ZHEEFR

i TEXAS Analog Engineer's Circuit: Data
Converters
INSTRUMENTS JAJA642—-October 2018

BTADFETTZ#FEHLT- ADC EFEj[E]K

Dale Li, Art Kay

AT ADCAJ] T UH VT ADS8568
VinDiffMin = -8mV CH_x =-10V 8000H
VinDiffMax = +22mV CH_x = +10V 7FFFH
AVDD Vee vdd
5.0v 3.3V +15V -15Vv

FXFI+®RE:%

FHETUTIHE AR AT By b RRYZ B, & CMRR, B E OO ICE LS TOET, Ll ZnbHo
T TENREE ADC ZERENL 7354, ks ADC OT7 7 AV ar BENICE B2 MUl ESE LI ENTE
RWGENDHVET, ZOVT7 7L AT A TIE AR~V DIERIFRATNE BEHE T D70 DF A &7
Toh T RDOREFIEDOHIZRUET, £-. B A2 Tl INA828 FHE7T L 7 O #IRE N IR E N5 7- 8
ADS8568 D7 )L BT YT L — b TE DL OPA827 AT 7%y 7 7L CTEL£9, B
D77 ORIEE T, INIRIE Sy 7 7 28 i U B 5EE RUCQONET DS ([ 7> 72 E L7 5 &
JE SAR BRENAIES ), REO NSy T7 7t EORRFHILARD LY TV 7 L — RSN E T, £, [Ny 7 71f
XFIAET Tl L7 5 & SAR ADC BEEH[AIEE TIX, 2=T 4« 7 A CZOKRHE DT L CnVET, ZDlA]
B, B EOE ST — 2B E VBT HTXTCO PLC TV N TR T a—He 7 ars A JE
Pa— /WL CVVET,

+15v  -15V 5V 3.3V

T T [ T

U1

INAg28 +10V Rfit 42.2 VDD FveS AVDD DVDD
T CH_xx Data Bus |—
OPA827 ADS8568
AGND Control Busj—
VG1 T

Driving at the highest sampling rate

JAJA642—October 2018 ETA L DFAET T E i L 7= ADC BRE)[a] 1

SBAA314 FHRRM — I O JRERUERE hitp://www-s.ti.com/sc/techlit/SBAA314
Copyright © 2018, Texas Instruments Incorporated


http://www-s.ti.com/sc/techlit/SBAA314.pdf
http://www.ti.com/product/INA828
http://www.ti.com/product/ADS8568
http://www.ti.com/product/OPA827
http://www.ti.com/lit/pdf/SBAA316
http://www.ti.com/lit/pdf/SBAA316
http://www.ti.com/lit/pdf/SBAA286
http://www.ti.com/lit/pdf/SBAA286
http://www.ti.com/applications/industrial/factory-automation/overview.html
http://www.ti.com/solution/plcdcs_io_module_analog_input
http://www.ti.com/solution/plcdcs_io_module_analog_input

i3 TEXAS
INSTRUMENTS

www.tij.co.jp

Ak

i H% AR Yial—var R
BN TR > 0.5LSB (152uV) ML 0.36uV

JAR 1.1mv 1.14mv

VAT WA Ty NRZE 33.6mV P

VAT DA TRy RUTH 334pv/°eC P

VAT LA RRAE 0.53% P

VAT DA RUTH 54.2ppm/°C P

T YA/ —h

1. FHEET T ORIRIEILE S @ T — 4L —FT SAR T —& e 2L N —HEFRE T DA T, FHET

CTRET AL THIUTFHITEDI T, 2D | JAHFBNER 7 A /SN EITT, 72875 Ay F heFyp /3y
ZANTIHEED SAR ADC Tl &7 74 v arfiific A a7 o &7 VT E T DM ERHHIZH T
4, OPA827 Ny 77 & BT 528250, ADC BT L H o T 7 L — N CTEI{ETX %4 (ADS8568: /37
VLA B —T A AT 510kSPS),

