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The fo\lowing pPoinys mMmay be Nnoked abouf opexayio -
nod amplifiexs ( Op-AMPS):

Ci) The inpul stage of an op-Amp is diftexent'al
amp\i fie2 CDA) and the oubput stage is Hypically aclass
B push-puw) emitrex FolloweR,
¢ii) The intexnal stagqes of an Op-A™P axe dixec) cou-
e
bled l.e. No coup\ing copacifoxs axe Used, The divecy

oL bling alew Yhe OP-AMP ko amplify d.c. as well aga.c.

BEe——

S\SHOJS I 2
Sl i) AN OoR-AMP has vexy Nigh inpuy \m\uec\ance_ o

i )
(Valeally infinire ) and vexy low outpuf impedance

C ldea\\\j zexo)

N ARLOPFA D s Vexychigh jopeni-loop. voltage
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qoan (ideally inGiniye), Jl“jP\C.CLH\J moxe Yhan 2, 00,000,

(V) The op-AMPs Axe oMo st odwq\fs o\oequced TN

negalive feedback, 1tis becaunse ’\-he open- Joop

= T -
Voltage gqain of Fhese qmp\\&"—\e,*ss is vexy high and

—

have qadn srabilivy . -

E

Diffexential an\iﬁ-iu CO M)

The dif¢exenhal amplifiez '\5_0- ey ele dvonic chyeuwt

A A g e

im an Op-AMP.. e can design an amplifie” cigeuwid

“Hhok acceprs fwo inpuk signals and aroplifies Hhe

-

dittexence berween ¥hese fwo signNaldg, such an amp|-

ifiea is called a diffesentiad amplifies (DA .-

A Aitexenhiad amplifier 1 a eiveuwd Yhot can G-

ept Ywo IDpuk sianale and amplify the diffexence

belween Yhese fwo inpul signala.

Fia L. shows Yhe blocle diag¥am of an exdinaxy amp-

11Gies . The inpuk Volrage VU is amplitied Yo AUV whexe

A (3 Yhe volrage 9ain 0§ Hhe ampl\iFie2 . Theaekore  the

oukpulr volrage is U, = A-U

N2 WY o ] piggesentf—o

- Tu A"‘."Pll',g'ie-'z- (il §8 O £ocei silmd 2o [ YazAWRY)
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“Fig2 shows the block diagxam of differeniial

O.MP“ ;\&Q.. Thexe axe -‘-Udo \‘npp& \jc;\\-qcsts U‘ anc U“]_,-_-Y-h‘.iS

Camplifier amplifies Yheditfexence between ¥he fwo inpuk

voltages, Theaekloxe the o oukpul Volvaae g,

- A QUI—U.L)

o usheve. A s HheiNoltage gain of Ahe-ampifiex.
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The below Fiq.\l shows
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Fhe basic civawit of a digfe-
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':nfg-.':!_f:ﬂ DA ]
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Fig2

1F consists of huo bxansistoxs @ L and g-,_ 'r'hOJc howe'_

\a.e.w\-\c.m r.hoch.\-e.ms\-xc.s The.\j *s‘hoxe. a c.ommon e

SuPPlY e

neqanve su\:p\\i Vee .

,common emifer resisyox R;_cmd. commr\_

ditfexenyial amplifer.

The Following pPoinks may be no\—e.c\ Q.bou.k ‘rhc ol ﬁ'}-

—

exeniiol amp\i§ierz @ /o
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L_\_) The AdifFexeniiol cum\p\\ §\e2 CDA) VS a- \-L-OCJ ‘“‘P\-Lt

“kexmiveyad device Using - c.‘r\ea.st Fwo Axansistoxs "\"ne.*:e.

~axe fwo oukpul &-evmmo.!g as L and 2,

i) The Y¥ansisyoxs: GI.L and @y ave mariined 5o

“Hhat Haevy c.ho.xo.c.\-e.me\-\ cs c\\:e lrht same. The c_oue.c!roy

’:.e.s\e.\-o-ss C Rc; and \'«LU_) axe cug.o e.qucij_

R —

Gy We can apply signal Yo o ch?(}e.\genhou amp\\ -

— | Fen CDA) in Fhe following twe ways

s

h"-u.‘__\_‘_\_

—
—

e —

(@) The Signad 18 OPPLied Yo one \n P ok of DA

and ofhex inpuy is gtcuﬁo\ed in \'\\CL\- C.CLSIS I-\—\S c_qlke.cl.

