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3. [, iR (A EIRAE D) AR TR R R
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? —
Total power supply 5 5/ 1.5V
operating range
from minimum 54t common-mode | SN OLIJtput
to maximum. voltage range s ; vrc;fggee
2V Voltage range
1V of this G = 1
\ j—‘— circuit: (V-)+2 V
to (V+)-2.5V
T Negative rail (V-) T (V)

(could be ground)
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v Positive rail (V+) ¢
Single-supply op amp. A vl T~
C-M range to or below 20V Single-supply op

amps often have

negative rail. Examples: -
OPA234, LM324. Input common-mode | >N Output 5 yider output
voltage \5jtage swing.

voltage range ----—{+ range
MV//4ﬁt f
oltage range o
3 D\ !

Y ¥ this G = 1 circuit:
| Negative rail (V-) T
02V (often ground)
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(V-)+0.5V to
(V+)-2.2V
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Rail-to-rail op amps
have C-M range to or
beyond both rails.
Examples: OPA320,
OPA365.

N

R Output
Input common-mode | > voltage
N

voltage range

range

Rail-to-rail op amps
have a very wide
output voltage swing.

Voltage range of
this G = 1 circuit:
(V-)+0.1V to

(V+)-0.1V

A | Negative rail (V-)
0.2V (often ground)
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V+ supply
N-FETs active from 1V
below V+to above V+
To next stage

AN C
+e— N-Chan.
—] l —
Vin+ _ Vin-
T
P-Chan.
— C_

To next stage

P-FETs active from
below V-to near V+

V- supply (or ground)

N i FET LLRGE SR v T IE I I R 384T B HL i
CREZR) voEhindt, voE T ZoR e B MRS 5. K2

e TT XU A GOS8 HBOR S B A FEBR S IEFUREY 1.3V Ik
Fetfe, fEiZ 2 b, BATRE LI AL POIEIE SRR I R
Jeo AR SRS EE R R N EIE.

Offset Voltage vs. Common-Mode Voltage

LT [\

Untrimmed \

=

Trimmed
(V+I)—2 (V+‘)-1 V+

0 1 2 3 4 5
Common-Mode Voltage

=

Offset Voltage (mV)
! o
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PR R AR GRBEH G = 1 BTN, ga T8k
WA . REEEIE FBOR S IE R WO s 7 REAT T8
H, DR A ZUR AL . 248 30T B AE e i IRl 1 A2 fk, fH
AR T TR PSS N iy AR HL % DUIE
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V+ supply

Charge Pump

Internal Supply
2V above V+

Jr P-FET inputs
active rail-to-rail

P-Chan. | t Vin-

L To next stage

Vin+ l—l
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Offset Voltage vs. Common-Mode Voltage
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Common-Mode Voltage
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o OPA340 XWHTAZE, JHHEZRM5%, 5. 5MHz, BLEHL CMOS.
* OPA343 X ANZ, RIFHEARLBHE, 5. 5MHz, HLEH CNoS.
© 0PA320 HAHAMEINAEMIHMIANGL, 20Mz, BLEHL CMOS.

o 0PA322 ELATHMTHEINAEMBANG, R EREIEHE, 20Mz,
HLEHL CMoS.
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Amplifier is always
sourcing current with

grounded resistive load.
o ;,
i

+
— R

Vin =,y LOAD
1.

resistive load, see text
Single-supply

operation
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OUTPUT VOLTAGE SWING
vs OUTPUT CURRENT (Over Temperature)

+2.75V—2
2 ry A
=
g
£ 1 i
@ +25°C
2 0 +125°C ; i .
= Output swings to
= -40°C .
S 4 supply voltages with
g zero load current.
-2 "4 ! ‘
- Vg = 22,75V
2.75V 3

0 5 10 15

20 25 30 35 40

Output Current (mA)
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R1 10k

Feedback is ground- /
referenced. Reference to a
positive voltage will
require amp to sink
current.

Feedback network is
additional load to ground.
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V2

R3 10k R4 99990
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Vy lo
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V2 in macro model.
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Bias current cancellation
resistor, Rb = R1//R2.
May be unneeded.
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HRBHE TIEIR N, SR, AR AR AR RS DL T, I
KA ANE SRR I B IR B R AR HEE . B s DLk st b i) 385 24
b R DT SO SO o T R SOBE AR T 0 T AOALIR ISR R
WA A ATCE LR 5t 2 e i S ik B F & 4 1
bR B bRl AT ol JF R 2 RSB ML B
IE, REAREmARE.

WA MIIEIR, R 2453 3] — Le i phAHRES o

WARIEIR LK, XL RS TR 2 - I Ak .
SR Y H T ] SO H LS/ A (RC) M%K%, 2, B
AEIER T AR EE LR, H 0 2 90 BT M4 1z
MBS A eI, ta = RC.

Op amp’s
inputC ~_ C

=
/1 |

Op amp’s

open-loop

output R
a) —

Vout

B 28: RAEAGE (EBRE) MTXEHEH: HTEFERE (2);
HI TR RS TS (b) .

BB RC M ANLREIHEAN . 55— Aol
HRAMEGEA R (B 28a) o FLBHA I BSOS O TTH AT Y Fe
BH. FAES AR A

5 FEN (B 28b) BHBLALZ AN AL T RC M4
P B0 R T Bt 2 M D22 UK PR B YT AR I B . TR, XA
% FLAAH )R SO R g o i — 1 2 S R R t 1757 . IR AR
EHEAETS, AT RES R R ) 8. X AR 5 B3t 1)
JR PRI & S SRR A~ IR R R ) LU ) B %
TR R DL T 20 HE . BB RTFREA G = 1
SEPPAS AN DAL, DRI DL (17 100 2 3 P s o P BEL 85 R4
FHAS A2 E (B 29) o IXEEHBAAR IRl AT TR RC H
B AR R,

Parallel combination 2R 2R
2R//2R=R oy
- _I__| I Vout
Delay td = RC c

+

. +
Op amp input C Vin 5

B 29: REIEHIFHBERTEM RC BEEFH] R

AT R BGTRR AR KR B o3 AT . T 22 AR IR Z . AN,
FRATTAE I Ll S 153 A2 1 S 38 AR A G e S M R P P £ 1 ] P
TR0 T A LS B A5 20 A AN AR e L R RS P 1) AL

WBREFFIGCE LIPS, (RS
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13. “BIfR” & BB

FREERIONED, Fihie T GBI b % P B o ANRE T
AR B LI P 3Pl I 5 ) e 28 Ji AL S Bt A2 P ) A 3B A
%o

WSR2 AR 2% F B ) (RS SO SR I A L O b — 28 2% 0h
) TR 8 SER LK, WU 5y AR O S E  ARUE, 81
B I PR (B 300 o MRERVFRENS I I R
AR ARSI LU, DTG ST 2 ) H e A i TR AR o 2
ik X FEENMBEBOE, MALE Caa Az
el - BB MRa. Ak, T L E B St
LB, DLRFFHE AN