ﬁ,_:7L/,5/7’/7@)\77/7455 FPHZGHE )Y 7Ny =T = VLT, 77 ORI 2 fER L E

EAHEE/NRIZINZ 572012, C, & Cy I ;t COG Z/T/ﬁ%L?RLi?“

TALVREEET A F‘U7M‘:f&¥ﬂi*ﬁét IV PAVERERPT Ry (21X 0.1% 20ppm/°C LA T O A-
AT H0ERHVET,

[Tl 7Loyal TR e T A V=T, RIANT T BLOER ATV EED Ry, & Cy DI G 1%
FBALCOET, FEMEZ OV, Mntroduction of SAR ADC Front-End Component Selection J( 26:%) %
ZHLTLTZE W,

T FANVT T LA RIED TN AT T LT T DM DT 4 V2 D1 WA T JE B aRE L
FI, AVT I TET T AVT T T 4V HDFEFNT OV T, [Aliasing and Anti-aliasing Filters./
(F5H) AL TLIZEN,

FHET T DA DEmNTZ | DC #aZE (A7 'y b S AL RUZR) SRELZRVES, BB, ZhbDiRzE
Z i/ NRIZINZ D BWTFETY, BIEOFEMIZ-SV T, [Understanding and Calibrating the Offset and
Gain for ADC SystemsJ(Z&575) 2L TZEW,

BT DFFHET > 7 2 L 7= ADC BXE[m] B JAJAB42—-October 2018

SBAA314 FHRRM — I O JRERUERE hitp://www-s.ti.com/sc/techlit/SBAA314
Copyright © 2018, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/SBAA314.pdf
http://www.ti.com/product/OPA827
http://www.ti.com/product/ADS8568
http://www.tij.co.jp/tool/jp/ina-cmv-calc
https://training.ti.com/ti-precision-labs-adcs-intro-to-sar-adc-front-end?cu=1128375
https://training.ti.com/ti-precision-labs-adcs-aliasing-and-anti-aliasing-filters?cu=1128375
https://training.ti.com/ti-precision-labs-adcs-aliasing-and-anti-aliasing-filters?cu=1128375
https://training.ti.com/ti-precision-labs-adcs-offset-and-gain-calibration?cu=1128375
https://training.ti.com/ti-precision-labs-adcs-offset-and-gain-calibration?cu=1128375

i3 TEXAS
INSTRUMENTS

www.tij.co.jp

BB IR E
1. E#ATMEEL ADS8568 D AN EBEFRFAICE SN TT A2 RDFET,
G=You Vo _ IV Z(HAV) g4 7
vV, -V, 22mV —(-8mV)
50kQ  50kQ _75.10

97 G-1 6667
Rg = 75.1Q standard value

50kQ

G=1+ =667.7

g
2. ZOFRFHIZBITDAIMEFIT £10V OEEILE 5 THDH29D, INA828 D7 A 1E 1 IR ETHULEIRHY,
/74/%&# i (R (ERE T,
V., =GV +V_,

V=V, -G -v =10V —667.7-22mV = —4.667V

ref

3. G727 D AT ARG 275 12T L T, INAB2BAN[FIAH A ) B EREFH & L L TN DA EHH A s
LEd, TROFEMEEIYF 2L —23, [AHAEE OV IS L THIRIED £14.9V THHZLE/RLT

WET,
% Instrumentation Amplifier Output Voltage vs. Common Mode Voltage g ;lQ‘_ﬁl
Avaiable Output Swing vs. Common Mode Voltage
i 9 o HE Vin+ (Max)
L N e e mmm e e =u g EEEEE EREEE) I 13.5- ;
0 P BEEE eSS P RRR R aas i tgamg Emnay | - 114.653mV
; ‘ : + Vout Max
10+ T —H 10-
- 14.9V
g 8 Vin (dif Max) M ax
62 123.305mV
4= *
2 14.653mV -
< -14.653m
E (|
= F Vin - (Max)
=3
-4=
6= Vin+ (Min}
i |-7.663mV
-10-
i i Vout Min
T vin (dif Min) . -14.9v
e e e 128 -15.326mV Min
= R R L 72 T 0 DI ST il | g il B Rl !
ov
Vout
Select Instrumentation Ampifier Enter Design Information 7.663mV
Vs+ Gain s ®
|15 667.7 s
INAB28 = Load Settings Vs- vref
-15 -4.667 Help

