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AFIEIE(OPA197 Ry 7 7)
VinP = —12V. VinN = +12V. VinMin (Dif) = 24V
VinP = +12V., VinN = —12V, VinMax (Dif) = +24V

THS4551 {77, ADC AJ)
VoutDif = -4.00V, VoutP = 0.25V, VoutN = 4.25V
VoutDif = +4.0V, VoutP = 4.25V. VoutN = 0.25V
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HVDD HVSS Vce Vee Vref Vcm
+15V -15V +5.0V ov +4.5V 2.5V
BE OB

ZoTFus 7ar b R(AFE)+ SAR ADC 7 —ZNEEVY a—ai i, £24V OB &P (E7 135 A ) B IEd
P VinP =12V, VinN =+12V) CEOZEBELE 52 E TE, mANA e —F U A% LBIL, i 500ksps D7
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D, FEARFAEET LT (FDA)D A%y 77 CEET, FDA I1HE 545 L C SAR ADC 0 8 % H/[FAR £ fFH 12>
TRUET, TFERE  OEEZREL T, SESFRANEILL NV EFEBTEET,
ZORIFIE, ST AN w7 flE =k (PMU), B~ LT 772 s ar ABEOH A DAQ. BLOTrrI~7 L

F—hA—var avba—3F (PAC), F4AZY—MliHls 27 2 (DCS), 71/ F~7 L uvys avka—F (PLC) 77
Vr—ar MEMRTL7 s ASEY2a— /L TCOEOZERETLOEMERREICHERLET,
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fEAR HER FEMEER TRal—ialfER

ADC @A EEEN 7 << 1LSB, << 34pVv AP 0.5pv

(500ksps)

ADC AJJCD /AR 10uVRus 9.28UVrus 9.76uVRrws

A 1.25MHz 1.25MHz 1.1MHz

THA1Y /—+

1. BIEEVEICH ST DR, HARIBOAERIZ ST AT 7 (N 77 ) DRERLFHZ R EL£7, ZHilo
WML E | CRUIILE3, AT ASAT RERO/NSWT TR ELET,

2. ADC O A/ HiFHE FIFEEEFPH O A E L E T, ZAUT DWW T TS EE ] TR~ T,

3. AJMEEIRIE, ADC D4 A J)EEHIPH, FDA O HJRIEOAERIZE ST, FDA IZHLERHE RZ R ELE
o ZAUTOW TR AR E | TRBAL £,

4. FEHZEHENRICIZ D202, COG v F o ai@iELET,

5. JUIRKEEELART A2 RUT M FHLL, BEHER/NRITHZ 572012, 0.1% 20ppm/°CLL T DG IA M L £
R

6. [Understanding and Calibrating the Offset and Gain for ADC Systems T, fEZEMEHNT D LA AL TV ET,
TAv A 7'y, RUTZE BLOVARDIRESR G/ NRICIZ 5T EIZOWTIE, Vo 72T ELTZEN,

7. [Introduction to SAR ADC Front-End Component SelectionJ(Z38) C. &Einf/ 37 [A1# Rfilt & Cfilt OB E 7k

EZHBALTCOET, ZNOOERELOMEILT > 7 OFgE, 7 —% av _"—2OY TV T L—h T —F arN—H
OFFHRTFLET, TR TEIL, ZOFDOT 7 FALVERE, T —4% 23— Tyl 7 & AC M
e RIILET, RHE2EFT25E81E. M0 RC 74 VAZRETHLENHYET, E/KEDEN 7L AC
PEBEZ FEHL T2 RC 74 VEDREFIEIZHOWTE, [T Par IR0 T 425 L TLEEN,

BEBREL/NYI7 PoTELU FDA OHRE

1.

I RIS T2y 77 T 7O AN B EREE R ELET,
Select Supplies (V -) = —15V, (V+) = +15V to allow VinP = £12V VinN = 12V range
(V —)— 0.1V <Vom < (V+)— 3V from OPA197 common-mode voltage specification

-15.1V < Vg, < +12V allows required £12V input voltage range

MIEEEICIS T 53y 77 7o 7 OB ELET,
(V-)+06V <V, < (V+)-0.6V from OPA197 Aol specification for linear operation
-14.4V <V, < 14.4V allows required £12V output voltage range

ADC DA BEFPZ RO EF, ZORIEK TIL, Vggr = 4.5V TT,
ADC = *Vge = ¥4.5V from ADS8910B data sheet