G L 40 20T A O RS T b A
BRI, RAEBIENE 5k AT 10kQ, $K0 T 01
B, (AT E 106 1k, JFUTLT IRE. SN, EIERIE
SRR S, ICH R RER A RO YTk . PR
LB 2 S SHOR B I 5, BT R A e K
SHF MRS R TR LA Co B3 R2 JFB (B 3D . %
RLXCx = R2XCe I, ARBSHAMIE, I ELTA SR ML L9
SR . R 2 DL ST

Parallel combination

20k//40k = 13.3k 1 R1 20K

Creates pole at IMHz
td = RC = 160ns

Cx = Coper + Com + Corpay Vin

12pF = 5pF + 4pF + 3pF

T LB SIS LA 10 s B R e T R Hb B el ()& 32
) o WERRAHIRIA . REF TR AT AR A A R VFREAT Y, DR
AN TR RANAE . TR, o AR AW Y A 2 R B AN
€, BT AR k. tha? BB IFAE R B A

i

TEAITAT DA 5 75 AR BT A B AN rU A s DUROR AN B2 — 4, 0T g
WAL Ce MME, WA 31 PR, B FRECEEAFEA T
MREm, DRSS T RE IR ANTE LAY Ox IOUER RN, AN, ETTRE
Ao SO FRLER PR W B AR RIS IR, IR T g2 A — sl

P AET LSRG S e 3 AN S AR 4T 5

ANFE I g — ey DLt PR AT BB R S s SO o X
BUAEIRE =R T AR IR R, X IE S S AR IR . 1X—
DR OUR S 2%, DR JT 3% LA s SRR 2 . JevE o
I B A MR A . SRR b, BIRR —ANELE
P&, ERIB SRS e — A AR Hth k.

F BRI b ARG RSO o S RERRE A IR S A5 AR O [0

i 2

LA SR 63 K H .

1 Unacceptable overshoot
_ and ringing. Near oscillation.

B 30: BHIFTHIL I RIIRES T A RETRSIE o

R1-Cx=R2:Cc — Cc=6pF
20k-12pF = 40k-6pF R1 20k _
= Cx

Cx = Copre + Com + Corpay )
12pF = 5pF + 4pF + 3pF  Vin

OPA320

[

Well-compensated response

-

Vout

~
L

K 31: BEH Cc 5 R2 HBABERBHG BT LI

Compensated when Cp-Rp = Rin-Cin

10x Probe
Vin O%j

Cp3.33p

l_{ }—l Oscilloscope Vin/10
(
Ro 9M %Rn ™

Tcin 30p

T

\

Cp—
too large

Cp

\doperly adjusted

\

o

too small

/

B 32: REFMEERE 10 B fitt TR WA
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14. “HIf” xdy: AYESE D

T EAE S R R e Ve DRI IR B R IR C
S SFRIEAEIR) A R, N S
W1, AR SR AL — MR T

CRRIGURIE R B SRR TR R (Ro) , B IfdRIE ST
KA —ANFEPH RS o BT — MK T8 SO 38 Py 8 L

S WU IE HORRE, AT REEE . C AT

2%, WSS E A ¢, e T Ro Ml C TR

o G=1 W, 20MHz IZSTHORAS 0 SO WA s 1. 8MHz #l i &
MK . 7R 33 TR

IR T A — AR 8 - BRSO g . AR
F: WEHEAEEER, KA Ro M C. K TENXFIER,
KA AUEANG RO Y, X R e A A A T POkt i 1
AH.

* Ro is internal to op amp.

OPA320

Ro-C, creates
- 20MHz GBW

pole at 1.8MHz

PRI —Flr Ipid 2, BIEHBORH E T E iy
25 A AR AR BOR 215 55 . B 34 YWbon TIRSIAHIANK InF 113K
B35 10 1) 0PA320. bR mgm v E 8 4w, H
HRASETE . G E] 25 sk, Fil kSRR i,
EHIL TS AR, B 35 WA 10, HIEN T Ce, MM
MM B AL TR, Co BE/NINE, WAk i E 34
o Cc RERIN, TTReS HIBLW S, A kEGE 33.

T BN AP A M AT RMZ T fift e “ SR TR )l - DR T, 1
MR PRI S8 i) UK, AT DU B S B, R R s AR B R
FEVERIRE TIACT IR0 75 B 1R s S A E IS 2L T

Tl [ 4t (PETENSEMIEPHINCOTISHNWETISNT 2 i 1s H K 285 e vk
R P A3 B RS B O T Al

BAE IR S R S, GRS

~ Small-signal step response

Yikes!

B 33: G =1 B 20MHz EHEHABEIIRGFH BN 1. SMHz Herm (Z)
B RGBT M E B EEwiR, (LD .

J__W NV
L R1 1k
' Vout
—
Ro L
C
90Q L
:I: 1nF

OPA320

/b\:mjproved but
marginal.

e . ——
0.00 2.50u 5.00u 7.50u 10.00u

Time (s)

B 34: (EFRAERB 10 BIEEHAR FTEITHTBEAHHFR: PL, X

HEUAETER
Cc=12pF
Trite | ro's
= ©
—( Vout
Ro ——
Sl By
Vin OPA320 =

0.00 2.50u 5.00u 7.50u 10.00u

Time (s)

B 35: EFIERIHIECE, W5 RGEMHBHR 12pF Co A4
BRI
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15. BHEBCRS R E R SPICE i E

DASE R HL B O T A R ECRES  (SPICE) s — A i L RV AE RS
PERGE A TR KEAG P BUE R 7%,

Bl 36 o TAEA] OPAZLL FIRAHIBOR S (RA — L8412 N

RIS o R3-CL 52— MR ISR A R4 S fath Bl
e ERBISNEHS N, FTAR R . ¢ B AR TLIE R
KA H .

R1 1k Rz 3k Protects and helps
G = +4 Amplifier drive cable CL.
Input filter.
R4 100
Vout
U1 OPAY211 CL 150p
Vin Vi Load capacitance
IC1 100p - from 5’ cable.

B 36: RFNHFE AR E BN S IR A A -

AT /N5 B R o B s I8 i A2 - AT RE PR B M I i )
PREEH BTk B 37 WO T B, HER, WA T
FEREM I, A AU S SR B FAR N o S A vEEAs 2 g
B ER BR B AT o A SRR B R Y, B4 N Bk
B e, AN R B G E

ISR i SR D N, T ASUAE FLBR IR Vo 71 RIUALHR
WMo R4 A C, AW NREA TR U, IXAE Vo SIS BN EIE
P HOR S ol SR ARUE L, T B ANIE S HBOES IEAE A
ft4.

Probing output of
Vopamp — opamp and load.

Input filter

disabled.\
\ v+

Icz 100p
= Test signal source

connected directly to input.

R4 100

ggﬂ—4%ﬁ%%;ﬁﬁ%?%%m@ﬁ%ﬂﬁ%&%ﬁ%@ﬁ
2

6m —

QOutput

Op Amp output shows
greater overshoot than Vout.

2m—

-1/ 71ns = 14MHz

[ ! T ! T
[ 50n 100n 150n
Time (s)

Gain (dB)

A, MMM RIS A IV (ST AR R AnV I .

