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; The 4evm Imear  qsed Smee  outPub value, 15 o liveas

Punction of Impul.

B, Rles, modulabovs, Amplifiecd Jike Inverting and nom Trvering,
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> Thoe Tcs ™MOSHY tSed in  audio and odio Frevuency - aprlications,

a. Digital Zcs ..
There e Conceqmed @ibh 2levels eithey | (oY) O

Low level Sigmal  gemd 40 0 Inpub , the outpub Should e zeho.

High levl Sigmal send to @ ImPub, the oubpub Should b& T

Ex i counters, Gabws, mux etc...

- Thehe Teg mMOSEY used m  conSumey elechromics.
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Tdeal
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V. ——  Amplifiey B
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ProPovbiomal o the diffevemce between & Imput S;?mb).

vo °‘((V\'-'V7—)
i% m: ﬂdCV| —Vz)’




bifferential Jnim (Ay) .

VO = Ry (_V'—-Vq_)
htoné.

wheve Ay = P'roPov%.fo-mﬁUd o .
Ay 15 the Jain-

condiden Vi-Vo =Yy
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TP we aPPly 2 Inpub vol&agog ave eyual Ccommow) 18,
VizVy  them Vo= Ag (V,-V%)
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Bub the OubPub \olbafe of  the practical ditfevemtial

amplifiey Mot ondy deperds on the diffevemce Volﬁu;e but alto

depends on the avevage of & Inpuks.
suchan avevade fevel of @ Impub Sigmals i8 called

commmom  aMode siaﬂnol (Ve)-

VY, |
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Commom mode ReJeckion Rakio (CMRR) .

The, abili{;‘d of a. diffevential aomplifiery 4o veJect as
comrmon mode signal 15 expvessed by a jakio called common ede
~ejection Tokip.

Tbic defimed ab the 7abio of differentiol Sim Ay to the

commom mode. Jaun Ae.
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the t@nsistoy  Euymed oFfF, Yesulbimg im Jess \oltage dvop

ac055 RCy , No Curvemb flows. {;hvough the Civeulit.

> Im this way | am Inwerted oubPui appeavs ab collector Of B,
by abpling sigmal ab Input of Q.
5 At the time when &, b5 ON bﬁ +ve half cycle of Imput

tghe curvent throudh Re will Imcveade . S0, Volbagde d'yop ab Re

will be MOYE Cauding the emitbers of both tYomsistoys 9o im

+ve diveckion.

- No Input is applied ob bate of {ramiistoy Qo (zevo Imput)
% tlombistoY & turned OFF. Teve i mo voltage dwop acvogg

Re; amd No ccrvent Flows thou9h the civeegt.

=~ Inthis ) , we will have oo MO - Iverting output ab
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T £his care . Pivet the
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oubPub 0C¥oSSs Rey aill be Nom-Imevéed outbPub:

Diftfevential Amplifiey configurations ;_

pependimg Gpom  Inpub and oubputs teymimals of

diefeventiol Amplifien theve ave U configurations.

. Dual Impub salonced output
2. pual Impub tmbalanced OutPub

3. Smgle Trmpub balamced outpub
. Smgle Impub un balamced outPub
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Tn bhis comfigurabion, two Inputs ane applied ab bate of

Lyombistor @, &y, and  oubPut {5 takem bebween & collectoy
tevmimals So, this confijuration called ab  “pual Impub balomced
outpub (o) Dual Inpub double ended ocubput (ov) Floabing outPut « =
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D¢ Amaldsis of diffevential Amplifiey .

R

To detevanime &he opevoking poimb wlues i€ Teg, ond \erg,
Pov the ditferemntiol Amplifiow

<he De eoyulvalemt cicuib cm be obtaimed by veducimg Ehe

Topub AC Sigmals to ZO0-
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To pevform Ac Analysis 4o devive the expressipng
for voltade 9ain (Ay) . Inpub veSistance (Ri) and outPut yesistance
(Ry).
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Tn Duol ImPub balomeed output  @nfigurakion oubput js

Lokem betaxemn & collectsy Leymmals e

ROU.":I = Rwl:l :&, CO’T) RO] = RO'Z:' RC

pual Input unbolamced oubpub differential Amplifiew ;_
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i) Volkage gaim (Rg) .o

— _____————-'
ApPly kLo Loof O €0Q
Vimy = I Rim; =Ye &, ~Fe (iey+iey) =0 —@)
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The output Voltaje

\]O = Ve, 2

" 'icz Res.
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(= 'm_, ch = Fe)

|
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(e +Re V- RYY

GetRe ) Ving - Re Vin ,J
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|
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|

Ye( %+ ZRQ)

% va'ni— Vf-n Z)

Re Vl'-n, - 6Q+ Re) V,’”ZJ

:&[

Yo (26¢)

J [ %er %)

A%

Nimy =Viny = V(d)

A4

_ Re
ST,

The. \Jol’c.aae, Jdain is half the Jain of dual Imput, hlomcey

output diffevenbial amplifien.

iy Inpub vesistonce ;-

——

»» PYocedwye 15 Somme
as pual Impad baloonced

outpub - TrpubvesiStave)

v pubpuk ~e5iskamte ;- 1 this confiduvabion outpPut i5 takem
ll:) e p

—

. W . L
n ome coliectoy termima |
m{.we |'€a RO'L: R\C

n |2



3. 5mgle Tvput balomeed oubput dif ferential Amplifioy -

—_—

this Confiuvabiom, Inpubis applied 0 bake of tvamsistoy
In th ,

& and outPubk 16 meastryed betteem 2 collectoy teymimala.
{

‘ — —
< . e ‘C‘L
o A Emncamin
T ~ llc‘!l 1€ 2
e, ) |
_Lb‘T Rm,r qu J/b %RC
o2
% . ﬂ K
My @

> birme (¢)

i) \’o\haag Jain (Pd) ‘_

APPLY Kul to Leop®, Lloop®

i -0 —Q
Vim - Ib.Ri-n, —Te le, - Re h, =0

\’,;'n— ib| R;’n‘ - 1@-13‘ -'Ye, ie.'z_ =0 — @

T Tzl Ty, = 22

Foc PQC

Substitute Ty, Ty i eq,® @




Prvom ev(D, )
e, —10.) =0 - v ez i)~ ley
'61 ) Rs _'1'6 ie, - Re ['e.l _1gz) =0 C ¢
?nc _
P V= 2L e, + e ey
foc
R @ .
U gt
ac " e
Vo = e, (TetRe) —Reliey) ——
Mmoo =
Fvom ey @

Rin, .
= il I Ty Y, le

ApPPlY cvavnvmers Yule

Vin  ~Re Vin To + Re Vi,
¥
n e (et Re) &g +Ree
'e’.l - "fe,-}'Rg - RG
e £ (e + ) Vin

Yo [ Vet Re +6e)

e+ Re) Vim

r'_‘/e (Te-{—?.ﬁe)

-—

s Ye 77 Rn'-n;

Ac

)



and Yo Nin Gm{ Rr_,)\f;,n - Vi %
oy e e e, B -
Te+ R ~Re ('Ye'l'P\z,) Te +Re e
T Yo

YoM + Re Vi, ,V%-ye
Y&["(’.‘I‘RE 4REJ

= eV REVf'n

YQC'YB-[-ZRE)

The out put Volkage Vo= Yeo-Ye,
= Reley - (-Reic))

= Reicg 4R, = Re (fc\sf,'cz)

= RCC;G,-l'rQ,Z) (i 2y ;6)
Yo+ Re) Vi .
v, = R Ce+fe) Vim . Re Vin
Yo (et 2Re) Ye.(%e+2Rg)

2 ( ('fe‘l'RE)V.'w +REV;,n} d
= Pe

Ve, (.'YE, + ZRE)

= Re [(YE+RE+RE) v"'”] :-) 'Rc [Geﬁ/"RE) Vu"n}

Ye(Te+2Re) Yo ("fe/ﬂ?e)




i) Input Yesistonce -

Vin,

Re = 1M
Ib.

