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tal_ampr ifp stagel & an'emilen ollorer ofp.
= Tt s pyovided w~ith Ve & Nep supply voltages amd
the two ifp fenminals ane grounded. '
= Tyansistoy @, 4 O fonma o ditporential oumplifres .
— When o dithoience /p voltoge A applied +o the

bases of §, + Q, ., '+ produces o voltage change of
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low ofp impedance.
= The dc¢ ofp voltage ‘of pm € s
(applying KVL $vom Vee  Re, 83 base 4 ofp e,
Vee —T¢,Re — VBEz = Vo =0
>

=]

VO = vcc = ICZ. Rz "VBE3 g

= Assuming +hat 4, & &, ane matched (Iden-h'c.;,;)
trangistons, which provides equal Vg levels 4
Cwutent gaing .

= Writh both tmansictovs baseys at gnound level s the

emitten awutent Tg & Ty ane equal + How thvoy
Common emittert nesiaton Re

—> The total emitten cwuolent s givem by

I8, + IEz = Vie
Re

—> Applying kvi fvom bede of 0, to

~Vee dupply
~Vee - + Te,) R

? [ ——r|

Case- T .
L. > To invatigate +he ckt openadion, apume
Vee = + 10V
VEE = =10V
Re =_H.1Kkn
Re = &g ka

and all tyansistors have Vge = 9,y
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'I.Er—P IE?— = VEE_V@F

= [+938mA & ImA
Re

IE‘ x imhA

IEz%lmH
We lnow that , T, - T, 1,

M Tp <<< i P

--'IE %IC
‘. IC|=IMH
ICL:IMQ
; VQ = VCC '—ICLRc —V%E,5
- IO—-(ImH xg'%K)—O,‘}.. -

= 5% Y.
Case-7 2
—> When positive” voltage i applied at the TNV termiml
ythe emittert voltage o482 Thcreales Wit vion- inv
tenminal grounded
= Tt incveas el Vaey amd hence e, amd Tc, imereades
= let. Tc, intreamsedpromd mfd to 1“2 mA -
Vo = Vec - TR ~-Vies
= [0-(l2mA X6 8K )= 0.7
= Ly
Cage-3 7
=> hihen positive voltage 14 appliec] +o NoON-TnvV .
tenminal with TNV tenmingl grounded which
ncreases emittor vig o 4, -
= Since both emitten @ and @y ane tonnected fogethan,
& also in creases by same aumount -
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which decreases T, aud Te, .

S Vo = Vec = Te, Re — Vag

= 1.~ (08mRX{LIKA) —0,F

“*_the £m45;w- s 1A gnmnuhd. Viae, decveaiey |

e The)‘léﬁ-a)?e_ let fC?_ decyreases fyom [ImRA 2o 0.8 myp

= 388 v,
SUMMARY.
e
(). Gnd  aGny T = Upiny Vo= sV
(2)
) G]V)d V+g. ICL - I'QWPH \/o-‘-‘l‘f"f'\/ T NV.
(3) vVt
g Gn el TR 0. mR Vo= 2.8¢V NoN TNV

typrcal valyes Lo VTC 7Y .

(i) CMRR -
(i). PSRR .

(iii). Slew rate -
(1v) _Tnpu{‘ offAct V0/+d,(jve.
(v). fmpu{- v0/+a,ge Yange .

JCICK
:@D?.Dgéq‘mé the ﬁ'//(?wmg Lenms a4 a,P/)/

ed to at op-amp and mention +hein
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70) CMRR 3
= The abrlity of the op- amp in nejecting
Common mode nputy 14 defined ¢4 tommae
mode nefeckioy vatio (CMRR)

7 CMRR 1A defined as the vatio of +he open-
loop gauin 'm' to +he wmmon mode gain Am

CMRR = M

em

™ The CMRR 14 U’-‘“a”éf expressed v decibels-

'(CMRR)gg = R IOC? (_*‘ﬂ_] dB[

Crn/,

— T}]Picql volue =pgg 4B |

(2). PSRR =
- The PSRR "4 +Hje a,bl'[l'fg ok the op - amp to
- neject vorladions e pawet supply Voltage.