Full-Scale Range

W27 ADC [FIFHEEZRFELE T,

Ve = % =+2.25V from ADS8910B data sheet, therefore set FDA VCOM = 2.25V

MIZEMEIZ G 3% FDA st ) B LR & R E L £ 9,
0.23<V,, <4.77V from THS4551output low / high specification for linear operation
However, the positive range is limited by ADC =14.5V, therefore

0.23V <V, <4.5V where V,,,, =0.23V, V,

outMin outMax

MIZENEIC IS % FDA OZEB D EEFRPH 2R E L £, ZORIKO ki EEAITROLEBY T,

Full-Scale Range

=4.5V

2

SAR ADC Jiji}, AL+ "= RD K& HDFEB) G T T 7" 7 f T F JAJA567B — FEBRUARY 2018 — REVISED SEPTEMBER 2024
T TR BHHIBT T8 71 —F N2 (ZE R L&) #2515

English Document: SBAA267
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/video/5466249277001?keyMatch=understanding%20and%20calibrating%20the%20offset%20and%20gain%20for%20adc%20systems&tisearch=universal_search
https://www.ti.com/video/5476574757001?keyMatch=introduction%20to%20sar%20adc%20front-end%20component%20selection&tisearch=universal_search
https://www.ti.com/jp
https://www.ti.com/jp/lit/pdf/JAJA567
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJA567B&partnum=
https://www.ti.com/lit/pdf/SBAA267

13 TEXAS
INSTRUMENTS
www.ti.com/ja-jp

V, V,

— _"outDifMin — _"outDifMax
outMin ~ 2 + ch and VoutMax - 2 + ch

Re -arrange the equations and solve for V_ ;:0i:@Nd V., ioimax-

Find maximum differential output voltage range based on worst case :
V,uointax = 2% Voumax — 2% Vo = 2%(4.5V)-2x(2.25V)=4.5V

Voupimin = 2%V,

suttin — 2% Vo, =2%(0.23V)-2x%(2.5V)=-4.04V
Based on combined worst case, choose Vi =-4.04V and V,_ pia = +4.04V

7. FDA OZEB) A ) EFEHPFHA RO ET,
i = Vinpmax — VinNmin = +12V —(-12V) = +24V
= Vinpmin = Vinnmax = —12V - (+12V) = -24V

8. FDA [T BRI FEZ RO ET,
V V. utDifMin  — (+4'04V)'('4'04V) =0.166

outDifMax ~ Vo

VinDifMax - VinDifMin (+24V)' ('24\/)

9. ZOWEFERET HOOEERYUELZ KO ET,
R R 1.00kQ _ 1

Gaineon =R7f=%V/V:>FTg=604kQ 6.04
) 6 .

1

. \ \
Gaing, = VeV

10. j\7Y]‘7j—7Ja(EZ£§I fC\ RfINA =1kQ T®» Cf %ﬂ?&)i‘?‘o
1 1

C,= 2 o Romen = 7 7 (1.25MHz) (1ka) =127pF or 120pF standard value
DC {miEHiE
LUFDTI71%, + 24V~—24V D7 AT T DRI TR E 2R L TOET,
4-
31
2-
3 7*; VoutDif = -3.973443V Ty
S (1) VinDiff = 24V V?nuDiﬁl - 424V
2-
3
-4 | T | | | i
-24 -16 -8 0 8 16 24

Input voltage (V)

AC {=EFE

HIRIR O 2L —a R ITH 1.1MHz C, 7113 —15.62dB THHZ LMD #IE7 A 13K 0.166V/IV (=
6.04V/V)E720E T,
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0 -

'20 | T . \
— ] \
S -40-| | VoutDiff f(-3dB) = 1.1MHz | \
= 1| Gain = -15.62d8B \
s _| | Attenuation = 6.04V/V \
O -60- \

-80

-100- \ |

10 100 1k 10k 100k 1M 10M 100M
Frequency (Hz)

JAX o3alb—iay
Simplified Noise calculation for rough estimate :
= L = L =1.33MHz
2:n-R,-C, 2-m-(1kQ)-(120pF)

Noise contribution of OPA197 buffer referred to ADC input
Eopater = €nopater '\/Kn -/, -Gaingp,
E opatsr = (6-5nV /Hz )-1/1.57-1.33MHz -0.166V / V =1.319Vpy g

Noise of THS4551 FDA referred to ADC input

Noise gain:NG=1+R /R =1+M=1.166V/V
’ 6.04kQ

Croron = \/(enFDA NGY +2(iypa R, )2 +2(4kTR, -NG)

e =\/(3.4nV/\/E-1.166V/V)2 +2(0.5pA / JHz k) +2(16.56-107-1.166V / V)

n

€oron = 74NV / JHz
Eoroa = €oron VK, - fo = (7.40nV / \/Hz)-\/1 .57-1.33MHz =9.28uVqs