—_——

. _ e
LT Ib.- 1

Pac
= R; = \'_ :“‘_ > vi'm ﬁuc N
‘e‘ {PQC |‘e|

kT e, = Be+Re) Vin

Yo (e+2Rg)
\e
= R; = ___—-—-———'—ﬁ' Fac = f'sqc Te C'Ye“l’?-RE)
(e +Re) Vién =
-fe‘f'RE

cordidey Re >7 Yo,

) Ri - Bac Ve (?-F/E>
e

ny outPut vesistamce ;- T4 this configuyation , the Output ig

taken betteem £ colectoy tevmimals S0,

v Rol = Ro;_ = Rc. ) (OT) Rc\ = Rc-,_ = RC




e S ——

y. 5\'1\9\@ Toput wnbalaveed aubpak differontinl renplifies

'
(3

- -" “‘ . 4 0
als ' ‘Ir',i
R ‘k‘ﬂ I o ('7} T ‘
Tl 1 \® b
. 'h 'w \ {.’} 7.”!
SRR TS C e = e Y b, 2 |
|
l
|
e . 4 L. "
L
Volto)e
0 n.a r k’L
Nin
y Eime (§)
D Yoltofe Jaim (Ay):-
output volbade \p=Ve, :Pyoceduve Savne at
= Re, Icy Simgle Inpet

: . , balavced cutpyr
= Re 15 L Ity = 1gz)
for caltclating ip

Rg V: W
vo:&_[—E__l‘n____} vﬁt{‘]

IF Re 5>

R’ W It E”27 T

= RC [__5_\“{1_ ] [ L 'Yg,-}-?.RE :,\J,!R\E
Ve (2R¢) -

>V o fe fa . Re
Vim 2¥e, | E_E'f

Tre Voltade Jain s half the Jain of Simgle Tnpet balavced outPut

e en F'Bs it d X



iy Inpat Yesistamce -_

’ii ;QF&CY&

1

iy outPut yeristance (fo) :-

! I ween
Tn this configuration autput 15 takem betwe

collectoy  termimal So,

R%:Rcl!

— The Pvoceduve 1S Same ah

simgle Tvpub balawed oubpuat

diffevential Amplifien 1)p vesistane

cmlll one

ComPamsions Of diffevent configurabions (usiwj 7-Raameten )

=

[ . Ditfevential | Impuk vesistarre outpPuk j
contiguration Jaim ( Ay) ®) vesiskamce(,
Dual Imput balomced A, - Re
d = — =R: 2 R
output Yo N=Ma 2 AR o =Rsp =Re
Dual Tmpug un balanced R
Ry - 2¢
output d = Q"%‘ n :R:l'-‘- QF’QLTP. ROZ:‘.R(
— ! -
Simgle Trput balamced R g
N =R =
oLt put Ay ;i: == AR % Ror=Roy =R, |
—
Sim9le Input unbalaned
iy - Re R 2P Resis=
outpyt g =, ac e 2=Re
R




) Ditfevewntiol Gaim (,ﬂd) ;_

A.c H’nal‘a.St'S of diffevential Awplifiey using  h-Pavameders

Im d;Hench.ial Amplifien | 2 bvambistors has Similan

chavocteyistics e Impub Voltode  Viy, =Vimp=Vin and Rg=Rg,=R

[

To caluclade diffevential Jaim,

ondidey omly om tvamsistoy. This >

rl'

is called o4 Half civewit concept ﬁmlj‘:»is.

The easuivalent civeuik diagmm foy obove Civeedt cam be

Shown in - Fig. below , nelecting hee. .
S

s hie heTp Re %
APPlY KuL to Trput Leop =

1L
L

Fid:- APpvoximnate hybrid madel

v, &
'59: = RS“D""hie b

=K (RS thie)
vV,
:) ‘-b hoe! 3 —-@
2(Rg4hip)

APPLY KVL to outPub toop,
VO = '—hfe, ‘IbRC — @

substitute ey © im ey &

Y

S ] R
=) O_ —L‘?e [Q(R‘g-}-h&) e




D o = "-hf"»_ RC -
R(Rg 1 hig)

'=" Sigm  Imdicabes  the Phare diffevence belteeem Impub and
output. |

madmitude of diffevential Joim Ry s

ﬁd = !Q-— = hFe Rc
S alksahie

NOte :_  Fov Balamced outpub

= FoY (mbalanced outped .

ﬂd = % h‘FE RC.
2R +hie)

ﬁd - hFE Re
R +hie

i) common mode, 9aim (A) .

FoY common mode Jaim Ve = VidVe | N4

T — =V
The equivalemt civeuit as showmn in figuve ~
-—91b < T
Ve (N hie &) hfeib Rcvcut
APPIY  KVL to Inpub toop |
QRE
Vo = Ty ke
S=Tbhie + 2R (234 hpy T JI
b¥ e Tp) +rg1, i |

=Th;
Thie + 2R ( ’+hf€)1b+ﬂsib

= (hie + (t+¥.x¢e) qkfj i _ ®

At OULPU..b/ \b:—ICRC

:“hFE.IbRC '_®



L kow thak : Vo= Ag+ Vg D fe= Vo —©

i) CMRR:.

substitute ey @, im ev®

-h R
Ae = fe ¥oRe e
(hie + Othee) aRe) T

-—

-hge Re
=) \HC - . '-r—-®

Rethie + (1+hpe) 2RE

- |

h{eR/C % Rg +hie + Cithee) aRg

A(Rst hie) heo R
Re 3 e Re (14b
CoRR = i+ e +a E(. fe) .
&U{S‘l"hie)
)  Tnput Iwpedomce (07) Imnpub Yeristomce (Ry) .-
vV,
R. = 5 -
LT, . O
_ ve
fromey ® I = —=——r
2Rg+hie)
sulssbitube Ty, value im ev @
W - |
R. = DR = 2(Re+h:
] XS/Q(RS'WWQ,) ] S 16)

V) Oubpub Yebistamce (Ry) .

oubPub takem between ome of Lhe

output tevymimal.-

e ‘RD:RC \



D Coupli'nv,_ o —

the Fivst stage oabpub s commected o tht  next Stage Tnpub

i called  couplimg,

A'mp
5

Vo o] Amp | Mo Vi
) P

d, Yy

1415 alto called b cortoding  (07) multistafeing (or) bivect toupling,

cascaded diffevential Amplifiey stagey . (09) T-nlervmed

ate Stage of an Op-my

The mon PUirose .'OF the carcaded (J;H'z'vcwl,ial Amplifien 15

to Provide high 9oim 4o ghe  differemtial mode signal and cancel
the covmom node 5"3“0‘1'
> In cohcading ob ditfevential Amplifieys, outPut of ome Staje

given to Tnput of Nexk staje.

5 TInthis civeuit , two diffevential Amplifievs ave conmected
im SRt
The Sevies Commeckion of diefevential AMPlIfiers is

called carcading of dittevemtial AMPlFieTS twhich is twhed o

pyoduce Smjle ended  oubput:

The civeuit diadvam Sov carcaded diffevential fAmplifiey

15 Showm im 9. below




secomd 5"“36

FYi- coreded differenbial fmplifiey Stage.

