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| ENTIAL AMPLIFIER

dir&‘r['llﬁal amplifier is the Most wide]
L i

il amplifier is also a basis fi hig Y used circuit building hlock in analog integrated ¢
iy

h speed logic family (ECL). It also has applicatio

-F’EE

fifferential amplifier amplifies the difference of two input signal Vﬂ ) A(V V )
inl — Yig2

x Configurations of Differentia Amplifier

ferential amplifier can work in four different configurations

Dual Input balance output |

Dual input unbalance output

Single input balance output

Single input unbalance output,

W differentia] amplifier

: :

| fential amplifier can work in two mode °

!. frential mode : When two different input are applied at input terminals,
Mmon mode When same input is applied 1o hoth the input terminals.

e
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Ry = input impedance
Rﬂ = R[‘_] = R with RE >> fa

Common Mode

hich Is given b N
When common input is applied at both input terminal which is g y Vm <V

=My .ll

V, R, I

=}

Vo 2R;

Ideally A should be zero ta avoid noise amplification. In orde to achieye A‘m =0 ey
be infinity, differen arrangement are made which we will see later. g

Swamping Resistor -

As we know that differential gain of the differential amplifier depends on le- Hbim!ifhi .
ture dependent which makes Ay temperature dependent in order ta avoid thig temperatyp, depey ™
‘mproves the linearity range we incorporate R'z (called swamping resistor) in serjes With EMjige u:l
transister '

Common mode gain is given by Apy =

R'c should be large enough 1o swamp out the effect of r, on gain,
"o HWeoe

- FEE
Dual inpug balanced output confj

guration with SWamping resistor.
Differential gain wik Ry

R(‘
f,+Re
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1o then A - R'r
\ € independent of tpmpmmn__ q

it

R, = Zﬂm(r,JrRlE)j

1] Hi

atiation

RIH ™ Rz:: Rn2= Rf I
; f b}" [I"l= + RE) .

ailarly the Aq and Ry at 4y Other configuration can be achleved by replacing re

S

\aniages »

; bility). But
swamping resistor removes yha emperagyre dependance of Ag (i.e. provides better stability
'M will decrease,

i = 3k,
al input balance output differential amplifier Rg

oo 2 VEE=-10V, Rp=47. Bac = Bye = 100.
Determine with and withoyr REf = 200 the fﬂ]lﬂWing

W Voltage gain
b Input and output resistances.

juion : {8) Without R

100

T s 08 = 00T 0989 mA
" IR +R /B, 9400+100/100
TR S—
Io 989m
Kye sBe & o0
Ve T 327
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Simple Current Mirror circuit - Ny
I bl
lref () e
"’ (1+8) 1w BIE
Blg e J A+ @y
1+ 5 f/
Ey } B B3 Ep
Ig g
Bl 21, (2
I - + = *
I, =(1+P)ly = I +1g “(1+B) (1+p) ‘ﬁ;%ﬁ
Bl Iy ] it
= = 0
“=(i+p) L, 1+2/p O B>
I{1 = Ir':tl'

B is temperature dependance. In order to avoid temperature dependency upto some Exteny
improved mirror circuit,

Improved Current Mirror circuit :-

I =[ﬁ + 2 ,J.IE
“1+B  (1+B)

" (1+B) 1, 142/ +B)  1+2/P
Now here error due to fixed {3 is reduced from 2/ to 2/p* !

we
. resistanc®
But in order to achieve better base current compensation and increase output

her circuits explained below : ; _,.,/"/|
— (312 )
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OPERATIONAI AMPILIFIER "-

The basis of an Op Amp s o differential amplifier as diseussed previonsly | iy
coupled amplifier lis Mock disgram ks shown below mgir*“.
M

- Inpudt |- tntermediate Level Output | Ofp
.l ElAgT J, .1 sIngr Shiftes stage
e — ; | .

Duslanput  Duadmput  such s emitler complementary
halance unbalance  followerusing  symmetry
output output constant push-pull
curpent source  amplifier
Input Stage .- It provides almost all the voliage gain of Op-amp and also establish the
ance of Op-amp Mipuy

Intermediate Stage :- It provides remaining gain of Op-amp.

Level Shifting :- Because of the direct coupling d.c. voltage at output is well above
level in order to get back the d.c. level to ground potential, So that variation in output is anly Doy
input signal we use level shifting. "y

Output stage :- It raises the current supplying capability and increases the output voliag,
and this stages proper design will provides the low outpul resistance. ™y

Definitions :-
Output Offset Voltage :- Outpuf voltage when both the input are grounded is called oytpy, oy
voltage [t should be zero for ideal voltage.

Input Offset Voltage :- The differential input veltag
ffser voltage zera is called Inpur Offset Veltage.
Vi
v

e applied at input side to make the oy,

r _\ Vg=0

ot

Input Offset Current = Algebraic difference between the current of non-inverting and fnver

nvinals is known as [nput Offset Current provided output voltage is zero.

