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® Single Supply Offers:
® | ower Power
@ Battery Operated Portable Equipment
® Requires Only One Voltage

€ Design Tradeoffs:
® Reduced Signal Swing Increases Sensitivity to Errors

Caused by Offset Voltage, Bias Current, Finite Open-

Loop Gain, Noise, etc.

Must Usually Share Noisy Digital Supply

® Rail-to-Rail Input and Output Needed to Increase Signal
Swing

® Precision Less than the best Dual Supply Op Amps
but not Required for All Applications

® Many Op Amps Specified for Single Supply, but do not
have Rail-to-Rail Inputs or Outputs
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¢ Low Offset: As low as 10pV € High Bias Currents: 50nA - 10pA
@ Low Offset Drift: As low as @ (Except Super-Beta: 50pA - 5nA, More
0.1pv/eC Complex and Slower)

€ Temperature Stable Ig
¢ Well-Matched Bias Currents

@ Medium Current Noise: 1pA/NHz

€ Matching source impedances minimize

¢ Low Voltage Noise: As low as offset error due to bias current

1nV/AHz
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¢ Low Offset Voltage: As low as ¥ € Poor Bias Current Match
10puV (Currents May Even Flow in
Opposite Directions)

€ Low Offset Drift: As low as

0.1uVv/°C @ Higher Current Noise
€ Temperature Stable I, @ Not Very Useful at HF
@ Low Bias Currents: <0.5 - 10nA ® Matching source impedances
. makes offset error due to bias
Low Voltage Noise: As low as current worse because of
1nVAHz additional impedance

BE3: 1REETHMEIIREHALR

1 B RDOBURR P A e (B B B2 i ) 2 R B S B IR, PRUOMSMNER B BIR  iRdse B
AR SR AR AR, SR AR R AR B R R E R, InEIB3TR, R4
FAR LIRS IR IR Z ] A 22 53 PR R R T B A S HE— MR RIS, B RTREAH 2/

Page 3 of 12




MT-035

2 BOMACHK % s FOR 23 802 % R R 75 s P s B L T A2, KRR BRI OPO7Fn
OP27 &4k & itk .

DB FEL B M2 A S B TR AU PR B AN R 2 DL R R, Bl IR EMR . KA
HUBRAEEERS . Bbsh, BieREEEA RAFR R MR B IR, (HR, AL IR A s
PEARAE T I, i HowE R T AR 2

Ja A BIAE R IR T AN Im B AL i, B M2 IR TS A SR AR R IR A “ 221, X
ANRUIRAS AR e AT RS T O, AN IR A AR T 05 AR SR i (R B
VD IR roR R DI T e S 0P i e oS R Tl o D T = 5 T o S O
PERATIER . Brik, a2z B8O 8 9 B IR vl BEANUAPERS, 1 H A TRETT 1)
IR

WEROLT, BRSO REE FH b 5 SR 8w i a2, i A 2 BB R
R, A A e B IR, A S E RS RA T WA AR R M, R e AR IR
AN, B RROR SRR A FTREX B L 1T 1AM

ER, B E R (WERRZ ), RAESBIEX R, RAFAE P B
HUIE A, U R R 300 PRI 55 i B PR DREAH I, B R B D B L TR M, USRI R T — i
e iR = DR 10R% . R, TRMERRNTDIEER 2D, XK RARIL.

D FEL 3 o T8 TS i G R LS PRS2 e 5 5 T LAl 4n T 5 R TR AR A i A T
BHARSE . (B —m& BER: XAMEE OO Tt B R M, B R R PR AC R 4 A9 AU
PERR A BB ORI R IB BROAR R IR O B L I M, 0 1 A — i A S 38 2t
S ri BELARS 2 o i 4 2 e 2 A B 22 |

FETHASR

Yn A (FET) HA i i T AU P 45 780 R4S (BT i A BT, ULF- & 38 S OK 2% 4
AN B AR, HARITAWHEIC T AR HIEFET, B Hfh T & aeig s
FET, HASHFFMEH —LnE,

Page 4 of 12



http://www.analog.com/zh/all-operational-amplifiers-op-amps/operational-amplifiers-op-amps/op07/products/product.html
http://www.analog.com/zh/all-operational-amplifiers-op-amps/operational-amplifiers-op-amps/op27/products/product.html

MT-035

FETHAY w i A BT, R AL a0 B A e Pk e (E T SO 23 BT b, FET 23R R
kg, SCHE AR AR, M PEm KIERESR), FETHRERH WG %,

F—J5m, FETIR XS A KR IEA MBI TAR 247, i HH T K A% S 18 i s i) 1 R 2y
REAREMIFT R ARIRFS , BT L MAET AR, Wik, BARJFETERBORSBA REFR
PAEB R, HIA RREBITH.