4. TINA SPICE & [ntroduction to SAR ADC Front-End Component Selection J(#:75) &7 4 T35 F
EZMHWT, Cy & Ry DIEZ RO ET, KFEITRT Ry & Coe DIEIT S ZEIEITISWTHZI T2, BT
7 EAERT 55561, TINA SPICE 2 W Teed TIEZ RO DML BN HVET,

5. % DY AT LELEZHESNT, INAB28 & OPA827 DD RC 74 LA DAt E R LET (ZOFITIE fine

= 15.9kHz),
fore = t . ! =15.9kHz
27-R,-C, 27-(10kQ)-(1pF)
JAJAB42—October 2018 BETAL DFIHET T 5 L 7= ADC BXE)[A]ES 3

SBAA314 FllaRR — BB OBCRERE E} hitp://www-s.ti.com/sc/techlit/ SBAA314
Copyright © 2018, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/SBAA314.pdf
http://www.ti.com/product/ADS8568
http://www.ti.com/product/INA828
http://www.tij.co.jp/tool/jp/ina-cmv-calc
http://www.tij.co.jp/tool/jp/TINA-TI
https://training.ti.com/ti-precision-labs-adcs-intro-to-sar-adc-front-end?cu=1128375
http://www.tij.co.jp/tool/jp/TINA-TI

13 TEXAS
INSTRUMENTS

www.tij.co.jp

DC f=EfFiE

LAF D7 F712, =10V~+10V DOZEE AN DN OB EE R LE T, ZOHDFELWEERHIZOWNT
IZ. [Determining a SAR ADC’s Linear Range when using Instrumentation Amplifiers (Z&5%) 221 <72
SV, ADC O A JJEEEPH (FSR) IXEHET 7 OMIERFHNICIL E> TV ET,

20
] V_INA

155

] (22mV, 10V)

=
(@)
l

Vadc

ol

Output
o

1
ol

1

] (-8mvV, -10V)
-15—

'ZO_III|III|III|III|III|III|III|III|III|III|III|
-20m-15m-10m-5m O 5m 10m 15m 20m 25m 30m 35m
Input voltage (V)
AC fmEERM:

ZOBHFIOFIIE DL I2L — T a AR 14.8kHz THY, 711 56.4dB (667.7VIV) TJ, RC 7 4/L4¥
(fore = 15.9kHz) LEHHET V7 (fuua = 49.2kHz) ORLAAE DL, #HIEHI RS H ESh £,

I R V_INA
:56.50B::  fc=14.8kHz @ / N ' SRR
a 40 ......................
s fena 549.2kHz. 11N
§
201 . Yade
0 T T T T T T T T T T — T T
100 1k 10k 100k 1IMEG
Frequency (Hz)
4 BT ALDFIHET 7 5 L 7= ADC BXE)[A] 2 JAJAB42—-October 2018

SBAA314 FllaRR — BB OBCRERE E} hitp://www-s.ti.com/sc/techlit/ SBAA314
Copyright © 2018, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/SBAA314.pdf
https://training.ti.com/ti-precision-labs-adcs-determining-a-sar-adcs-linear-range-when-using-inas?cu=1128375

13 TEXAS
INSTRUMENTS

www.tij.co.jp

ADC AN BE LN T D2l — 3 (510kSPS)

OPAB827 /N7 7 (22MHz GBW) % 3288 115, ADS8568 (23311 DB D ¥/ /8w /2 LA s il %
BIISETEDZD T, AT T 771230, AT AT ADS8568 D is 7 U 7« L —hk 510kSPS
R TEET, L FDTIal—aid, INA828 151U OPA827 /X7 7& ADS8568 (L5 7 /LA — /L
DC ANMEBDOENN 7 ERLTWET, 20X 22— ait, BEED % LSB (152uV) &iiii=d ko9
YT IATR—IVR <X 73 7 Bl N IE ISR E SV TV DA RLET, ZOFOFELWEERIZ OV T,
[ntroduction to SAR ADC Front-End Component Selection J(#7%) =2 L T7ZEW,

