com/product/ja-jp/ADS9813?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/ADS9813?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/ADS9813?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/ADS9813?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SBASAQ6

NOILVINYOANI 3ONVAQV

I3 TEXAS
ADS9813 INSTRUMENTS
JAJSPF5 — APRIL 2024 www.ti.com/ja-jp
Table of Contents
L 1 7 Register Map.............cccooii 32
2 T U= B s 1 7.1 Register Bank 0 ... 32
B 1 7.2 Register Bank 1 ......oooiiiiiiie e 35
4 Pin Configuration and Functions................ccccocvve...... 3 7.3 Register Bank 2 ..........coccviiiieiiiiiieee e 45
5 SPECITICAtIONS. .........oeveeeeeeeeeeeeeeeeeeeee e seeer e 5 8 Application and Implementation.................................. 47
5.1 Absolute Maximum Ratings.............c.cwewereeeererrrerrnenn. 5 8.1 Application Information...........ccccovcvreiiiiineeciieee 47
5.2 ESD RAUNGS. c...eeeeeeeeeeeeeeeeeeeeseeeeseeseesesesseeeeeeenen 5 8.2 Typical Application...........cccoeveiiniiiiniee e 47
5.3 Recommended Operating Conditions......................... 6 8.3 Power Supply Recommendations............cccccecvvennee. 50
5.4 Thermal INformation ... 6 8.4 LayOUL. ... 51
5.5 Electrical Characteristics. ... 7 9 Device and Documentation Support............................ 52
5.6 Timing Requirements............ccocveeveeeeeeeeeneeeeeas 10 9.1 FX o AU MO ZZITED T e 52
5.7 Switching Characteristics.............cccccoeveveieeieerennn, 1 9.2 MR =B UV =R e 52
5.8 Timing Diagrams..........cccccceveeeiiieeeeiiee e 11 9.3 Trademarks...........ccceeviiieriee e 52
5.9 Typical CharacteristiCs............cccvevveieieiieeierieieenns 14 9.4 Bl RN EICB T AIERE T H e 52
6 Detailed Description.................c.coooiii 18 9.5 FHREEE oo s 52
6.1 OVEIVIBW......ooviieiiii 18 10 Revision History...............ccocoooiiiiiiiiciccee 52
6.2 Functional Block Diagram...........cccccueeeriveeiieeennnennn. 18 11 Mechanical, Packaging, and Orderable
6.3 Feature Description...........cccovveeieeviienie e 19 INFOrmMation..............c..cooeeiiiiiece e 52
6.4 Device Functional Modes............c.cooeiniiiiinininnn. 26 11.1 Mechanical Data.........ccccccoeeieiiricee e 53
6.5 Programming..........ccceeeeeeiiiieeee e 28
2 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: ADS9813

English Data Sheet: SBASAQ6


https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/ja-jp/lit/pdf/JAJSPF5
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF5&partnum=ADS9813
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/lit/pdf/SBASAQ6

13 TEXAS

INSTRUMENTS

www.ti.com/ja-jp

ADS9813
JAJSPF5 — APRIL 2024

4 Pin Configuration and Functions
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B 4-1. RSH Package, 56-Pin VQFN (Top View)
£ 4-1. Pin Functions
PIN
TYPE(") DESCRIPTION
NAME NO.
AINTM 55 Al Analog input channel 1, negative input.
AIN1P 54 Al Analog input channel 1, positive input.
AIN2M 2 Al Analog input channel 2, negative input.
AIN2P 1 Al Analog input channel 2, positive input.
AIN3M 4 Al Analog input channel 3, negative input.
AIN3P 3 Al Analog input channel 3, positive input.
AIN4M 6 Al Analog input channel 4, negative input.
AIN4P 5 Al Analog input channel 4, positive input.
AIN5M 10 Al Analog input channel 5, negative input.
AIN5SP 9 Al Analog input channel 5, positive input.
AIN6M 12 Al Analog input channel 6, negative input.
AIN6P 11 Al Analog input channel 6, positive input.
AIN7M 14 Al Analog input channel 7, negative input.
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 3
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£ 4-1. Pin Functions (#i%)

PIN
TYPE(") DESCRIPTION
NAME NO.
AIN7P 13 Al Analog input channel 7, positive input.
AIN8M 17 Al Analog input channel 8, negative input.
AIN8P 16 Al Analog input channel 8, positive input.
AVDD_5V 15, 56 P 5V analog supply. Connect 1uF and 0.1uF decoupling capacitors to GND.
s 25 DI Chip-select input for the SPI interface configuration; active low. This pin has an internal
100kQ pullup resistor to IOVDD.
DO 34 DO Serial output data lane 0.
D1 35 DO Serial data output lane 1.
D2 36 DO Serial data output lane 2.
D3 37 DO Serial data output lane 3.
DCLKOUT 33 DO Clock output for the data interface.
FCLKOUT 40 DO Frame synchronization output for the data interface.
GND 7,23, 46 P Ground.
IOGND 29,42 P Ground for the digital interface. Connect to ground externally.
|OVDD 30, 41 = (Dalr?j:;al 1/0O supply for the data interface. Connect 1uF and 0.1uF decoupling capacitors to
NC 20, 385139‘ 50, — Not connected. No external connection.
PWDN 32 DI Power-down control; active low. PWDN has an internal 100kQ pullup resistor to the digital
interface supply.
REFIO acts as an internal reference output when the internal reference is enabled. REFIO
REFIO 52 AI/AO |functions as an input pin for the external reference when the internal reference is disabled.
Connect a 10pF decoupling capacitor to the REFM pins.
REFM 8, 18, 53 Al Reference ground potential. Connect to GND.
REFOUT_2V5 19 AO 2.5V reference output. Connect a decoupling 10uF capacitor to the REFM pins.
Reset input for the device; active low. RESET has an internal 100kQ pullup resistor to the
RESET 31 DI o
digital interface supply.
Serial clock input for the configuration interface. SCLK has an internal 100kQ pulldown
SCLK 26 DI ) S
resistor to the digital interface ground.
SDI is a multifunction logic input. Pin function is determined by the SPI_EN pin. SDI has an
internal 100kQ pulldown resistor to GND.
R SPI_EN = 0b: SDI is the logic input to select between the internal or external reference.
SDIVEXTREF 27 DI Connect SDI to GND for the external reference. Connect SDI to IOVDD for the internal
reference.
SPI_EN = 1b: Serial data input for the configuration interface.
SDO 28 DO Serial data output for the configuration interface.
SMPL CLKM 43 DI Connect SMPL_CLKM to GND for a single-ended ADC sampling clock input. SMPL_CLKM
- is the negative input for the differential sampling clock input to the ADC.
SMPL_CLKP 44 DI Slngle_-ended A_DC sampling clock input. SMPL_CLKP is the positive input for the differential
sampling clock input to the ADC.
Synchronization input. See the Synchronizing Multiple ADCs section on how to use the
SMPL_SYNC 45 DI SMPL_SYNC pin.
SPI EN 24 DI Logic input to enable the SPI interface configuration (CS, SCLK, SDI, and SDO). SPI_EN
- has an internal 100kQ pullup resistor to the digital interface supply.
VvDD_1V8 21, 22"137‘ 48, P 1.8V power-supply. Connect 1yF and 0.1uF decoupling capacitors to GND.
Thermal pad — P Exposed thermal pad; connect to GND.

(1)

| = input, O = output, I/O = input or output, G = ground, and P = power.
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5 Specifications
5.1 Absolute Maximum Ratings

over operating ambient temperature range (unless otherwise noted)("

MIN MAX UNIT
AVDD_5V to GND -0.3 6 \Y
VDD_1V8 to GND -0.3 21 \Y
10VDD to GND -0.3 21 \Y
AINxP and AINxM to GND -18 18 \Y
REFIO to REFM REFM - 0.3 AVDD_5V +0.3 \Y
REFM to GND GND-0.3 GND +0.3 \
IOGND to GND GND-0.3 GND +0.3 \
Digital inputs to IOGND IOGND - 0.3 2.1 \Y
Input current to any pin except supply pins( -10 10 mA
Junction temperature, T, -40 150 °C
Storage temperature, T -60 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Limit pin current to 10mA or less.

5.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(" +2000

V(esp) Electrostatic discharge |Charged device model (CDM), per JEDEC specification JESD22-C101, all 4500 \Y
pins® =

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

Copyright © 2024 Texas Instruments Incorporated
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5.3 Recommended Operating Conditions

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT

POWER SUPPLY
AVDD_5V Analog power supply AVDD_5V to GND 4.75 5 5.25 Vv
VDD_1V8 Power supply VDD_1V8 to GND 1.75 1.8 1.85 \
I0VDD Digital interface power supply IOVDD to IOGND 1.15 1.8 1.85 \Y
REFERENCE VOLTAGE
VRer Reference voltage to the ADC External reference 4.092 4.096 4.100 \%
ANALOG INPUTS

-2.5 25

-3.5 3.5
VEsr Full-scale input range _i i \%

-10 10

-12 12
Anip | Opereing ot votege ul v
AINXM S:;?Sg?{:gﬁ:‘t voltage, 14 14| v
TEMPERATURE RANGE
Ta ‘ Ambient temperature —40 25 125 °C
5.4 Thermal Information

ADS981x
THERMAL METRIC(") RSH (VQFN) UNIT
56 PINS

Resa Junction-to-ambient thermal resistance 23.2 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 10.5 °C/W
Raus Junction-to-board thermal resistance 6.1 °C/W
Wr Junction-to-top characterization parameter 0.1 °C/W
Y Junction-to-board characterization parameter 6.0 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 0.9 °C/W

