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Operational Amplifier and its Basic Circuits
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1. IU®IZ

BREIHEREE 2T L THL IZIER
information ZHEIZZHL TW5S. Z D
WAHAT VI S D O AR medium + K
carrier MHETH 5. 2B SBFRIIMAS
NOYEEIZHOLNTHD THEETE SN
5TH5. ZOBEHREH> TVEYHESR
{5 signal EWH. FIZETFTFIIEHEE
EHETHESTHD, TOHEYEEITZE
KJUETH 5.

BFHwZFIAHT 51213 {EH% transmission *
P& amplification - FC&k recordation - {EE
operation 72 & DL processing {7727
iU sz, IS OFHRLEIIE
HIZREFITH L TITRbNSD, T0F
SOYMHEELL THEBEESLERTEDELR
{E7 electrical signal R BHHFLNTLT N, T
NS OBV ON D RERTFHEIBEE
UM, EEIIEHZETIUIEE attenuation
TBHDT, TORULDZDITITIEEN N T
ThHhs BIEFIIEEIEAEZTHS.

BRESOHEIRE, MO OAFTEZE
%, FET 72 & DHEENE T active element %
AWTIRbig., NS OREBIFRTIZ—
MIZ 3 DDEM electrode &ZFIUTHIET B
3 DDYEF terminal 2B, FOHD 2D
DEMR (FmF) WIS GFEREICKE
73) BWZE 3 DEFEETHET 2788
2L, IODHHENIEE) N T AR
EOH ETEEI R NIERS5T, 20
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iB&E7as 2 EEN.

B (5= IS PTHEEREEL 20 Hz - 20 kHz @
1 RITTHRTRERIZDO T, ZOHEEIZIN
S5OREBIRTFICELTBD, BELCIF A
WWBWTREIMNSTTbNTWE, 25
MNZEDE, AEBIORKE sensation (FE - Il
B RE - KRE - AER - BSE - BFR)

ZRL =&Y Y sensor BRI N2,
ZOHMNIILBERFBHFLZOT, EHiE
BOANETHS. ZOERBIBEDZDIZH
RINTHEEENEEHEIES operational
amplifier THh 5.
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2. BEIBREORME

BEEERIL 2 DOAmF, T72b5
REA DT 1 (AHEE V) - IEREA
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Fig. 1 Circuit symbol for operational amplifier.
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3. AfER
HAEE V,0O—E (B&E 2 feedback ratio

B Vo ANRICET I & 28818 feed back
EWS (Fig.2).

I3

Fig.2 Block diagram of feedback amplification
circuit. 4: amplification factor, f: feedback
ratio
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BT
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E725. LIED> THEREHREL TOHE
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D=1-p4 (3)

13U desensitivity Td 2.

ERRENEB<0 (EMIZIX D|>1D @
BE OE % A 8E negative feedback &1
5. BEEIIUTOBN-HEE2ED .
O WEBREEN 1D FIT/NE LD

d logA;/ d logd =1/D

RMNEETSD (L, HERHEUCEHE
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BRADN (RLETH->TH) THITKE
<, HBRANY (hITH) +HIKLE
75, BRREARE LU TORBRIZ
A;=-1/8 (4)
D, BERTFOARENEZERITHER
THIENTES.
@ EWEER £ D FICEA 5. T
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HIER - HFEEI—ETH3).
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ZTOHNDO—E%EKEAIANZEET 5.
FLUT, RICRARRRIC, BEIBIEZR OB
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HEMANGFIIHENDERL TWBEHE
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WTHRRRT 5. IR 2 (RECEIE & Z B8R
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(1) fREERE
AT R ERE b DEEEIRT AR

M5 725 B2 REBOEREIEK & WD (Fig.

3).
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Fig.3 Linear amplifier.
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RFonsd. ZOREIBIETIE, v, I3k
-k B, V, IR k + DA TW
5. U, AR RECEIERE Z R TH
£3.

O KEIBIBEE inverting amplifier
REEERE (Fig. 3) DIEREMOA
HEEXEV,Z20&Lk (1,=0 BDOTHS
(Fig. 4).
Vo=-kV, (6)
E73D, ANEBE V- k FITREIBES
Nn5.

kR
AV
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Fig. 4 Inverting amplifier.

@ FERHEIBNREIEE non-inverting amplifier

REUEIRE (Fig. 3) OREMIOA S
BEV,Z20&EL7E (=0 bDTH S (Fig.
5).

Vo= (k+ 1)V, (7)
E720, ANBE VIR + DIFISEIBEBI N
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IZZDREND 5.
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Fig. 5 Non-inverting amplifier.
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KDEBIZ
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720, HAHBE V, i ZANEE V,IZTD
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FEEBMT S (voltage follower). voltage
follower D AF1-f > E—% > Zidoo, HHA
A E—F AR 02DT, HBIEREH
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Fig. 6 Voltage follower.
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Fig. 7 Current follower.