Fom™m -ﬁﬁUdB,

&, 8, ove fivsk Stage b¥MbistorS e dual Trpub

balomced outpub configuiabion. Qg @ are Second staje tramsistos

e dual Imput tmbalamced output configuvabion:

- The colleckoy veSistamces of 15¢ gkage aure evial. i Ry while

collec kot Tesistomces of 3 stage ame edual Reg.

= Fivst stage i5 o dual Input balamced aubpub diffevential Amplifiey

't uses emjkbbey mesistamce RE( which cavies a cuyrent Alg,

wheve Ig, 15 tht ernibber curvent of EYamsistor & cohich

‘s come o evmbbeY cuyyent of EranbistoY @, on the

tranbistovs ave Pevfectty rakched.



®

—

S The Secownd Sln:]e. Lseh o Pan

Y of Sunwoping vesistances and

emibter vesistance Rep. 1k cavvies o ecuvvenb of 2T -

Swamping yesistances -

— — S . e

¢ !
T achiowe Ngh Impab vesistanee, exbernal “Sistances Re

ate tovmected o Sevies cwith each ewilter of Lamdistoy . such

regislances ave called  Swampimg 7esistors.

Lls’() ' v % P
The. Vavious effects of Swamnpimg resistancts @ i ditfe-rential

AviphFiers ave

iy Tncveate Tnput ~esistance
i minimizobion of Chomael‘ in Eramsisto7 Patamebers due te
chamge in tempeyatune

iy Imcfeale in the lmeariby “anfe of diffeventiol pmplifier .

CoyNMOM m™Mode,

W) Reduckion i d+Hevenbial Jain.

- The maim odvantages of carcaded diffevential APy ave

) Gaim Value Imcreakes
i‘l) :I.'ﬂPU.h Imﬂdan,e 1S \[Q;YB hl'gh

W eMRR Ineveasey .



‘Diffeventiol Pmplifien wikh Swamping vehistors: ( Extya Syllabuy)

"‘]_VC( )
5 L JTe
Re ke
PRV r
(i R!
ma.
&,
T 1. '
\ J/ c 2] R'E VMQ_
Swampim I\
vedistane r?IE‘l’ Re Suarnfin) 1
«_ L o vebiStance ~

D ﬂmlfdsis |
For coludo,hl'ng DiC H'nalt]sfsl considen Vi, Vi valyer Should be

zeno-
APPlY kVL ok TImPub LOOP,
~TaRim, —Voe -Tg R - 2T Re e =0 —O
kT T = Te —0

Fac
subistitute ey @) im @

T \ -
- = Rim 'f'IERE ~ATgRg = Vgg He =0

Pdc
v. v = 1 (=R
€6 - 'Be ~— E E—-{-RE{-QRE)
C
V, v, )
. IE = EE— GE- [.t R‘E+2Re77 -m‘
|

ll‘a

APPlY kvl to outpub LOOP,

o



@

Ac Amalysis;.

Fo¥ caluclabing Ac Analysis D Volafer fe Vee Ond Ve

Shoud be zeo-
hu‘e Re

- el tal Sﬂiﬁ(ﬂd) Eon TN \ - Dual Inpuk
y Oiffeventi Rg+hie + (\+bpe) Re Balanced outpd

hee R
and ﬁd = fe Pe _ pual Inpub

] [RS“‘hfe $0+hgo) R'EJ un balamced output

iy Omwmon Mode Jim  for both tramaistovs is

hre Re

Rs+hie + (1+hge) (R +2RE)

ﬁc_:‘.

D Topub Tmpedance, R - aRgy hg + (1+hee) Re ]

W) oukPub I'mPe&cmce/ Ro=Re

methods of Impyoving cmRR

A
CmRR = \-ﬁdg

To Twmpyove the CmRR, commoY anode gain Ae must be

~educed:
o 1n ditfevemtial Amplifien civeudt, Rp o be eploced by 2 methooly

1) conttard curvend biod wekhod

I o Civewt
iy bse of cuyyent mivoY Ci

o |



E

——

i) constant cuvyemt biak method ._

In the  ditfevential AmMPNfien civewit , the veaistonce Re cam be
eplaced by compbamt cuvrent Source method  gives etfect of a
\evy high  vesisbomce  eith otk oftectimg  &- Poimt wluey of diffevential

Amplifioy.

APPIY KVL E0 Qg

—TRIARY) = Ve

2 = YVee
R\+RQ_ (D
\ i Mtoﬂ\t
comaidery e

\ U tuyyent

) Yce

%=-1R, @ , s
N ) civeuat
‘ = ~Vee

substitute e im ev® R S S

\Y F9:- constant cuyyent Souce
Vg = (~ EE i '

R
R'{-Rl) l "‘@

u.\{.T VBE = vB -VE

D Vg =Vg-Ypr —O
substitute ev@® im @

=V,
EE
VE :( )R, _VBE "—©

Ri+Ry




From {fijue,
Ve - (=V, VARRY
- € EE) + Yee
IEB 5 = = - E R _@
RB 3 ‘
Sb: eV (@) n eaff)
V, _V ~V-- R
I = 'B~VBe +Veg EE P
N
Rs
-V,
(RitRy) R, - :
VY RY,
_ 9{!%. BER) —Vgg R, +V/G R, +Vee R,
(Ri+R2) Ry
- “VBE(R1+RZ)+VGERZ
.—_ﬁ'—"\i‘
CR|+R'}.> R3 T
Y R
i = ee (% )_\v g
€3 = T = £31+R1 BE 6 (=t 2 Ty i

Rs

)

Th%, VEEJ R\,RQ., R3 one COME&TT{:S’ cuwent Ic'g, al~most evual {0

Tes alio Comsbomb. So, tlamhistoy &3 actos Combtant turvent

Souyce.

iy curvent Mivver Civewitk (-

D —

The Civeuit i which ¢he outPub curvent s foveed

to ewvual the Tvpub cuvvent is called ok curvemt mivvpy cf veuit"

> Ina tuYvemt ™YooY c'wcui&;_ the output cuvvent o +he Mivyoy

Tmoge of TImpuk cuvvemb. r



To the emitber of &,and

{

&, of ditfeventiol Amplify

cuvent
Teowre] M7y [ Toime

Teource = Is:m;

) Blotk diagmm | |

B) civeuil diagvam

The civeuit combists of  two matched bramuistovs &y By -

183 = IBL{
and 103 :xcq

APPIY Kel ab mode A’

IZ - IC;L‘+ I
APPLY kel ab mode ‘B’
T= Tg3 + Tgy
v Tha =
= a%gy =3t —@ (¥ Te3=Tay)

Frome(§) T, =T+,

= QIBH+lIcq (o1) ATgy+Tcq

—©
e T b [ IC,
B= X
=
so ev (9 becomes  Ipsal ey T,
¥

Tyie a(Iip'o‘_)+IC3

A

—

Lo

ve—rr———eenpaln R OPTTY



comnbide Igr:;;_ IS Vewy Swall volue,

D IQ‘._. 'J?Ca l

Tt Indicades oubpud carvent 15 evual to mivvoy cuvyent of Tnput

APPLY kvl ab bvamuistoy Qg
/

el =
272 T Vggz — (V¢ ) =0

\
e -Vgg3 = T,R,

—_—

Ry

Level THomMakoy .-

—

%) Level ghipt skade i oP-Amp

As the coupling capacitors oxe Mok uSed ko couple £ht
ArmplifieYs  in the  cascoded stage =~ D biaring velkoge level propaJabes
thvoudh the Amplifiey choim.  This finolly aPPears o> @ ‘5;3“‘”&1'”‘»
die compoment ot bhe output olong with o-c OULPUE.