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

at AVDD_5V = 4.75V to 5.25V, VDD_1V8 = 1.75V to 1.85V, IOVDD = 1.15V to 1.85V, Vger = 4.096V (internal or external),
and maximum throughput (unless otherwise noted); minimum and maximum values at Tp = —40°C to +125°C; typical values

at Tp =25°C
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
ANALOG INPUTS
Rin Input impedance All input ranges 0.85 1 1.15 MQ
Input impedance thermal drift All input ranges 10 25| ppm/°C
Input capacitance 10 pF
ANALOG INPUT FILTER
Low-bandwidth filter, all input ranges 21
Wide-bandwidth filter, input range = +2.5V 182
Wide-bandwidth filter, input range = +3.5V 240
BW s q) 63”3';9 input LPF bandwidth ;40 ndwidth filter, input range = £5V 320 KHz
Wide-bandwidth filter, input range = +7V 400
Wide-bandwidth filter, input range = £10V 385
Wide-bandwidth filter, input range = £12V 375
DC PERFORMANCE
Resolution No missing codes 18 Bits
DNL Differential nonlinearity Wide CM enabled and disabled, all ranges -0.99 +0.5 0.99| LSB
Wide CM enabled and disabled, all ranges, Tp .
INL Integral nonlinearity \=N0;C g)M70°C - - = N
Y |_4€0-°C toe:lgglgd and disabled, all ranges, Tp 45 +15 45 LSB
Wide CM disabled, range = 2.5V =175 +90 175
Wide CM enabled, range = 2.5V +120
Wide CM disabled, range= +3.5V -100 60 100
Wide CM enabled, range= +3.5V +80
Offset error Wide CM disabled, range = +5V -50 +10 50| LSB
Wide CM enabled, range = +5V +60
Wide CM enabled, range = +7V -100 +35 100
Wide CM enabled, range = +10V -50 +10 50
Wide CM enabled, range = +12V -75 +15 75
Wide CM disabled, range = +2.5V 0 300 512
Wide CM enabled, range = 2.5V 0 450 750
Wide CM disabled, range = +3.5V 0 150 256
Wide CM enabled, range = +3.5V 0 300 512
Offset error matching Wide CM disabled, range = +5V 0 25 64| LSB
Wide CM enabled, range = +5V 0 175 296
Wide CM enabled, range = +7V 0 100 200
Wide CM enabled, range = +10V 0 25 64
Wide CM enabled, range = +12V 0 35 96
Offset error thermal drift Wide CM enabled and disabled, all ranges 0.5 1.5| ppm/°C
\i{\éi\cie CM disabled, range = +2.5V, 3.5V, and ~130 +48 130
Gain error Wide CM enabled, range = +2.5V, 3.5V, and +100 LSB
15V -
Wide CM enabled, range = 7V, +10V, +12V -130 48 130
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5.5 Electrical Characteristics (¥tX)

at AVDD_5V =4.75V to 5.25V, VDD_1V8 = 1.75V to 1.85V, IOVDD = 1.15V to 1.85V, Vgrgr = 4.096V (internal or external),
and maximum throughput (unless otherwise noted); minimum and maximum values at Tp = —40°C to +125°C; typical values

at Tp =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
\i{\éi\cje CM disabled, range = +2.5V, 3.5V, and 0 +96 200
Gain error matching \i\éi\cje CM enabled, range = +2.5V, +3.5V, and 0 +200 600 LSB
Wide CM enabled, range = 7V, £10V, £12V 0 +96 200
Gain error thermal drift Wide CM enabled and disabled, all ranges 0.7 3| ppm/°C
AC PERFORMANCE
Low-noise filter, fijy = 2kHz, range = 2.5V 86.7 89.5
Low-noise filter, fjy = 2kHz, range = +3.5V 87.8 90.5
Low-noise filter, fjy = 2kHz, range = 5V 88.5 91.4
Low-noise filter, fjy = 2kHz, range = 7V 89.3 91.3
Low-noise filter, fiy = 2kHz, range = £10V 89.9 91.8
Low-noise filter, fjy = 2kHz, range = £12V 90 92
Wide-bandwidth filter, fy = 2kHz, range
SNR Signal-to-noise ratio =$2.5V " 825 dBFS
\=N-i_+d39;-5k<}andwidth filter, fiy = 2kHz, range 80 835
Wide-bandwidth filter, fjy = 2kHz, range = +5V 80.5 84.5
Wide-bandwidth filter, fiy = 2kHz, range = £7V 81.5 83.5
\=Niid1eo-\t;andwidth filter, fiy = 2kHz, range 83 85
\=NLd1e2-\t;andwidth filter, fiy = 2 kHz, range 83.5 85.5
Low-noise filter, fijy = 2kHz, range = 2.5V 85.7 88.9
Low-noise filter, fjy = 2kHz, range = £3.5V 86.7 89.9
Low-noise filter, fjy = 2kHz, range = 5V 87.3 90.7
Low-noise filter, fjy = 2kHz, range = 7V 88.0 90.6
Low-noise filter, fy = 2kHz, range = £10V 88.5 91.1
Low-noise filter, fjy = 2kHz, range = +12V 88.6 91.3
Wide-bandwidth filter, fjy = 2kHz, range
SINAD | Signal-to-noise + distortion ratio |~ +2.5V " ’ 786 822 dB
\=NLd3e.‘-5t\>}e1ndwidth filter, fiy = 2kHz, range 795 83.2
Wide-bandwidth filter, fjy = 2kHz, range = £5V 80.0 84.2
Wide-bandwidth filter, fiy = 2kHz, range = £7V 80.9 83.2
\=Niid1%-\k;andwidth filter, fiy = 2kHz, range 82.3 84.7
\=N-i_+d1ez-\k;andwidth filter, fiy = 2kHz, range 828 85.1
THD Total harmonic distortion Low-noise filter, fiy = 2kHz, all ranges -113 4B
Wide-bandwidth filter, fiy = 2kHz, all ranges -113
SFDR Spurious-free dynamic range fin = 2kHz 113 dB
CMRR Atdc -70 dB
Isolation crosstalk Atdc -100 dB
INTERNAL REFERENCE
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5.5 Electrical Characteristics (¥tX)

at AVDD_5V =4.75V to 5.25V, VDD_1V8 = 1.75V to 1.85V, IOVDD = 1.15V to 1.85V, Vgrgr = 4.096V (internal or external),
and maximum throughput (unless otherwise noted); minimum and maximum values at Tp = —40°C to +125°C; typical values
at Tp =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vegr @ gﬁ%ife”dzg';ﬁpﬂg 1WF capacitor on REFIO pin, T4 = 25°C 4092 4.096 41| v
Reference temperature drift 10 25| ppm/°C
DIGITAL INPUTS
Vi Input low logic level -0.3 0.3 10vDD \Y
\m Input high logic level 0.7 I0VDD I0VDD \Y
Input current -1 0.1 1 MA
Input capacitance 6 pF
LVDS SAMPLING CLOCK INPUT
Vry High-level input voltage 100 mV
V1L Low-level input voltage -100 mV
Viem Input common-mode voltage 0.3 1.2 1.4 \Y
DIGITAL OUTPUTS
VoL Output low logic level loL = 500pA sink 0 0.2 I0vDD \Y
Von Output high logic level lon = 500pA source 0.8 IOVDD I0VDD \%
POWER SUPPLY
Total power dissipation Maximum throughput 232 304 mwW
Maximum throughput, internal reference 26 32
lavop sv | Supply current from AVDD_5V mA
- Power-down 0.2 2
Maximum throughput, internal reference 50 70
lvop 1vs |Supply current from VDD_1V8 mA
- Power-down 0.2 8
Maximum throughput 7 10
liovbp Supply current from IOVDD mA
Power-down 0.1 2

(1) Does not include the variation in voltage resulting from solder shift effects.
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5.6 Timing Requirements

at AVDD_5V =4.75V to 5.25V, VDD_1V8 = 1.75V to 1.85V, IOVDD = 1.15V to 1.85V, Vger = 4.096V (internal or external),
and maximum throughput (unless otherwise noted); minimum and maximum values at Tp = —40°C to +125°C; typical values

at Tp =25°C

MIN MAX|  UNIT
CONVERSION CYCLE
fsmPL_cLk Sampling frequency 3.6 8 MHz
tsmpL_cLk Sampling time interval 1/ fsmpL_cLk ns
tpL_smPL_cLk SMPL_CLK low time 0.45 tsmpL_cLk  0.55 tsmpL_cLk ns
tpH_smPL_cLk SMPL_CLK high time 0.45 tsmpL_cLk  0.55 tsmpL_cLk ns
SPI INTERFACE TIMINGS (CONFIGURATION INTERFACE)
fscLk Maximum SCLK frequency 20 MHz
tpH_ck SCLK high time 0.48 0.52 toLk
teL_ck SCLK low time 0.48 0.52 tok
thi_cs Pulse duration: CS high 220 ns
t4_csck Delay time: CS falling to the first SCLK capture edge 20 ns
tsu_ckol Setup time: SDI data valid to the SCLK rising edge 10 ns
tht_ckoi Hold time: SCLK rising edge to data valid on SDI 5 ns
to_ckes Delay time: last SCLK falling to CS rising 5 ns
CMOS DATA INTERFACE
tsu_ss Setup time: SMPL_SYNC rising edge to SMPL_CLK falling edge 10 ns
tht_ss Hold time: SMPL_CLK falling edge to SMPL_SYNC high 10 ns

10 BHICHT B 71— I o2 (DERCHRI O Sbd) 2045
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5.7 Switching Characteristics

at AVDD_5V = 4.75V to 5.25V, VDD_1V8 = 1.75V to 1.85V, IOVDD = 1.15V to 1.85V, Vrer = 4.096V (internal or external),
and maximum throughput (unless otherwise noted); minimum and maximum values at Tp = —40°C to +125°C; typical values
at Tp = 25°C
PARAMETER | TEST CONDITIONS | MIN MAX| UNIT
RESET
tpu Power-up time for device ‘ ‘ 25‘ ms
SPI INTERFACE TIMINGS (Configuration Interface)
¢ Delay time: 8" SCLK rising edge to data 29 ns
-den_CKDO enable
¢ Delay time: 24t SCLK rising edge to SDO 50 ns
dz_CKDO going Hi-Z
¢ Delay time: SCLK falling edge to 16 ns
d_CKDO corresponding data valid on SDO
¢ Delay time: SCLK falling edge to previous 2 ns
ht_CKDO data valid on SDO
CMOS DATA INTERFACE
) Data clock outout DDR mode 10
ata clock outpu ns
poLK P SDR mode 20
Clock duty cycle 45 55 %
toff DOLKDO Time offset: DCLK rising to corresponding DDR mode tock/4—1.5 tooLk/ 4 + 1.5 ns
- - data valid
toff DOLKDO Time oﬁ§et: DCLK falling to corresponding DDR mode tooLk/4—1.5 tooLk/ 4 + 1.5 ns
- - data valid
Time delay: DCLK rising to corresponding
td_DCLKDO data valid SDR mode -1 1 ns
Time delay: SMPL_CLK falling edge with
tdeYNCﬁFCLK SYNC signal to corresponding FCLKOUT 3 4 tSMPLﬁCLK
rising edge
5.8 Timing Diagrams
JH*&NCS
— |
o ”7 ‘\
(5] _Lu /_
1 | |
“—P‘f | csck M,CKCSH
‘ ‘ | |
nn ‘ ‘ n
SCLK 1 u 1 2 3 4 5 6 7 8 9 100 11} 12y J13] [14] J15p [16 17| [18| [J1ol [20| [21\ [22| [23|\ (24 L

SDI

SDO

! SDO is active only when readmg registers; Hi-Z otherwise !