A LUCRHTFET 2 SBOR 4% B FL R g 7 R BRI RR R, HB @R R K, JFH R A
HREARE, ERRAREMEEL, b2 R s Sm A mE,

FET 1z S50 7% ) fh . P i 2 AR ™ 1550 )2 ) O Pl D (BRI R W A OB L i, LR 5
MOSFETHI), & A i EHTHE10°C, ZE M 15, Pk, FETBRBKRESE
125°CHf 1) fht B LR EL25°CRRE & 10006 . %, FERUMR PE ANFET Hi A s B OR8% & ] AT 1
P, KR —AEEEZERER, FHURAE RGN b, SO i FOR &% B i B L IR
Lhr b2 FEAK,

B HAD AL, AT — B RS 1A R B FET, W45 458 (FET)MMOSH
(MOSFET), steth, Mk tk/JFETLH & £ A iz 5Ok & (B BiFET) B9 P 6 it T (X A8
MOSFETH . CMOSH; R s F R 4% . 5 R ADTAIELE 24 7] 5k A MOSE CMOS iy A 2% fill i&
ATEREB R BORES, B E, XEBRBOSSIRFMER. BIEYS, STEEAs
U TR PR 3 o DR T 5 s 1K T P RE A 2 L 2 S B RO P s SRR 4%

JEET# 135 B = & T BIT# 4k, BATFETH) Je Wi v el o K FBI TR M-S .
Wik, JFETZ: 0 SMET R AR AR IR E(1-2 V) TR, X5, CMOSHA LY,
Jirifs B 2 TJFET,

HEIIRA R

Ay, FRBFERORA M A B R R G B, BILBIICIR TR, CRARR
Tl o IR IX AR PEAESE SE B R TEREAR A, (B TR RN R B, AE A BAR D i A
H, KPP R gt AT ED I, R SR SV 2 B R X BIRR, JEEBIn: 3t
BHEE TR AN, SHE Al - ANRERLER, EIHFAHEERENRARSIR,

VF 2 SO J5 R 2R i A LB RS Bl JR B — AN WL IR GE B O 3th) o R i A O HL TR A
LR XFERBIF . TF 2 ORErT LR PE0 VLB N, X AT LRI PNP(5 PMOS) 2%
53 % (BN ETFET X ) e ba LB, InE4PR . Xhis SO ES B A 6B Bl — i M fa
HLIRAL(-V Bh) DL T 29200 mVEIE L IRHL(+V )RR Z1-2 VIEREIN,

Page 5 of 12




MT-035

+Vg +V

s j """ i
OR E E N-CH

PMOS i : ° JFETs
—

{3

-V s

BE4: PNP/PMOSEEN;EBEIFETLRZ 15 HRMAY R EIDI BRI

-V s

AT LR FINPN(SNMOS) i & (S PYEJFET) it , XA T, A ILBLEH
PG ER L, FFA TR IRPLIIZI1-2 VIEHIA . X AR SR % AL i v A DU % i
b, OP282/OP482%i A R AN IFET i A%, Hfm AL BVe Bl A5 IER IS, P
T By v i G T L

Eleh BIEPLBI L A R Rl . R TRMEHWARERXT, —AN @ PNPIRUR P &4
HQL-Q2, H—ARNPNRAEQ3-Q4, FIHCMOSKH ] LI ARy A 2 o

éCD i_

P r QZ
e

O * """" O + """""
i f

E5: RIESEIBRRIEEFERALR

Page 6 of 12



http://www.analog.com/zh/all-operational-amplifiers-op-amps/operational-amplifiers-op-amps/op282/products/product.html