(2) ZE)IEE differential amplifier
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Fig. 8 Differential amplifier.
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Vo=k (Vz - Vl) (12)
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O F%{H% A Balanced transmission

R EEmEE (Fig. 4) ODANOBTZ2T
S EEICERILTELITNE, chz2iEF
DEFEBRELUTHED ZENTES., HET
BELEEFZREBELLDIEVNDIHOD
ThHb.
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BNEDEELTHEALNDS. ZERITH
WTIRZEREBES - 1 IH W TFENME
BMEMEOEZEELELTROEING. 20
EEFHNITIEEITEZRBHREDSTZDOR
WEMNZFLWZ EZFHREELTWS, L
MU AR D ST DRERE A Y 1E 2 .

HIHIOED, FHERIIIEITHT noise
MEAT S, EENM/NTHIUIESITHM
FICHEBNTLUEVWERD HT Z &Nk
<7/2%. EGEHMEFLEIC-k FITHEIEL T
LESISMSTH 3.

IS OEEZ PR T 5 O {E %
BTHS (Fig. 9). TIUIZENBIRES (Fig.
8) DAN2WHTFZEIEIL T 2 ADEHER
ELZHDT, EBREEREIIDO2ADMEE
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Fig. 9 Balanced transmission circuit.
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FEFHIEIERA4 TRIMEBEINDD, b &
KDA T A WTERTT5/ME N (CMR
DIEVFINEWN) OT, FEMRS ELTOM
FREBREEINT, EEEINKREEIES
5. ZDEFEEH N Z V1% {# 52 balanced
transmission &Y. '

PEERISIEERDNE VWGS9
b sh, EBFERREOHMNERSE
BEESIGEWE, EZXA 1 mFEDEE
TdH > THPEEFEREBRZRWRTER
S5RNWT ENHB.

@ FHEIBIEMEIPE instrumentation amplifier

BRAEBZOWRLEITBNWTIIARK 2
REOBMZZ, BIENREORDIREZEEL
T ERLEHI LTSRS Bn D &
2. B LEIE OBRICARICERIE OEHR
EREE, TOZEBENERIIHT HE
&, WETDZLickiloTna
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ZIT, TOBEMICEVWDIDONAL
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5. INRSIEHEOBRICBIERICERE
ROHIBITHELUASTHS. Ll
IS EDBRUNIEREBEEEEWMO K
SOTHENE, FAUREHEIESEZMES L
k1T, BIZHWU/NEIEZE follow T 5720 T
<, BIEBHLTBWEANLWY (hDZED
BIERBAETHDHIENLEELY).

L 72735 T voltage follower (Fig. 6) D
AEVTH % R EIBIEEE (Fig. 5) %22
DfF-T, ANLT 2 E—F A %0izLD
DIBE GBEZE k+1, £ 1ZAIE) LTZEOD
EZZ2WD, INZEEEE CEER k) T

% (Fig. 10). Lo TLE2HELTOE
ﬁ%%wihwn)&ﬁa
=ky (k+1) (V2 - V1) (13)
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Fig. 10 Instrumentation amplifier.
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ANBE V ICHBITLER I, 20 NT
LEETHS. ZHBEREEZ F=1&7
% ZENHEIEES & voltage follower & 2 {K#1 R
EATHAEDEZEK TH S (Fig.
11). HHEE V, 13 voltage follower 12X D
FOEEETWBBROERBANBRFOA
fh1&s. Lo TEHBBEOHNE

lﬂin-m&mo,ﬁﬁRwﬁ%K#ﬁ
BIERXTE v,&Rk5. Tbb R 26
315 & i I 1
Q= -V,/R (14)
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Fig. 11 Voltage-to-current converter.
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(1) &
O BRI
EBDANEBIE V,~V, BOMBRE 21T
BROERTHS. ZBHIBEBEE O K E 5T
RN ME w2, kR #Ewm RN BE 7
MHBHEIZ/IE>TWS (Fig. 12). AKIZ
BWTIT
Vo= -k [(V1+V,) - (V3+V,)]  (15)

MDD T3,
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R
t
4 R
2 A L oV,
ot
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Fig. 12 Circuit for addition and subtraction.

@ FHfEE
MERBEOSRAICGEE W, N EOmE
ANMFITE L, stk k 2 k= 1IN
ELEHDOTHS (Fig. 13). HH V, i3A
FIERE DS E
Vo= (V1 4V, 4V5+4V) /N (16)
EiR5.
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R
V 3 0—AAA— R/N
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2

R
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Fig.13 Mean value circuit.

(2) HEBHEEER
HEAR pn BEEICHN S ERIL Shockley
D=
I=1,[ exp (eV/kT) - 1] (17)
WD, T I, pn HEAEORHBER
FHmEEMER) THD. COBEV &

B 1 EOFEERZFIN U THEBEEERE
BEMRTDHIENTES.

