Electric Circuits (Fall 2025)

Lecture 4
- Operational Amplifiers
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The Op. Amp (OA)

- When combined with resistors, capacitors, and inductors,
OA can perform various functions:

3 multiplication/division
" Integration

= differentiation

= analog filtering

= nonlinear functions (exponential, log, sqrt)

[Source: Berkeley] Lecture 4
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Where do You Use Op AMP?
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Brief History

- The Operational Amplifier (op amp) was invented in the
40’s.
= Bell Labs filed a patent in 1941.

- Many consider the first practical op amp to be the vacuum
tube K2-W invented in 1952 by George Philbrick.

- Bob Widlar at Fairchild invented the uA702 op amp In
1963.

- Until , released in 1968, op amps became relatively
Inexpensive and started on the road to ubiquity.

Lecture 3
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Op Amp Terminals

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

v+
w0 07
Balance | 8 @ No connection Inverting input 2 o—\
. . 6 Output
Inverting input o 2 785 vt Noninverting input 3 O———+
Noninverting input ] 3 6 0 Output /Jjo
V' 4 5 b Balance ;l‘l
Offset Null
(a) (b)
- Five important terminals - The rest three terminals
» The inverting input = 2 Offset Null (Balance)
- Th fout compensate for performance
€ ou pu degradation due to aging etc.
* The posm\./e (+) power supply = 1 No Connection (NC)
= The negative (-) power supply — Unused, not connected to the

amplifier circuit.

Lecture 4
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Input and Output

- The voltage output of an op-amp is proportional to the
voltage difference between the noninverting and inverting

Inputs

vV, = Av, = A(V, —V,)

Here, A is called the open loop gain.

Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Lecture 4
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Output Volt

- Is the output

Copyright © The McGraw-Hill Compani

age Saturation

voltage unlimited?

v, A

Inc. Permissi quired for reproduction or display

\

Positive saturation

Negative saturation

Y

—Vee

_Vcc

Avd < _VCC

vo =1 Avg V. S Avg < +V,

+Vec

Avd > +VCC

Lecture 4

Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or display




EEMESRARFER

A5/ School of Information Science and Teshnology

Electric Circuits (Fall 2025)

Output Voltage

Copynght © The McGraw-Hill C: required for rep
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vV, = Av, = A(V,

Vi)

Copyright © The McGraw-Hill C:

p: , Inc. F ission required for

U]O

vy, O

ion or display

= |deally A is infinite. In real devices, it is still high: 10° to 108.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

TABLE 5.1

Typical ranges for op amp parameters.

Parameter Typical range Ideal values
Open-loop gain, A 10° to 10® %

Input resistance, R; 10° to 10" Q oo )
Output resistance, R, 10 to 100 04}
Supply voltage, V¢ 5t024V

Lecture 4
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Copyright © The McGraw-Hill Companiies, Inc. Permission required for reproduction or display

ldeal Op Amp
- Attributes of ideal op-amp: : g U
=infinite open-loop gain, A = o & @ZM -
- Implies that : ” 0 e
= Infinite resistance of the two
INPULS, R; = o
_ Implie s that _ Copyright©The;nchr:+8 T —
= zero output impedance, R, =0 o |
- Implies that output voltage is =0 ’_’:’
load independent. oy !
vy=1)

Lecture 4 12
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Ideal Op-Amp Analysis — Golden Rules
Assumption 1: The difference between the op-amp input
terminals, v, — v, equals

Assumption 2: The currents flowing into the op-amp’s two input
terminals both equal zero.

No Currents R,

[Source: Berkeley] Lecture 4
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Ry
VWA
fiz Feedback
R, 1 ih="0
vV —0 — —
Vi .,
vp lp = O 0
Vg o~ n
SR

[Source: Berkeley] Lecture 4
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[Source: Berkeley] Lecture 4
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Practice

o Determine v, In the circuit shown below

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

40 kQ
—A—

20 kQ

a
——A\WW >
+

6v(® 2V <1“> 2

Ol
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Non-Inverting Amplifier

+ Vo
N R2 _L

Ry

[Source: Berkeley] Lecture 4 22
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Application: Voltage Follower

+ Vo
V, P :
Vin ‘ R,

[Source: Berkeley] Lecture 4 23
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Input circuit Load

1 |

Ry 1 Vp ir=0 Buffer

WM ——o—— .
L Yo

In — ]

Vg E | — :
1 | 1 RL

1 [ ]

1 |
= e mmmeemmmmemmmee—- .=
Input circuit Load

“Buffer’” sections of Circuit

[Source: Berkeley] Lecture 4
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Negative Feedback

Negative feedback
au VDU[
v >—

- A self-stabilizing system (also true for any dynamic system
iIn general), giving the op-amp the capacity to work in its
linear (active) mode.

Lecture 4 25
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Vi, T = voltage difference T =V, T
— voltage difference | = V,; |
: cee
= V,ut = Vin but small difference exists

Lecture 4 26
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Summing Amplifier

- Aside from amplification, the op-amp can be made to do
addition very readily.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

W — Ly —
P o Feedback vy O— NN/ et A A A E—
i =0 .
== T I .
Vo 2 — — | —>
N i=0 Vo 7/2 O_/\/W\I T
- p P a —O
Vs\ = + i3 + o
Ry R3 — —
v3; O—AVN—— 0 v,
O O

Lecture 4
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Practice

- Find v, and i,

2V

In the circuit shown below

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

5 kQ 10 k€2

2.5kQ b

Lecture 4
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Difference Amplifier

Copyright © The McGraw-Hill C ies, Inc. Permission required for reproduction or display
R,
MWV
R 0
: b | ——m=
AW\ -
R 0 —o
3 v, —»
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16,
=+ )
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O
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= L R(LR/R), Ry,

O w— =", - ° R1(1+R3/R) R
@) » %@1 %
T o

- It Is Important that a difference amplifier rejects any signal
that is common to the two inputs.
= Which implies that when v; = v,, v, = 0.

Lecture 4 30
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Cascaded Op Amps

- This head to tail configuration is called “cascading”.
= Each amplifier is then called a “stage”.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Stage 1
A

o
+
vy = Avy

Stage 2
Aj

o
+
vy = Ay,

Stage 3
A3

l

QQ
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w
D

W

i

- The gain of a series of amplifiers is the product of the
iIndividual gains:

A=A1'A2‘A3

Lecture 4
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Example

Design a circuit that performs the operation

Vo = 4vy + Tvs.

Lecture 4
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R, Inverting amplifier —

Summary R Vo = ~g. Ui

e

R, Noninverting amplifier

(1+%)
Ui — = s
e R1

Voltage follower
Uopi— Uj

R, R, Difference amplifier
1/| O— A \N\N\N— Rf)

v, =—(@W,— v
Rn( 1)

R
%) O—’V\/\/V—Mi