TS B ME S IR N, . AT S B B K AN B R AT D )
Thpf, AN 1T B b AR T T A IR AR

{5 SR TEIS HOOR AR i o A 24 27% rd b - e phokt
IME AR, BAEATRIED T AAS A %R 2 e (B 38
) .

RN e R4, RN KZ 38 WAL M . 18
TR, AR R SR T AR K PR IR A, IR AN T
P AR, R AETE 14MHz - B2 N R S (55
T A BRI B A P ME T 45 & (EE R BIAIALAR

B, ARG 20% (ECEA b (B39 .

ol I I O I
70% /
. | Overshoot vs. Phase Margin /
60%
- (assumes 2"—order transfer function) /
8 so% /
< /
g 0%
2 P4
(¢]
< 30%
20%
10%
0% ]
90°  80° 70° 60° 50°  40° 30°  20° 10°

Phase Margin (degrees)

B 39: 20% HZMHRITAKL) 45° KA TAEHAEBME, BEBFH
K RLZEH

APLLERE SPICE MHMTHEIRAM AT - I WiIr R es . B0 #
AR 2R AR AT W R AT o (RN TR 2 HOH R R L
Fe— MBI R B T, W% kAT ARG e R
T RE

8K, ATAT SPICE Af FLARMCH T2 57 MUK 28 RG TR A PR S . &
MRS SPICE MERUARH (A, (HIfFARESR. MAh, R ES
Phy AEEARM AL R ARAT R A AR . R HE S - X
— U Re R B . Xt R e e IS AT
PLE AT AL IR R . SPICE s —FhE M T H, REIMH, =
HATETE.

O AR K Bob Pease 56 SPICE FRMBERSEE. itz
T ARAB U A

JH SPICE f#yke! -+ {HJE Bob Pease £PiANME? TEMT JisfisT
BRI, GRS

20—

S
1

Frequency response
peaking may indicate
20— potential instability.

)
S

1/71ns = 14MHz

-40 T T T T ! T L |
10M 100M
Frequency (Hz)

B 38: BRE 27% HAMHIELTHA 7 B FT GERG BAEEJE -
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16. B NHLZE: LR ?
ZHRT BR?

CESTMOCER T i N\ 7R 220 A N Rl s o AR FRAT R R
S L] S A X SRR

SRR S (RN L R RE S U WS SR S A E I, IR e
SREAE - BIE ARG R BT IR . S 2% 2 A
TR, TER DAL o T A A AR G110 S 1t A
2% PP Bl DR ASUE IO TBOR AR LR 1) — N EEZOL IR (HIER L2
BEKNE - ZERE? JLBLY PIE AL ?

AT LLAEA A BT P FR B8 SOEOR S (KA A LA, 2%
WIRZERRSB R (R 4

OPA1652

LPANIEET WRE | BK Lk

&

b — | 100/ | — | wmas@d
Jep — | 6000/ | — | /@

F 14 BrEBRHBE R RN BT .

BN A EBO BN B R IR A, R AR RO A
Z IR TSP E 40, A RATOUR IR B SRR & LR
PR, (HRTLURICBOE AN R3] V- i, RIS
AR (AC) Thfig.

I Common-mode

—_—
R capacitance at both

Input Capacitance Model N
inputs to ground.

C
D
Differential capacitance — 4
between inputs.
T

O

B 40: BN BEBE YNNI EHHIHR AT, ZREBEBEYIA
Z IR

R1 1.5k R2 1.5k
- .||_| | = G=2
Inverting C.,and C,___—— — [OPA1652 —]

combine to create
phase lag in feedback.

4L

R1//R2 =750Q

OPA1652 GBP=18MHz
Co+ Cem + Corpay = 6PF + 2pF + 2pF = 10pF
750Q & 10pF = 21MHz pole

e EE2% A E R B R R, IO AT UK TR
fin, PIMRAZ AFEER AR AL . X BB A S AL
BERL ARG A AL, IR B 5 AL PRI, Sy
BRI A I A . O 2R A SE (ATREZY 2pF)
o A RS M A IFERBLGT (RL//R2) REMA, BRI
(K 4D &

HAEN s 2B A TR AR A2 L TBOR A 1R PRI T 5 P A7 o B 04 AT A
HETE P (KA e 2B R AR AN R B 270 o O RZ JT

B 8 DAy B ) R T AR 1R o AT PR AR R i A
G I Y A Rl SR B v (A o FARER S 151 19 4 BEL e o rE
Hipgy R2 VSIS

BLA (SO ¥ H AT S 98, A SMHz F] 20MHz
PR N IMHz IS SRR AR BVF AT 1R S 45 9 20% L FELIRAE W] LA
PRI - IR A B RE PN LEB R B ) — A i
Al

(SPICEMHRIT 71 A% 2 0] iy A FL AN S B L BT A BB FE I AR T 210
TEFHOR B TS AL e A HE i H R A N BRIV
TPNUINZRIN] 7S IV ZNVAS S GUN SR RIIE SR (S P a7 p R E
PUSAE AL B PR TR AT Lo IR HL IR ] B 7 0] Je 2 L it
At JR AT -

WEE RIS L HHE, (.

R1// R2 combine with C,
+ Cem + Corpay to create
pole in feedback path.

BW,, = 18MHz/G = 9MHz

21MHz > 2-GBP/G = 18 MHz.... Okay.

B 41: BTFHABERR GG LRHIR o 5
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17. BHEBCREE .. G = 1 TREMRFM

B A RO LK) G = +1 BCERDERER, e
A S e AR P B SRR o AR AR RE VR “ BOREEETS
L7 AN IEARR, AR T DA BEHbRE RN AR L RO L o

RAMEIE SR A AT BN A F s, a7 2 B 58 1R 8 2 i

56 (GBW) AR AR A< . B gy R S0 3 R B i R D %,

[l — AN JEAits FOBOCES AT REAE LU IR B il AT I RIR 2 . (B
IR RAIE R AUE M - BT AU T3 KT A7 1 2 S
SR -

Bl 42 BoR T BUAR AL L0 28 AR R 18 SBOR SR X AME IS SR

FOOF IR 0 23 5 AR P I GBI 20 o RAMEERRCA AT LA IK) GBW -

LOMHz Xf LG 2MHz o 4o SR 3T RERD, P78
FERE I8 ST % (K A7 18 5 7 S A AR T 3L GBW, X2 H WL S
RAMETORER I AL 23415 952 2L GBW 19— SEAREIZIs 5
TBOR A TR 75 088 2 P R S 2 15 9, DA 3MHz PR SR — M
SR HBSE I A DR 38 25 /AAZAT A o ARAMA A/ Bl AN
71

40

Open-Loop Gain
Vs

Fr en
30 equency Decompensated

Stable in G=5 (>14dB)

20—

Gain (dB)

5 MHz

10 G=0dB Crossing

Unity-Gain Stable

Stable in G21 (20dB)
0 T

1.8 MHz
G = 0dB Crossing

10— . - L — L >
100k ™ 10M
Frequency (Hz)