ORFsr- (=}
[REIEBIE R (Fig. 4) O8O EH
DEDIZTYAFT—REANZRETH 5
(Fig. 14). V, ZEICES &9, 2D
YA A4 — RidEmETridiudizsian.
ZOEEIEAMERICH L CEHmEBERIT
MBLTEW., T5EMHERHELD
Vo= -(kT/e) log (V,/RI,) (18)

NESND. TabbB AHEBE vV, ORE
NHhEN5. B, REOEEEE kT
Z26mV TH 5.

Vi o—wW\ —

Fig. 14 Log amplifier.

@ fEEE

WA (Fig. 14) OFEBEY 14— K&
ANTEHEZANBZA-EE THS (Fig.
15). FE&EERRIZLT

Vo = -RI, exp (eV/kT) (19)
PELND.
R
A%
Vi o—p—
0V,
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Fig. 15 Exponential amplifier.
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IR DR E & B 2 BB ah-7. L
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EREC EZBEINIOBWTHERTSZ &
MTERE, ZELZOMBESERIIERE D
FEES CR ITX A #8903 0 BRI RE
Moz, BEBIEERZ AWV MBS R
ZERTOAIZELDADHDLDBHITENITE
TR,

O FEHEE

KR EEE (Fig. 4) DEEBEROEN
DEDIZEE C ZAN/ZEKTHS (Fig.
16). HHERFHELXD

Vo =-(1/CR) [V, dt (20)
NEond. IRxbbHANRANES V,
DORHED 72> TN 5.

C
R 17
Vio MWV -
—oV,
+

Fig.16 Operational integrator.

@ MR
B (Fig. 16) OEESE C EAN
HHl R EZ2ANBAERTHS (Fig.
17).
Vo =-CR - dV,/dt (21)
ERD, ANER v, ORI N hHE
Nnb.

R
A'A'AY
C
Vio 1} -
—oV,
+
77

Fig.17 Operational differentiator.

(4) #BHR

FRARRG R B E T &1, JEH M TIZEH
0, WHMTIREIICERTHEDTHS.
BHIKY A F— R IGEWEE 25RT

AWTEMA B5% $H15 (2003)
B, BE LD Shockley DE(17)% W57z T 12
BET, BEREREEZRT DT TN,
ECAVEEREBSEZAVS ZLICKDE
HRRBREF, dhbbHEEY M4 —R
EERT 2 IENTES. i ERE
EITRRbESIEHTES.

O BEYAF—R

ZAULY A A — R EFER % EAR{L
L72bDTHS. 2D0HNHD. O&ED
B A A — REHEEREBEOADMIC
voltage follower Zf AL =d D (FER#E
), DV EDITREIEIEIE OBIRR &k
BANEBEOBEIZED k= -1 & 0 EIZE
ZA5H0O (REF) TH5.

(IR i RY]

A4 — FEREERBEEOA A
voltage follower (Fig. 6) ZHF AT 5 &, A
A E—F A3 N3N, BRI
FRIZEINRZWY, T THF14— K2
BIV—TOHNHENZANS (Fig. 18).

T5 &, EAM (V,>0) TILEBE1 D
voltage follower &72 0 V, =V, TH 5. £/,
W (V,<0) TIREEENTNT, DK
PN L THEBLTVWEDTY,=0&725.
ThabhbEREREZRED.

4

Fig. 18 Ideal diode (non-inverting type).

[ #47Y]

Fig. 19 13 HEIBIEETRE (Fig. 4) IZTK
PROLIEBDTHS.

V>0 DL EI D, ANERE L T D, 2NERT L
TWBDT, R Z@BHEHBIN—THERE
N5, IRRHOBEERERIT1 ER0, V,=-V,
Thb.

V<0 D EZVT D, AGER LT D, NEEY
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LT, WIEEREIX0&ERD, V,=0&7k
5. Tbb REBEREREZRFD.

R
A~
Dy
L —
R
Vio MV — Dy
Lo,
— 1+
777

Fig. 19 Ideal diode (inverting type).

©@ xR

Fig. 20 DEIFIZ, AhBEZ 2 DITHT,
—HFIZZEDEED V, (Fig. 20 £F),
—HIIRHEBERSY A F— RIZANT-V,
(V;>0), 0 (V<0) &9 % (Fig.20 £1).
BEEZ2HBIILTHED VICELTKE
LizbDEHD V, ELTW5S (Fig. 20 &
{H) .

V>0 DEZR-V, 220 T IRETE
WV, INERETEHE V, ERD. V<0 D
EXR VYV, NEDEEHRLOTINER
LTV, &0, #B

Vo=V (23)
720, ANOMHENEHEINS.

MocHE R & LT3R OEE 2T <E
WO ZENHFEEN, £ ITEEEIRES
23D LEHERT B EICED. AR
(Fig. 20) 13Z QFEEIIPLREMTH DM,
TEBEIEIESE 2 2 8 U )@ D 7\ ikt il [a]
ELUTRAEINS.

R
Ry R
v, ; Ra
Ra oV,

Fig. 20 Circuit for absolute value.
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