——

———

Hﬁ‘?uf\c_\\e ended inpur qxvo.n%e.ment

(b) The signals axe C\\)b\le.o\ ‘o bo\-h lhpu’rs af_ DA _
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: ‘In \'th case, \1.— i co.t\ed c\ucu ended o) o\cub\e_

S - —

ended mpwc &xxangemaﬁt : R

e e '—“-.____

c\v) e can rake owrpuk fxom DA in the S"-o\\cu.:ma

Ywo wow s - o

ca) The ou\-\)u}\- car We %Q\aeo fryom one 01} Fhe og\—\p\kk

fexminals and Yhe axound. 16 Hnat case it is called Single.

ended out puk &\cx&h%em&ﬂt e

—_—

(b) The surpul can be ka\aen be.lruueen H—-,e_ #—wo

oubtpul frexminalds ( betwedn Fhe collechoxs of & ang

Q2 ). 1o ¥hak case  i¥is called double- ended ouwkpuk

axxandement ok di ¢Ctexeniial Ouk-Pu:l-

(V) Grenexally Hhe ditiexential c:tmp\'v.Q-ieJ.s_ (DA)

is opexated fox single.-ended OUJ-PLA-.

A

% - Commen Mmde, a.he,\ m‘-‘,&exenha! Made %sgmus

e e e

The -Inpult. signals o aAiffevenhay qmph(—\e_)z axe dﬁ.ﬁ-\-—-

SMRAA] L T oA SR Y

(i) Commen- Mode signals

(i) -Diffexential-mode sighalg, N

(1) Common-Mmode ignals: =

‘When Phe 1opuk Signads to DA axe inghaze and exac-

S Hy equad in amplitude | they ayxe called common- mode

signals as shown in kelew Fra. L. e commaon-made

1-o\gnal e axe nejecked (notamp\ilhied) by Fhe. DA | 14 1S

o because a pA amplifies Yhe diflevence befuean Yhe two

Signads ( V,-V, ) anal ﬁn',?e'}j. commMon-mode Signalds, thig

diffexence:is zexs; Fox- commsn. moede siqmald V, = v,

VI = f Uq_& 21
PN .
— ] '\\,i/‘ ot~ \\ y e B
Aq Jo zde -‘-‘fF:*%.‘r " Cé'lf‘."““-‘D-“*-M-‘;{d'-; 5?5.0‘!*‘3 ‘.
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© i) Ditfeaention- mode

. Signals -
_‘___‘A\heﬁt‘hq. ”\'P\.\.k S\Caﬁ(x_ls\rm DA QX \ %o o
% —_— he Rl Ly s
P . e, Y a¥e calwed
niod- Mmode signa)g A8'shown in belaws " - dy;g_e_xs'
-—-""’J-H—The_ = __i;_g - L B 5 Fig.
r____‘___%xem.-\m- Mode signals axe amn
— 77 the dithexen ki) —— U~ ¥Mplified by |
\ qmb\\g-\ﬁ'.& Y is bE‘_CQ.L_iéé_ -\-h_{__ R
B i T o R e ' S2-00le
diffevence iM A0 Sianals 1e buwice JR;G"JJEEE“E-—---. _H
e e e c
s\gnal . Fe\s A\ R-f,'e,\;e_mhq; mad@_ S\arsa,\s_.ﬂ_\f__h"\q —_—
s l R
v, ” = i A
) D i . W e O
/-\\ FACRD Fo lodaipe Sitpeasriap
Lt e e
— N = 3 |
7 1
b - L]
P Diffevenkial -mode Signals s
Thus we axxwe at a vexy impox\a nt conciusion Fhak
| . T =g =
a diffexeniiad amblifien wily amplify he ditlexential- i
IMmode signads while i} wil) 2eject the common- mode 1
Signals,
'I
* Block Diagxam of op-Amp i
I .7'7""_7"_?’__‘?1."’-"_."_."'_"‘"%“’"7’?"#‘".*5' . BT b, ] '
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~—— N W [ Ree, e ot I 2 EMITTER | | Mout”
SR [ e ey e L ) 7y A T ey
o BEL PSS T AR TN R,
\\ A t}kc’:c\c. dlagqyam of op- Amp 3

1

\_& T—a\\omihg axe Fhe impoxfant pxo\m‘t‘nﬂs Fo all the
- OPexaliena) amplifiexs Qo?-hm\os‘i RO