SAMEIESEBOR (BT S, 7S] PR R 21T
B RE . B 43a WURT LIRS, RELESHOR
BELL 10 S S ATIERE, R B AR R A
BHHEAR. (ET %I RE IO F - Ao, %l
BTBLRE A B XTI, DL O R B
KBRS, 11K, S ERLE T i
ek

FIFEHD, P 43b EO% R BHIER A SR, TR 1
SR B AR, B (B 430) 25— RIE AT TR
B SO BB

TI MOl T HESBOR B . R INE b, AT
LS ER (10) T2 BUAET LU 26 B LA s MmO
BT E LTS T (EREIEAT . BTBL, AT 0 5 o g B
BSOS T AR B T B S BT 0 X AME RO B8 R/
% AL, AT ERPEHROBIN, JCHMEE FOC S T R
HRA T

LR A, TRIFUAT I8 ) IR K IR SO,
A HE 0 G BB SO RS . 5 MO BSARAT SUIL T, 4
BERR IS RT3 . ISR, RSN BRL T
Wi 2 IR % 5 RAELE I L. ISR ISE, TTLAZE TI E2E 4
b PRI | 10 1)

5 HE B RIS SO A A0 AR 3 RS O B0

* 0PA228 (OPA227 FRAHYZRASERRAS) Ri% . ARME RS . XAk 45
AT BIT) BB .

* OPAG37 (OPAG27 PAf7IZEAAEINA) K55, &,

BEORSS .

* 0PA345 (OPA344 FAA7HEZSASERA) BLEHL. OMOS IZHJHCK
B

o LMP7717 (LMP7715 AR FEERAS) 88MHz. CMOS &4 MUK
Er

ZEAY FET

- - EHF AT K HVFS, (RS,
B 42: BEREAL AT 2 55 IS S A AR RN I ST AR (9P 1 2 - e
LHiER.
CF"'I'I." C; creates unity high-frequency 10R
A ) : MN C. oo
Yeun® noise gain. Cannot use RESETN Fot
HFHVWW—¢—\\W\—¢ d ted . : s ! P
v Ton ecompensated op amp . _"_“_'T Vin |
Vo HVW——\\\—¢ Vo N
— vin L - —
a) Inverting Amp b) L-P Filter <) Integrator
- with roll-off — —= G=-10 -

B 43: EHRERBHEFBIMIRAEIE BT SRR T EMLEH IR AT FUATEE (@); R
RIER A BTN S IE R AR it TR (b) ; BRA UG FRAHEBEHAS (c).
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18. RAHFERSS G = -0.1:
ERBAEE?

AL 8 e o SRR 9 25 D — BUE R R AR Y, AN
Ty XE? B (B 44) 2

R1 10k R2 1k

* M\

Inverting Attenuator
G=-0.1

— |s it stable?

B 44: RIGERBNH.

L, KA IS R R A E 1 L AR E S
FUBR AL, a2 ml DL LR T VAR R ), PROCR — R EF
RES TR — BRI [ Ao

FEETHMEE: WH 6 = -0.1 SAFEM, o FACME
PAZA T NRERS, X2 bR ATm A AT 1Q &bt
P BEL % 1) BT 189 25 JBOR 2%, B 45 TR . RS P R IR N Tl
FHES R1 = 10 GQ [T HEFE MR . 32— AN ARG 1) S AH 1
AIBCRHIAE “HAES” o EREMEE? JRERER! B
K LT AN A G 35 22 P28 . FRUE

Circuit Board Leakage 10
Nearby 1?30 R2 G=-0.0000000001
voltage Is this unstable?
source No, it’s okay!

B 45: RE 19 RETHEHIEIERTHA RS BEEREES

R1 10k

R2 1k

Signal Gain =-0.1
- B=0.91
a) Noise Gain=1.1

Same circuit.
Same feedback.
Same stability.
Input applied to
different node.

e AT 2 DM AR 5 SBEE] OR A AOG (138 SOBOR S AesE
R tE G OB BRI TRl beta (B). fESAMIIMZEP, FifTin
N HGR B S AR AT, Kk B h—. B 45 PRl )L
T AT AR RO N 1R B R A S A ST AR B

B 46a Won T RAHBOKHS, B 46b WoR T IRAHBOCE: . XL e
SEARIRN s BT S N B AN R 55 0o A R AR ) 2 1
WA SR 2 AR, R GE AT 2 . B SR AR T
P

BERREB LHOEMARTE “WeFfa” - X Adms, 2
PR da SRR 3 1) P s e 7 4 R DAL BBOBOR Bt o e 302 55— ol
A SBT3 B TR BANERUE I IE SRR A8 HL s S o Py 7
ORI BB SARR A IR SRR SOHOR S (B 462) HAT
MRS B, R E AT SR AR R R RS AT o s
RIS Ay A A 1 2 AN ] e it

FETAAAEE I 2 /N TR ? B R RT 7 BNt
EAERGIAB I, 2 N T IR R AR T B . 4R
KRB NPEHIRGD 2RSS T e B EZ . 2
AR (LRSI E ARG B (& AEAS SO ) SR A
PRI o A AR I B o X LS K R] e A AR AR E P ) A

8K, T AR B kS 4R AR, AAAEA TR R R, H
PSR T e P Ho BRSSO S T fe & 2 B
Feo - (HIXEE IR AR R IC B A A AE DG o X S 2 ke
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19. fFEIG 2 5. B E ORISR

SO 35 SR (GBW) XM 1) PRI IS i AN B S T
Sy UL . S TR LA [ SE ) GBW. A AT DU I SR TR ) 1y
B, ARSI AR EHIELIE A, R E AR
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IR PR A7 T AT 16 ] LA RAMIE 5 1) ] B8 S BOR AR . [ 47
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TR, MR IR 5 AR K SRR Ry ik i IR
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FZH AR IR 475 1. (IEBENCH® GESSssyss (AT

e Click h 'gg Catalog Editor == S SR N
DW symbol,  Ciekhete | Bomms o VO 49 I T KU ) UL T GBW ERIX,
— - 3] [Chee € Gom Oper-oop AR CYRE D) PT il e B b T it R HE I o X i
- Operational amplifier Model lodel Parameters LB gai M NUEN NN N N N N 5
Los — e 1| Bk, EBUEA 100MHz SR GBI LIS B T
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%ﬁﬁ% ) Pole PN =N P 8 = N VA A B B B e 8 e ]
Vo] X cows] 7w _ | | IESHHOR BRI TR
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N

Open-Loop Op Amp Response
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loop gain
=120dB 80
@ 60 &
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-20 Fri i At ‘\\\
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© 20
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1 —(
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20. B R . BHBUKSSE R

RIS AT i SR R . R NN EEE W,
WAULTATTE— T,

B SBOR A% v PRt N PO I 3 AR AN 2 TR AT ARG s - B
MO AE, X2 RS (0 SR AR 2 B I S AR i Ak
FACPHPIRAS, MRS SRR RN Z [0 P2 A 22 A R 25 L o 1K
2 8 IRE AT DU IE R 25 . SOk, S R i, th
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WAL K, A a2 R R . B2 AR
A S, (B 50 AR RS EROC R R N T
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BN Z B AR WAL RTH, B IS ERANRA
R Z P A . A IR s B RS DL, iz ik B
KT 350mV MO RARAL, A BTE 1S HLARET ) Fr N o
PRE X0 IZHREX Miller #MEHIZESE C1 HHTFedH (5
TR o AR ER (SR) S IST XF C1 HHTIE IR, %
+ 1S1/C1.