5-1. SPI Configuration Interface
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5-2. 4-SDO DDR CMOS Data Interface
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5-3. 2-SDO DDR CMOS Data Interface
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i , Simultaneously sample all analog input channels Simultaneously sample all analog input channels
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5.9 Typical Characteristics

at Tp = 25°C, AVDD_5V =5V, AvDD_1V8 = 1.8V, DVDD_1V8 = 1.8V, internal Vggr = 4.096V, and maximum throughput

(unless otherwise noted)

Differential Nonlinearity (LSB)

2 2

15 15

g 7
= =

= Z 05

£ £ 0
5 s

= Z 05
© ©
g g

E g

-1.5

2 -2

0 65536 131072 196608 262144 0 65536 131072 196608 262144
Output Code Output Code
Typical INL = +1LSB Typical INL = +1.2L.SB
5-6. Typical INL With Low-Noise LPF 5-7. Typical INL With Wide-Bandwidth LPF
1 1
0.75 0.75
0.5

Differential Nonlinearity (LSB)

01 02 05 1 2345710 203050 100 200 5001000

Frequency (kHz)
SNR = 90dBFS, THD =-117.5dB at fjy = 2kHz

5-10. Typical FFT With Low-Bandwidth LPF,
RANGE = 15V

-0.75 -0.75
-1 1
0 65536 131072 196608 262144 0 65536 131072 196608 262144
Output Code Output Code
Typical DNL = £0.35LSB Typical DNL = +0.35LSB
5-8. Typical DNL With Low-Noise LPF 5-9. Typical DNL With Wide-Bandwidth LPF
0 0
-20 -20
-40 -40
@ -60 »  -60
m m
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8 8
g -100 é -100
o [*%
£ 120 £ 120
-140 N -140
-160 | + -160 I
o L | 01 50 |l [

01 02 05 1 2345710 2030 50 100 200 5001000

Frequency (kHz)
SNR = 81.4dBFS, THD =-117.3dB at fjy = 2kHz

5-11. Typical FFT With Wide-Bandwidth LPF,
RANGE = 15V
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5.9 Typical Characteristics (continued)

at Tp = 25°C, AVDD_5V =5V, AvDD_1V8 = 1.8V, DVDD_1V8 = 1.8V, internal Vggr = 4.096V, and maximum throughput
(unless otherwise noted)

Frequency (kHz)
Typical bandwidth (-3dB) = 21.2kHz

%] 5-14. Low-Noise LPF Frequency Response Across Input

5-15. Wide-Bandwidth LPF Frequency Response Across

0 0
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8 8
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SNR =90.2dBFS, THD = -117.6dB at fjy = 2kHz SNR = 83.7dBFS, THD = -121dB at fjy = 2kHz
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RANGE = 10V RANGE = 10V
0 —] 0
= All input
. \\\ | input ranges . \§‘§
™ N NN
12 y -12 ‘\
g 18 \\ g 18 \ix\\
) ] h \\
:5 -24 3 -24
g N 2 \\
<E: -30 N E -30 | — +2.5Vrange
= +3.5 V range \\\
-36 -36 | == +5V range \
\ == +7 V range
-42 -42 | == +10 V range
= +12 V range
-48 -48
1 2 34567 10 20 30 5070100 200 500 1000 10 20 30 4050 70 100 200 300 500 1000 2000

Frequency (kHz)

Frequency (Hz)

5-16. SNR vs Input Signal Frequency Across Input Ranges

With Low-Bandwidth LPF

5-17. SNR vs Input Signal Frequency Across Input Ranges
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5.9 Typical Characteristics (continued)

at Tp = 25°C, AVDD_5V =5V, AvDD_1V8 = 1.8V, DVDD_1V8 = 1.8V, internal Vggr = 4.096V, and maximum throughput

(unless otherwise noted)
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5-18. THD vs Input Signal Frequency Across Input Ranges
With Low-Bandwidth LPF
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5-19. THD vs Input Signal Frequency Across Input Ranges
With Wide-Bandwidth LPF
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5-20. SINAD vs Input Signal Frequency Across Input Ranges
With Low-Bandwidth LPF
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5-21. SINAD vs Input Signal Frequency Across Input Ranges
With Wide-Bandwidth LPF
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5-22. THD vs Input Signal Frequency Across Source
Impedance With Low-Bandwidth LPF, RANGE = 5V
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5-23. THD vs Input Signal Frequency Across Source
Impedance With Wide-Bandwidth LPF, RANGE = 5V
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5.9 Typical Characteristics (continued)

at Tp = 25°C, AVDD_5V =5V, AvDD_1V8 = 1.8V, DVDD_1V8 = 1.8V, internal Vggr = 4.096V, and maximum throughput

(unless otherwise noted)
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5-24. THD vs Input Signal Frequency Across Source
Impedance With Low-Bandwidth LPF, RANGE = 10V
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5-25. THD vs Input Signal Frequency Across Source
Impedance With Wide-Bandwidth LPF, RANGE = 10V
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6 Detailed Description
6.1 Overview

The ADS9813 is an 18-bit data acquisition (DAQ) system with eight analog input channels configurable as either
single-ended or differential. Each analog input channel consists of an input clamp protection circuit and a
programmable gain amplifier (PGA) with user-selectable bandwidth options. The input signals are digitized with
an 18-bit analog-to-digital converter (ADC), based on the successive approximation register (SAR) architecture.
This overall system achieves a maximum throughput of 2MSPS per channel for all channels. The device has a
4.096V internal reference with several features that provide communication with a wide variety of digital hosts.
These features include a fast-settling buffer, a programmable digital averaging filter to improve noise
performance, and a high-speed data interface.

The device operates from 5V and 1.8V analog supplies and accommodates true bipolar input signals. The input
clamp protection circuitry tolerates voltages up to £18V. The device offers a constant 1MQ resistive input
impedance irrespective of the sampling frequency or the selected input range. The ADS9813 offers a simplified
end solution without requiring external high-voltage bipolar supplies and complicated driver circuits.

6.2 Functional Block Diagram

AVDD_5V VDD_1V8

25V REFOUT_2V5

SAR

Prog. LPF ADC

REFIO

4.096 V
VREF

ADC REF

SAR REFM

ADC

Prog. LPF

oo

SAR

Prog. LPF
ADC 10VDD

RESET

PWDN

Prog. LPF /S\SE SMPL_CLK
SMPL_SYNC

Digital logic DCLKOUT
and
Data Interface FCLKOUT

Prog. LPF igg DO
D1
D2
D3

- @

o @
SPI_EN
cs

Configuration

Prog.LPF s e seK
SDI/ EXTREF
SDO
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18 BHEHEP T 57— P32 (DR B GPE) 2285 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: ADS9813
English Data Sheet: SBASAQ6


https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/ja-jp/lit/pdf/JAJSPF5
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF5&partnum=ADS9813
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/lit/pdf/SBASAQ6

13 TEXAS
INSTRUMENTS ADS9813
www.ti.com/ja-jp JAJSPF5 — APRIL 2024

6.3 Feature Description

6.3.1 Analog Inputs

The ADS9813 incorporates eight, simultaneous sampling, 18-bit successive approximation register (SAR)
analog-to-digital converters (ADCs). The device has a total of eight analog input pairs. The ADC digitizes the
voltage difference between the analog input pairs AINxP — AINxM. [X| 6-1 shows the simplified circuit schematic

for each analog input channel. This figure also shows the input clamp protection circuit, programmable gain
amplifier (PGA), low-pass filter, high-speed ADC driver, and a precision 18-bit SAR ADC.

e

1M Q
SAR
Ma PGA Prog. LPF peN

e

6-1. Front-End Circuit Schematic for the Selected Analog Input Channel

6.3.1.1 Input Clamp Protection Circuit

The ADS9813 features an internal clamp protection circuit (IX] 6-1) on each of the eight analog input channels.
The input clamp protection circuit allows each analog input to swing up to a maximum voltage of +18V. Beyond
an input voltage of £18V, the input clamp circuit turns on and still operates from the single 5V supply. 6-2
shows a typical current versus voltage characteristic curve for the input clamp.

For input voltages above the clamp threshold, make sure that the input current never exceeds +10mA. A resistor
placed in series with the analog inputs is an effective way to limit the input current. In addition to limiting the input
current, the series resistor also provides an antialiasing, low-pass filter (LPF) when coupled with a capacitor.
Matching the external source impedance on the AINxP and AINxM pins cancels any additional offset error.
50
40

I
30 I
I
l

<
E 20
<
e 10
3

0
Qo
5 0 [
° ol
5 -20
E ol
j
= -30 I

'40 I

-50

20 15 -10 -5 0 5 10 15 20

Input Voltage (V)

Ed 6-2. Input Protection Clamp Profile, Input Clamp Current vs Source Voltage
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6.3.1.2 Programmable Gain Amplifier (PGA)

The ADS9813 features a PGA at every analog input channel. The PGA supports single-ended and differential
inputs with a bipolar signal swing. #& 6-1 lists the supported analog input ranges. Configure the analog input
range independently for each channel with the RANGE_CHXx register fields in address 0xC2 and address 0xC3.

£ 6-1. Analog Input Ranges

DIFFERENTIAL INPUTS SINGLE-ENDED INPUTS RANGE_CHx CONFIGURATION
12V +12V 5
10V +10V 4
7V 7V 3
5V 5V 0
+3.5V 3.5V 1
2.5V 2.5V 2

Each analog input channel features an antialiasing, low-pass filter (LPF) at the output of the PGA. # 6-2 lists the
various programmable LPF options available in the ADS9813 corresponding to the analog input range. X 5-14
and [¢] 5-15 illustrate the frequency responses for low-bandwidth and wide-bandwidth LPF configurations. Select
the analog input bandwidth for the eight analog input channels with the ANA_BW][7:0] bits in address 0xCO of

register bank 1.

& 6-2. Low-Pass Filter Corner Frequency

LPF ANALOG INPUT RANGE CORNER FREQUENCY (-3dB)

Low-bandwidth All input ranges 21.2kHz
+12V 375kHz

+10V 385kHz

Wide-bandwidth il 400KHz
15V 320kHz

+3.5V 240kHz

2.5V 185kHz

6.3.1.3 Wide-Common-Mode Voltage Rejection Circuit

The ADS9813 features a common-mode (CM) rejection circuit at the analog inputs that supports CM voltages up
to +12V. The CM voltage for differential inputs is given by = 1. On power-up or after reset, the common-mode
voltage range for the analog input channels is 12V (WIDE_CM_EN1 = 0b). In all cases, make sure the voltage

at the analog inputs is within the A

(Vo

bsolute Maximum Ratings.

Common mode voltage =

Itage on AINP) + (Voltage on AINM)
2

(1

As described in 3% 6-3, optimize the CM voltage rejection circuit for various CM voltages for differential inputs.