'\m AN oprYarienal, ampliftier is o mu\hs‘fqae

ke o Skt stage oF an SpAng 15 @ diffet-

] . =t 2] ¥
1.5, Ao Pl B LV |
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(m) A h-.a'n ihlpu.l' \mpec\cmce (usucdw m"nm*;e) aL 9

—— — e ——— —

otk Yhe mvu\'s o T
e, T P VS0 Sl FLF impedance < a060). N —
T A ieeas apen-ivop veltese smin, typicany 1§
— - (vi) The velragqe 3u.urn"4_1_er_n®_n‘; ‘constant ovexa Wide
Qxequenu-_[ aange. . Lo T AL —
(Uit Very \avge emRA (> 309B)

XV = +15V
N -anuex!nm : " ] x B
' ' AT dtkkpu—__,* ; + : : NouE
Hingeanpul s oy, om0 i 0 |
-V =z -1V Fre-2
Fig- 3

% X s ¥ -
S ¥y 8 - 1. . T '] iy
pd o WY N WA A Ve =t o 1 13 L

Fia.L shows the schemalkie syymbtl of an opexalianal

qm\a\i%—ie‘z, The following \Dciﬁ\“_’a axe impoxtant

(i) The basic opevatrional amplifiez has Hye texmi-

nals forsebpry=vetia Ywo Fexminade fox supply Volkage

+3 and -V, Ywo Input Lexminals (invexking and nen-

invexFing inpuk ) and one cukpuk Yexminal.

¢ii) The - Sign indicales Hhz invexhing inpuk while

+ sign indicakes. the nDon \WONRYM N {Dput. ..,

(i) The Voltage NV, N, and Ngux a¥e Nede Jalkages.

This ™eans thak dhey axe sdboayg measuwxed w.2-t:
gyound. The ditferenta) inpuk Vi is the Jdikfexence of

+WO ﬁﬂl de. Uﬁ"fﬂ.‘aﬁs v‘ and Vl‘\. f -"'..I-. = - ‘- 4 .._ ..:.-'I’.'T'
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N

//(H cLFor Yhe SQK& ot %\mphc_s\-\j +V and -v Fexminaug
axe ofren omilted %xom ‘rhe. SN ;:_:bc:.x d;-ghamﬁ Tr_{_l'—% " A

i/

oy Input 95?}1?}' ‘HJ'OE-'LJ e .. ' ; s = B PP i
’_________..--"-_'_-I.- =

Even l.-he.ucg,h _&-he_ Hah%\s&-mfs N MR difSevenad |

—_— e -

Tamplifiez ase Ve¥y closely matched  kheve cxe .some Ai%t . &

L exences in thels ‘ele v ca) _c.hqxqc.lre.nshc_s .one 6% Ynese

diffexences is Found in e valvuesg ﬁi-—\fag_.i-_ot Yhe Ywo
feansishexs |

When Ngey # Vges , @0 Imbolance is cxea-
¥ed 10 bhe AiCCexeniiol amplifies . The DAF Lot Op.Amp) £

szt e sheld somervy o\rage! o} k—h::,-ouk-pmjr eNven when Hhe I8
sl Nolrage-abplied -bekween two invpuk fexminalg is Zexo.This g
ris calledl oukpuk oftsek volrage, . . - - |

CLo T riThexe ave sevexo) meraods %—}w&lr-mn_ig be used Yo &Vim)

voonake ourpud ofhsel voltage.ene s Mhese is Vo cﬁ.\;\;\\:j an

| Inpul offsek Volrage berween the inpud teyminals of

| DA (o2 OP-AMP) So as o make ocwrput 0V as shown
D Fig L. The value of inpur effsel velrage (Vi)

legquived fo eliminake s dne oukput o%iee% \Jo\%qg}e,ls
Jiwenday oz cooyy '

k
- P il e IO L i

et | = \/.
LO
k\“‘*——\_ \._'-} —_:-'—T_
S -;-.- Y ~ N
_\'%,‘L
| ——
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#* Input offset cuwxent .. - . - - -
T P
Idhen the oukpud of u'§§se+ Vo\%aqe of & DA {5_&\\mmq-

’recl thesde o Lo\\\ be a augh% cls?Ge,ve.r\c,e hetween Fne mp%
= . o | i 73
cuxxents o the ﬁonm\:e_a\-mg o and ;rwev\-mg Ihpuurg of