+15
+
Ipi Y=
lo = [IHI'IH.’J i .
-15
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' current :- Average of

Iﬂ,ut “_:ﬂg o B Currrﬁ; pl:;{.:':‘ ]rurrﬂﬂ that flow through inverting and
o ¥ ied output vollage is zero

L al

non-inverting

P T Y
T2
. Supply Rejection Ratio - (), |
F o Supply Rejection Ratio. ange in input offset voltage with power sup
9

ply variation 18

SVVR = &Va
AV

-ommon Mode Rffjﬂti“"" Ratip (CMRR) :- [t is the most important characteris!
e he ratio of differential gain to common mode gain.

ic of Op-amp- It

CMRR = Ay
dls'l’::'«'L

[t represents the ability of Op-amp to reject the common mode signal.
for practical Op-amp. Output voltage is given by

1"'Ir[.l - Ad(vd +————VCM
CMRR

AN = differential voltage gain

Y common mode input signal

(MRR=  common mode rejection ratio

In order to avoid any common mode amplification CMRR should be infinite which can be achieved

A
ncreasing R because CMRR = 1—;?

.
and, Acu = 2R,
lestion: Find out RC Ry and Ry, for an unbalance differential amplifier when following data are given
Ag = 250 g =100
3 = 2000 CMRR = T4 db

Whution :  We know.

R¢
Ay = :.'l‘_" SO {

=t
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““f'-'F*n;
— lv]' - .?‘I'I'I = 2‘”“
" e 100
Frvur, equatinn {{)
fu - 250 R, = 250x2x250 = 125k

{:I"I"I"'ﬂ {*HMR =74 AR
A‘d

201og

= 74
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e of []I'rﬂ“\]‘l -
g -" qould have very high voliage gain
) 5.I1ﬂ“|d have very high gy resistance
! chonld have very low OUlpuy resistance
(utpu! voltage should he zero. for zern input ie. noise shauld Aot be ampliﬂ-ﬂd

jishould have very wide BW_yor o Hz 1o MH;

L'MRR should be very high to avoid any common mode noise at output
i should have very high slew rajq g that

sl
output can follow the input instataneous’y

o Circuit of an Op-amp

+?¢g

Imreﬂ.ing.
input

‘Jl—

Vid

non-inverbing
mput

vl Ground :- Since open loop voltage gain A of operational amplifier is infinity,

V“'::D

ﬂ}mhﬁ!. Vd =V, -\Fz :-I'
”" V=V,

| If non-inverting terminal

Sobe 2er0 (as V, =V, = 0). This condition

= therefore input is also zero. Virtual Grounding is ¢

‘-""rnhal Is zero, but it can handle infinite current.

is cannected to ground (i.e. V; = 0) then inverting terminal voltage
is called virtual grounding. Because input resistnace

anceptually different from the actual ground-
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Ideal voltage transfer curve Ay

Pegteee
saluralion
Veal < +Vee

_,—. e — —— S
; ’ vn;i
7/
g rd Negaluve
__,..,-u—_-_.,—""‘. ------ Sﬂ.tlﬂﬂuﬂﬂ
Vsat<- VEE

al amplifier works as an limiter because Vg, _

sfer characteristic of differential amplifier. Heppge 22 * ¢
on level, 'dEi!m"

As we already seen that differenti

rurates the transistor as seen from the tran
nsfer curve of Op-amp also saturates al positive and negative saturati

This characteristic is very useful in sine to square wave conversion.

en loop configuration :
When there is no direct or indirect connection
loop configuration.
There are three open loop configurations -

The differential amplifier :-

from output to input then the cnnﬂguratiunam
=

= open loop gain




'1'-. =7, lII"l.l"-ir-l b
180" phase shifter

Non-inverting amplifier :-

Vin (ru ‘

I all three apen loop configuration the open loop gain is so high
Jightly greater than zero volt drives output to saturation level. Therefore
only rather than working as amplifier, This is the reason why the open loop Op-amp
¢ linear application however it has few of its unique advantages

that even any differential input

the Op-amp works a8
are nol pre-

antage of Open loop Op-amp :
 has very high valtage gain which makes open loop conflguration m
_cause of such 2 high voltage gain op-amp always works on saturation mode even though the

put signal is very small.
andwidth of open loop op-amp s negligibly small. (Gain x Bandwidth = cons tan 1)

are susceptible to noise.

wrder to sort out the problem listed above, We use feedback configuration.

of feedback :-

Positive or regenerative feedback.
Negative or degenerative feedback.

gative feedback is of our concern here because of numerous adv
= antapes. | .
in gain which is also advantageous in Op-amp. ges. It has at the cost of

edback may be of four type as already discussed in feedback section

— 0N
(319 ) L
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k4 \'olrage shumt
L L urren) ceries
¢ Current shum

Mode of operation with negative feedback :-

As far as Op-amp is concerned there are three mode of operation with Negative fo
Edba
ek

Ie Imverting mode.
2. Non-inverting mode.
3 Differential mode.