# 6-3. Wide Common-Mode Configuration for Differential Inputs

COMMON-MODE ANALOG INPUT CHANNELS 1-4 ANALOG INPUT CHANNELS 5-8
CM_CTRL_EN
(CM) RANGE CM_EN_CHI[4:1] CM_RNG_CH[4:1] CM_EN_CHI8:5] CM_RNG_CHI8:5]
CM = +1V 0 Don't care 0 Don't care
CM < +RANGE / 2 ] 0 0
CM < #6V 1 2 1 2
CM < +12V 1 1
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The CM voltage rejection circuit is configured depending on the analog input range of the PGA when using
single-ended inputs. 7% 6-4 lists the recommended configuration for single-ended inputs for various analog input

voltage ranges.

# 6-4. Wide Common-Mode Configuration for Single-Ended Inputs

PGA ANALOG
INPUT RANGE

CM_CTRL_EN

ANALOG INPUT CHANNELS 1-4

ANALOG INPUT CHANNELS 5-8

CM_EN_CH[4:1]

CM_RNG_CH[4:1]

CM_EN_CHI[8:5]

CM_RNG_CH[8:5]

+2.5V, £3.5V, and
5V

7V, #10V, and £12V

0

Don't care

0

Don't care

1

0

1

0

6.3.2 ADC Transfer Function

The ADS9813 outputs 18 bits of conversion data in either straight-binary or binary two's-complement formats.
The format for the output codes is the same across all analog channels. Select the format for the output codes
with the DATA_FORMAT register bits. [X| 6-3 and % 6-5 show the transfer characteristics for the ADS9813. The
LSB size depends on the analog input range selected.

Straight Twos
Binary Complement
OX3FFFF  OxX1FFFF
OX3FFFE  OxX1FFFE
|
|
. e 1 |-H-| ' +FS—(-FS
° ° I LSB= —( )
w ° e | oN
S |
e 0x20001 0x00001 — !
o) |
E 0x20000  OX00000 —f-————— - !
o |
ié() OX1FFFF  OX3FFFF — _l_. !
|
. ° ham f - ! |
[ ] [ ] | | :
° ° — : |
| |
0x00002 0x20002 —] ! :
| |
0x00001 0x20001 —] ! :
| |
0x00000 0x20000 {F ' {F ' >
~FS+(0.5)LSB 0V—(0.5)LSB +FS—(1.5)LSB
ANALOG INPUT
6-3. Transfer Characteristics
# 6-5. ADC Full-Scale Range and LSB Size
RANGE +FS MIDSCALE -FS LSB
+2.5V 2.5V ov 2.5V 19.07uVv
+3.5V 3.5V oV -3.5V 26.70pVv
5V 5V ov -5V 38.15pvV
7V v ov A 53.41pV
+10V 10V ov -10V 76.29uV
+12V 12V ov 12V 91.55uV

Copyright © 2024 Texas Instruments Incorporated

BRI T 37— N2 (D BB ADE) 2285 21
Product Folder Links: ADS9813

English Data Sheet: SBASAQ6

ADVANCE INFORMATION


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/ja-jp/lit/pdf/JAJSPF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF5&partnum=ADS9813
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/lit/pdf/SBASAQ6

NOILVINYOANI 3ONVAQV

13 TEXAS
ADS9813 INSTRUMENTS
JAJSPF5 — APRIL 2024 www.ti.com/ja-jp

6.3.3 ADC Sampling Clock Input

Operate the ADS9813 with a differential or a single-ended clock input where the single-ended clock consumes
less power consumption. Make sure the sampling clock is a free-running continuous clock. After a free-running
sampling clock is applied, the ADC generates valid output data, the data clock, and the frame clock
tpu smpL cLk- These parameters are specified in the Switching Characteristics section. The ADC output data,
data clock, and frame clock are invalid when the sampling clock is stopped.

6-4 and [¥] 6-5 show that the sampling clock is either differential or single-ended, respectively.

| SMPL_CLKP
[

; . 5.4 kQ
Differential

sampling clock

| SMPL_CLKM
I

Bias

0 001

5.4 kQ

Eq 6-4. AC-Coupled Differential Sampling Clock

1.8V
SMPL_CLKP
ov

SMPL_CLKM

v o

B 6-5. Single-Ended Sampling Clock

ADS92XX

6.3.4 Synchronizing Multiple ADCs

Use the SMPL_SYNC signal to simultaneously sample all analog input channels of multiple ADS9813 devices.
All ADS9813 devices share the same SMPL_CLK and SMPL_SYNC signals with identical delays external to the
ADC. A positive pulse on the SMPL_SYNC pin centered around the falling edge of the SMPL_CLK signal
synchronizes all ADCs; see [X| 5-2.
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6.3.5 Reference Voltage

The ADS9813 has a precision, low-drift voltage reference internal to the device. For best performance, the
internal reference noise is filtered (as shown in 6-6) by connecting a 10pyF ceramic bypass capacitor to the
REFIO pin. As shown in 6-7, an external reference is also connected at the REFIO pin. When using an
external reference, disable the internal reference voltage by writing PD_REF = 1b in address 0xC1 of register
bank 1.

AVDD_5V
I
REFIO
ADC REF < * O
External capacitor
10 uF  for reference
1kQ REFM noise reduction
PD_REF =0
= GND
User register bit ¢
4.096 V GND

B 6-6. Internal Reference Voltage

|

AVDD_5V

REF7040
REFIO
ADC REF <+——¢ O— o
10 uF
1kQ f—
REFM
=1

PD_REF
W o

User register bit

4.096 V q GND

Eq 6-7. External Reference Voltage

Copyright © 2024 Texas Instruments Incorporated BB F BT o — N2 (:‘jfa,‘ﬁ OB ‘é\iﬁ'@) B 23

Product Folder Links: ADS9813
English Data Sheet: SBASAQ6

ADVANCE INFORMATION


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/ja-jp/lit/pdf/JAJSPF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF5&partnum=ADS9813
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/lit/pdf/SBASAQ6

NOILVINYOANI 3ONVAQV

13 TEXAS
ADS9813 INSTRUMENTS
JAJSPF5 — APRIL 2024 www.ti.com/ja-jp

6.3.6 Test Patterns for Data Interface

The ADS9813 features test patterns used by the host for debugging and verifying the data interface. The test
patterns replace the ADC output data with predefined digital data. Enable the test patterns by configuring the
corresponding register addresses 0x13 through 0x1B in bank 1.

7% 6-6 lists the test patterns supported by the ADS9813.

Register it 15 Bit8  Bit7 Bit 0
Address

A

0x13 CHI[4:1] Test Pattern Control Register
Test Patterns for
0x14 TPO_A LSB CHI[4:1]
I-e Fixed Pattern {TP0}
0x15 TP1_A LSB MSB TPO_A « Digital ramp
o Alternating {TPO, TP1}

0x16 MSB TP1_A

v

A
0x18 CH[8:5] Test Pattern Control Register

Test Patterns for
0x19 TPO_B LSB CHI8:5]
e Fixed Pattern {TPO}
O0x1A TP1_B LSB MSB TPO_B « Digital ramp
o Alternating {TPO, TP1}

0x1B MSB TP1_B

v

6-8. Register Bank for Test Patterns

£ 6-6. Test Pattern Configurations

ADC OUTPUT TP_EN_CH[4:1] TP_MODE_CHI[4:1] SECTION RESULT1
TP_EN_CH[8:5] TP_MODE_CHI8:5]
ADC conversion result 0
Fixed pattern 1 Oor1 Fixed Pattern CH[4:1]=TPO_A
CH[8:5] = TP0O_B
Digital ramp 1 2 Digital Ramp CHI4:1] = Digital ramp
CH[8:5] = Digital ramp
Alternating test patterns 1 3 Alternating Test Pattern | CH[4:1] = TPO_A, TP1_A
CH[8:5] = TP0O_B, TP1_B

&
1. Configure the test patterns for two separate channel groups CH[4:1] and CH[8:5].

6.3.6.1 Fixed Pattern

The ADC outputs fixed patterns defined in the TPO_A and TPO_B registers in place of the CH[4:1] and CHI[8:5]

data, respectively.

» Configure the test patterns in TPO_A and TPO_B

« SetTP_EN_CH[4:1] =1, TP_MODE_CHJ4:1] = 0 (address = 0x13), TP_EN_CHI[8:5] = 1, and
TP_MODE_CH]I8:5] = 0 (address = 0x18)

6.3.6.2 Digital Ramp

The ADC outputs digital ramp values with increments specified in the RAMP_INC_A and RAMP_INC_B registers

in place of the CH[4:1] and CHI[8:5] data, respectively.

» Configure the increment value between two successive steps of the digital ramp in the RAMP_INC_A
(address = 0x13) and RAMP_INC_B (address = 0x18) registers, respectively. The digital ramp increments by
N + 1, where N is the value configured in these registers.

+ Set TP_EN_CHI[4:1] =1, TP_MODE_CH[4:1] = 2 (address = 0x13), TP_EN_CH[8:5] = 1, and
TP_MODE_CH]I8:5] = 2 (address = 0x18)
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6.3.6.3 Alternating Test Pattern

The ADC outputs alternating test patterns defined in the TPO_A, TP1_A and TPO_B, TP1_B registers in place of

the CH[4:1] and CHI8:5] data, respectively.

» Configure the test patterns in TPO_A, TP1_A, TP0_B, and TP1_B

+ Set TP_EN_CHJ[4:1] =1, TP_MODE_CH][4:1] = 3 (address = 0x13), TP_EN_CH[8:5] = 1, and
TP_MODE_CH]I8:5] = 3 (address = 0x18)
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6.4 Device Functional Modes
6.4.1 Reset

Power down the ADS9813 with a logic 0 on the RESET pin or write 1b to the RESET field of address 0x00 in
register bank 0. The device registers are initialized to the default values after reset and the device is initialized
with a sequence of register write operations. See the Initialization Sequence section for further information.

6.4.2 Power-Down
Power down the ADS9813 with a logic 0 on the PWDN pin or write 11b to the PD_CH field in address 0xCO in
register bank 1. The device registers are initialized to the default values after power-up and the device is

initialized with a sequence of register write operations. See the Initialization Sequence section for further
information.

6.4.3 Initialization Sequence

As shown in & 6-7, initialize the ADS9813 with a sequence of register writes after device power-up or reset.
Connect a free-running sampling clock to the ADC before executing the initialization sequence. The ADS9813
registers are initialized with the default value after the initialization sequence is complete.