MT-035

PEATER, PIA SRS B AN R A9 0 PR e A e v O, 234 B DM A SR PR S I,
KA AR R A W B Rt 23, 9% F, AP RIREAAEA WA LETE
Bl P ¥ 43 91 BB N 3 DR AR TR Bl IRE , OO 28 i A\ 2R R PR 5 T A i R 45 0) ) 1 38 R T
. ERLith, RERARM A LB RGE N B KH, YfE S8 il
BF, JCOREHE AR A DAPNPX A b T2 A5 S HaL B R IRET, OS5 A KR
B DANPNF R B R 32, i BRrad, BRI Pu A et ml DR F CMOS & i & A4
A, BinCMOS AD8531/AD8532/AD85341a B itk 2% 245k =& ik,

TEOR A A (i B FL O ot PR P DRI e MO R B, [l R T i s A B TR g, 5
REABHPCRIRGFH L, X8 SEOCERIH (CMR)PERER M 82, I HILB G AR
LB A R RTE B NI A E . EFEPLBIPUR A BT BORSIT, F5 8 B X R AHBC &,
PN ISR RN L A (R L PR TS A CMIRAE 8 43 L 455 1 1Rl P9 mT e
WP, HAENPNSPNPIEE TR, Xk nlfedE ¥ 2%,

HAIEPLBIFUBORES W i A ik O A S A LB e B B B as, M— AN 220t it 1 3
Ty AFE AT, BB i B AR R L IR R IR AR VU SR D IR IZ X 1K),
OP191/0P291/OP491 &K F1OP279%: . PNPZE4 M AL A BB M B IELL 25200 mVE|IE
BIRHIR )1 VIEE N, fEZBalE N, ROk mAREBE, WMAMERRE, CMR, W
AW R T/ HRL I 22 I PNP 2273 6 ) e PR e g . ABAE A RELING , 0 R 2% A\ 2K TR FRL R
A5 AyNPN/PNPX| -3¢/ i e, IF H T RE P 25 1L,

A, BTk, fERESRAILETEE P, HOKss s IR DIPNP S X A F; fENPN
FEr X AR A A E AL, BOR 2% Dt B PR I 53 W e

OP184/0P284/OP484 2 51| %518 B AR 2 VLB IHUER AL EE , {5 A A 3t B 7
[y S5 T B, NPNAIPNP AR XA 3, FUTEFI 7 AL BRI, 77 16 S
BRI, HOC B A K TR NP FIPNPS (173 J ML , o T A 0 P DL 3 405
HOMOETREE , e TRHh AR A4 A 26 857 1 P F RS 1L,

[IFE, — 22 A W4 A 9 FR 1 i A A b PR 48 0 TE, AR OP 184 Z 51 Y i A fhi 2 FRL T AE
BB A R RVG BN F R, BISME SUR AR A VS B B Sm AL, i i T35
PNETAVERGIOE fh,  HCORER I TR L R A B FRL IR R R B 5 . M A R RAEAE— L TR K
AL VIGE N, ek XS,

Page 7 of 12



http://www.analog.com/zh/audiovideo-products/display-driver-electronics/ad8531/products/product.html
http://www.analog.com/zh/all-operational-amplifiers-op-amps/operational-amplifiers-op-amps/op191/products/product.html
http://www.analog.com/zh/all-operational-amplifiers-op-amps/operational-amplifiers-op-amps/op279/products/product.html#
http://www.analog.com/zh/all-operational-amplifiers-op-amps/operational-amplifiers-op-amps/op184/products/product.html

MT-035

2 A 22 53 AL HE A i A A B PR DR 8T 2 10 Tl PR 35 T, O 5 A 7 L o 50 1 1
RS0 TR T, RUMCRE BN G2, TFETHR AL B2, HRR R PiA TR A %I
P,

A Zeg, DL TROR A3 19 TR R R A0 BT 3 o SO 3, Pk, fEf A JCBLG R HomAL, =
PNPZ ({5 5 B2z 1 # PR ) SUNPNZR (155 42 10T S v DRGIL) 0 5t il DD W e, - o o el 2 s A
TR, 859 R A B EZEAE— R IEPLIL VIGEIN, %170 5 A i E R AE