50w: Verror = -346nV
Verror y 4
-50u- /
1.06
tacq
OO T [ T [
7.84u 8.02u 8.20u

Time (s)
AR Ial—gy

ZO®Iar TR ME OO O S 7 ) ARHEEZRLUET, INA828 O /A XN K ELHITHDHT- , OPA827
DIARTIR L ET, HHT /A XY 15.92kHz % _L[EIDEEE CIIERE T 5720 ZOHE TITEHELET,

2
E, =Gain -\/eN,2+( Eno j K, T,
Gain

2
E, =667.7 - [(7nV /\/Hz)z +{M “HZJ [1.5714.8Hz = 595Mrms

667.7

FERERL 2L al RN I B L TWAZEICEELET 32— al fE R = 563UVeys. oF R R
= 595UVrys)o 7 7 JARGHEDFELWEEHIZ DUV TIE[TI Precision Labs - Op Amps: Noise 4 J(#755) % .
T—H AL IN—HD A RO IE[[Calculating Total Noise for ADC Systems J(Z£55) &2 L T7ZS0Y,

1.13mn Enna ——
] 1.14mVrms
g ]
[} ]
K% ]
2 564.41d]
< ]
IE En-adc
] 563u Vrms
OOG LI NHHW T IIHHW LI IHHW T IIHHW LI NHHW T YIHHW
1 10 100 1k 10k 100k 1IMEG
Frequency (Hz)
JAJAB42—October 2018 BETAL DFIHET T 5 L 7= ADC BXE)[A]ES 5

SBAA314 FllaRR — BB OBCRERE E} hitp://www-s.ti.com/sc/techlit/ SBAA314
Copyright © 2018, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/SBAA314.pdf
https://training.ti.com/ti-precision-labs-adcs-intro-to-sar-adc-front-end?cu=1128375
https://training.ti.com/ti-precision-labs-op-amps-noise-4?cu=14685
https://training.ti.com/ti-precision-labs-adcs-calculating-the-total-noise-for-adc-systems?cu=1128375

13 TEXAS
INSTRUMENTS

www.tij.co.jp

FALBFEEF T By b ORE

HIET T RET AL THDD . LLFOA 7y b BIOF 7y RUTZ MR CIEHET 7N ZERIZ/0 E
T o TAVREFEDOFREITIL, ADC EFHET VT DA EEE GO ET, A7 By RBL OV AU RRZEICOW TR,
FRTORKEEERALET, VAT LOF A BLOA 7 By FEZEOFEMIZ- OV T, [Statistics Behind
Error Analysis J(Z£75) 2L TL7EE,

System Offset Calculation:
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G=667.7V/V
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Vg =V +—22=50V + ——=50.4
OsSRTI osl| G /N 6677 ILN
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Vosesystem) = 33.6mMV total system offset is dominated by INA828 offset

System Offset Drift Calculation:

vosDrift(INABZSRTI) = 0-5,UV/0C
v =G Vyepritunagosrm = 667.7 - 0-5/UV/OC = 334W/0C

osDrift (INA828RTO)

Vosorittsystem) = 334 4V /°C the INA drift dominates because of the high gain.
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System Gain Error Calculation:

GE,,, = +0.15%, max room temp INA828
GERg =10.1%, Rg Tolerance

GE ,psgses = £0.5%, max room temp ADS8568

GE,, = \/(GE. )* +(GEgy ) +(GEpsasss)” = \/(0.15%)2 +(0.1%)° +(0.5%)° = 0.53%

ina

System Gain Drift Calculation:
AGE
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T‘-’ ~ 20ppm/°C
AGEADC8568
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AGE

e J(50ppm /<C)’ + (20ppm /°C)’ + (6ppm / °C)’ = 54.2ppm / °C

~50ppm/°C

~ 6ppm/°C
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