Yhe device.. nns SWight di??e_ice,nce ™ irhe_mpwr C-U\\'Yﬂf'ﬂ's

___‘___--"‘-

is called inpuk offsel cuxvent and is cansed by @ (beka)
T vl

mistrabeh befween tHhe \'YO.DS\S‘rDYS 10 the it fexenhal

amp\ifie As-an e':c.Qm‘P'\_e_-,- Suppc:_zae,. TIgy = 754A and

s . -I_BQ_ =65 Mﬁ],x_hm_l‘ - "
Lid cotfsery’ =/ 78-66 = LOMA T
The ditlexence-in Fhe base. cuxxents indicates how

© cloSely Hhe Yransistovs axe makched. 1§ the Fyansistexs
oxe tdenkical, the input offset cuxvent is 28¥0 becquse
both base cuxxendts will be equal. Bukin Pyackice, the
rwo Fransistoxs axe ditCexent and. the-twoe base Ukt -

nts axe net equald,

. 3 i T & - - i -

% Inpuk Rias Cuyvent -

S The inpuks foran AP-AMP 2equixe some amountof

d.c. biasing cusxent fox the Fransistoxs in the diffexe-
phad ampli e, The inpul bias cuxxent (s defbinedas
the avexage of the Ywo d.¢. base cuxxents 1.5

i = IBL + 11.32_
in(Biaa) o

Fox example if 15, = 85144 and lag = 75 A dhen
the inpuk bias cuxxent ig

- B + TS B ™ -
in(bics ) ~ o
= Q0 uA

aidlilieud willl bdlnSC



_open| Loo@ Voltage Grain (AoL)

_The Voltage. gain of an op-amp From inpud o vurput
‘."f - uadr‘noul* ‘r‘he Lt'ae,, mﬂ- Qh\j ‘{-e,pe.d'-ecxc.‘p, 1S caldled Cnpe,r) \aap \JO'\'HI.%E‘_,

.J-.

— 3mh QAQLJ OP-AMR. TaL has AGL_ lo ,

b s 71T \rexm Shentlaap “"d\c‘l\'&‘-’- a dvcuik cond; FUES————

— “"ﬂf 22 Fhore \s No #etd‘aqc.\c_ pq\r-h %Yom ;a-h_é OU\-\‘Pw\-#c s m_‘ .
“""(/‘Pu-'r of op- Am? - ————

\’__/—'—_ 3 ) - i ' — -

————

¥ TInput 1mpeda.n ce Zm) Bt =1

AS Shown In ‘be\cu} F\% L. \-he_ op- P,mp has fwo 'r\;pc.s

of ‘npux \mpe_a an e,

o ' il Loy =
| Zid - -
e —
— 3 = d_ - -
é | ;.- ' -
“i: P
(aixPen Tely e éFi‘?"Lf"'-Tan.'lmPedMLeG—E.-O-Piﬂmp : L
{1} The impedance seen looking befween Fhe Fwe inpul
ikexMinals fis called diffevenlia) Inpul impedancs 1
C .zl.d) — 7 —'-" . =
<2> The impedance seen $xom e"»hm inpuk Fexminal
Y fo Fhe . eaxth is CG-\\Qd..Cof‘j\_W‘Ibﬂ mode m\vu& impe-

dGﬂCJE L?—"{-_\) 5
| - E _ |

—____ Pyadkcaly ' Zijy andZic have quité€ high vaiuess

e Npicadly bMhe value Cox inpuk impedanceiof 1eTyt I8

— T M ER
% Oukpuk Impedance C2o) .

b R

]

- Fia { . output Impedance o OP-N:*_\_‘_’ .




Above Fig.1 sShows the e_quu\&h{- c.m’c_u.u\- of. H\Q |

P— i st . g = o

ougp L of an Op- ArOp . As seen D ’r‘ﬁ\f:‘» Fxgu‘se. H-;R\\

oubput equivalent cizcwiy of an op- A"’P ks hﬂm '_

sented as ‘t'ne:\lemﬁ &qmu&\f‘-h\' civeuik 50“5'-5\:;%\\‘*

of the eauivalent \ra\'ro.@e, Souxce ADLV.A S sexyeq
Wi kb \M’P&du.ﬁ('_e Zo. | . 4
¥ Slew Rmhe A S G 7 ol =

1t is. de.li-\neo\ as. mawxmum 2ate of chcmgm

output Volkage pear unit time 1V 15- expxyxessed in \Jcﬁ;;‘*

_______‘-——-______-/
MicKoS econNads

dVo \ 7
ap_ = ( 9Ve /

‘ N b Jmax \9“6 A
1t indicares how 2apidiy oukpuk changes wikh chq_ng?;ﬁ/

—_ I

in fxequenty, Fob TCTUlIC ¥he S\ew 2ake Vs 045 V/yg.

