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Operational Amplifier

Circuit Symbol
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Fig. 2.1 Op-amp circuit symbol
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Packages

There are three popular packages available:
1. The metal can (TO) package
2. The dual-in-line package (DIP)
3. The flat package or flat pack

TO-5 style package
with straight leads

Duel-in-line plastic package
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(b) 8-pin Mini DIP
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(c)14-lead dual-inline package (d)10 lead-flat pack

Fig. 2.2 (a. b, ¢, d) Various IC packages of w4741 op-amp along with
connection diagrams (top view)
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OPERATIONAL AMPLIFIER INTERNAL CIRCUIT

Fig, 2.10 Block schematic of an op-amp
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Fig. 2.3 (a) Power supply connections (b) Circuit symbol showing power
supply terminals (c, d, e) Different circuits for obtaining positive
and negative supply voltages for op-amp



Manulacturer's Designation for Linear ICs

(1) Fairchild WA, pAF

(2) National Semiconductor LM, LH, LF, TBA
(3) Motorola MC, MFC

(4) RCA CA, CD

(5) Texas Instruments SN

(6) Signetics N/S, NE/SE

(7) Burr-Brown BB

(1) National Semiconductor LM741
(3) Motorola MC1741
(4) RCA CA3741
(5) Texas Instruments SN52741

(6) Signetics N5741



741 Military grade op-amp

(Operating temperature range -55° to 125°C)
741C Commercial grade op-amp

(Operating temperate range 0° to 70°/75°C)

T41A Improved version of 741 Better electrical
741E Improved version of 741 C } specifications
7418 Military grade op-amp with higher slew-rate
7418C Commercial grade op-amp with higher slew-rate

THE IDEAL OPERATIONAL AMPLIFIER
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This op-amp 1s said to be ideal if it has the following characteristics.

Open loop voltage gain, Ao, = o
[nput impedance, R, = e
QOutput impedance R, = 0
Bandwidth BW = e

Zero offset, i.e. v, = 0 when v, = vy, = 0.

It can be seen that

(1) an ideal op-amp draws no current at both the input terminals
i.e., iy = iy = 0. Because of infinite input impedance, any signal
source can drive it and there is no loading on the preceding
driver stage.

(11) Since gain is e, the voltage between the inverting and non-
inverting terminals, i.e., differential input voltage vy = (v, — vy)
is essentially zero for finite output voltage v,.

(i1i)) The output voltage v, is independent of the current drawn from
the output as R, = 0. The output thus can drive an infinite
number of other devices.
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number of applications such as voltage comparator, zero
crossing detector etc. which are discussed later.
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Feedback in Ideal Op-Amp

Two Important Negative Feedback Circuits

There are two basic feedback connections used. In order to understand
the operation of these circuits, we make two realistic simplifying
assumptions discussed earlier also.

1, The current drawn by either of the input terminals (non-inverting
and inverting) is neghgible.

2. The differential input voltage v, between non-inverting and
inverting input terminals 1s essentially zero,
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Analysis: For simplicity, assume an ideal op-amp. As vy = 0, node
‘a’ is at ground potential and the current i, through R, is

i = 7%11- (2.2)

Also since op-amp draws no current, all the current flowing through
R, must flow through R, The output voltage,

v, = —iy Ry = -q% (2.3)

Hence, the gain of the inverting amplifier (also referred as closed
loop gain) is,

ACL = ‘_::.:_%1. (24)
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Alternatively, the nodal equation at the node 'a’ in Fig. 2.5 (a) is

bWt %b% g

kK
where v, is the voltage at node ‘a’. Since node ‘a’ is at virtual ground
v, = 0. Therefore, we get,

b R
TR

Y

Effective input impedance : R,



Example 2.2
In Fig. 25 (b), R, = 10 kQ, R; = 100 kQ, v; =1 V. A load of 25 kQ is
connected to the output terminal. Calculate (i) ¢, (i) v, (i) ¢, and

total current i, into the output pin.

iy Ry
100 kil
by R | B .
Y1 10k > < 2,
- Ry
- 25 kil Ti._

Fig. 2.5 (b) Circuit for Example 2.2



| _
1y |
(a) Az z01mA
Y 0k

W v, = -y e -0y oy

R 10kQ

(¢) i, = -Eﬂ-z-lp—-‘—,-—O«ImA

R, 25ki
The direction of i, is shown in Fig. 2.5 (b).

(d) i, as calculated above is 0.1 mA.
Therefore, total current i, = i, + i, =01 mA + 04 mA =
0.5 mA. In an inverting amplifier, for a + ive input, output will
be ~ive, therefore the direction of i, mushownml“lg 26(b)
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Fig. 2.7 (a) Non-inverting amplifier
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| R, + R,
as no current flows into the op-amp.
v  R+K_, R
U R, R,

Thus, for non-inverting amphfier the voltage gain,

U

R,

A‘ELE FE=1+&
Y, Rl

R; =infinity, as op amp draws negligible current from source



Comparison of the ideal inverting and
non-inverting op-amp

Ideal Inverting amplifier

Ideal non-inverting amplifier

1. Voltage gain=-R{/R;

1. Voltage gain=1+RJ/R;

2. The output is inverted with

respect to input

2. No phase shift between input

and output

3. The voltage gain can be
adjusted as greater than, equal to

or less than one

3. The voltage gain is always

greater than one

4. The input impedance is R;

4. The input impedance Is very

large
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Input impedance is very high
Output impedance is zero

Used as buffer for impedance matching-
I.e, to match high impedance source to
low impedance load.