Tn pyesemce Of dic component ob oubput theye ave

5ome effects

iy Tre oukpub Jets distoved.

iy Ik limits the moximum oubPub Volmge, Swi'na,

The moim puipog of the level Shifbing js to shigh the
OUtpub  dic level +4ocworrds the Jrouwnd | with minimum C"‘C""je I

Arc Siﬂ'nai.



: | e
eakial 07 output pets

: . Ohuﬂn,b;t)’ﬂ
outPutb \eNels / ciffed \’/ .. i levely
D-¢ [\ g 'E B
Level ?ei*i,; e\ ot il

et

¢ \QW’ b) D;SLOY{'C(J Ou{-‘PuL d(l(', {o

additiomal Dec level

Q) otkpul toikh zero D

aveuwitl - simaplest  Level gh',;?{;}ﬁa Nebeork (Ewmibbey followey)
__4—:——"———"‘ —_——"—‘—’_‘__—’—’—/—*
— e
\
pPPlY KVL | Vin

Yo = Vin-Vee ( Vi = BetY,

~0 D V= % -n’vee)

Tn the avcuit, . o
The, ootk of Shipt obtained S eoyual 0 Vg which is

almost ¢V

clvend k2 ;- (commom collector Sbuaﬁ)
e
¢

Tn Previous civeuwib  shifk 1S 0TV
is mok  subficiemt. hemce® the | Va.
\ . Il Ry
civewit 1g wodified with kelpof "

9 vesistamees R ond Ry,

TL s a coemmon collectoy Sbagc/ which also act ax buffey

to Isolake high Jaim stades fyom outpub Staje.



@

. . \\——_
APPLY KL to Base- emitter Loop '

e

V|',n - BE -IR| —IR?‘ =0 :) V;'TT-VGE - J'-lp'\l"Rl)

Y- V'.'n "VBE
RitRy —®

Vi _v,
and %=IR, v - ( i B"‘)Rz
R}+RQ_

- The Moim dvaw back of this civeuit 1S thak Sigmal Veltage alss

abtenuated by the factey _Ra
Ri+R,

CTYCLL;E.% ..

(Comntamt cuvvend Souvee)

Tnthe above civeuit, esistoy R,

can be Yeplaced by constamb cuvrent

Sotrrce .

FYorm the civcui(:,

Eo= Y- Vee ~1,R | —@

civenikb 4 .

——

(cuyvemt Mivyey civeuit)

IN cuvyent Mmivyor c‘rrcuib,
.'II =T

and. I -71- VeE -V

ond Vs = Vl"n ..VBE - ']_‘_' RL{ ""@




SN IPIY  A—— —

T PESEE PSS e

BY choosimg Profer Values of  TI,R,  the oukPut V, canbe zew level.

¥ 7

civeuit 5 (mulklpliey civeuit) Vee
Ttis another level Shifting Vo o—n— \m{
N, r
Netwovk  with Vae multiplie? civcuit. avﬂx « Vag
R, G multipel
. ¥ | S ~\en
FYom Fuatwe-, 'I.l rtu T
R %—-
Vag = L(RIHR) —O g ‘ N
BIZ e
APPIY KVL ko Babe emibter loof of &, L‘%

Ve = IR, o 1= Y8e __@
Ra

substitute ey im ev @F)

Vv - V
B, = %%_ (Ry+R2)

BY Selecting Pnopun Valuer of Ry, Ry to addent N to 2en0-

A



CHERL 6 (pvp and wpny Laeendntoy covabivialiom)
- : . Vop
‘A \' '.‘; L“
In Lhig  level ShiPL g Nel work |
cambe tsed {ov MNP and v, » “ fu'
i .
NPN - dvaanigbavys, \
' \
The. subput Veltage Vo 15 Jiven by ] H

\"“"‘ ® (Vee -V, =Vim) \

gV

(1)



GVenkaba Honwmom %.\

). OPQ,.YQ{,;MQ{ Anplifieys Ase b pProf
—_— —_— E. c E

An  opevabional Amplifiey  i5 o divech coupled  high - 9aim

rmplifiey  qsuolly consisbimg of  OM& (o7) Mo diffeventiol AmPIFiess

ad  uskally  followed b @ fenel tvamslakoy and output Stage.

= opeyabiomal Awmplifieys 'mofl'n(ﬂ a 1Yy Pes

i) opem Loop oP-AMPS

" closed Loop OP-AMPS

iy oPem LOOP oP-AMPS -
-
Theve 15 mo feed back pnesent , Jain of the arplifiey
15 high-
Theye ave 32 open Loop Cov’hcigu'mf»;'o'm

) disfevential Amp i ey

iy anverting Amplifie

1) NoN-INVRY EiMg Amplifiey

) ditfeventiol prplifivwv ;-

. —
e T

> Non-Tnverbimg tevminel
|

Moy .‘Dn\Ie:Yb{'n? tevmimal

From the Fjure,

Tnpub volbade Vi o applied to NOM- Tver timy) teymimal  through

Lhe, YRAISEOY K, .




-

Vg 15 convecked to  Imverting tevmimal throtgh the ek istor Ry

ditfevemtial volkage Jain Vg = VY,

C)LL‘IDPUE VO(hOxg@ , VO = ﬁd (J\ﬂ’\f&>

ny  Invevbing AMPplgiey,

-

InEhis cmqﬁg)umb:ow, TInpabs

o apfiied to Inmweytimg tesymimal

¢ Nov Imveyting tevmimal 15 Commected
o 9YoLmd pe V=0

kT A Y=y (V%)

iy Nom-Imvertimg frmplifier .
———_’"_- —-'__‘—’—_,-" '

Tn bhis confiduvakion

Trpuk {5 applied 40 Non- InVerding

terrminal € :Dn\le,'f’cifng tevmivnal 1

cormecked  to Jvound e Y=o

wht  %=fg (M)

- g (Y, -0)




9. closed Loop oP-AMP - ._
A N

ed Lloop opevabion, the oub put 15 conmecked

In clos
to Impub o called feed back. Re
Cnemenrauy ~Ve, feed back 1§ uged. Y 5\'——*\6
Va
In this 139

some pavk of the output 5 Jiven o Topub , th7oudh the

vesistoy 1S called feed back 7vesistor.

Advantages

= 1t skabilizes the Joum
>  Bomd width Imcveasey

o cmpub amd  OutPub erstonces o chomged

5 pecveases NOM-limeoy distovéion.

Chodacke,v'is{:ics of opevokional AMplfieny ;-
R o

oPe,vobiomﬂ» H'fﬂPU-ﬁQ;’YS ’TT)O.:WLO,}} at‘dp%

. Tdeal op-Amp
9. prackical op-AmP

I Tdeal oP-PAMP chaackeyisticg -

L onfimike Inpub 7esistomce

9. zeYo OUbkPut vebistomce

3. 1mfinite Voltaf Jain




u. zevo offset volboge

5. Tmfimite Band wid th
6 Infinite CMRR

3. Imfimite Sletwovobe

3. No effeck to temperabune

L Infinike Impub vesistamnce (Rj=e0) -

-

Inpub ~Hehiskam@ 15 measured ab eithe Inveyting (o)
The, TN

: ; evminal 15 Jroumded.
Nom- InVevting tevminal, ookh okher ETMING

N m 10 m m m n- TrveYE
m 1deal of-AmMP the cure L ob Invevt 3 and NOmM-InV m(?
. ) g -— '

‘ m9 stofe.
teymimal 15 zeno:  Thete j5 Mo loading on Precedimg 50

2. zevo oubpub vesiskonee (Ry=0) :-

-

The oukput Tehistamce ‘s omeasured  beteen OubPub
' > does ot
Leyminal amd ground. gimee Ry=o, OWPU of OP-AmP

depend om cuvent Flows through it - Thevefore  outPub  com dvive
othey devices.