PSRR = Vo (vipple)
Ve (yipple

— Ty a vadodion ob LV ' Vee oy Ver couses
the of/p to change by 4V , +hey PSRR i
i per vol% ;

= Typical valur = 20 pmv)y

> The PSRR 14 +he ability of the op-amp
Neject vaiationd 1 Hie popwer 4vpply voltage-
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—

(3). Slew wate » | | |
=2 The Slew vate S of an op-amp r4 the may
Yate at which +he o/p vo[—}-agg cam ohangc.
= When the Alew vate 14 too Alow $on the T
s +hen o/‘p wi'll distent - '

Slew nate = Av oy g:gﬁ/
At dt | max

7 Typical valu : 0‘,5 Ve,
(L’)-Tn_pu% Oftset voltage 7

—> Suppose that thedfrancictoys ane not penpect]]
matched 4 Paat . Veei=0FV & Vg, =0-4V
—  With +he '/p Ve =0,
Vo = Vs Vaer #+VBeg
= 0~ 0.3V + 0.éy
= =0i)
> To get Vo o g2r0und level | fhe ’lp wouwld have to
Yaired 4o —+0.1 Vv . Thi's i'4 renmee! o4 I’VL[)LH' OH”-"C{—
thLoge(V,-“)_

= Typical value : [mv 4 Max" value = §myv.
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(5). fnpu% Voltage yomge »

7 The maximum efbective positive -going and
Hcgaﬁw,—g/o:‘mg voltage that may be applied
to the "nput of aur op-amp 14 tenmed as 1t
input voltage yaunge -

S Typi‘cal value . 13V When using a i“l(;v/iuppfy.

073 With a neat crvcut diagyram , explain
divect Couplf’o/ voltage followen with

Yelavant deign  steps-

Vee
3

—a

Fig: bivectly coupled voltage followen -
— W ith out mi‘ng any extemal componient , it 14 possidl

to We op-amp as a divect Coupled voltage followen
as Ahown -
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= Due to very high open /ooﬂga@ (M) of qu
ithere will bhe a vey -veny dmall diffenence vy,
the nput vig v 4 1, ofp voltage Vs .

= The CUH‘U?MHQZ I/P Ahowld be such s 4o /Dmdwe a
9p close to v 4 '4 given by

¥ = Ve ’
1 : ’ M
Nhoe, M- open [oop gain of

po

N | O/)-t?mp
Applymg KvL fyom t/p:]*n o/p:
| VI‘_VJ_ "Vc =10
i 7 Yo = Vt"‘V&
H v’.1 - Vtﬂ"' vl.
“
> v g
—>
Mt —

+Veg B Zouf
Zin > : XI? , :
Vo
3 +4L’/
Rs é = Ve RL%

=

- Tn ch'recH); Ccu,pled VO[Jmﬁe ﬁ'OHOHeJ; the neatden R

i'A WA ed heteen 0/(? 4- [mvmh’ylg +mmm41 +0 mad-th
the Adowice S@idtance Rs .
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= The ifp impedamce of voltage followen 14 givem by

Zin = (1+M)Z o p=1

=~ The O/P Impedanice o V.F 1A Given by

Lok = s
(1+M)

(P

= load vtg (V) ia givem by .
VL = ILRL

) Ve yn
Zovt +Ro

B8 Z,.p << R

D
- g ETY
Jng/

L :\/o

Thve thene (4 ebjechivelyons cignal losc, and ald o

the output voltage Vs oppeaned 0cross load sesistance.R,
Cade -1

‘ o 1t

Considesr load 1esirtonce Ko 1A AJVC’ULE’ lennected to

Aounce as Ahowm .

e Ve
Ks+Ro
Rg _
2 Vo= TR = Vs g,

Vs? R s+

Thus some pa&ﬁ ok Ve geﬁ loat (due 4o Ke) 1 iuhen
load 15 divedly commectzy .
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P & = —
7 @‘7’ WNith a neat c/z'agmm explain dive
Coupled Non-imventing ampY with yeley,
degign steps.

+VYec

-—
u.<._

5

|
|
f

ng. Df'recHy Coupled NON- 7 p A pY .

—? The yoltage gaini ok NON= Ty amplifren 4 :

HV = K7_+R$
K2

Decign steps :
(). The Fofm%fa! dividvr nesiston values ane detenmine.
by using Vi, Ve, and 1, .

Rg = VR:»‘
Lg

_@ﬂﬁs = _V_f,I S
I, |

Dept. of ECE, DSCE



Linear Integrated Circuits and Applications LIC&A Module - 1

= The ofp voltage 'V.' appeans acrpss (R,+Rs)-
Applying KvL +o ofp civwit :
VO— IZR?_ - Ilﬁg ___'0
> (Re+R3) T, = v,

2 (Re+R) = Vo

? R-z = V= _Rgr
I, )

(). To ¢qualize +he * TpR voltage dnop at the op-amp
T/f's » R1 04 . caladated oy '

R.l = (Rzﬁ;\pz)l

(2. Tk RI a1 detenmimed from above equ” 1A ot veny
C Much laager than the Aounce Aesistance  re. Ri<< Rs .

il (Rs + RY) = (Ry/l ﬁs)‘

05 Rith a=neatd eiyadt: diagran , explam
divect Cou{)/'m/ fwvmﬁ'ng amplifren with
Yelevant degn steps-

Dept. of ECE, DSCE 1



Linear Integrated Circuits and Applications LIC&A Module - 1

7 The ofp voltage 'V.' appeans across (R,+Rs)-
APP’YI'”g KvL +o ofp crywdit -
vo—I'ZRZ - Izﬁg -_-o
3 (Re+&3) T, = v,
? (Re+R) = Vo