# 6-7. ADS9813 Initialization Sequence

STEP NUMBER REGISTER COMMENT
BANK ADDRESS VALUE[15:0]
1 0 0x03 0x0000 Select register bank 0
2 0 0x00 0x0004
3 0 0x04 0x000B INIT_1 configured
4 0 0x03 0x0010 Select register bank 2
5 2 0x22 0x0079 INIT_2 configured
6 2 0x23 0xE000 INIT_3 configured
7 2 0x26 0x0040 INIT_4 configured and device initialized
8 0 0x03 0x0002 Select register bank 1
9 1 0x0D 0x0080 Gain error calibration enabled

As shown in ADS9813 User-Configuration, change the default settings of the ADS9813 for the user-defined
configuration. Changes to the analog inputs changes the analog input range, bandwidth, and common-mode
voltage range. Changes to the data interface change the number of output lanes (either single or double data
rate).

£ 6-8. ADS9813 User-Configuration

REGISTER
STEP COMMENT
BANK ADDRESS VALUE[15:0]

Configure data interface
1 1 0xC1 User defined and select internal or
external reference

Select analog input

2 1 0xC2 and 0xC3 User defined .
ranges, see # 6-1

Select analog input
bandwidth, see # 6-2

Select common-mode
4 1 0xC4 and 0xC5 User defined range for analog inputs,
see # 6-3 and % 6-4

3 1 0xCO User defined
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6.4.4 Normal Operation

After the ADS9813 is initialized (see the Initialization Sequence section), the ADS9813 converts analog input
voltages to digital output voltages. A free-running sampling clock is required for normal device operation; see the
ADC Sampling Clock Input section.
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6.5 Programming
6.5.1 Register Write
Register write access is enabled by setting SPI_RD_EN = 0b. The 16-bit configuration registers are grouped in
three register banks and are addressable with an 8-bit register address. Select register bank 1 and register bank
2 for read or write operation by configuring the PAGE_SELO and PAGE_SEL1 bits, respectively. Registers in

bank 0 are always accessible, irrespective of the PAGE_SELXx bits. These register addresses are unique and are
therefore not used in register banks 1 and 2.

As shown in [X] 6-9, steps to write to a register are:

1. Frame 1: Write to register address 0x03 in register bank 0 to select either register bank 1 or bank 2 for a
subsequent register write. This frame has no effect when writing to registers in bank O.

2. Frame 2: Write to the register in the bank selected in frame 1. Repeat this step for writing to multiple
registers in the same register bank.

— Frame 1 Frame 2
Cs -\ l \ I
| |
|
|
|
|
|

A A

< 24-bits:

A 4

|

SCLK _E_/_\ , \
- = |

| |

| |

| |

V 6] = 01 = |
SDI {{addr[23:16] = 0x03, data[15:0] = 0x0002 or { addr[23:16] = REG_ADDR, data[15:0] = DATA}

| 0x0010 } \

| . . . - |

Register Write for Bank Selection (ADDR = 0x03) . .

| |

| Not Required for Register Bank 0 | Register Write
SDO Logic 0 (when SPI_MODE = 0b) and Hi-Z (when SPI_MODE = 1b)

B 6-9. Register Write

6.5.2 Register Read

Select the desired register bank by writing to register address 0x03 in register bank 0. Register read access is
enabled by setting SPI_RD_EN = 1b and SPI_MODE = 1b in register bank 0. As illustrated in 6-10, read
registers by using two 24-bit SPI frames after the SPI_RD_EN and SPI_MODE bits are set. The first SPI frame
selects the register bank. The ADC returns the 16-bit register value in the second SPI frame corresponding to
the 8-bit register address.

As illustrated in [%¢| 6-10, the steps to read a register are:

1. Frame 1: With SPI_RD_EN = 0b, write to register address 0x03 in register bank 0 to select the desired
register bank 0 for reading.

2. Frame 2: Set SPI_RD_EN = 1b and SPI_MODE = 1b in register address 0x00 in register bank 0.

3. Frame 3: Read any register in the selected bank using a 24-bit SPI frame containing the desired register
address. Repeat this step with the address of any register in the selected bank to read the corresponding
register.

4. Frame 4: Set SPI_RD_EN = 0 to disable register read and re-enable register writes.

5. Repeat steps 1 through 4 to read registers in a different bank.
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Frame 1

/

Frame 2

N

Frame 3

Frame 4

|

{ addr{23:16] = 0x03, data[15:0] = 0x0002 or
0x0010

X { addr[23:16] = 0x00, data[15:0] = 0x0006 } X {addr[23:16] = REG_ADDR, data[15:0] = 0 } X { addr[23:16] = 0x00, data[15:0] = 0x0004 } ~

SDO

| Registe
I

r Write for Bank Selection (ADDR = 0x03)
Not Required for Register Bank 0

Logic 0 (when SPI_MODE = 0b)

16-bit Register Data

A
|
} Register Write for Read Enable (ADDR = 0x00) Register Read: 8-bit address of register to be read Register Write for Read Disable (ADDR = 0x00)

Hi-Z (when SPI_MODE = 1b)

B 6-10. Register Read

6.5.3 Multiple Devices in a Daisy-Chain Topology for SPI Configuration

6-11 shows a typical connection diagram with multiple devices in a daisy-chain topology.

SCLK
cs
y y y y y y y y
SCLK cs SCLK cs SCLK cs SCLK cs
ADS98XX ADS98XX ADS98XX ADS98XX HOST
ADC4 ADC3 ADC2 ADC1
SDO SDI SDO SDI SDO SDI SDO SDI
24-bit  |e 24-bit  |e 24-bit  |e 24-bit  |e PICO
» POCI

6-11. Daisy-Chain Connections for Configuration SPI

The CS and SCLK inputs of all ADCs are connected together and controlled by a single CS and SCLK pin of the
controller, respectively. The SDI input pin of the first ADC in the chain (ADC1) is connected to the peripheral IN
controller OUT (PICO) pin of the controller. Then, the SDO output pin of ADC1 is connected to the SDI input pin
of ADC2, and so on. The SDO output pin of the last ADC in the chain (ADC4) is connected to the peripheral
OUT controller IN (POCI) pin of the controller. The data on the PICO pin passes through ADC1 with a 24-SCLK
delay, as long as CS is active.

Enable daisy-chain after power-up or after the device is reset. Set the daisy-chain length in the
DAISY_CHAIN_LENGTH register to enable daisy-chain mode. The daisy-chain length is the number of ADCs in
the chain excluding ADC1. In [¥] 6-11, the DAISY_CHAIN_LENGTH is 3.
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6.5.3.1 Register Write With Daisy-Chain

Writing to registers in daisy-chain requires N x 24 SCLKs in one SPI frame. As depicted in 6-11, a register
write operation in a daisy-chain containing four ADCs requires 96 SCLKs.

Daisy-chain mode is enabled on power-up or after device reset. Configure the DAISY_CHAIN_LENGTH field to
enable daisy-chain mode. Repeat the waveform shown in [¥| 6-12 N times, where N is the number of ADCs in
daisy-chain. [X| 6-13 provides the SPI waveform, containing N SPI frames, for enabling daisy-chain mode for N

ADCs.
= | [

|
N x 24 bits =|

. l
SCLK | !

|
|
|
|
|
PICO :X Dancn X Dabcs X Dapcz X Dabpct %
I
|
|
|

' S

POCI Logic 0 (when SPI_MODE = 0b)

6-12. Register Write With Daisy-Chain

Dapci[23:0] = Dapc2[23:0] = Danc3[23:0] = Dapcen[23:0] = { 0000 0001, 0000 0000, N-1, 00}

s _\ Frame 1 ’ \ Frame 2 ’ \ Frame 3 ’ \ Frame N ’

| | |
| | |
| | |
| | |
| | |
| I | |
| | I | |
sei | | | |
B AT AR VRN A TAVRNAR AV ARV R LTS AV AVAVRCAUT |y VRVR U
| | |
| | |
| | |
| | |
‘
oo Yo Yo | o | o [ o Yo [ o | o [ o [ o o o | o J o | o | o
A
| |

|

|

l l l

DAISY_CHAIN_LENGTH = 3 {ADC1} DAISY_CHAIN_LENGTH = 3 {ADC1 and ADC2}  DAISY_CHAIN_LENGTH = 3 {ADC1, ADC2 and ADC3} DAISY_CHAIN_LENGTH = 3 {ADC1,

DAISY_CHAIN_LENGTH = 0 {ADC2, ADC3, and ADCN}  DAISY_CHAIN_LENGTH = 0 {ADC3, ADCN} DAISY_CHAIN_LENGTH = 0 {ADCN} ADC2, ADC3 and ADCN}
POCI Logic 0 (when SPI_MODE = 0b)

6-13. Register Write to Configure the Daisy-Chain Length
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6.5.3.2 Register Read With Daisy-Chain

6-14 depicts an SPI waveform for reading registers in daisy-chain. Steps for reading registers from N ADCs
connected in daisy-chain are:

1. Aregister read is enabled by writing to the following registers using the register write with daisy-chain

operation:

a. Write to PAGE_SEL to select the desired register bank
b. Enable register reads by writing SPI_RD_EN = 0b (default on power-up)
2. With the register bank selected and SPI_RD_EN = 0b, the controller reads register data in the following two

steps:

a. The N x 24-bit SPI frame containing the 8-bit register address is read: N-times {OxFE, 0x00, 8-bit
register address}
b. The N x 24-bit SPI frame to read out register data is read: N-times {OxFF, OxFF, OxFF}

The OxFE in step 2a configures the ADC for register reads from the specified 8-bit address. At the end of step
2a, the output shift register in the ADC is loaded with register data. The ADC returns the 8-bit register address
and corresponding 16-bit register data in step 2b.

i

N x 24 bits

< N x 24 bits

<
<

|

|

|
<
<

24 bits

A 4

»
P

< 24 bits:

»
L

TIWUUL_AWUUL N
|

h 4

OxFE —\FOXFF OxFF OxFF
| e e )

8-bit register
PICO ll OxFE X 0x00 X address
|
|
[

D

x 8-bit . .
address X 16-bit register data

|
8-bit
A address

6-14. Register Read With Daisy-Chain
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7 Register Map
7.1 Register Bank 0

7-1. Register Bank 0 Map

ADD D15 ‘ D14 ‘ D13 ‘ D12 ‘ D11 ‘ D10 ‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 D2 D1 Do
RESERVED SPI_MO | SPI_RD | RESET
00h DE _EN
01h RESERVED ‘ DAISY_CHAIN_LEN RESERVED
03h RESERVED ‘ REG_BANK_SEL
RESERVED ‘ INIT_1
06h REG_00H_READBACK
#+ 7-1. Register Section/Block Access Type Codes
Access Type Code Description
R R Read
w w Write
R/W R/W Read or write
Reset or Default Value
-n ‘ Value after reset or the default value
7.1.1 Register 00h (offset = 0h) [reset = 0h]
7-2. Register 00h
15 | 14 | 13 | 12 | 1 10 9 8
RESERVED
W-0h
7 | 6 | 5 | 4 | 3 2 1 0
RESERVED SPI_MODE SPI_RD_EN RESET
W-0h W-0h W-0h W-0h
7-3. Register 00h Field Descriptions
Bit Field Type Reset Description
15-3 RESERVED w Oh Reserved. Do not change from the default reset value.
Select between legacy SPI mode and daisy-chain SPI
2 SPI_MODE W oh Om:ogzifso;_z:r:;i(;]oggg:%egé%n interface for register access.
1: Legacy SPI mode
Enable register read access in legacy SPI mode. This bit
Y R on | efecin dayhain SPlmode
1 : Register read enabled
ADC reset control.
0 RESET w Oh 0 : Normal device operation
1: Reset ADC and all registers

32 BRHCT BT — RN 2 (DR RB bt B
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7.1.2 Register 01h (offset = 1h) [reset = 0h]

7-4. Register 01h

15 \ 14 \ 13 \ 12 \ 11 \ 10 9 \ 8
RESERVED
R/W-0h
7 6 \ 5 \ 4 \ 3 \ 2 1 \ 0
RESERVED DAISY_CHAIN_LEN RESERVED
R/W-0h R/W-0h R/W-0h

7-5. Register 01h Field Descriptions

Bit Field Type Reset Description

15-7 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Number of ADCs connected in SPI daisy-chain

6-2 DAISY_E(?\IHAIN_L RIW oh (1) ; ﬁggs
31:32 ADCs

1-0 RESERVED R/W Oh Reserved. Do not change from the default reset value.