ﬂxlnput Slope = #Vp2nf = #4V-2n-10kHz = 0.25V/us
Vin ST

10kHz

Output SR = 0.2V/us
THD = 8% Frequency of Slew Limiting

fuax= SR/(2mVp)

N4

0 100u 200u
Time (s)

B 51: o5 THBRE (TE8) UURFIGFS (ERS) HIIEZKY.

Vout

4

FeWoa SRR BAT WA R - A2 5 SR st 3k
BN T 3 G IR SR E R, BRI S AR A/ el Y
M, DMES KR RA BB e iR . B 61 SR IR
i KRR VP RIBR R L] . FEART Irits B il 20% (11
DT, e KR E B =M.

20
Small-Signal
Range

15
s //
Vout 510
S

(&
$

S SR =20pA/100pF
&

V+15

A=

Slew Rate =
20pA/100pF

=0.2V/ps <31 >

Output Stage

C1100p

G=+1 =
500.0m =0.2V/us
182 50u v 1 00
-5 T 0 100

Time (s)
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FIBHIEAR, LRI B R 24A

R1

B 52: X FAFIHEF SR, B F A
H, (EFEEE ARG B EIER R, FHE
FRETIG BN AT o

appears across

gain.

Response to
2V Input Step

Full initial input step ———

inputs regardless of VN,

HARPIDHT KA 5 5 B A0 TR B URE
FARER I F IO AR I R . MR ik B ME 5
PN S 1 P A A 0= A R B et 157 i NS
& 51 iR,
TEFAHE IR, TSt 350mV HIM IRAE 208 50K 28
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.
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R I ) BT i BB, AR S RE AR ORFFAESR
1B A R ZE Y TR P9 BT 5 PRI ) o e 7 0 )RR (ADC) 14
MR EEL, W] DO PR ARAC R A A AT R A e (HAERATTRTE
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Op Amp W.'ﬂ" 90 - Output Response
Phase Margin in G=1 5 tolVInputStep
R1 R2

Small-signal
portion = 1.4V
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Output Voltage (V)
N

portion = 700mV

RO BT A AT R 2 B INASE IR ). ADC OB
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portion = 350mV
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1Vstep™

! I
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SR, TR ULV 5 354 7 A ATy o SRy
MRS AT HIFDE B K SR S5
S 1B %00 2 ; \

Op Amp with 35°
Phase Margin in G=1
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Detail of G=1 overshoot
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11 No!\
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1 equal period.
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W& E 56,

Resistor Noise Model

Noiseless R
k = Boltzmann constant, 1.38 e-23
V, = VAKTBR T = Temperature, (Kelvin)
B = Bandwidth, (Hz)
vy T T I
Noise Spe(\:,tsral Density 1250(:\ i
" 257G ZZF 1
100N 4—- Resistance | .
Noise 1
Density 10 1] ’ t55 ?‘t FRRAG
rH— n roportionality to root o!
V/VHz Kelvin results in small
change with temperature.
Ini=—2= 4.1nV/VFzZ at 1kQ
== Increases 10x for each
100x in resistance
100p | |
10 100 1k 10k 100k 1M 10M

Resistance (Q)
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Total Noise=J U2+ V2+2+ 2+ 02 = WS

(The total noise White noise is easily
integrated over Va Vi |74 || summed over a known
a specific k 1Hz >k 1Hz >k 1Hz >k 1Hz >k 1Hz> BW by multiplying the
bandwidth.) BW | BW BW | BW [ BW 1Hz BW noise by the
root of the total BW.
0 1 2 3 4 5

Linear frequency (Hz)
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Sigma (o) of voltage probability function
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FEEE 22 T o L BB S (e SERE 2 b, ARIRATRHE O 8%
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R1
IE\,/\AI
I —

R2

Make R1//R2 << R for

Current noise on low noise contribution.

both inputs.

Source Resistance, Rg

Voltage noise modeled in
series with one input.
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1 . [ [ ’
T=25°C Iy - Rs of BIT OPA209 ’
greater than Noise of Ry~

v Tiny current noise
\,’ of JFET OPA140 is

’ | ~insignificant up to
Rs=1GQ or more. ——-—-

14

100n

BJT Op Amps P
. generally better
Total Noise | I FET Op Amps
Density V/\IH_Z Voltage noise of ., 4 generally better
op amp greater %
than R noise. /"
10n e H e - Source R Noise

— = Total Noise, OPA209
Total Noise, OPA140
2 = 2 2
V2 total = V2 + (I - Rg)? + 4kTRq
| | |

Noise of Rg
1

1n
100 1k 10k 100k M
Source Resistance (Q)

10M 100M
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A TR, 54, B 61 ) RL F1 R2 2R [N 2 ERENE ?
R1 R2
Noise —

Make R1//R2 << R for

Contribution? | = . s
low noise contribution.

Source
Resistance, Rg

AN

Op amp voltage noise.
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© RL FHAE S L DL LB A SO 23 5 4 - R2/RL JBOK 2t
Sl

o R2 (A L TR B i e
o AR AR R2, AR T

T XR2 T H e
XL PR ANADCHT, AT AR B “HTn
(B, T RUE G — R B VR TR . 2 A O
— AN T IF i N i PR g 7 5 N R AR o e S ST R R
DL AR B 25
FIFZEANARDE RTT) J5id, nT LAREAA bk et 7 Y5 5 5 A 5 0k
ITEEAL
TE SO NI R E A 5 R R R2 FRIFIRRZL S A G . 2438 A 5
AR, R1L A R2 HI414 RTI #AME ST R1//R2 HE
Fio RIS RTT 2T I,X (R1//R2) . AL, X4k
M 7 A R T R1/R2.