I. Inverting mode :-

V2

v rl
Itisa voltage shuny configuration,
Va=0 _0-vV,

n
R, R, using virtual ground concept

"'i""fﬂing Mmode -.
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Operational Amplifiers
; U]}=Vin

u V1
! Yo Vm - VH
— | —— v R
R, RF " -_.":'__(“_F]
vll'i ) ;
; mode -

™ rferential amplifier (alsg
4 of @ SOmelimes calleg substractor) is given below :
. R,

.
ol voltage is given by, V,= VotV 00 e (i)
s the voltage due to V, when V=10
Vo=Vt Vi
s (i
""Fm = RI 3l
. is the valtage due to V,; when V,; =0
; R:] = R, v
"1"“=V=[f r-R:) diid ""rz R, +R, W
B ) B ] (i)
Va =\"l;[1+ R, IR.+R]
" equation (i), (ii) and (iii)
R: R, -E v ¥
Vnivu:‘*vu: = VE(I'PEIRI +R1] R| Al iy {I\"JT
thk; and R] :Rt
Vv, = fiw =V,
n-|
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Comimon Mode

TR \ V. =0 This is called commaog Mmode.

h‘l‘i M

o v Cieh i same ot binth the inpan terminals e | |1,,_-.|m
l
W,
Common Mode Rejection Ratio (CMRR) ;
"}ﬂ { Ul.."
Lommon mode signal, Vi = 3
Tty
Differential signal Vi=Va -V,
' on from equation (v) and (vi) vy

l"rmI:l""IJ Lﬂ‘ VE=VE+£
c2 2

Now substitating the value of Vi and V,, in equation (iv)

V.=V (EJ_"'_R_JE*L_E_ M R, +R, Ry R,
R;+R, JR, R, [ 2 R+R "R
|

R,

ity
and CMRR--’E.L_E R; +R, R, R,
ek T B 1Y
o [[L&_ R, R,

R, +R, JR, R,

sndition for Mmaximym CMRR
10 obtain CMRR =
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l C&TIONS DF UPAMP .'.-1).-." AprerT "hﬁ{

sed s Summing, ¢
p anbet R Sealing gng Averaging Amplifiers,
/

lifier
-‘*Elﬂp
!ll'ﬁ‘" v Iy Ra Ry

B (Op-amp ideal.
‘ L+l 4+l =1, 0

el node B is zero therefore by using virtual ground concept voltage at node A s also 0 volt.

lion ({) can be written as
q

—g—ﬁ‘ﬂi‘-‘ﬂ:— — -—}_’E

Rl R'b R: RF

V. Vv V

"I'T -_——R _'+_h,+ o

"' F[Ra RI: R:]
wing amplifier :

V. +V,+V,

I R=R,=R,=3R; Vo = :
L
¢ RIh-'l;a"hn‘_"]{r.=RF Vﬁ = -(v:+vh+vrl
Hrﬁ!iltllpltlittr:
hefRey Rey Rey)  ReoRe R
1] [Rlv. —hvb+R‘ Vt Ra ; R:
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Rl
Rl R| Rl wol ’“ d \
* ¥ ™ L

by selecting proper valies {"r'u "R H, INORE RO migy, he
. h HI"'EH \
¥y “LI
Non-inverting an ifier :
g amy

Averging amplifier :

Itis a averaging which is amplifying the average of three signal by gain {
ga

R,
king ( T R, } = L. The circuir wi]] work as averager,

-

324 s
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R

y
Yo = *v‘J’_;'[”EJ v, = V-V,

it vaides substraction of two circuits.

gratnr : C
w W |1
5|
Vin = 3
V.
E‘L_ + R,
Vp=10
. 3l node Vl
dV,
-0 Cd{{}*\fu] E,._ = _C_dl“u_
? B dt R,
= - é v, dt T>RC,
i
proper functioning of Integrator T>R(d
- —GB>- _

— ___d— —-—
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T - Time period of signal
R,C = Time constant of integrator,

Limitathont
| In the absence of input voltage the Op-amp will work on apen loop Op-amp ang
towards noise

It also has low frequency Roll off problem

Practical Op-amp :
Both the limitations can be corrected by using, practical op-amp

—
al G
L-H V

Vi

+
J\; Ry

Differentiator :- _
Output voltage is differentiation of Input voltage.