Total Noise = /E o2 +E,gparor = \/(9.28|JVRMS Y +(1.32UVrys )’ =9.37WVoye

SR RES 2L — v a fERITES—BL T ES, ZOFEOFELWEEERIZ- DU T, [Caleulating the Total Noise
for ADC SystemsJaZ L T7Z&0,
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9. 76tt

4.884]

Total noise (V)

0_00 LI w T w T W T W T w T W T W T W
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Frequency (Hz)

REMIIaL—iay
PUFoR#E % TINA TEAL, TINA O AC (REITEZ W COV—7 AU ZRIEL, A~ —Y v 2R EL £, 17
EL— 7 NIZHPT Rigo = 10Q 2L C, (i~ — U 2L E77, ZORIBKISIL A5 DN~ —T B0 ET,
ZOHOFELWEERIZ OV T, [Tl Precision Labs - Op Amps:Stability 4 J(F5E) 22 L T72S0,
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1 0} o R9 4.99
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140
120 =
100 T

Gain (dB)
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Phase Margin = 180°- 135°
Phase Margin = 45°

-90 o >

——

Phase [deg]
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ADC BEANBEERNIVST L2al—d3y

LLFDY a2l —aud, + 12V BE O —12V ISH E LT OPA197 Ny 77 A JJic k% 24V DC 28 A J11E 5 ~Dt
NI 7% RLUTWET, Z0k578i Iz —au03, oA —LR o280 7R AE ISR ESN TWAI LS
RUET, ZOEOFELWEEGIZOWTL, TRfilt fEE Cfilt [E2) 77 A2 J2 S L TLIEE,

1.00 —
Vacq
0.00
100u —
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J /’
-100u T T T T /I T T T I T T T T T T T T |
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ADS8912B (1) SyfifERE: 18 B b, o7V L—h: 500ksps, EUEE L/ Sy 7 #i5#k, 582758 | VREF /Sy 77 LDO, ##{k SPI |A/D =22/3—% (ADC)

AJ1. Vref AJJEIERPH: 2.5V~ 5V

A =T 2 AAFE, 18 E vk,
1MSPS, 1 F-r/L SAR ADC

THS4551 FDA. 150MHz O #kiE, L—/1 > — L— L 75, VosDriftMax = 1.8uV/°C, IK/AR, RS, 150MHz 584 | AT
e, = 3.3nV/rtHz EET T
OPA197 36V, H#H®lE: 10MHz, L—/L V' — L—/L At ), VosMax = +250uV, v 36V, EREEE, L— VY | F T T
VosDriftMax = +2.5uV/°C. /A7 A &ifi = +5pA — L=/ A ARA T By NE
EA T
REF5045 VREF = 4.5V, RUZh: 3 ppm/°C. #IHIHEE: 0.05%., /1 R: 4uVpp/V 4.5V, 3uVpp/V D /AKX 3ppm/ | U —REEV 7 7L A

CORVZ NEFEE S ) — R EBIEY
Tyl A

(1)

ADS8912B |ZITHHERE LNy 7 7 NSV TN D72, /Ny 7772 L C REF5045 ZELHHE e CXE3, $£7- REF5045 13, MG SAR 77

Vo —ay TRBLEESNAIE /A X AERRY 7 RV BB A0l 2 T vEd, THS4551 13 SAR ADC O EEFIH ~DERB L OFRFHL -~V &7k
ZEHLET, £7/2. 20 FDA 1Z ADC ANV TV ZIC KD EBMDFv 73y 78 B EZ 2 EAL T DI+ 7 i ii 24 2. TV b72
RO RS E D 5E 4758 SAR ([ZEE SN TWET, OPA197 1336V 47 7T, @ ANA L= ADTa b REEHL
T,.FDA ANy 7 7V 7 LET,

FERTFANA~DY T
TXYP R AL AV ALY [SBAC183 V—A 77 A)N], VT =T PiR—h

HETEE

BEE B RRBROFEFIILFTER L TNET, FDK

RTRIE I EEERRICHEL T E T,

Changes from Revision A (March 2019) to Revision B (September 2024) Page
o SCEEERIZDTIESTER M A B OERE BT e 1
Changes from Revision * (February 2018) to Revision A (March 2019) Page

o AARVERILFEPLERDETICL, FANOa— L& F—F a =B ([CEF L, BT I T oI DTT 4

T R=~DV 7 EBN,

[

FTANTORET, TN ENOFTEEICFBLET,
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