R1 A1 R2 e 75 STk A A AR A (A5 2) -

Output Noise? = [ Vg, (R2/R1) 12 + (Vymo ) + (I R2)2 (@)
B LRI A 25 DA 2N (A3 3) -
RTINoise? = (Vyryma)? + (Iy-R1//R2)2 @3)

\ Thermal noise of R1//R2

LA RS TR W R K- N EZR % . Al R1//R2 < R, IXFF
S AR N i ¥ e 75 TR AT LA . SR R1//R2 = R, B4 S5t
26 DR 1A I 7R 5 R R B e P AR A o R PR 7R R — S
MBS e RSl £ 7,

e R, T VR AA R IR P B AR RR AL IR - T A

fff R1 J/NT Rs, 1M R2 BR. SRMILEPAEEaa N, R A3k
LA EINEAE. 24 R1 A R2 AHSERS, G=2, X MRE
Bho I, R RIECRBEY 100Q, 54, RI FIR2 RN
200Q,

W, B AEz R EREN400 Q iFE, hrER 2 H i
T XFER AR AR AR . 2 RL BORIT R2 BN, A
FRRHEIE G = 1o XMEOUIFANE W, b 50 % 5 LD
U P A SR e (R 83

N T FREYCH LR AR R2 AT BB, AN A A
PO DL W RGEAT LB RS R2 R/ RL [R]IN GR R E 1)
TR LB SEHL S e g 2, IS A0 P PR RE S PR RFIEE

REATLA N 3 (EXCEISER v 5% i N TBOR A e 7
BLARIE SRR S A Y5 R B 7 o e Sl e g A e P Y FR) Dk 71 2 B
LU B A R FL PR BV T Y R A A B R T AR P AR IR
RSN A YRR 7 F IR A (LU DI B o 32— ARl T
KA PERERITRIAE 5750 RN R REAT — S0 BaA,  RORAR R
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25.1/f Mers. NERE)HE

W ¢y (/0 RS KA T AT R . e R
DURRMEFS , BRI OB 7E DS b A AR AT 2
WUEFEAH —FmBIEg (B 62) , B & e
KR 4 Fo 55—/ Bl 42 By (e Pl % T e R A 4103
B DR IR AL AE TAEM B RGO RVE ARl eh . i, R/
SRR 1/f 4R, AT RS MRR h 4 & ek S 44
REE - XA

Log i
Flat-band or il v | Flat(white)
White Noise  [ITHI¥A
Log f
Spectral Density
1/f flicker
noise

B 62: ABERE (THiE) & 1/f BEEE (A5 HILLE.

DR A LA —10 dB/-H RO BR IR AL, R B R S
(RCHEAD 0. WYERE, WRITTr (Sh%) UL 1/ Ak
SRR, WEAHIEDL 1/sart (6) BRI T ShRAR TRy
ORI A M HEAT Sy o i

TR 28 A DA R0 75 0 0 VA0 6 A S
ARG ) PSR P8 8 DAL — A BP0, 1 1
PRI 10 B, L, EXHERE 0. 1z MRS
M, EHEREE 10 BEIETE - XA s
B LA T T 0. OTHARUME A sy, hE— B KT
P L O TR 20 R PR T o b, KB
FER IR AR T BRI . B R, 1/E 4oL
LK AR S I A (RS )

B THERAER 6 ) RfRss v, M 1T RECRH
5, BCKHEEIBERIL £,/0, 1A R “

f2q

v§=%a£17w==ﬁn44%);w:% footn(2)

v, i, SRR BN LR RO

i B TR A

o BT (IR E AR LD O6h e A BT A R ik
AMHAR A5 AU AT SEAR AR A R, (EL A TRl 9

o TG, AR, A DUBOIGBHK ) S IR T I
I, 1/f BFESLIRE K. M2, HEARFSEE. 0.1 2
10Hz Mg 3. 17e-8Hz BARMITE CAMIDL—4) Mmfr CK
2 o 10 FJa BN 6%,

o g 1/F MR HEABRANE, HIFAEATIRE. 0. 1Hz 2| 1 kHz (
U505 AR A L g S 10Hz (A58 AU T
3dB [RIME o AR AU P () LA A Z0AR /N, AT A PR 2 R AT
BORHIME, DAFRIEOESR N R,

JBORASME R 1/ T WA M B R 7 AR AE TR
F, H 1/ AR ESEN (B 63) o 1/f B AAREHr e T
2, (HERE AR KPR R AR AR A, ATk
HUARI, A3 5190 3dB.

fE £, B £, T8, PRIEIZATTE B 1/F MRS AN SRR
g, RGP ARRE B AT AL S, RIS RO AR

i L R IR S A B A

o DNPRME AR TEHIIN N AR, B n N A

o R/ BRI KRBT, HR MNP A
AR bR B R R R ST (68%) .

fn] LN A NS RGO,  DAHEL 1/F gk R [ R R AR
%, WIAERCERLT B 63 [EIFIEUE . T XA Iy k47— s s
BRIRAE, SR RS R G ) L

HAT W EE SRR (BIT) SANGRIBOR S (0PA211) W% HAY
BMRH) 1/ W, AU Rk, (10 TE 08
B TSR FET (JFET) I AN R 54k (OM0S) Ak
M ERIER R o 51, OPAL40 (JFET) 1 OPA376 (CMOS) GESLHTL
S A 10Hz R 50Hz RIS . B ok i 1 1E K 1M
HLR AR LT BR T 1/F e

AR RS0 e, b,
8-E206] T T T T T
Noise Voltage Density vs. Frequency
\7/ 1/f Flat
1.6-07 \//2(-\ ” Contribution |Contribution| Total Noise
“’*/,@ 7.68E-08 | 1.58E-07 | 1.76E-07
Noise Voltage o, 19% 81% 100%
Density / l
V/rt-Hz
\\ 0.1Hz to 10kHz ——
LE0R = \
T\"\\ Flat (white) region
Corner 1 i
Frequency
1.E-09 >
0.01 0.1 1 10 100 1k 10k 100k M
Frequency
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26. FrfieHERAS: ENRGIRHER?

457 R 42 S A 0 LR, T BB R MG
Ut MR M. ARt g ?

Bl 64 SR THRBGESEOCR OIS BRI AR SE TR
G FAE SRR SRR AR
TPk L5, AR AR T 250 AR R
I, DAL L ARCT bR 2 P A5 2 AP

Input switches Output switches

Offset voltage

E ()
+
i I
Transconductance

input stage

Zero avg. value

e

T

B 64: FrREHEASHITMAL .

B G R HLAT TR TT I 46 A, PR 0 i i P sk 2
H A T O R Ay o S LIS S SR e R 2 B €1 B
Jis DI TR (R385 TR Ko P38 ) AT A5 ) _ETHRT e
), gk C1 Rt i o %, Tk, RUEHLE %!

TR A AR = Bk g, MO SECEA TN, R
WL A AR S, PRI R R S KB a6, (X
T A2 HH R 7 P T 1 e S R TR PR T T A 2 Mg P S KT o = ) g
TR . D JCIRRBUR S, P R B R Y g T =B
WRFE, DRI e 75 A B G2 ) Al g 22 AR K

BN A R NS 2, S — AN T S LR B IE DL A
LRI A 2 AN il R S A UGB O S R . XS
B Cl LRI SR— AN R IR 2, SRR s A AL S 2B 5T
JEORER I — kI . Ai—A 580 B/ R R EHHMT R 2
i, Haph%E - AT EET, AR —A sinc(x)
o osin(x)/x JEILARMUN, HEAT G = AR HIFE DR 1 e
X5 (& 65) .