—t

Vi=V, =0 virwal ground

Vo = —RFCEY&

dt
imitation -

Above differential

am : ‘
ces spike at the i plifier has higher frequency noise,

aie!
sensitivity, high frequency "

ey j/
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Al

#° o differentiator reduce phe yyoy

o L differentiator provideg More sy
ul

nr::lll'm.',"*" R the gain to be very high at high
_ Cc
, Rp
W - M
E - H\“n Vo
+ ,ﬂ'f-‘
RE 7 i
T> RFC Y
I = Time period of signal
RC = Time constant of differentiator.

er important Linear Op-amp circuit :

peuble Integrator -

Vo = {E)T”“ S

(

Current amplifier - h




T =

E ngineer's -i.rld-rr:q,

3 Floating load voltage to current convertor :
Ry
A
’“a'lf v'
T
o RJ v f

Grounded load voltage to current convertor :-

R,
; A
vi
v, R3
,L = =
R,
Current to voltage convertor :-
Rp -
Wy
- ~
vﬂ = = !IR‘F Iﬁ Rs -
[
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I,ﬁm"““"“ﬂ““ amplifier :-

vdc
R R+ 6R Rp
P M - Vo

R R e

R; OR
e
R, 4R © Ry
i

ters :

-passes or reject the band of frequency and reject or pass the all-other frequencies. -

e of active filter over passive

ind frequency adjustment is available.

high input and low output impedance therefore it does not suffers from loading problem.
filters are cheaper than the passive filter.

filter does not requires inductor.

ter

ss (passes a band of frequency upto a highest frequency)
ss (passes all frequencies higher than specific frequency)
155 (pass a band of frequency in mid range)

ject (reject a band of frequency in mid range)

Mfilter (passes all the frequencies)

s are of following types :
h Filter :- It has flat pass band and fla1 stop hand.
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flter
| | pass fillers passes 1) ¢
i me'r"“l f‘!’l"'llilll"'lll‘lpg o
. Illﬂ s filter is used a6

wides ptediciah‘le phase

i

he frequeney without any attenuation, while
Finput sigoal

a > 1
Phase corectm or dolav erquallzers

N e 22 T S
W s j2af.C v

Phase shifi = [1:.: "zlﬂ.n"("r:ﬁ:[{j

with interchanging the i
POsHtion of R apd ¢ We can achieve positive phase variation

;Linear Applications of Op-amp

gparator | -

fig. non-inverting comparator.

_Cﬂmpa:atnr is a circuit which compares the input signal with reference signal and gives output
tither +Vgz, or -Vear @s per the comparison of signals,
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Zero Crossing Detector : -

You might say the zero crossing detector in application of comparator in which the Mang;
Ik

output voltage from +Vga, to -V or vice versa take place. Whenever the input signal crosses j,
level. |

- Vsut
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Vi = Al

—— I C
control gate

oviding proper control negative pulse at control gate, We take ut signal and
ﬂmg value for a while. B s the sample at input Sig

Rectifiers :-

Jo diode can rectify the signal that must be greater than 0.7 V. In order to rectify the signal at
precision rectifiers are used.

: rﬂtliﬁﬂ' o=

‘%!— - gL . \\

l Vin Vin

Fig. Circuit of half wave rectifier. Fig. Transfer characteristic

([
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,
Full wave rectifier
Va
S
"\ N
Fig Circuit of full wave rectifier. Transfer characteri,
ponlt
Active Peak detector -- S
.;1‘2'
A Vs
Vin

AV

It detects the peak of the input signal and does nol fallow the instantaneous varlation ol s
|

- |

ogrithmic amplifiers -

L thay
In logrithmic amplifier the output is the log of input. Vo =~ Vi Ini—_ﬁ ~
/m\ /

- — Y |
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ifier :-
mic Amp

N:I'ilh exactly apposite function of logrithmic amplifier, 1t provides the ant
] ]

II|I Frmm |

ilog of input !

Vo
=]
, = =Rl =
\.ln R—I [ VT
. il i e into sgqaure
3 Tﬂggeuer circult is a positive feedback circuit which converts any irregular W
Ll mgs VD
—,i-———-%‘-‘-—-"—--—-"
W
Vo .
- L ut
¥ Y =
m 1? R, uf ! v;
v
v EE f
L
Ri e -
é Ry
S Hysteresis
’ Fig. Hysteresis Curve

Fig. Inverting Sehmitt Trigger

i rigger.
f inverting Schmitr
Flgure shows the circuit arrangement @ :ded by the vollage divider feedhack made by R, and Ra

Iths wo (hreshold level which are dec

Vi = __RL—( -V }

(V) R +R,

¥ .=
] RI+R:

' enthe VI, is greater than Vg 1he putput ch
%4 fio, Ny 0 +Veay
Hysteress voltage is given by

vH - vm 'vu
~— 139 .

anges from +Vsat 10 N and with Vig > V) outpur