3. TInfinite voltoge 9ain (fo =) i-

//

7415 defined ap the vakio of oubpub Voltogde o the

ditfevence Impub voltade.  FOY, 1deal OP-pmp the wvoltafe Jaim 1S

nfi "ni%‘j ,




A

1

Y. zevo offseb volkage (Viog=0) -

o —

Fo¥Y am Tdeal OP-AMP  Tmpub io zevo (Vi=Yp=0) | The

oubPut voltaJe alvo zeY0.

_Vyzo 1S called
Tre Presente OF Small outPub volsaje thvoudh Vi=Yg=0 1©

Coffset”

5. Infimte BOch width (Bw=0) ;-

- — e d-‘FFe,.{a-)()Qg be){.'coeeﬂ
1

| i . 6- Lreopuemcy and
gamd widkh is mothim] buéquPev cub-of Y

Lowey cub-off frevuency.

9

The, OPedabing  FYeVuRMCY vom9e from oo «© SO B=o0

6. TInfimibe CMRR (CMRR=w) <_

to  comynon mode Jain (Ae).

3, aInfimite Slewvabe (s=e0);

-

CMRR 1 defined as the yotio of diffevential Jain (fy)

Ad
CMRR = —S—
Fe

FoY Tdeal OP—ﬁ'mF/ Ae, =0 =) CmRR:_%L | :)

_
-

slew Yake 9 defined as the  “moximam ~ake of chamge of

output voltage foY each umit time",

=y

.?

dv,

52
ok MANX

glew vate exprased m V[mS

cov Tdeal OP-AMP = gsleco vate iS5 Infimite




Q. No Effect o tempevature :-

The chavactevistics of  op-Amp  domot change with

tem peyablove.

the, eveivalemt  civewit of Tdeal op-pmp 19 Showm im fi9.

tdeal Volbage tramafer curve :-
e e e

we kﬂwtmfthe oud Puk Vo!tcxge i b=y
= fly CV, V)

e Jhaphis dvawm between oubPub voltage Vo, IMPubvolbade V;

keepimg fiy i comsbamt: A Ve

Flom £he JraPh, 5 slope= Ay

oukpubs VolbaJe comnot

execeed the Hve and —\ve

sofuvabion Volboges.

becowse  the oubPub Volboge is
divectly paoPoytional Lo diffevente of Trpub Voltades. So, oubput
VolboJus veachts t0 gabuvabion Yolkogeh —+the oubpub Voltage 7emaing

comhbomé:
The cuyve 19 caldled Ideak volbage bvamyfer cuvve.




& Prackical op-Awmp i

—_

The @0y Wivalent Gyewt 18 Shown m £9.

The oubpub voltade Vo= Ay LV -Va)
Pyackical, oP-Amp chonacteyistics
D Impub yemsbamce (R ) is gmav
iy oubPub vesisbamce (R is 7500

iy ofem Joop volbofe Jain (foy) s axio?

v Bamdwidbh is  jmHz
V) cmRR s 9odB

V) slewvabe |5 0.5 v/AiSec

Types of TImbegyabed civewits -
LA

Theve ove QEYPES

| Analog :En{;eamted cryeits

2 Di9ikal imte,gmtec} oy cuks

Analo imbegrmted olyewbs -
vesr -

/-‘_" .
o ovey am ebive ’Ya'f)fy@

Tmkegrabed Ciyeuits ok operab

of  comtivuons volues of gigvol Amplitude ovve ca

oiven b5

()

7

led Analeg Intedrate




These Ove fuvbhey clomified into atypes

I Limeoy Imbegvabed civeuibs

3. Radio freoyuemcy TnbeJyabed CrICuits

D Lineay Imﬁegmted crveents -
DR

an Analog Tc is said 1o ke lmea, if theve exists o

LimeaY ~elabion bebeem its Volkoge and gu'wew{;-

ex:- 1670l 8-Pin Dual-Im-Ling pockage (DIP).

ity Radio Preduemncy Inbegvabed Civouibs -
| AR T~

.

an amnalog Ic js Said to be NOM limeaY, if theve exists

o Non-limeoy ~elakion between \)olbaje, and cuwyvent

4. Di9ital Iﬂ%e)ﬁmﬁ&& civealts,
=

3¢ bhe Imbegrabed Civeuits opevabes only ab a, few

prvo-defimed levels Imibeod of oOpevating fo¥ o enbive Yamge
o2 combinuous Voluey of  Sigmal Amplibude , then thee ave

colled Digikal Imtegyabed civeuits.

Ex;— 109ic Jabeh, mulbiplexers, ghift vegigters Etc.. .

clowsi Picabions of OPexakional -Avplifiens




S

Clamsificabiomh 0f Ic's -

-

[) Baxed OM fab¥icabion ;-

—_—

Tntegvabed civeuits

\r’J/ [ Y

1 momolithic Tc's:-

All $he Cireuit comPoments , bokh ACEIVE ond  passive

slemembs ome  commecked im0 SMYle chip of Silicom-
> The twovd *momolibhic’ 1S ovigimabed fvom Gveek word  mMeomy
“gimgle stome’  (01) ‘ome Stowe'.

> mainly wed monolithic I¢'s because 1 LoweY Cost
i High veliobility
> Baved on ackive devices uged , monolithic T¢'s oJain claified

ko Bipolay omd tnipolay ICs.

Bifolay Ic¢s USeS BITS and UniPolan Te's e FET.

> Dependimg upomn Igolabion techmivue = Bipolay Tc's divided

inbo P Jumckion Igolobion ey ond  Dielechvic TSolabion Tc's,

: \p HYbvid civewits
Momo | ithic civelits Thick and Thim Film J
J 1
Bi poloY Ui polacy
P Jumekion Dieleckyic MoSFET JFeT
Tsolatiom 1selotion
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s
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Q. B(Lbed on G)‘)iP $12.6, CL'T)C]

Levels of Imbedvabion ..
-

Imbegvabion (VLST)

devices

o o ted u%es
' developemend chiP 5i12¢ ImVen
chiP d p Jean
. Small scale Imbedvation <loo active devicer | 1960 Tnbegvated
(55 I) vehiskovS, dlicdes
BIT &
2. medium Scale Tntegvation (00— [ovo ackive 1965-1970| BIT'S and
(MSI) devices Enhanced mMoSEETS
3 Lav9e Scale i‘)’)&a’)’af]foh 1000 - 10,000 active 1970-1976 MOSEETS
s devices
Q. Vevyrav§e Scale - 9-bit, le-bit
7100000 ackive 1975 micvo PYOCONS

Tnbedvabion

5 Ulkyo LoY9e Scale

oveY L mill;om

(ULST) . :
' active devices

penticim

MICYOPYoCeSDYS

3,

Y.

o) Logic’1’)

3. Baved on Sigmol Processed :-

TE com be Uty Ped

| Digikol Imtegrobed civcuibs
3. AmMalo) Trbegrabed  CIICUIES
mixed- sigmol Tvbegrated circwbs

me,'mo'g, Iﬁte{)'m:ba& civeul 68

. Digital Imbedvabed eyreuis -
SR

They RAfovm makheomabi

and make decisions baved on  Booleam Logic P¥imciples (eithey Log

cal caluclabions, flow of dota.

| P ]

Ic 0




Q. Boxed on chip size ond

Levely of Imbedvabion

Imtegrvabion (VLST)

devicesS

1\\\\\\
i Yean
1 small Scale Imbedvabion <loo active devicer | 1960 Tnbegrabed

Css1) vebistor 5, dicdes,

BIT 5.