FESCI RSB, At 48 i 9 46 PR IR \AS T ORASER R S CL 7
AT 7S Lo XA LSS — A s BSRG[N S
A s B R S RO R 2

BT 1/ QAR B QUM I AR S H s, PRI B At L9
T DALEAR AL L P9 9 R 0 R e P A0 B o i R S (5 5 1
BRI, BHBAGN 1/ K. Fk, Bk s s S
P 100 5 P AT 5 P52 558 TR v T L ) e 7 A 5 3

FibX VIR KL% R5ERT D AR, )
IRAFAE—LE I IR MR N LS AN 2 A B0 AN DL P T 7 A= Rk
RRVEIRIRZE . MAZIEE (SR o T
EREESE I ON o TN S T LN S TR & i) N i
i T R T, XIS AR I R 2E o B R L IR AR
TEAEREA™ A i P W T R AR T A E , X R IXEE SRR — A
HEENE

I EERR, AHBIsFBOE C g U T hriEz i, F5
b SEABAT . R, B ARHTRAR A S S A N N L R
FEEENIHER . ENR R A E MRS, LT3 AR
W, BATHRH R I SO IR B .

WEE RIS L HIHE, (.

10 \ Filter Response | | |
A\ A

)
% -20 Integrating response,
] sin(x)/x. Notches align
£ -30 with odd harmonicsin |
g triangle wave.
< 40
-50
-60 YT 3T 5T 7/T
log frequency
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VI & HAREHIBOEE @

PSRR (dB)

&

21. ZFHAASH: B, FEEN, BAHAlE?
FEAS NEBHNTEIZ SLBOR R NAE 1C Sy 1~ B FAT HL Vi 5% i LA i
XN ? AEHG AT AWE? B, AT ATEORERAE B A G 2 55 N T o T
P T H N RG H A TIPSR R s O B AA IR o

LM S ORI L S AR I BE o i, B 66 onix
FHIRE S AEARMUIN AR, (R B SR I T Tk« DAk, iRAE
U PRI RE DB, eI 2 R AR

160

o Il;loiu‘e‘r”SL‘Jpl;;‘l;/ IRe‘jIe”ct‘io‘r‘l”___ Power supply without proper bypass capacitor
NN to ground creates high impedance.
NN vs. Frequency Ve
120 i T
N (a typical example) Current-generated
100 N L] AC voltage
-PSRR
80
LN\
+psrrNIN Q:g;rem
60 N
\\ N Vo
40 NN
™
20 NN
[ ‘=H

0.1 1 10 100 1k 10k 100k 1M 10M 100M

Frequency (Hz) —_

B 66: RFEZHEH T AR IR L -

FRATTE W A A S B F5 ™ 2R R e 7 2 TR A« EIE SOREs n]
RESS HR LI E B IRl R o, 7 8P A 20K 1 P 1 o
FERATIE 2 55 S DU I 5 A BT AT REAR o X SEVFACTR
HL(AC) S HLIALAE AR S IR b AR AR s o X2 A RO
ANSAR I S B4R o 1% HLUEEE R ) LR AT A FLR S | BAIA TROK 2R
AT S o AE RIS N, T R IR RE ) LA, XA
AN R B AE ] BE S S EURG -

31

BRULZ AN, HORBAFEAE K BN SRR R 3R . BT RRUE FLITY
TEOUN, TSR T R RE AN EL RO, NI A 2 A 1A S 5

o A LB A BT £ Fe Y 1 B BATRRE IARBHEL T AERAT R
SE IR FLT A MEE R IR 00 TBORHAS B4 0 T g e A AN [ JF L
ANHT T

FERAN D TEWE P R SR S T 55 R T S U R AN B P REAS
SEREVE I IE SR B . A R R S I (B 67) R E R
o, BN EAMNERTR IESZ B e BT R R B A
U LIRS R E A ONR LR E TR 3/ S

X i) s DR v AR LU T JBOR o oD R8s A Je A S S Lt
XA RE AT R U I T . T SR A T RN, A S
WO HATH R PR AR o 38 AT T i XSS PR 175 250 W] e 7 24
RSB R A S, I HAEMEAT LR AT SR o T A A3 ) IR A A0
N,

8%, IR SRR 22 IR AR T AR« W REEAT R 1A I IR
PREMIA A IR (SR REHAR L D, Wik .
R G t, JBOCES M PE BE FIRE T B2 A2 205 my . 3ok 58 3k iR A
ZENRIREE I 10 1 36 2 S AT R i o 0 X 64T 4 76

TINA-TT sl ofih A L i g T A A BURERS (SPICE) FpRRIR LT
Mg, SPICE HRH REAERTRE, A AEBRIEm., &
FRY FELYIEE FA) S o L BELU RN AT BRI A BROAR A SRR AT R A 42 2 iy
ARSI o FEL YA ) L P s i 300 3o 0 75 1 2 R R L A T e

N, AHZ SO AR BRI D% R ENAR A s sg 4 — 3. P T REE
WA, ARG INZAT N .

AEESE I, BIEANTEN S5 BT, BT A R L FE T 15 1
e, S BT B — S B () IR 1 LR LA TR I T
GUITAT o P F5 AL R B VT 1 E e T T PRI A B IR R AR DA
SEE LG BRI

LA RS L ILTE, (S

3m

V- 2m Positive
Supply +
(%)

Supply - 0-———— Distorted supply current

suppy "
upply -
2mJ Negative

R-load 1k s

¥ Supply + Vin 0

V+ )
0 10u 20u

Time (s)
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28. RAGHIIZHBORSS: WAL E?

AR AR IS EIBORAR T, BIFA IR AR (Kia 5
BRI EETBORER N RATAE BT AR BT Ik T . A, I
HUBAR E (K SR 2 — SR DY b 2 0L 2 PR AR A (3 B0
Rt Sz ] Ak W ?

R IR 1B SO LLRAT S 0 SE B STROR & HL B b AT
HE (E 68) o FALIIRR SRR M Sy WIRIE SR, AN #
HALE CHOREIGD o AR5 R AN AT e EEIACHIED
ESEEA s . AT REAEAR AN A I B O AS AE T AN E
R IER: (BOTEAA) AT CZEMEBD

A7 R L B Sy (KDL R AT T A FH 4038 SRR B TRAE 1 24 A or

B, UERERE S ERTRE R BLRT LR £ FE SRR &% T 308
BV SRR W TT A IR o 78 HL B AR )= TR

BN IS SO AR BRI 1, /IS BT — 25N s B
FRAA DR I S e R B2 mT U S BB P (0 A (07 B it ke
T, DM AT URAR DI 0 sl AT 4T 45

B |

Floating inputs or both inputs connected to
the same node will usually cause the output
to saturate to a supply rail and can cause
increased quiescent current. Floating inputs
may also pick up capacitively coupled noise.

BRI LU I BRI AR CRAT L, X DURRAS) 584 i —
DIl - OPA322 it —Aufile 3K AT LA Se i A6 A HI R A AH RN
AR AT Sy (K3 SO 5% () [ A BT TS Te AR IR A LB AR

N?ﬂ%*%ﬁ@ﬁﬁﬁ&ﬁ*ﬁ@mﬁﬁﬁﬁﬁﬂ I AC T

Hoo MR AT AT PRI S — 22 2. 1% TkT X [ daf 2
WEEIW%@%WX%#EﬁK%*% SRR Re s AEARAE
%MK%*%%*%ﬁ%m%ﬁ,ﬁﬁmﬁﬁﬁkT A AIE

B R PO TR A A MO E L, A — AN
EHAREE L A IR A TR T, AT
Ly AR KB A5 2L 5 VR AT S e A

WERAF IR LIPS, (R

With £ supplles a G = 1 follower wnth input
grounded input is generally very safe. With
a single supply, connect the input to a node
within linear 1/0 range. A reference voltage
or other low-impedance node may serve
the purpose.