Design an amplifier with a gain of +5 using one op-amp.
Aqy = 1 + RJR,

5 =1 + RJ10 k2

R, = 4 % 10 k€2 = 40 k€2



DIFFERENTIAL AMPLIFIERS

e basic difterential amper as the fo owmgu:n tant properties o

(i) excellent stability
(ii) high versatility and

(iii) high immunity to interference signals.

The differential amplifier as a building block of the op-amp has the

advantages of

(i) lower cost
(ii) easier fabrication as IC component and
(iii) closely matched components

vy o———  Amplifier

withgain ~ ———=1,
vz Adm

Fig. 2.39  Block diagram of
~ differential amplifier
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[fv, =05, then the output voltage s zero. A non-zero output voltage v, is obtained
en v, and v, are not equal. The difference mode input voltage is defined as
Uim =01~
and the common mode input voltage is defined as
(o +v)
.2 = T
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- The nodal equation at ‘a’ is,

- - I =0
ufﬁ + 3"

and at ‘b’ is

R,




Subtracting Eq. (2.28) from (2.27) we get,

1 v

() —y) = 2

R, R,
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output with input 2(1) grounded. Since vpy = (v, + v,)/2 and vy =
‘ul-v’]i

v, = tow + 3% (232

and Ug = Uom “%l’a (2.33)
Substituting the value of v, and v, in Eq. (2.31), we get

Up = Anu vg + A v, (2.34)
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where, Apy = y (A - A) (2.35)

and Acy = A, + A, (2.36)

The voltage gain for the difference signal is Apy and that for the
common-mode signal is Apy.

Common-Mode Rejection Ratio

S0, CMRR 1s given by:
it
Acy
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>

1s usually expressed in decibels (dB)

ofCMRR,bmrutheopnmp

For example, the nA741 minimum CMRR Gf 10 dH
|.|.A.725A.hun minimum CMRROflEDdB.

e and Ay should be zero ideally. So, higher the value

Linear Integrated Circuits —Roy
choudry and Jain




DIFFERENTIAL AMPLIFIER

Differential amplifier- provide high gain to
difference mode signal and cancel common mode
signal.

The relative sensitivity of op amp to difference
signal compared to common mode signal is
called CMRR

CMRR- figure of merit of op amp. Higher the CMRR
—-better the op amp.

Op amp should have high input impedance.
Cascaded DC amplifier used provides
high gain down to zero frequency because
it has no coupling capacitor



ol =

ol Re
~Vee

Fig. 2.11 (a) The basic differential amplifier
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(1) Differential-input, differential-output or Dual-input balanced-
output
(i) Differential-input, single ended-output
(1) Single-input, differential-output
(lv) Single-input, single ended-output

- Differential amplifier

R Ly s D +10 - (-10) = + 20.
-

.
e
oL




eg. (10) - (10) = 0.

mon mode amplifier -
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Differential Amplifiers using BJT

2.40  Circuit diagram of emitter-coupled differential amplifier

the input stage of most analog IC
ance of differential amplifier depends on matching
rs Q1 and Q2.
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DC analysis of an emitter-coupled pair

fEIEiclﬂlld—fﬂﬂfd
Vii=Vee1—Vee2 + Vi
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For matched or identical transistor pairs, we have
. RE- Rﬂ ”Rﬂ, since REI =RE1
* Rei=Rep=Re
o [Vee|=[Vie|
For a symmetrical circuit with matched transistors, I 5=l and Ve py 0
= Vg - Hence, the operating point Iy and Vg for any one of the two
transistors can be found out.
Consider Fig. 2.41 for the dc analysis. Applying KVL to base-emitter loop
of Q, we get
IgRs+ Vg + 2[R = Vi
I
Iy

As f= ;i for common emitter configuration and I =1Ig, f=
B

Therefore, %‘Rs + Ve + 2 Rp =V
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IE[-—--IRE]%E Vg = 0 N

Rg
— +2R
B L

where Vee = 0.6 to 0.7 V for silicon
= 02V for germanium transistors.

In practice, generally %{{ERE

lp = 6

-

Ve = Y- Ve = (Ve - IcRe) = (—Vie)
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e = Vot V-l
Hence I = = ey While V. = s for givn vlue of e and V.
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The inverting OP-AMP shown in the figure has an open loop gain of 100. The
closed loop gain V,/V, 1s

R=1K

%

=  GATEpaper.in
a -8
b,. =9
c. —10
d: =11

Linear Integrated Circuits —Roy
choudry and Jain

—




\Jo = Aow Via

in the figure has an open-loop gain of 100.

Vo = Al Vp=NL) = 100 (0 — V)

Cod V. waniep Qururm-u U-T:.u...\,

- USK h' -‘— Uo >~ L
o~ R B P
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An ideal OP-ANMP 15 an 1deal
a. Voltage Controlled Current Source
b. Voltage Controlled Voltage Source
c. Current Controlled Current Source
d. Current Controlled Voltage Source

1. The ideal OP-AMP has the following characteristics
a Bj=w Ay=x. R, =0
b. Bj=0,Ayv=x B =0
c. Bj=w Av=w. R ==
d B;j=0 Ay=w R ,=w
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