7.1.3 Register 03h (offset = 3h) [reset = 2h]

7-6. Register 03h

15 \ 14 \ 13 \ 12 \ 11 \ 10 \ 9 \ 8
RESERVED
R/W-Oh
7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0
REG_BANK_SEL
R/W-2h

7-7. Register 03h Field Descriptions
Bit Field Type Reset Description
15-8 RESERVED R/W Oh Reserved. Do not change from the default reset value.

Register bank selection for read and write operations.
0 : Select register bank 0

70 REG_BANK_SEL RIW 2h 2 : Select register bank 1
16 : Select register bank 2
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7.1.4 Register 04h (offset = 4h) [reset = 0h]

7-8. Register 04h

15 | 14 | 13 12 | 1 | 10 | 8
RESERVED
R/W-0h
7 | 6 | 5 4 3 | 2 | 0
RESERVED
R/W-0h
7-9. Register 04h Field Descriptions
Bit Field Type Reset Description
15-4 RESERVED R/W Oh Reserved. Do not change from the default reset value.
3-0 INIT_1 R/W Oh 11 : Recommended value for normal operation.

7.1.5 Register 06h (offset = 6h) [reset = 2h]

B 7-10. Register 06h

15 ‘ 14 ‘ 13 12 ‘ 1 ‘ 10 ‘ 8
REG_00H_READBACK
R-0Oh
7 | 6 | 5 4 | 3 | 2 | 0
REG_00H_READBACK
R-5h
7-11. Register 06h Field Descriptions
Bit Field Type Reset Description
150 REG_O0OH_READ R oh This register is a copy of the register address 0x00 for
BACK readback.
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7.2 Register Bank 1

Ed 7-12. Register Bank 1 Map

ADD D15 ‘ D14 D13 D12 ‘ D11 ‘ D10 ‘ D9 ‘ D8 D7 D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ DO
RESERVED DATA_F RESERVED GE_CAL RESERVED
0Dh ORMAT _EN1
RESERVED XOR_PR | XOR_EN RESERVED
12h BS
RESERVED RAMP_INC_A TP_MODE_A | TP_EN_ | RESERV
13h A ED
14h TPO_A
15h TP1_A TPO_A
16h TPI_A
RESERVED RAMP_INC_B TP_MODE_B | TP_EN_ | RESERV
18h B ED
19h TPO_B
1Ah TP1 B ‘ TPO_B
1Bh TP1_B
1Ch RESERVED USER_BITS_CH[8:5] | RESERVED USER_BITS_CH[4:1]
Coh RESERVED ANA_BW PD_CH
RESERVED PD_REF RESERVED DATA_R RESERVED
Cth ATE
C2h RANGE_CH4 RANGE_CH3 RANGE_CH2 RANGE_CH1
C3h RANGE_CH8 RANGE_CH7 RANGE_CH6 RANGE_CH5
RESERVED CM_RNG_CH[8:5] | CM_RNG_CH[4:1] RESERVED | CM_EN_|CM_EN_|RESERV| PD_CHI
C4h CHI8:5] | CHM4:1] | ED )
RESERVED CcM_CT RESERVED
C5h RL_EN
#+ 7-2. Register Section/Block Access Type Codes
Access Type Code Description
R R Read
W w Write
R/W R/W Read or write
Reset or Default Value
-n Value after reset or the default value
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7.2.1 Register 0Dh (offset = Dh) [reset = 2002h]

7-13. Register 0Dh

15 \ 14 13 12 \ 11 \ 10 \ 9 \ 8
RESERVED DATA_FORMAT RESERVED
R/W-0h R/W-1h R/W-0h
7 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0
GE_CAL_EN1 RESERVED
R/W-0h R/W-2h

7-14. Register 0Dh Field Descriptions

Bit Field Type Reset Description
15-14 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Select data format for the ADC conversion result.
13 DATA_FORMAT R/W 1h 0 : Straight binary format
1 : Two's-complement format
12-8 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Global control for gain error calibration.
7 GE_CAL_EN1 R/W Oh 0 : Gain error calibration disabled for all channels
1 : Gain error calibration enabled for all channels
6-0 RESERVED R/W 2h Reserved. Do not change from the default reset value.

Register 12h (offset = 12h) [reset = 2h]

7-15. Register 12h

15 \ 14 \ 13 \ 12 \ 1 10 \ 9 \ 8
RESERVED
R/W-0h
7 6 5 4 3 2 1 0
RESERVED XOR_PRBS XOR_EN RESERVED
R/W-0h R/W-0h R/W-0h R/W-2h

B 7-16. Register 12h Field Descriptions

Bit Field Type Reset Description
15-5 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Select bit for XOR operation when XOR_EN = 1b.
0 : PRBS is appended after the LSB of the ADC conversion
4 XOR PRBS RIW oh result. The ADC conversion result is bit-wise XOR with the
— PRBS bit.
1: The ADC conversion result is bit-wise XOR with the LSB
of the ADC conversion result.
Enables XOR operation on the ADC conversion result.
0 : XOR operation is disabled
3 XOR_EN RIW Oh 1 : Bit-wise XOR operation on ADC conversion result is
enabled
2-0 RESERVED R/W 2h Reserved. Do not change from the default reset value.
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7.2.2 Register 13h (offset = 13h) [reset = 0h]

7-17. Register 13h

15 | 14 | 13 | 12 | 1 | 10 9 8
RESERVED
R/W-0h
7 | 6 | 5 | 4 3 | 2 1 0
RAMP_INC_A TP_MODE_A TP_EN_A RESERVED
R/W-0h R/W-0h R/W-0h R/W-0h
EJ 7-18. Register 13h Field Descriptions

Bit Field Type Reset Description

15-8 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Increment value for the ramp pattern output. The output

7-4 RAMP_INC_A R/W Oh ramp increments by N+1, where N is the value configured
in this register.
Select digital test pattern for analog input channels 1, 2, 3,
and 4.
0 : Fixed pattern from the TPO_A register

3-2 TP_MODE_A R/W Oh 1 : Fixed pattern from the TPO_A register
2 : Digital ramp output
3 : Alternate fixed pattern output from the TPO_A and
TP1_A registers
Enable digital test pattern for data corresponding to
channels 1, 2, 3, and 4.

1 TP_EN_A R/W Oh 0 : Data output is the ADC conversion result
1 : Data output is the digital test pattern for channels 1, 2, 3,
and 4
0 RESERVED R/W Oh Reserved. Do not change from the default reset value.

7.2.3 Register 14h (offset = 14h) [reset = Oh]

7-19. Register 14h

15 \ 14 \ 13 \ 12 \ 11 \ 10 \ 9 \ 8
TPO_A[15:0]
R/W-0h
7 6 ‘ 5 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
TPO_A[15:0]
R/W-0h
B 7-20. Register 14h Field Descriptions
Bit Field Type Reset Description
15-0 TPO_A[15:0] R/W Oh Lower 16 bits of test pattern 0
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7.2.4 Register 15h (offset = 15h) [reset = Oh]

7-21. Register 15h

15 \ 14 \ 13 12 \ 11 \ 10 \ \ 8
TP1_A[7:0]
R/W-0h
7 \ 6 \ 5 4 \ 3 \ 2 \ \ 0
TPO_A[23:16]
R/W-0h
BJ 7-22. Register 15h Field Descriptions
Bit Field Type Reset Description
15-8 TP1_A[7:0] R/W Oh Lower eight bits of test pattern 1
7-0 TPO_A[23:16] R/W Oh Upper eight bits of test pattern 0
7.2.5 Register 16h (offset = 16h) [reset = 0h]
B 7-23. Register 16h
15 ‘ 14 ‘ 13 12 ‘ 11 ‘ 10 ‘ ‘ 8
TP1_A[23:8]
R/W-0h
7 \ 6 \ 5 4 \ 3 \ 2 \ \ 0
TP1_A[23:8]
R/W-0h
7-24. Register 16h Field Descriptions
Bit Field Type Reset Description
15-0 TP1_A[23:8] R/W Oh Upper 16 bits of test pattern 1
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7.2.6 Register 18h (offset = 18h) [reset = 0h]

7-25. Register 18h

15 | 14 | 13 | 12 | 1 | 10 9 8
RESERVED
R/W-0h
7 | 6 | 5 | 4 3 | 2 1 0
RAMP_INC_B TP_MODE_B TP_EN_B RESERVED
R/W-0h R/W-0h R/W-0h R/W-0h
BJ 7-26. Register 18h Field Descriptions

Bit Field Type Reset Description

15-8 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Increment value for the ramp pattern output. The output

7-4 RAMP_INC_B R/W Oh ramp increments by N+1, where N is the value configured
in this register.
Select digital test pattern for analog input channels 5, 6, 7,
and 8.
0 : Fixed pattern from the TPO_B register

3-2 TP_MODE_B R/W Oh 1 : Fixed pattern from the TPO_B register
2 : Digital ramp output
3 : Alternate fixed pattern output from the TPO_B and
TP1_B registers
Enable digital test pattern for data corresponding to

1 TP EN B RIW oh channels 5, 6, 7, and 8.
- = 0 : Data output is the ADC conversion result
1 : Data output is the digital test pattern
0 RESERVED R/W Oh Reserved. Do not change from the default reset value.