K 68: BEBERBE/THIEEIAR: HRE % (ZW) FIEWH
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29. RN % Z EOS TEMEM

2 EA R BRSNS I AR SN, BT A
Hy WA 5N LD R A B 1 A A3 1 /N o R 0 £
AN 2 8 2 35 T R e AT SR T A T T2 Ik
TR AR TS, BENE A RO, 1 TAEI S Mt T
TAE, BB A4 o] S B2 BEATREER(E0S) (5%

0PA320 X T K2 Hia FIRURAR I 5 2R ML 1) X i KAUE (E
IR T B K s i DA R g K A\ ity H S AT (B 69) . B
B AR I L A BRI N IR, IS J T o A N L s
PEBERA. W AE = 10mA (B N FBIR A Rt 2ze 4. A, B
LA v P T 28 1 P 9 S R R BELAEL N PR, T 2 3 o e
T PR TR A T RE AR AR 2

ABSOLUTE MAXIMUM RATINGS OPA320 V+
Supply voltage, V-to V+ eV
- - - Internal
Signal input pins | Voltage | (V-)-0.5 to (V+)+ 0.5V clamp
Current +10 mA diodes

Input terminals are diode-clamped to the power supply rails. Input
signals that can swing more than 0.5 V beyond the rails should be
limited to 10 mA or less.

V- or ground

B 69: —PNEEHAMH, REBIREEURMAN T EER BRI
MRABUEM. B T WAL —RE (Gl .

SR HIRHLZ 0.6V I, HHGE BT . Vi
L T LR B0, ELIE R 2RI - SRR o]
LR

Protection for positive EOS

External clamp diodes

AT LU 8 AR 38 R A AR R I B e ot B syt HL O 1) 2 2 O
PR GO LR S AR CITEARANAEN IN4148) @
FAT L e RS Z IR R B s . ARSI, BRI
BAVEALH ISR INALA8 AR K1E 1) o FE #B 22 /D LE R AT IO 38
LRI EREAE 100mVe K2 AT R B A OREE, &R
AN AR .

R AT HOA TR IR R R, TR AR . B
AR B AR F G o 1 LIRS FEL SRR B O — Tz
S, IR NI I E R L T

TR BHRE AR R . B A, BN
PRI ARSI, #RARAS TR e A5 1 P Pl LR R BB 2 o Gt SR 5
A I R0 ) A P K AL (R PR E N B R PR, T (R
%, £ V- L) B, aergea b ridd (& 70) .
SR (R IE MRS 2 TC N IR, IR TG VE M e IR A 1l
J o BRI H Y 55 i P 25 s T o B ROMAC AR KA 1 W F A o Rt
PR LA ) BT L L EAT SR o A A S T s K
HL IR RSN A, DM AR & 2R i i il . 357, A+ W
UL, T A SR P R

TR )5 AR ] e S EGE T AU I KA, (HOCHEAE T 40
B KWE (W R AR 20 4s, AEIX L8 g B L BRAS AT R 2E 4

W XS IR G IR KR, A% AR A T &
RN EIERGAE) o B BB R X Sege () URE s 5, &
TSR AT BE LR R AT R . FEIRZ ST, H b2 KR AT
TN AN IO AR B B8 I BB IR

P — AT e L 7 TR (R — R AR T 558 e AL
SRR, XS ARTTRERT, RN A RIS LT 220700 %%
AR B AE AR IBUKEE, B AR GO KA . g 24
9, A DU — SRR A F DR AT Y R

AR IUGSCE LS, (RS

Voltage regulator
cannot sink
LR B current

__— Zener diode

V+
T - T
PosteEOS\\\\\\\ —
fault current path T - l I l
~ ) :>F_— =\ =
Input %y * 1

limits supply
voltage spike

Large bypass capacitor
absorbs fault pulse

Current-limitin
resistor

«Q

V- or ground

B 70: BALLIE AT GE Rkt B IR AT,
FHERAGY —RE-FE. FH_RE T REZAE.
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30. ZMINEHAL: ENTRBSEMEREERNS
FA % ?

RN —R T T, R ie I IEESOCE ELEEE, 1+ H kA

THE T 25 0 S N R n] RE X Ik 0B SR AR T A R

Wi FRPEH TR AR, IR S T S S RO A

PR B SO R A P AN N T 2 e AT BT T EAR I L,

I ? 4, IX e AR AN S 1B B SRR 2 HEL I v 1 )

H.. EISTRA IR ? ?

PEARRGHE T, T TR i T L2 SR 2% R A7 AR 1R 25 20 B

—WE (B 1D .

Q1 Q2
In+H—1 — In-
NPN input stage with ‘ One example shown
differential clamp diodes. ' here. Bipolar, JFET and
Prevents differential input D1 some CMOS op amp
voltage from exceeding D2 types may have clamps.

~+0.7V. (T)J:

B 71: #FEXK. JFET LIRKLE CHOS EEILA LI R W EZ5 4
L= E

ST BLE SR AT, ORISR G = 1 ZEPh Aok
B PREE NSO I . 518 IE AR

VR R0 B A O A LA T2 R AR
KT 0.7, A DI A, I THIAA. EMI, %
FE SR B ST LR, JESHOCBIA A 1100

BN E SR E I (B T2) . R, il R L A
B, U FERSLER

VP LA ARSI (5 A B RIS S A, A T2
SRR, RIS DA R R/ . (£, 1)
(ARG, 00N TS A S 2 X B AT
AR, (LAEREAE TR F A AR BT ] 2 S 8L
. MERRE RIS S E S SRR RS -

B 73 R T AL, S0h SR T M.

R1 10k
-5V }——'\N\/T
Channel 1
Input C11n:[
—(Vour
T U1 OPA277
+15
R2 10k \
v Note: Clamp diodes are
Channel 2 internal to op amp. Shown
Input C21n I external for illustration.

B 73: WREEL FIH)PIE L FGERT DI B D2 AT IE it B HIFANT
B, A4 BRI RERA T e & R B RE N BT

ARG, ML A S NRE | YR EmE 2 1, UL %
AR - 5V BEIRE 45V, DI IERE, AR
A ST T ZHMEHEIE, MBR 2 LdE. R/C fA
VBV AR A0 38 D)4 0 1) AR AR I LR, H FRL G A 2
SyHust C2 HEATHCR . IRAE C2 75 BEETAMII N W) A 7o H 42 IE A 1
ANHUE; DRI, BRI T AR 22 1% 5 F T80 sl BRI RS /2

fifph )7 A AR EAT T UL I s SR 2% . FET #
NIBCRZE (i 0PAL40) AR A w S B (CAEA I 2 5L
S BRI I ARG 2N, X0 T2 4% 5 H A

AN BRARAOER, wEd, PRERRE . HERA Z M AL, Bl
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