I,

? R'z = Va .___ Rg |
1 '

(2). To cqualize the * TgR voltage dnop at Hye op-amp
Tlps, R1 is. Ccdz,uifxfrc/ o '

R = (Ra//fz)_l

3. 1L Kl at detenymined from above equn 11 not veny
' much'lcuzge:z than {he AOUICE Fesistance  re. R << By .

then, (R c R) = (Rs:H 1?3)"

@; N(H’) A ’)’M’dll‘ C!'ch'f” dr'agmm y fx/)/ajy;
drvect coupled Tnventingcamplifren with
velevant dergn “steps-
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+ VY -
I| V
(49
Ry _T Ig
M ==
+ - i 8 V.
e —t T [
" \5""""‘(i
Rs i —% +
o/
Ve Ra £E

— The gain of the INV- ompY (4 YV em by

= 'f&.
Ay Rj
>e4:‘;m steps 7 “Poy gy
(). Cwment Ty 14 &6 be Acelecked Wnuch highen +han Tg,,
0f +he op-amp
I} = 100 Y- Iof8

(2) . /17,: %
E s
{3), Rz—f __VL
I,

Y. When /aokmg our §yom each /p
(R3 = Rl ke

terminal of op-am)

And 1+ R 14 mot veny mwh [

NemAtance , Hhen -

K3 «

VY Hhan the dpunce

[ﬁiﬂ?.@) //fz .
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Foy LF353 3
(1')- RZ 2 | ¥R
(in- Ay = El_ > R :_E_?:_
R| 7 | HV

(). Ry & (Ri11R,)

@6 E)(Plam C/l‘YC’C{“C,(’}u,P/CO! j-f/P V‘OVJ—[HV@YHVQ
/fumm"”j QVV?PY Nith neat dl'agmm and
nfC%aﬂy O{&M({fl/l S1L€PA:

= Rl +Vee

-i..

Vs

—

+

V'.ERW
Fig 2 1Zp NoN-INY summm‘e} ampY .
- F:‘g Ahows 4 non-iny. Aummmc? amp’- The o utpud- will
be a divect 4um of (+ve) (/p 47'34401,;.
>  The equation fon the 0fp vtg cam be denived by
Wing 4upenposition theanem .
Cane T: o4 Vs =0 &
Ri =R.=R -

—
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V‘n:IlRl:_\{i_-K-VIK_\/; s
Cuse- RtR 2R z 0 v hggl\'
‘_3‘{'! VI:O ‘f‘RI:RZ_:R_ ?'Nu
s &
| Vi, = S Vak Ve _ Vs
: i = T,R YR - 4 °o .
e
%I?_
L ilp voltage Vi i4 given /97'_ T
: V,u' = Vfl —{-V'I'Z
= Vi Ve
2z 2
= VI"I'"V;_
Z

= Foy Non—mwmj-nj amp” , the VOIMZ?@ gan 1% gi
b.\/ : FIV: !?g-ﬂ?y
Ry
- WKT Ay =Y

2Ve = Ay
(1)
T)p Rz =Ry=R
5 (2
7 | Ve = (v %V |
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ff@} S’/(m‘cf)- _&;_-op—amp Drfhenence amplifie
' Civeurt. €x plain H’)cl‘_dj)mghbm of the civert

and denive an IC?MH'OM ton an output

Voltage -
> A ditperence amplifion oy oipfenentral amplifien,
amplifies the diffonence between the twoifp

b Ai'gyra,bj ;
= Since the open-loop goin oy the MV ,
Bw  op-amp 14 veny /mge it has to be wied with

_ 'N(’,ﬂaﬁVE frf’ddback- R,

I LA PR S

R, Vee
Y, >
Ry S
V, oe—WVIW— -+
3
gp\q ~Vee
1
Fig. Dijfenence amp” cki.
Opwnation .

| 2 Let wy e Au{)m,/JOS’?'ﬁm /Jymu'/) e 4o z{";“d stik
Hhe exprisien fon the 9Yp.
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| Cae-1 -

Vv, ac%—:'na
Vo = ov (3Tour‘\ded)
let O/P /A Vo, ‘ R
M
R: VCC
Vi — s
o Vp,
V,_:O‘[“AQ/WL ﬂ/
= 3 ¥
Rﬂé =Vgg
al |
—> Nowy the {ﬂa C(C'l-/’*_', s ey TNV oump .

e
= =0

lage 71

Vz C:Cth

Vi =0V Comunded) .
JiC‘f‘ O/P r'A VDZ
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—> Now it adh au NoaN-TNV Y omd hamce
VOz: HV-VH

WKT, the gain ob the NON-INV ampy 4 grvon
‘OU ¢ HV = (l + %)

VOZ = Cl+%>'vﬂ 6)

= Fyom above Figwte, voltage ab A ta given by:

E} \/ﬂ - _-[‘R‘!