7.2.7 Register 19h (offset = 19h) [reset = Oh]

7-27. Register 19h

15 \ 14 \ 13 \ 12 \ 11 \ 10 \ 9 \ 8
TPO_B[15:0]
R/W-Oh
7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
TPO_B[15:0]
R/W-Oh

B 7-28. Register 19h Field Descriptions

Bit Field Type

Reset

Description

15-0 TPO_B[15:0] RIW

Oh

Lower 16 bits of test pattern 0
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7.2.8 Register 1Ah (offset = 1Ah) [reset = 0h]

7-29. Register 1Ah

15 \ 14 \ 13 \ 12 \ 11 \ 10 \ 9 \ 8
TP1_B[7:0]
R/W-Oh
7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0
TPO_B[23:16]
R/W-Oh

7-30. Register 1Ah Field Descriptions

Bit Field Type Reset Description
15-8 TP1_B[7:0] R/W Oh Lower eight bits of test pattern 1
7-0 TPO_BJ[23:16] R/W Oh Upper eight bits of test pattern 0

7.2.9 Register 1Bh (offset = 1Bh) [reset = 0h]

B 7-31. Register 1Bh

15 \ 14 \ 13 \ i \ 11 \ 10 \ 9 \ 8
TP1_B[23:8]
R/W-Oh
7 \ 6 \ 5 \ 4 \ 3 \ % \ 1 \ 0
TP1_B[23:8]
R/W-Oh

7-32. Register 1Bh Field Descriptions
Bit Field Type Reset Description
15-0 TP1_B[23:8] R/W Oh Upper 16 bits of test pattern 1

Register 1Ch (offset = 1Ch) [reset = Oh]

B 7-33. Register 1Ch

15 ‘ 14 13 ‘ 12 ‘ 11 ‘ 10 ‘ 9 ‘ 8
RESERVED USER_BITS_CH[8:5]
R/W-0h R/W-0h
7 ‘ 6 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
RESERVED USER_BITS_CH[4:1]
R/W-0h R/W-0h

7-34. Register 1Ch Field Descriptions

Bit Field Type Reset Description
15-8 USER_BITS_CH[ RIW oh User-defined bits appended to the ADC conversion result
8:5] from channels 5, 6, 7, and 8.
USER_BITS_CH[ User-defined bits appended to the ADC conversion result
7-0 . R/W Oh
4:1] from channels 1, 2, 3, and 4.
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7.2.10 Register COh (offset = COh) [reset = 0h]

7-35. Register COh

15 \ 14 \ 13 \ 12 \ 11 \ 10 9 \ 8
RESERVED ANA_BW
R/W-0h R/W-0h
7 \ 6 \ 5 \ 4 \ 3 \ 2 1 \ 0
ANA_BW PD_CH
R/W-0h R/W-0h

7-36. Register COh Field Descriptions

Bit Field Type

Reset Description

15-10 RESERVED R/W

Oh Reserved. Do not change from the default reset value.

9-2 ANA_BW R/wW

Select analog input bandwidth for the respective analog
input channels.

MSB = BW control for channel 8

LSB = BW control for channel 1

0 : Low-noise mode

1 : Wide-bandwidth mode

Oh

1-0 PD_CH R/W

Power-down control for the analog input channels.
0 : Normal operation

1: Channels 5, 6, 7, and 8 powered down

2 : Channels 1, 2, 3, and 4 powered down

3 : All channels powered down

Oh

Register C1h (offset = C1h) [reset = 0h]

7-37. Register C1h

ADVANCE INFORMATION

15 | 14 | 13 | 12 1 10 | 9 8
RESERVED PD_REF RESERVED DATA_RATE
R/W-0h R/W-0h R/W-0h R/W-0h
7 6 | 5 | 4 3 2 | 0
RESERVED
R/W-0h
7-38. Register C1h Field Descriptions
Bit Field Type Reset Description
15-12 RESERVED R/W Oh Reserved. Do not change from the default reset value.
ADC reference voltage source selection.
M PD_REF RIW Oh (1) :::Z:::: :Z;Z;::EZ Zinszille:e%.. Connect the external
reference voltage to the REFIO pin.
10-9 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Select data rate for the data interface.
8 DATA_RATE R/W Oh 0 : Double data rate (DDR)
1: Single data rate (SDR)
7-0 RESERVED R/W Oh Reserved. Do not change from the default reset value.
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7.2.11 Register C2h (offset = C2h) [reset = 0h]

7-39. Register C2h

15 | 14 | 13 12 11 | 10 | 9 | 8
RANGE_CH4 RANGE_CH3
R/W-0h R/W-0h
7 | 6 | 5 4 3 | 2 | 1 | 0
RANGE_CH2 RANGE_CH1
R/W-0h R/W-0h
7-40. Register C2h Field Descriptions
Bit Field Type Reset Description
15-12 RANGE_CH4 R/W Oh Select the analog input voltage range.
11-8 RANGE_CH3 RIW oh (1’ ; :g\gv
7-4 RANGE_CH2 R/W Oh 2: 2.5V
3:17V
3-0 RANGE_CH1 R/W Oh 410V
5:+12V

Register C3h (offset = C3h) [reset = 0h]

& 7-41. Register C3h

15 | 14 | 13 12 1 | 10 | 9 | 8
RANGE_CHS8 RANGE_CH7
R/W-0h R/W-0h
7 | 6 | 5 4 3 | 2 | 1 | 0
RANGE_CH6 RANGE_CH5
R/W-0h R/W-0h
7-42. Register C3h Field Descriptions
Bit Field Type Reset Description
15-12 RANGE_CH8 R/W Oh Select the analog input voltage range.
0: 5V
11-8 RANGE_CH7 R/W Oh 1335V
7-4 RANGE_CH6 R/W Oh 2:+2.5V
3:17V
3-0 RANGE_CH5 R/W oh 4:£10V
5:+12V
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7.2.12 Register C4h (offset = C4h) [reset = 0h]

7-43. Register C4h

15 14 \ 13 \ 12 \ 11 10 9 8
RESERVED CM_RNG_CH[8:5]
R/W-0h R/W-0h
7 6 5 \ 4 3 2 1 0
CM_RNG_CH[4:1] RESERVED CM_EN_CH[8:5|CM_EN_CH[4:1| RESERVED PD_CHIP
] ]
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h

7-44. Register C4h Field Descriptions

Bit Field Type Reset Description
15-10 RESERVED R/W Oh Reserved. Do not change from the default reset value.
9-8 CM_RNG_CH]J8:5] R/W Oh CM_RNG_CH]J4:1] sets the common-mode range for
channels 1, 2, 3, and 4.
CM_RNG_CH]J8:5] sets the common-mode range for
channels 5, 6, 7, and 8.
76 CM_RNG_CH[4:1] Riw Oh 0 : CM range is equal to +RANGE / 2
1: CM range is equal to +6V
2 : CMrange is equal to £12V
5-4 RESERVED R/W Oh Reserved. Do not change from the default reset value.
3 CM_EN_CH][8:5] R/W Oh CM_EN_CH]J4:1] enables wide common-mode range
control for channels 1 to 4.
CM_EN_CH]I8:5] enables the wide common-mode range
2 CM_EN_CH[4:1] R/IW oh control for channels 5 to 8.
-7 0 : Wide common-mode range control disabled
1 : Wide common-mode range control enabled
1 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Full chip power-down control.
0 PD_CHIP R/W Oh 0 : Normal device operation

1 : Full device powered-down

7.2.13 Register C5h (offset = C5h) [reset = Oh]

B 7-45. Register C5h

15 14 | 13 | 12 | 1 | 10 | 9 | 8
RESERVED
R/W-0h
7 6 | 5 4 3 | 2 | 1 | 0
RESERVED CM_CTRL_EN RESERVED
R/W-0h R/W-0h R/W-0h
7-46. Register C5h Field Descriptions
Bit Field Type Reset Description
15-5 RESERVED R/W Oh Reserved. Do not change from the default reset value.
Enable the wide common-mode range control for all analog
input channels.
¢ | omemen | rw e e
CM_EN_CH[8:5], CM_RNG_CH][4:1], and
CM_RNG_CHI[8:5] registers
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7-46. Register C5h Field Descriptions (%tX)

Bit Field Type Reset Description
3-0 RESERVED R/W Oh Reserved. Do not change from the default reset value.
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7.3 Register Bank 2

Ed 7-47. Register Bank 2 Map

ADD D15 ‘ D14 ‘ D13 ‘ D12 ‘ D11 ‘ D10 ‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ Do
22h INIT_2
23h INIT_3
26h INIT_4
& 7-3. Register Section/Block Access Type Codes
Access Type Code Description
R R Read
w w Write
R/W R/W Read or write
Reset or Default Value
-n Value after reset or the default value

7.3.1 Register 22h (offset = 22h) [reset = 0h]

B 7-48. Register 22h

15 | 14 13 | 12 | 1 | 10 | 9 | 8
INIT_2
R/W-0h
7 | 6 5 | 4 | 3 | 2 | 1 | 0
INIT_2
R/W-0h
BJ 7-49. Register 12 Field Descriptions
Bit Field Type Reset Description
15-0 INIT 2 RIW oh .IN.I?I'_.2 flgld for device |n|t|aI|za1_t!or_1. erte 0x0079 during
- initialization sequence. See Initialization Sequence.