2. mediuwn Scale Tntedvalin 100~ Jovo ackive 1965-1970| BIT'S and

(ms1) devices Evnhanced mogFETs
3. Lov9e Scale InteYyabion|  joco- 10,000 active 1970-1975|  MOSEETS

s devices
Q. Vevyravge Scale - 8-bit, le-bit

> 100000 active 1975

micYo Pyocemors

5. Ulkva Lavge Scale
Tntedvabion (ULST)

oveY L milljom
active devices

penticiyn
micYe PYoCeSDYS

—_—

2

o) Lo9ic™1’)

3. Based on Sigmal Processed :-
I\I\\l\l‘l\.l\\l

Tk cam be UtyPes
I Bigikal Tntegvabed circuits
2. Analo] Hj&@mao&om chycuits
mixed- sigmal Trbegvated ciscuiks
U memoYy- Tnbedrated Civeuibs

f- 9@:“&, Imbegvabed cireuits -
S

They R form mathesmabi

ol caluclabions, flow of data.

and moake decisions bated on  Booleam Logic P¥imciples (eithey Lo9ic'o

'




5 Digikal Tnbegvaked CCLibS iy wred i compubens  cell Phones

TeleviSionS:

> 7% Incdudes micvo PYOCRMOYS Micyo combrollers  lodic civeuibs.

2. Anolod Tmhegvabed ciFeuibs:-
e

ANakod Trdbegyabed civeuits armplify  FilbeY and wodifYy elect¥ical

sigmals.
FoY Ex, Im cellulon phonts , Ehey
ey amtemma. e gound  enc

bey the civeuib filbers &he sound  8igmal

aomplify and PikeY the Incomimg Si9nal

Pyomn the  Phom oded mto thab signal haj

Lot Amplitude level © af
ghe civetit Amplify 50me! S?y%ci and

¥

yom INCOTDIT sigmal

allownd  You hea the veice

sends 1E o SPeakey im Fou? celi phone ,
A

on obhey erd:

3. mixed Signal ClTCLitS:-
—_— ———"_‘-'-/

T thio t4pe, ko comeYE fmalog signals to digital

5i9maly:
< They comvert Qmolog voltage levely 0 chg,’{;QL numbey ‘YE’P’Y%eﬂEO«ﬁI‘O "

of \10(60% e | evelb.

Y. meMoTY Tnbedrabed civcuibs -
e =

MRINOYY ciyouits  Pevfoym coluclodions avd 1o Save ke
doto. (o) Imeoymakion:
> Dobo b OCcess »picbves  sownd | bexh ..

> ompPulRY Syste MY Imclude [0t Yo TRMOTY
Chips .




@

Tc Packade types ;.

-

T¢ packade. types

) — 7
mekal com Package uol-Im-Line Flab Pack
package (OIf)

) metal com Package :-

i

= the, mekol Sealimg Pploke s ab Ehe bobbom oveYy which the chip is

bonded:

plane 15 effective fov heab dissipabion, hence this type, twed for

< The
powey AMPLiFieYs.
5 b also PeYmits the Exbeymal

heat Simk:

o 7t oo called ab “Tyamiisho¥ pack”

5 fhe availoble Pimb ove 35,8, 10,12

Pinb.

FI9 i To-5 style package (6 9,10,12162)

iy Dual-Tn-Live package (DIP) .-
uakr ety PAERage LA

n this type the chip is mounted  Imyide a Plastic (o)

CeYONIC COME.

> Thie easy to roordle and most widely wed.

5 dhe B-pim DIP js called mimipTp.




< Avodilable PIMS ove 13,14, 16, Q0.

FiJi- 10,16, Lead VevSion of DIP

W) Flot pock. _ '

I this type  the chip is encloged in o vectandulay cevamic

coNe

S The tevmimals ave takem ous thvough the Sides omd  ends-

~ The avoilable Pimy ave 8,10, lu, l6 Jeads.

Figi- lo-teod Vetsion of Flab Package




geleckiom of To package ;-

D
Type ¥ ibeYiou
. mebal cam iy heab dissiPablon is Tmpoybanb
.. Applicabiond :
Package Ny Fov Aigh Potey AMPLIfeYS,  Voltage vegalators eke.-
X
4 Duol Inlime iy Fov Expevimemtal (07) byead booerding purpeses
package (DIP
iy T bending (oY) Soldeving of the Jdeads is
mob veoyeived:
i) suibable for primted chicuib boods
i move veliability {5 vequived
3. Flak pack My Ught im weighk
iy suiboble foy aibove APPlicatiomy .

Powey supply -
. .

The op-Amp wowks on o dual Supply. A dual supply
compists  of 3 suppPly volges | they ane Ve suPPlY Ve amd
-ve suppPly -~Vee.

Theve oYe & -b%jpeg ‘ofi dual SuPplU
) Bolamced dual supply

i wn bolamced pual gqpp(g

—» 1In palomeed dual Supply
/

Bobh Power SUPPLY volbtodes ame Same m h:

’Yﬂo»ﬁﬂ;t“-ld(’, e +Vcc,:“|"5\/, ~Vee =-15V- [
- Veg =-ISV

Balanced dual suprly




IV =15V
<> Im  unbolomced dual SUPPlY  both SUPPly voltages L -
1

ll g nikudes ave mob eyual

I -Vee -=[22V

balorced Powery SUPPLY is wbed. and PoweY Supply WnGes ave

T, v, ooy etbe..

= To aVoid the Uge of & Sepavate PowrRY supplies  a SmYle Powey

suppPly is tised:

— Theve ave Vavious methods of obl:a'miny dual Supply | vom

amnYle supply,

"

e Phc =

D Fiom 453/

- .’_ ..
Vo
> gach Positive and megakive Supply . ’%/l
Sma}g,

—_—C
had eyual mogmitude fe equal SupPly ® ‘
£0 half of the Single SUPPly voltage | "'Vevg =~in
2
s (Vi‘) _ Fi9 - obkaining daal supply
a
£¥0m Simgle SuPPhj
v copacitors whed 4o supply by Pasting

"& decotpling op

powe SUpply,

> Rasistovs should mob d¥awm high cuyrent  fyom ,Supp(y héence,

the \alugh MOYS than lokiv.




> TP the Volbages vevuived ave obhey than V?_;L then zemey

— mamy times PYachdHy due to migmatch n the devices

eyual +ve amd —ve voltagv, ave mot availoble . To adTwt them

- To avoid clo:mqge, dae Lo

diodes, ave used fov appropriabe Volbage yabing.

'+VC,C. = +\jz_ ]

Fig ;- use of zeney diodeg

e ave (-Lb'rﬂ? pPotembio me ber- ; ),

. V.
‘ 4 'H/cc: !

