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OPA392 | e-Trim™ CMOS 10 06 1.22 2.0 05 120 132 29
OPA277 | #oltiE® KU 20 0.15 0.79 0.22 0.3 140 140 38
OPA206 e-Trim R 25 05 0.22 0.2 0.05 140 132 45
OPA928 e-Trim CcMOS 25 0.8 0.275 1.4 0.3 140 134 27
OPA191 e-Trim CcMOS 25 0.8 0.14 1.4 1.0 140 120 27
OPA210 | ufss S 35 05 2.20 0.09 0.05 168 132 35
OPA189 TEY cMOs 3 0.02 1.30 0.1 0.005 168 170 63
OPA182 T CMOs 4 0.012 0.85 0.119 0.005 168 170 55
OPA388 B CMOS 5 0.05 1.70 0.14 0.1 138 148 41
OPA333 T CMOS 10 0.05 0.017 03 1.0 130 130 65
OPA187 T CMOS 10 0.015 0.10 04 0.01 145 160 49
OPA186 TEH CcMOS 10 0.04 0.09 0.075 0.02 134 148 51
OPA188 TR CMOs 25 0.085 0.425 0.25 0.075 146 136 48
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Chopper op amp, second half-cycle
Bl 2-2. 4 AMHE R P IR BT BB B S B 2

ZHCADY1A - FEBRUARY 2024 - REVISED MAY 2025 BRI AR /E 5
FERRIR

English Document: SBOA586
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADY1
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADY1A&partnum=OPA189,
https://www.ti.com/lit/pdf/SBOA586

13 TEXAS
INSTRUMENTS

B s iy 58 1 1E R www.ti.com.cn

2-3 YiH T B RHE S R — 2 BN SR B R AR 2 ALK AR TR, RN, BT (gm) S
i (RSN SRR AR R o 5 S 0% i 7 2 1) Vios 15 5 BN IRIAS — I, KB B8R R A
CIAR B J7 SNFe . B 3 JORHE E S N R i R e e g B WAL . 1 FEUR SR IOIN RS RN, LA LA R 2k
PEAR . PRE , SNSRI U AR S T G IR 2 S ECK B RS (Co) LR 2ANERITT . RIS ShEE
NS — D71, R R R AR L Ay R = (TSI 2-4 ) o =MBIE AR DIE AR RECK RO
ORI R E . T PRMEBEE %, B P AR R K28 F . Frel, WsR— A SEPRiBOR S (1
AHAN B EREDY £1 0V HIREDN £1 0 VIC , WASINETETT & MW 73 5 ARSI EOR I 17100, BIFE %K)
10 1V fll £10nV/Co FirLA , S AHESEEL 1R AT BESRNT- B R LIS 1 F AR SR, = MBTRAETROR a3 o 2
ARET. ETULER , S FZE R Eg s ik = Apdb /M.

VOUT

VOUT

Chopper op amp, second half-cycle
P&l 2-3. 45RE A PR T B O AR M\ SR L R B

G EL I E B, AR A R A AT LA AR (i B ) — R B IESZB I . RS P AN R I SZ AR AR
WP, MBERBUN AR . 1B 2-4 JoR T =MBTR I B 8. = MBOR ARSI Ay U A . R
Blrh, B as R HESIF )y 100kHZ , BT L= A 2R R it 100kHz. # FIBOK 88 FOHT B 3% 2-1 iR
2-4 3L JEoR 1 R BB e B A R M N o 2P & H— DT R A SR B SEBL , XA LB & R A U B R IR 5
To T IR SHCRFED | R = A E NPT BB AT IR B IR . = A R SO 1 S R T 2
4 500 %,

6 TR AR E ZHCADY1A - FEBRUARY 2024 - REVISED MAY 2025
eI R
English Document: SBOA586
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADY1
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADY1A&partnum=OPA189,
https://www.ti.com/lit/pdf/SBOA586

13 TEXAS

INSTRUMENTS
www.ti.com.cn B A 8 LM
% chopping cycle % chopping cycle
charges miller discharge miller
A capacitance capacitance

Time

VIV

A Triangle wave Fourier series

Unfiltered
Output Offset
(Voltage on Cc)

| SRS 0
.2 (8] Fundamental
o
§ *5 -10
rd
o > 20 3
(7] ~ th
O b -30 7
= C gth
3 S -40
=
-50 100k 300k 500k 700k
Log Frequency
4 Synchronous notch filter
0.
o
) 10
g -20
5
4 -30
0
o -40
-50 . ’ 111
f. 3f. 5f. 7f.
100k 300k 500k 700k
Log Frequency
& 2-4. FRFSE AN MG IR A
ZHCADY1A - FEBRUARY 2024 - REVISED MAY 2025 LA FTIE A #5555 7

eI R
English Document: SBOA586
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADY1
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADY1A&partnum=OPA189,
https://www.ti.com/lit/pdf/SBOA586

13 TEXAS
INSTRUMENTS

A IS www.ti.com.cn

2-5 JEon T BB ATTH AT AR AR | R BAE RS B B A R TR A . ELVURE JE RS SN E o 1ER
AR, RS AR O 5 L B RS B R AR AR 2, RS 2 B AR il il o TE I | S AR 3 25 T B
F -, AT S IE A PR B AR AR
Transconductance Transimpedance
Vin X 8m = iout icxa=Vout
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Notch Filter
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OPA189 150kHz
OPA182 150kHz
OPA188 333kHz
OPA186 150kHz
TLV2888 200kHz
OPA387 150kHz
OPA333 125kHz
OPA388 200kHz
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Depletion layer
High-Z Drain-to-Source
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Inversion layer
Ve TR Gate Low-Z Drain-to-Source
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Clock feedthrough is the coupling

/of the gate clock through
Gate parasitic Cgs and Cps.

1 1T
Source |
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8960
PHODD O

00

returns to drain and source
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OPA188 Iz — Chopper Charge Injection and Clock Feedthrough
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Noise tones from
chopping calibration
AL
. . ( chhop ]
OPA188 Noise Density vs. Frequency 1.3MHz
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OPA189 3 0.02 14 5.2 1 0.183
OPA388 5 0.05 10 7 10 0.331
OPA333 10 0.05 0.35 55 1000 20.4
OPA187 10 0.015 0.55 15 500 15.2
OPA188 25 0.085 2 8.8 10 0.523
OPA186 10 0.04 0.75 40 500 10.8
OPA182 4 0.012 5 57 10 0.219
OPA387 2 0.012 5.7 8.5 10 0.488
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» Kaslikar, Piyush. Interview and discussions on chopper amplifier design, 7 December, 2023

* Burt, R., Zhang, J., 2006, “A Micropower Chopper-Stabilized Operational Amplifier Using a SC Notch Filter
With Synchronous Integration Inside the Continuous-Time Signal Path” |, IEEE Journal of Solid-State
Circuits, Vol. 41, No. 12, December 2006, https://ieeexplore.ieee.org/document/4014603

* Caldwell, J., Intrinsic Noise Sources in Chopper Amplifiers, Version 4, March 2013, PowerPoint Presentation

« Kugelstadt, ., “HRZEBBOCIEA 1TUA 11" , AN HHIF (2007 F55 2 )
http://www.ti.com/cn/lit/pdf/slyt272
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