7.3.2 Register 23h (offset = 23h) [reset = 0h]

E] 7-50. Register 23h

15 ‘ 14 13 ‘ 12 ‘ 1 ‘ 10 ‘ 9 ‘ 8
INIT_3
R/W-0h
7 ‘ 6 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
INIT_3
R/W-0h
EJ 7-51. Register 23 Field Descriptions
Bit Field Type Reset Description
15-0 INIT 3 RIW oh _II\I_IT__3 fl_eld for device |n|t|a||za_t!or_1. Wr|te 0xE000 during
initialization sequence. See Initialization Sequence.
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7.3.3 Register 26h (offset = 26h) [reset = 0h]

7-52. Register 26h

15 \ 14 \ 13 \ 12 |N|‘T4 1 \ 10 \ 9 \ 8
7 \ 6 \ 5 \ 4 |N|‘T4 3 \ 2 \ 1 \ 0

BJ 7-53. Register 26h Field Descriptions
Bit Field Type Reset Description
INIT_4 field for device initialization. Write 0x0040 during

15-0 INIT_4 RW Oh initialization sequence. See Initialization Sequence.
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8 Application and Implementation

e

LT O7 7V —a AT 587 ar OfFRIE. TI OF SRR —#F i, THIZHSDFHROIE
MR BMEARFEL E A, H4x O BIICK T 28RO A MOV T, BEEOEL THIBIL TV
7272220 ET, o, BRI E B ORGRELRIEL T ANTHIE T, VAT LAOKEEE MR T D4

ERHVET,

8.1 Application Information

The ADS9813 enables high-precision measurement of up to eight analog signals simultaneously. The following
section gives an example application circuit and recommendations for using the ADS9813 in automated test

equipment (ATE) systems.
8.2 Typical Application

8.2.1 Parametric Measurement Unit (PMU)

Parametric Measurement Unit (PMU)

Force voltage and current

Device Under Test
(DUT)

Shunt resistor
< »O<4+—>»{ DAC AN
Reference
»O PMU VREF
Ratiometric setup
Y MVI1 channel
Current -
VREF
Voltage
AINTP O «— I |
AINTM O
FPGA |l ADC T

AIN2P O —?
AN2M O L MVI2 channel
AIN3P () ﬂ MVI3 channel
AIN3M O ]
AIN4P O H MVI4 channel
AIN4M O b
AINSP % MVI5 channel
AINSM O b
AIN6P MVI6 channel
AIN6M O 3
AIN7P # MVI7 channel
AINTM O b
AINSP ,!) MVI8 channel GND

GND AINSM O > J

B 8-1. Typical PMU

;
‘ GND
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From FPGA O Force voltage and current
)>—— To DUT
O PMU VREF
Reference | [T T--------
» To PMU VREF O MVi channel
Ratiometric setu channe
P =o MVI2 channel
- MVI3 channel
—Q MVI4 channel
v -. MVI5 channel
-. MVI6 channel
O MVI7 channel
VREF [ & MVI8 channel
.
AIN1P
AINM .
<+ ADC
AIN2P PMU2 8:1 MUX °
FPGA AIN2M .
AIN3P PMU3 8:1 MUX *
AIN3M
.
AIN4P PMU4 8:1 MUX .
AIN4AM b
PMU8
AINSP PMUS 8:1 MUX
AIN5M b From FPGA Force voltage and current
>—— To DUT
PMU VREF
AIN6P PMUB 81MUX |
AIN6M 3
AIN7P PMU7 8:1 MUX MVI1 channel
AIN7TM b MVI2 channel
MVI3 channel
MVI4 channel
AINSP MVI5 channel
GND AINBM 4 MVI6 channel
MVI7 channel
T MVI8 channel
PMU and DUT GND

E] 8-2. PMU With a Multiplexer

8.2.2 Design Requirements

The goal of this application is to select an ADC for ATE applications. # 8-1 shows the parameters for this design

example.

# 8-1. Design Parameters

PARAMETER

VALUE

Sampling rate

Up to 2MSPS/channel

Total unadjusted error (TUE) over 25°C +5°C

<0.01% with calibration

Supports external switches or multiplexer

Full-scale step settling to 99.99% of full-scale in <1.8us

48 BT ST — RN 2 (ZE R BB DY) kG
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8.2.3 Detailed Design Procedure

The ADS9813 is an eight-channel, 18-bit, 2MSPS data acquisition (DAQ) system that simultaneously samples all
analog input channels and avoids phase delay. The device has a built-in analog front-end that makes the ATE
signal chain easier to design and more accurate.

The ADC accuracy is based on the total-unadjusted-error (TUE), which combines INL, offset, and gain errors.
Calibrate the external system for offset and gain errors at a specified temperature and supply voltage. When
calibrated (as described in Z 8-2), only the INL, thermal offset drifts, and gain contribute to TUE. The ADS9813
has a TUE of 0.0016% at 25°C +5°C post-calibration, meeting the design error requirement.

£ 8-2. TUE at T, = 25°C Calculation

CALIBRATION INL (ppm) OFFSET ERROR (ppm) | GAIN ERROR (ppm) TUE (ppm) ERROR (%)

No calibration 15.26 495.9 183.1 528.8 0.053

Post-calibration 15.26 0 0 15.3 0.0015
Post-calibration +5°C 15.26 25 35 15.9 0.0016

The pin-electronics subsystem manages the PMU outputs. The subsystem connects each PMU output to
separate ADC channels (%] 8-1) or uses a multiplexer to link multiple PMU outputs to one ADC channel ([X] 8-2).
This subsystem allows more pin-electronics channels on the card. The ADC requires more bandwidth with
multiplexers (% 8-3) for fast settling when switching PMU channels. The ADS9813 has two bandwidth modes:
Low-noise (up to 21kHz) and wide-bandwidth (up to 400kHz). As described in [%] 8-3 the wide-bandwidth mode
samples multiplexed PMU signals and settles to 99.99% FS in 1.73us.

# 8-3. Step-Settling Performance

ANALOG INPUT BANDWIDTH SETTLING TIME (99.99% of FS) SNR (Typical)
Low BW (21kHz) 1.73ps 92dB
Wide BW (400kHz) 69.42ps 85.5dB
8.2.4 Application Curve
5.00—
in 1.73us
4.00—]
3.00—]
in 69.42ys

Output (V)

2.00—

1.00—

Input Step
ADC Output (Wide-BW Mode)
ADC Output (Low-Noise Mode)
000 | | I ‘ I ‘ \
0.00 10.00 20.00 30.00 40.00 50.00
Time (ps)

8-3. Step-Settling Performance

Copyright © 2024 Texas Instruments Incorporated BHEHZBTT 57— RN 2 (BB GPY) &85 49

Product Folder Links: ADS9813
English Data Sheet: SBASAQ6

ADVANCE INFORMATION


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/ja-jp/lit/pdf/JAJSPF5
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF5&partnum=ADS9813
https://www.ti.com/product/ja-jp/ads9813?qgpn=ads9813
https://www.ti.com/lit/pdf/SBASAQ6

NOILVINYOANI 3ONVAQV

13 TEXAS
ADS9813 INSTRUMENTS
JAJSPF5 — APRIL 2024 www.ti.com/ja-jp

8.3 Power Supply Recommendations

The ADS9813 has three separate power supplies: AVDD_5V, VDD_1V8, and IOVDD. There is no requirement
for a specific power-up sequence. The data and configuration digital interfaces are powered by IOVDD. A
common 1.8V supply powers the VDD 1V8 and IOVDD pins. 8-4 illustrates the decoupling capacitor
connections for the respective power supplies. Make sure each power-supply pin has separate decoupling
capacitors.

Analog supply
(f V) AVDD_5V
- (pins 15, 56)
1uF | 0.1pF GND
(pins 7, 23, 46, 1
v v thermal pad)
Analog supply
(1'8 V) VDD_1V8
(pins 47, 48, 49)
IOGND
1uF 0.1uF (29, 42) i
v Vv
Digital supply
(1'8 V) VDD_1V8
(pins 21, 22)
1 uF 0.1uF
v Vv
10 supply
(1.2Vto 1.8V) |OVDD
- (pins 30, 41)
1uF 0.1uF

] 8-4. Power-Supply Decoupling
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8.4 Layout

8.4.1 Layout Guidelines

8-5 illustrates a board layout example for the ADS9813. Avoid crossing digital lines with the analog signal
path and keep the analog input signals and the reference signals away from noise sources.

Use 0.1yF ceramic bypass capacitors in close proximity to the AVDD_5V, VDD _1V8, and IOVDD power-supply
pins. Avoid placing vias between the power-supply pins and the bypass capacitors.

Place the reference decoupling capacitor close to the device REFIO and REFM pins. Avoid placing vias between
the REFIO pin and the bypass capacitors. Connect the GND, REFM, and IOGND pins to a ground plane using
short, low-impedance paths.

8.4.2 Layout Example

ADS9813

000O00O0

B 8-5. Example Layout
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9 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

9.1 FFa A2 bOEHBHMERITMSHE

R 2 A D EH IOV TOBIEZ T EDITIE ., www.tij.cojp DT /A AR 7 4 V2 % BV TS, ] 27
Vo7 U CRERT5L, BERINIZT N TORMERICETIL AP AN BRI ITMAIENTEET, EREOFEMIC
DNTE, WETENTRF 2 A MIEEN TWDRET R B30,

9.2HYR—pF-UY—2R

TRA R AL AV LAY E2E™ PR —h T F—TFALE, TV =T RRRERE A DRI LRI T A M Ao
—IPLRGEN D EESAZEN TEXAGIH T, BEFEORIEERRE LD, MEOEME LIV 52T, T
XA R AZ LN TEET,

Vo 7STN5ar 7%, FE5RE LIV BUROEE IS NAH DT, 2B TH TR A AV VLAY D
BEARES T AL DO TIEAL BT LL TV R AL RV ALY D R ML= DO TSN EE A, TR AR
WA DER G EZRLTIESN,

9.3 Trademarks

THRP R AL AV ALY E2E™ is a trademark of Texas Instruments.

TRTCOFEEIL, FNETNOFAEIRBLET,

0.4 BHESNEICHT 5 EEHIE

ZD IC 1%, ESD IZho THEH T A AREMENRHV E S, T R AL AV LAV T, IC BB LR ISl E Ao &

A EHERELET, ELOROE OB LORE FIRICIEDR A, 7 A2 AT BB Eh b0 ET,
A\ ESD ICLDMERIT, DT D 7RtEREIR T 57 AL AD SRR E TG TDIET, BT IC DA, ATA—F Db
BT BT TARS TSN SANS TR D BT IR RALT< Ao TOET,
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THRY A AL AV ALY EE ZOHEEEITIE, HEEPIKEEO —EB L OVERD FLHIN TWET,

10 Revision History
HERE SRR ORFIIUGFT 2R L TOE T, TOUGTBIEITRGEMIZHEL T ET,

DATE REVISION NOTES
April 2024 * Initial Release

11 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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11.1 Mechanical Data

MECHANICAL DATA
RSH (S—PVQFN—N56) PLASTIC QUAD FLATPACK NO—LEAD
le 7,15 N|
[ 6.85 |
|
|
i _ _ 1 715
\\1 685
56\
1 PIN 1 INDEX AREA :
100 TOP AND BOTTOM
0,20 REF.
F—f— SEATNG PLANE
_UUUUUUU‘UUUUUUJ
e - s
- THERMTL PAD —
— b=
> . b—
> b—
> J) -
= SIZE AND SHAPE P
O~ SHOWN ON SHPARATE SHEET
> I—
> . -
> -
= L | 4, =
> I—
43 ! o8
annnnnnpapanag
2 025
) 56X o5

4207513/C 03/13

NOTES: A, All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. Quad Flatpack, No—leads (QFN) package configuration.
D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
i3 TEXAS
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THERMAL PAD MECHANICAL DATA

RSH (S—PVQFN—N56) PLASTIC QUAD FLATPACK NO-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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Exposed Thermal Pad Dimensions
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NOTE:  All linear dimensions are in millimeters
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LAND PATTERN DATA

RSH (S—PVQFN—N56)

PLASTIC QUAD FLATPACK NO-LEAD
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Example Stencil Design
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NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
PADS9813RSHT ACTIVE VQFN RSH 56 250 TBD Call Tl Call T -40to 125

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
RSH 56 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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