Since frequenty is a funcien of Hme | the slew

2ake can be used fo delermin@iesn the Maximum opexa-

i

C Hing Fregquenwy-of Yhe op-Amp as followsas. .

Maximum opexaring fxequenws ( $may) is

il s\ew ake -

- = :
<y Q. S s .
1< 47 o2 AT

Cwheee V-N;_--v:s-%ht peald sukput yolkage |

¥ Commen-Mede Rajgg.{-{cn RaHo. C-QM%@}

—_—

A Aitfexentad amplifiez showd lhave high: Ai§le-

2€0had voltage gain ( Ay, ) and Vexry low comman-

mMmoole Volkage gain ( Acm). The 2akio ADMZ/—\cm 'S

called common- Mode e ilcHoN s hlyard csaREy 1 e

¥ |
CMRR — Aon

g
Ac
M 8

The CMRR 1S expxessed in decibels (dB) The,dedﬂ,/}\
measuxe i_—'—ax CMRR i85 given by

sedlilieud willl bleISC



CM&R___QG \_oq W bpprn of GRIs S cams
'_—/__/—‘————-_-_-___ __'____.
Olie e e —_—

-

i:l_e:: \,o% TCMRR 31§ C
The CMRR 18 the &buk-v.\-\-j of— o DA k—u\c@.lev:,# bhe

common- mode Signalg. v 1—_—'_"'?5
* 1deal Chavackevistkics of oP Amv
The ideal chavachexisHas: cb;nnq'opf-ﬂmp .gye - l
¢1) Infinite open loop gain s e T _ :
£2y InFiniYe \opur impedance B ' .
(3) Z220 ouwpwt impedance P li

(L) Ze&¥o owrput voltage when ;_iﬁx;:u.k N-ol\rase ig z‘cnro__
(5) InTHNYe bandwidih. Y -

(6) ITafFnkre s\ew L2ale (=1 -
) Iatinire CMRR 24 5 v 5 .
i_ f'- —
f’:i - e —% &
,11 ‘.r.nve.fa.’nna Amg\ii'-neoz. - - .
] 4 i ‘- i i YRR R:' S N A‘ nord g CTL O I,‘R‘_{!;rl_.')‘,; = 2§ T4 £
s .’ :}.-".\;,.'_ s WAL i N i s

] a ‘L ',} 'LL = ] -; .L.
‘ -

i
=Ty _-,,1.—'1’

Fig.1 Shows an nvexing amplifie’z, 1n ¥he above
Fiq. L, dhe non-1nvexting texminal has been gxounded |
Mhue ag R, connects ihe inpub signad V, o ¥he invexy—
ing input. A feedback 2esiste2 R has been connecled
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-ﬁam Yhe oukpuk Yo the 'mveﬂ-‘:n_‘_:j___in?t}’r.
Gaan - - - ,'
Since point A is at gyound poterbial,

gt v iy £ 2 v, .

SR i 1o eodairalanema D bl X
. yYsing KclL fox point A.

- = O i OAS
X, LIZ) ‘

V_]___‘_\‘U ol > |

B Rt
Vo

7}

' Ne o Pg e viciios .

——

Yy 7
) P . . T
2 318 i{gmPt Criteoval ¥
1Y is seen fxom abeve Fhet clesed loop gain b-f
Yhe invextring amplifiea depends on the 2aho of the
fwo exkexnal 2e€sistoy R, and Re and is independant
of Yhe amplifier pavamelexs.
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{1 S g s 1) Al Lo cis ey i -
Edeauayll (323 P DO 3y PTG PN WO ST e : i
— i o< [ {
Pos - 2 N ORI i . A =
TEBIY(H -ﬂ. 4 e I' L) [ s ] ._'."jr—; o SR, Pl R W . = ‘
[ . i i [ s i b LI iR ;,-'F 200 v G
] epd 99 Solziass 1
g 0 g - - S a7 Saic:a > o T g 1 AR ‘
SN N0D (1B P g Lotz d 50 ok d,_,;,__,_f A Hwugal e
) o - . . -
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