B THRIERIISTIRRGSIMARA VL B4, 20 50 % 2B IESLE o A i b
MPEATAFANPEAL, I ELSIA PR B g ROk &3 W0 AR TR . i A\ D B R a . LB ) g
7o (HL R R HL 32 ) 2 4 2 Y

i th 2%

H T 1CE B COR 4 i 2 Al A NPNHL i I ol T~ Bz L B NPN S AR BREE 2, Pl 6A
Fn. B, BIEESHEERERTBRESHEER,

SR AR BRS80S AT SR tH 2, HUF 2 TOR 23 0 S8 R AR R PRI,
— AT HERERR T R AT AEZER, EXPREEE S LRGSR R, H™
SR — B B HHIC T2 NPN S AR S P FPNP R RS . IR RN S, BB TR S 2L
it —ANREEL, MED—AREEZ,

E6: REEFaEF M X345 R

Page 8 of 12




MT-035

P % I R $n AR A — AN TR UIR S, Gl o SRR B SR R SR R ) . T DU
JH T i F BELA A A s 1) S IR AT B kB R 8 5, s th LUz RS ), A
HESE, MFETHRREEACE Rl UMb g, Hafmset ZRE, nkEeBRK,

fi BIBURE AU P (CB) T, REMBERAAIRA+VLAC L 4F A R s PNPFINPN LK 5% . EI6CHT
R LA R B A o R SR B ARV S, meR I — AN R I B, 2R, X PP
h e i b TR R REAEAE— AR DRBLI — ANV JRFEE B N RS . Bk, RAH+5 VAL R
LR, SR 2% A S g AR O+ 1 VE+4 Y,

M) B 7 AR B 7B BT 715 R EL 3 S A /3% DR A HH G, 3 SO 2 AR i Y PR PR 3 T DL B
LRSI, X 2 2 9 T Pt B U & T Bl 6 CRIr s ) S AR R B 2 i tH 2. ELAESK
B L ¥, 2O 2 B e I i P A S B0 2K R P A At PELBL R 0 )& AE 10 Hz L)
THISRR), W TR E R, LY A PPl A AL SR L ARSI . Gl R 2
2 B HIORAHAEL0 kQ(BCHE ) T B B T RO IR /b a4 TERE, M SR T8
SE D, WIS R Al E & 1.

WRITER, SAHRERBE S R AL, PP 9 T RE S E RO R A 1 3 U
IR, SSPFER TR —, A5 R A RERR N E KA,

-------------- l +Vg

-------- { l: PMOS

SWINGS LIMITED BY SWINGS LIMITED BY
SATURATION VOLTAGE FET "ON" RESISTANCE

E7: “¥F B EIB A% 514

Page 9 of 12




MT-035

A P BITHY B AL 5 B HH 2 (K7 A) T3k 58 A 1R 3 BI L IR %L, R RE IR 3 i JRALI M ik
TR RV o TR A . X TR/ RERIRCHT100 pA), HRATHEATREIEESE10 mV;
R, T Rem B IR, AN AT RS N2 £ 2 R (EL 50 mARF 4500 mV),

5—J71H, RAICMOS  FETHy % th 9 (Bl 78) Ml w] DI s AR BI PR PR, (H A RE
FEEFARME T AnRas BBORS i th 26 208 HH s A A = R RLOR, WU ) PR TR AR 2
1, BEIEAFET IS @ R B L IXRIERE, @S, BRSNS ER L0 QF
A, AH S HLRAR B CMOS UK &% HY Sl FL B T REZN T 10 Q.

WAELL EREAREN, BLZE, SRANAHE BIERR A H T, Pk 7rbR 8 i
MR a5 . B EHOR S R B MBI R AR R, AR T A SR BlE T
BB EENE

FHFERFENEEBRHER

V2 PIBA B L RAARIERY, XERE S5 A R qE o B, e P
i, ERAEREE T, KBARARL, HWMLBESETERES .