Vi s » + L R »
vevevsal of Polavities covmectd Vi, % _|_

0 IC, diodes P D, tsed:

. pokenkiomeber

F_f_ﬁ= - we of Pobtentiometey

Tempeyabue, YoNQdeh

Theve ave, 3 diffevent tempervature Yamnges
D miligary temperabre dmge > -55¢ o +125°¢ (~55% ko +85%)
b') I’Y)dw;{:'b’iak {,e'mPg,'ml:ng 'ywnge > -3 & to +9 5% (__q Ce to 1+ 850(: )

) ommeyeial tempeyature ange - ocbo e (%) (Foto +75%)




Block diagyam  Yepresembabion of OP-AMP -

,__,_-4-”__'_,_—_,.____"_,..._-—-

con$Hi1gks of b mbcadecl bloc,kS -

op-AMPS ysually

grpod | ket e Buffey ch |
> —abe Level oubpub
skage shipkind Stoge

Topuls
L

[ Inpub Stoje -

wsing buok Inpub Balomced oubpab ditfevential

o T Bhis 5E09e
omd  Pooduces 9 oub Pubs.

amplifieY civewb. te weave Jvimd & InPutsS

- )
The funckion of diffevential Amplifiey 19 wed  to  AmPlIfY

the diffevence beboren & Impub 619 nals-

~ Righ Inpub Tmpedance (6v) high Tmpub Febiskan® 5 Teovaived

and low oubpub Jeriskante 15 Yeyuived.-

> Im this stdge, Q Tnpuks 0N Yeyuived thely 0ve Trvenbing &

Nom- Tnvevt) 'ng teymimals -

- Im the Trverting teymmal ) T vesyuives 186 Phate Shib between

Inpubs and  oubpub:

No Phase Shifb 19 yeayuuved

~  Tm bhe Nom - Invey ting Leymimal (Y

bebeem Tnpub and  oubpub:




2 Tnbeymediate Stage ;-
i

The, oudpPub of khe Imput tadeh dyives the Mext Sba(?e

which 15 am  znbeyymediate SEage -

e
> This Stage 5 Simoilay O Dual Tnput, Lmbainmced oubput |

we a8 Jiving Q TnpubS amd  Poroduced amJle outpub:

& The maim funcbion of this stage i ued to  Tmereases bhe

Gom Value-

= Paachically  the Tonkey mediabe  Sbagde 5 Mot A smgle amplifier

i conboums concaded AmPlifiers called  mulbi sbafe Amplifievs.

Noke, -

—

The, concepk of TImbevmmediabe Stade is  Similan t0 the

opevobion of cascaded diffevential  pmplifiey Stages in unib-1.

3. Level Shiftimg Stage.

,—__._/____’——-——""

AN the Stoges axe diveckl coupled o tach obhey:

The coupling  capacibovs oce Mok ased 10 cancade the SHajes.

Hence the di ool escemb  Volbage level of Pievious Skage

9eks applied bo  Inpub to Nexb 8{3(1,36' Hence  Stage, bg) Shagg
dic level Trcveates: RS &ne dc level Imeveasts b caures
digkovbion im the oubpub due to clippimg.  This may [mib

the moximum  p.c oubPub volbage Swing with out any  digkove;
oM




l > The Level Shittey stade b¥ings the d-c level down o

| |
© 9wound Potembial | when Mo Sigmal 5 applied at the Input-

> The buffey s usually an - Emitbey followey  whose Tnpub Impedance

“' 5 Very high.

“ tevel Shifting Stade opevabion” |5 Similon  to D¢ dvamplator

/ | opevobion im Lnib-1.

/ | L output stoje.-

/" > 7he basic veoyuivemenb of outpub Staje 5 low oubtpub nesistance

| > The Push-pull Cmelpmeﬂtqrﬂ H'YT)P';'FI“&'Y wed an  ousput Stode.
| 5 This sbaJe ImicieaseS  khe outPub volbage &MY - KeePS
[ the, Voltage  Swing symmetyical  with Yespect O ground.
5 The ~eowime ments of  Jood oubpub Stafe ove

) Lowae, vc‘thué 'Voltdge cuvrent  Swimg  coPabiliky

B ’LOQI output i%pe’ddme i
’ o "Hi)‘ Lot Gujescemb Powey  dissipation

) “ghork civcult  probection

cornidey  Push-Pull AMPlifier in clayw B  which |s

basically — Emitkey- followe with "cm!nplgynm'tmy YEMLIGEOYS

\




/\Vi'r)

™M

-~V
tt
Q
&'ON & OFF
n OFF @J')/ON
FiYi- outPub Skage of am op-Amp
> whem Vi, jg Ve fyombiskoy G ON, Quy OFF-

@, Supplies the JLood:
> when Vo i -ve & OFF, ®,0N « &, act as simk to vemove the
curvent Pyom the load.
> moJov limikokion of khe Civcuit i outpub Velkoge Yernains zero

as Vi is Jestham Vge . This Imbvoductd the €055 -0vey distovtion

in the outPub:

Vae (o) S
V[J,E (oN) 77im

—Vee +Veptoal)

Fig .- cross ovey distovbion im the outpPuk

—




chovockeviskics  amd pevformamce

-

iy Trpub ofpSeb votkage ;-
both Tnpub termimaly  oF the OP-amnpP Qe

e

coben NeY

grounded, ideally the oubput VO
Thig 1o dte to  mismabchimg

is zero bub pmcucauU

b has  MoM-zeYo oubpub volbage:
pnesemb i the Tnkeymal civeuit of op-o.mp-

pef:-

The diﬂiwe'n’ciol voltoJe thabt "muak be o_PP“(’,o! ke beoeen &
Amp, O make b

Input teymimals of &he OP-

zono 15 called T mnpub off Seb volba ge .

5 o denoted o Vios

practically
7 XFM oP-omp TulC , the Inpub off Seb voltafe 5 6mV-

5 1deally, Vios 1S ZeYo

3 gall output
\/o(tqge,

iy Impub off Seb cudvenk -

Specificakions of op-pmMPp

he output Voltd Je

AN S A—




@

def- The alge baic diffevence between the cuyventd Plowing

ako the two Tnpub teymimals of the op-amp 8 colled  Tmput

- off et cuwe‘n{;'f

> 1bs demoted By Fioe

> mocbhe.ma‘olca\l(j/ Iios = IIb| 'I\oa\

coheve . ' ‘ ’ '
) / I, > ciyvemb  embevimg imto Non Imvevtimf Tmpuds Leymimal

Tpg » Cuyment enbeving imto Trvevbing Trnpub teymimal

= ?yac’oicallal T, Volue 16 Q00MA-

~ Ideally, Tro iS5 zeNO

2. Tnpuh bios e - g,
- +
outpub
= R =
T 19 c]&-ﬁ'necj ah the —

e Jolue of Hwo Cuyyemts

The AVeYR
tnpub teymimaly 16 called

elowimg into the OP-aMP Ivpub bia
cusvent -

5 Tt IS demoted an T

mabhe matically

~ Tdeally ib should be zevo Poactically Jov opP-amf TUIC iS5

S500MA-




’ - « i

ivalent  Yesistance meaduved ok eikhe? the
Trpuls

Trvevkimg  (ov) Novi- Invevting tevrnimal
*

T 1o the €
wikh obheY  Tmput tevmimal
9voumnded -

~ Ttis demoted ay R

> Ideally it chould be TImfinite Value

&  poackically opawp 7UlC ‘o ovdey of &MV

5. Tmpub Capacitamce ;- (€.
SRR i

This the oavtivalent  capacitance meostved ab eibher the
Topub
Invevbing (o) Non- Tnvevting Levmimal

X

wikh othey Impub teymmal

9younded.
-~ Tt 15 demobed o ¢
& Practically foy op-amp TUIC, b iS5 I-HPF

¢, opem Loop VoltoJe Jain i~ (oY) Lo:vgé sigmal Volbage Jaim (Pov) -
S e Wie ergmab YRR TT

Tt g defimed ab the tokio of oubPut Voltaje 10 the

ditfevembiol Impub VolbaJe, when op-ammp is im  open JLooP o figucratio

with oub anY feed back:

\
ﬁ_,_O_,
oL =

M

> Fovy opawp 7UIG, (65 kypically  2,00,000-




g

G CMRR -
Tl the Yabio of differential volbofe Joim () to bhe

common mode Volbage Jain (Ac).