Nhe s,
I = VQ.

ng,"‘?“i

",_ b V ___R_____i]
[VH : Rai?“i " ad)
= SubAtiftuting @ QD vweget

’V% = (| * ¢l ¢ Rg+ﬂw> l‘"{@

E\
—> By Fhe PY(‘Hu‘ple ols Aupulpﬂm'h'qﬁfl"
Vn = VGl +VOZ
_ Rz
- _%Zl_vl + er}‘? R3+R~t-) V'Z-_
Select, Rz =R
K " Ru = Kz
= L
T %Q Vo
]
= =l R2
Ri Vi —PTVZ'
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\jﬂ = _gi- EVZ‘VI—]
Ry

WNhen, R1=R2
VG = (Vg-\/.)
%NDH the O/f) A Hhe OU‘?’[&’H- O{J‘H)LLUA(G UE {_ﬁe_
b~o o ifp vig -
) @g‘bﬁﬁﬂ“ﬁ Wit fypicad val
(. C(MRR
(). P<SRR

(i) glew rate -

(V) {/p okt vig -

(V- ofp olfaet vig

:; ('V)OI/]'D O\f:,jl}w— V@ >

*—%POY 'H’]&'_ O/P V :l’u "Je. €XCICl*L%{ %UO‘/‘ }_
the ifp Hhe Aoy @ 4 Qs yyust
be ponlrectly vitatched .

— Thﬁ O/’) (oon bC mj,uia{hd ol .

Vi - Vee, +Veggr= V, = o

; vq = vl‘ ;VBE +VgE2
WNith Ve = Viss

| and Vl. -

% AV =q).
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*——%POY Hie oP y , ")e ey CH}
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e 1/7 o icu Uity @y 4 @y ot
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Vi - Vee, +Vegs ~ V, = o
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NUVVI €Y}‘C§;//g .‘

*Ax

@.[.'Da{(gn an INV ampy Wing FYl op-aump -
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7 = = - 50
> T, =1oo Ly, = 100Xx500nA HA
Vf — \/a - 2-5V = Som\/
J ReL 5o
=
¥ R‘ = V_‘ = —ﬁ = 5_*quv = | kJdL . kac{,md volue = wm
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b ] s S0 HN
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1Tk
3 K2 = 43 kil
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: s

=
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N

By vsing LF353 3
Select ,Ey_ E |MJL]-
Staam don valiee !

Ri= R . IMI = 4 KA

Rg = RIHRZ

IVL&'L”LO“J-L

lﬂ-éu?-w_ﬂ. .'Rg‘—IEK.ﬂ.I.
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~VeE
R =1eka
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-
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&Jf—w.\iné [F353 7
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-
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»
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.fﬂ;'i{ﬂ al .é.’: 7 / . (f 0-— 5 {ro, UJ"lr’iﬂ a T4l op - ﬂnxr
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0 200
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;;. I’u
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The NON-INV amp® el NH 341 TPty

— fg_ .
With R =R 4 LKA omd Ko = 700K
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(i)

Detenmine  Maximumt possible putput olrbiet vig
Al gy
(i) -;‘N)WL ol hact vig o 5wmV -
(i) jnpud biat cwwment of IgmegoonF)
() input st Gwnend ol Iioe = W00 NA
) Yexidkaum ce hlowce o tlof

Ri=1-21a
Vi o Mt

|
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Fox Nbon—inv amr 3 f,= 1+R - 14 220k0 _ 101
““-—‘k'-{ vl 3 Q_ZK{Z .
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Vofns)i,:'ﬂ‘l--vfus = [0V X) oMy = 110 mY

TVCC

RL|| Rs ~Veg

Tput biah  clome ik Flow Havough Ri & (8,11 Rs)
(iii), Tioc = 200 nA-

Vie = Tjog XR, = 200nR ¥ 2.2x0 = quo v

Vo(cs)zz HC,_.VI-DS = 1ol XYYoMYy = 4Yy.Yy myv.
(M- R, = 24K 4+ 10 = 342 K&
Rell Ry = 1384 - 1= 195 KA/ ¢

Vies = Tg (Ri= fallts) 280000 (2.42 kA 213K =320MV

Vnu;u': AireeVipc = MEGAEEEER - 3 2 mV .

By bue to Glff oviop paax mum aikhut offxt vollege 14
\/‘O(Dg)mﬂx_ 7 Vﬂ (0§)| x Vn(agll gr vﬁ(ﬂq)g o vﬂ(ﬂ‘)\‘
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= 5I¥mY -

o
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