Vg = 45V
ﬁz” . >
| 4.99kQ
104F : 100uF/25V
§ R4
4.99kQ :
CiN
VIN X
L
O I+ Cout VLoaD
47pF I o
RS 1000pF :
10k Q | R
1 __HSZ__J' 75Q
o R2 1pF
] W MW\
E8: B RIEE

AR E RAR R — A i WIS B A%, AT A HE 5 H R 96 1) A Lo PR 3 S — A T R B e r
F, ESHIR, BEKAA SRR A SRR . B (i B b Hr kPR3 dB
I 35 5 ) B LA 28R AR

Page 10 of 12




MT-035

1

fr = , AR 1
€ 2nRgC
>~ I:FI:
R4 R5
- . Ak 2
EQ ” "R4+R5 o

PR, WA Z AR WS TARS, WIHAER YT IR 25050 W ma P AR 2R 13 dB, DAk, fm
FA PR WU DT BUCRARTE], W ma BERERE RS dB, =¥k WIS ME9 dB, RiELAEHE, A
i A GE I S M L 8 AR BEOR, BB — A, IERITERR, MRRPTIR IR, i R A R 2 7R
FE10RE T %

FERBIC RS HMA G TRESAOR B S REGPRAAFEN — L@, X85 3P
mA R, MESET BRI U E, A R R IR R RGP —FF,

4.0V (+) CLIPPING
A

50% B
DUTYCYCLE 2Vp.p —A—————A—————mm e 25V
NOCLIPANG |

_____________________________ 1.0V (-) CLIPPING

(B) [ e NN [N D\ R Y — - —— 4.0V (+) CLIPPING
LOW 2Vp-p
DUTY CYCLE
CLIPPED R R I ety 2.5V

POSITIVE

————————————————————————————— 1.0V () CLIPPING

————————————————————————————— 4.0V (+) CLIPPING
©
HIGH

DUTY CYCLE g 2.5V
CLIPPED 2V
NEGATIVE
A ! NS s ——————— g —————— 1.0V () CLIPPING

BE9: HBFEENHEEE

FEVE NP8 7R RO A AL o, o) M B S8 TN T i i () A S Y B i B, % T2
Vp-phi th HL R X FR(50% 5 22 0T, it A 5 K5 BB 58 i L (BB 2.5 VLV, S TEI9%%
HEETH BRI PRI, AR, ARz kel BB R G 2 e AR R R (BAEFAR), WMIC FiR4([RS
WSS TRIIME RN R 2 S B AU R L, BRI TR 25 bl . ORISR 1 e 80 B
IEHORSH I TAR =, 9PN,

Page 11 of 12




MT-035

EI9(A) B 7R A — A2 Vp-pHFRYS0% 5 22 L5 3, 5 SHRIEXTRWE, TS5 VEJRBOR
P LT EIDE Rz R ZBOR #R (B an S AL 8 v ) i B AD817) H g 438 B 3] Pl v b Hi ) 32 B
BT, EEE-RERERRYLV, fRFIB)FC)H, FAMIEH S 2 LRSS
RPN B, [ b BR 5 40 ] e e A B N RS-, AETROR A%t B, mT LU 21 (B) Fn(C) Hr AY
W 53 B AE S s L U 11 6%
SE M-

1. Hank Zumbahlen, Basic Linear Design, Analog Devices, 2006, ISBN: 0-915550-28-1. Also available as

Linear Circuit Design Handbook, Elsevier-Newnes, 2008, ISBN-10: 0750687037, ISBN-13: 978-
0750687034. Chapter 1.

2. Walter G. Jung, Op Amp Applications, Analog Devices, 2002, ISBN 0-916550-26-5, Also available as Op
Amp Applications Handbook, Elsevier/Newnes, 2005, ISBN 0-7506-7844-5. Chapter 1.

Copyright 2009, Analog Devices, Inc. All rights reserved. Analog Devices assumes no responsibility for customer
product design or the use or application of customers’ products or for any infringements of patents or rights of others
which may result from Analog Devices assistance. All trademarks and logos are property of their respective holders.
Information furnished by Analog Devices applications and development tools engineers is believed to be accurate
and reliable, however no responsibility is assumed by Analog Devices regarding technical accuracy and topicality of
the content provided in Analog Devices Tutorials.

Page 12 of 12



http://www.analog.com/zh/precision-op-amps/high-supply-voltage-amplifiers/ad817/products/product.html