Ay
CMRR = _&

Ay is mothimg but oPen LoopP volbade J

aim fop & fc is

measuved by wsimg the civewlt b showm in fig.

comMmmMeM

" Foom {‘\'
Comnmom mode impuk Ve, 1S y Vae
c

apeliecd to bokh Impub teymimals,

oubPub Vae 19 mga},wed-

. \,
Them  common mode  Jain ‘ﬁc = %C_.I
&

> TL 1o expveSsed im dB

-~ FoY oP-amP TUl¢ i is God B

g. oubpub Volbage Swimg :_
e —
e OP-amp outPub Voltade Jebs sobuyobed ab  +Vee

ond -Vee amnd it com Mok Pooduce oubpub volkage wmove £ham

FVee and —Veg -

< Ponactically Sabuvakion Volbodes Voo and Vo, QUE lew tham

‘Wa and 'VEE

=~ Fovy oP-amp TUIC, the Sabuvakion voltages ave +I3V for

SuPPly voltodes tisv:




q. oukput Yesistamce -
’____-_/“

the. G‘OULL'lV(xQ(’,Y)l; vesiskamee meabuy

Tt (s od betueen the
oubpat bevminal of the op-amp amd the 9vound.
~ Tkis demoted aw Ro

- FoY op-amp TUIC ik IS T5H

lo. offset Volbage adgust ment vamde ;-
e L

> The Pims | and 5 ate offset
outpub

null Ping Poy oOP-amp Ul

=7 R lok Potewt.’ometev cam be

commected o pin | ond Pinb-

) iolaso
~ The Vodioble end of Pobemtiometey Potentiometey
i5 conmecked to =Veg . By Voorying potentiometey,

the output can be adjusted to zevo

def :- T he Yange fov which input offset Voltage cam be adyarted
11
using the potemtiometeyr to Teduce outPut to 2870, is called

ofPcel volbage adjubbmemt Yame.

= FOYOP-ammp qulC it 15 15V

e Impub VoltaJe Yamde ..

i e

Tt is the Yam9e of Common mode Voltages which

con be opplied fov which op-amp functions Pnopevly.

> This 7amfe ako dependent om  gupply volbages




©

115V Supply volbages , Impub Volbage yange i$

= FoY OP-amp ulc

i3V

12 pocwe~ supply Redeckion Rabio (PSRR) :-

. I——

Ttis defimed ab the * Rabio of

mput offseb Volboje due to

chamne n

chamge im  Supply voltage producing it =

keepimg ObheY powey Supply volsage Comstant:

(PSV)

= TLls also called as  Powey SUPPLY senbitivity

b TF Vepis comsbant Ve 1S fixed them

Vee = comstamt

\

e 1o fived then

By IF Ve is comstant,

1dE

Ve = Comdtomt

= PSRR 15 expressed Im ]y (©7) SN,

roy Tcul op-amP  PSRR s 30MV/V.

—%
oction Yabio (SVRR).

= Ttalo coled ab supPly voltade ed

13. Potwey comburmption ;- (F)
e

TE i5 the amoumt  0f Quiescemb  powey 0 be comsumed by

op-amp with zevo Impub voltage.

> oY op-amp TuUle, it is  85mw-

L' 3o | |




Iu. slew vabe -

TLis defimed ab the  maximum Hoke of chomge of oubpub

Volkage with time:

d\
sleco vabe (9 = ‘Jﬁ‘ o

> Slew vobe 15 Specified M V| usec

> Tt i5 SPecified by the op-amp IM unity gaim condibion-

5 he Slew Yabe 15 caused due to Libed chogimg vabe of bhe

compemsabiom  co-paci toY amnd curent  Limiting ard  satuvatiom

0f the Tmbeymal Stades of oP-amp: when o high fvevuency

Jovge amplitude  Signal 5 applied-

The. Tmtevmal  capacitoy Voltage com ot C%&'ﬂge I bam LoonRowsly

This 9ivem by dv, ¢ & [ Vp= =0t dt
dt c = éjfg,_'\
. dt ~ ‘E] |
FYom €% / Samall \/o&ue of ¢C . cteyvemb value ,Qodae,
S = I’Yn(l)(
C

Foy ITc¢uUl y

e Chavgimg cwrvent 15 154A amd the Imbeymal

copacitor (5 30PF.  §= 05V [Hsec




Slew vake eouabion ;-

comsidey Vg = Vo, Simeot
VO = V\’YY) SImwi

dv
¢ = Vm WeoSWE

dv,
slecoyake (8) = ?4%
MAX

5= Va0 (= Foymox , Coswt= lJ

Foy distovtiom fvee output  the mox - allowable imput frevuen ¢ 'FW),

S
T A, |

Fyom ey / £

15. Gaimn - Bamd width pacduct 1—
.
T4 ig the bond width of oP-amp whem Voltage Joim 15 Umity,

Tt e demobed ab GB.

—~  Gain 1S Exprnosed i dg 5o umity Jain has dg value aolog j=odB
/
(o7) cloged Loop

5 Thabo called uniky Jain bamnd wid th  (V&B)

gomd wid Eh
Graim imdB

s > fveayuenct
? [MmAzZ ‘/

poom the JvaPh, Joim veduces  -fvevuency Imcveoles,

\




—1
IS N

16, Equivalemt Impuk Noige Voltoge amnd cuvvemd -
e T

The Noise 15 ~amdom im mabure, hemce it expressed ab

a poweY demsity.
v .
> The eyuivalent Nolse Vvoltage 15 expyemed sV Mz, esycivalent

molse cuvvemt 19 expvised ab  AlHZ

7. AVevage temPevotuve coetficiemb of OffSes Panammebts < —
o —

__4__——-—’—"—__________,_———‘

5 The AveYoge vabe of chamje of TInput OPESet volbage pe unit

chomge M tempevabuve 5 called  pvevagde Lempevatue coefficient

of Tmpub offseb volkage (1) Trpub off Set Voltage dYift:

- TtiS meastved M MVJOC,. FoY Tulc jt 5 0:5 A{\/!OC

> The aveYaje Fake of chomge of Trput OFf Seb cuvvenb PeY
umit chamde im teanpevaboe 15 called  fivevage tempevatioye
coetficient of Imput Off Set cuvvemt (0v) Trpub offset cuyyent

dvifb:

5 b s measured i majee (o) PRloc . Fov Tulc iEiS 12PA %

13. oukpub OFFSRE Volkode (Voog) :-

——

The, oUbPub offPgeb Volbage s the de voltage Presemt

ok the oubput teymimals  when both the Imput teymimnaly
ave 9vounded.

~ Tk is demoted 05 Vg,




19+ SUPPY curvyemd ;-

| Ttis the cuyvent dyown by the op-amp from the PoweY

- Supply.

> Fov Op-amp Tulc it S A8MA

TYyambiemt verPorwe Rise time .-

when the outpub of the OP-oemp 15 suddenly changing

(ke Pube type — +them 7ise time of the 7esPomde depends om the

cub-off 'F'Y@C\/L{Q’T)Cj *H of +the op-amp.  Such ~vise Livme 15 called

cub-off -FveC\/u&fncy \imited "Yfge’ci'me. (o) 'kwfawgiewé Yerponde

¥ 15e Eime.

D-c chavockeviskics of OP-AMP ‘"

The Twnpovbomb dec chovackeristics ave -

) Trpub biad cuvrent (o)
1y Inpub oBPSeb cuvvent Ciios)
) Inpub o??Se,E Volt0ge, (Vies)

vy Theymal it

W Theyomal difb .-

——

-

the op-ocmp Pomammeters  impub off Sek curvent , Tmpuk

off ek voltage, Tnpub biod curvembk  ave 7% Comsbant  buk

vory  coibh  4he fockoys ¢ i) Tempevabuve W) chomge im Supply




Volk&a@ i‘;) Time

The. effect of change Im tempevalne  on the pocn e e ¥ 45

5 most Seveve:

iy Effect on Tnput offseh Volbade .-
=

J ay e average Jabe Of crande of

TH 15 defime
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