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Learning Objectives

By using the information and exercises in this chapter you will be

able to:

1. Comprehend how real operational amplifiers (op amps) function.

2. Understand that ideal op amps function nearly identically to
real ones and that they can be used to model them effectively
in a variety of circuit applications.

3. Realize how the basic inverting op amp is the workhorse of the
op amp family.

4. Use the inverting op amp to create summers.

Use the op amp to create a difference amplifier.

6. Explain how to cascade a variety of op amp circuits.
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Operational Amplifier - Chapter 5

®What is an Op Amp?
#1deal Op Amp
@Configuration of Op Amp

SCascaded Op Amp

& Application : Digital-to Analog
Converter



5.1 What 1s an Op Amp (1)

It IS an electronic unit that behaves like a

voltage-controlled voltage source (VCVS).

® It Is an active circuit element designed to
perform mathematical operations of addition(+),

subtraction(—), multiplication(x), division(/),

ifferentiation(%), and integration( | dt).



5.1 What is an Op Amp (2)
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A typical op amp: (a) pin configuration, (b) circuit symbol
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5.1 What 1s an Op Amp (3)

Op Amp output:
The equivalent circuit
. v _as a function of v or
Of the non-ideal op amp  °
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5.1 What 1s an Op Amp (4)

Typical ranges for op amp parameters

Parameter

Typical range

|deal values

Open-loop gain, A 10° to 10° oo ()
Input resistance, R. 10° to 10> Q) oo ()
Output resistance, R_ | 10 to 100 2 0 €2
Supply voltage, VCC 5to24V




5.2 Ideal Op Amp (1)

An ideal op amp has the following characteristics:
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5.2 Ideal Op Amp (2)

Ex.1: Determine the value of i if v=1V (Hint: Use KCL)
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Ans: 650 pA



5.3 Configuration of Op amp (1)

= Inverting amplifier reverses the polarity of the input
signal while amplifying it
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5.3 Configuration of Op amp (2)

Ex.2 If v. = 0.5V, calculate: (a) the output voltage, v,
and (b) the current in the 10kQ resistor.
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Ans: (a) -1.25V; (b) 50pA



5.3 Configuration of Op amp (3)

¢ Non-inverting amplifier is designed to produce
positive voltage gain

- ‘ R
" y f
e N v, =(1+—=—)v
—V. lvz >¥ + ’ ( R 1) l
v, Cj) Vo
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5.3 Configuration of Op amp (4)

Ex.3 For the op amp shown below, calculate the

output voltage v

Ans: -1V
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5.3 Configuration of Op amp (5)

ming Amplifier is an op amp circuit that combines
eral inputs and produces an output that is the
ishted sum of the inputs.

Rf Rf Rf
V,=— —V,+—V, +—V,
Rl RZ RS
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5.3 Configuration of Op amp (6)

Ex.4 Calculate v and i in the op amp circuit
shown below.
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Ans: -8V, -4.8mA



5.3 Configuration of Op amp (7)

rence amplifier is a device that amplifies the difference between
inputs but rejects any signals common to the two inputs.

Ry
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_R@+RI/R) R, . R, R
R(1+R/R) R, R,
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5.3 Configuration of Op amp (7-2)
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Stage 2

5.4 Cascaded Op Amp (1)

® it is a head-to-tail arrangement of two or more op
amp circuits such that the output to one is the input
of the next.

Stage 3
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5.4 Cascaded Op Amp (2)

Ex.5 Find v and iOin the circuit shown below.

Ans: 350mV, 25A
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Digital o———
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Figure 5.36
Four-bit DAC: (a) block diagram,
(b) binary weighted ladder type.

5.5 Application (1)

D|g|tal -to Analog Converter (DAQ) : it is a device
which transforms digital signals into analog form.

V _RfV Ry f f
—Vy=—V,+—V, +—V, +—V,

Rl 2 3 4
where

V1 most significant bit (MSB),
V4 least significant bit (LSB).

V1 to V4 are eitherOor 1V

*By using the proper input and feedback
resistor values, the DAC provides a single

output that is proportional to the inputs.
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5.5 Application(2)

i Vv vz
] ] ] ] V Rf \V/ Rf V f V Rf \V/
Ly ooty Ry ey Re
<10k 220k 40k S80kQ ok 0 =R AT R et g e N
MSB LSB + vy, —Vo =V; +0.5V,+0.25V3+ 0.125V,

a digital input [V,V,V;V,] = [0000] produces an analog output of -V, =0V

a digital input [V,V,V,;V,] = [0001] produces an analog output of -\, =0.125 V
a digital input [V,V,V,;V,] = [0010] produces an analog output of -V, = 0.25 V
a digital input [V,V,V,;V,] = [0011] produces an analog output of -V, =0.375 V
a digital input [V,V,V,;V,] = [0100] produces an analog output of -V, = 0.5V

a digital input [V,V,V,;V,] = [0101] produces an analog output of -V, = 0.625 V
a digital input [V,V,V,;V,] = [0110] produces an analog output of -\, =0.75 V
a digital input [V,V,V,V,] = [0111] produces an analog output of -V, =0.875 V
a digital input [V,V,V;V,] = [1000] produces an analog output of -V, =1V

a digital input [V,V,V,;V,] = [1001] produces an analog output of -V, =1.125V
a digital input [V,V,V,;V,] = [1010] produces an analog output of -V, =1.25V
a digital input [V,V,V,;V,] = [1011] produces an analog output of -V, = 1.375V
a digital input [V,V,V;V,] = [1100] produces an analog output of -V, =1.5V

a digital input [V,V,V,;V,] = [1101] produces an analog output of -V, = 1.625 V
a digital input [V,V,V,;V,] = [1110] produces an analog output of -V, =1.75 V
a digital input [V,V,V,;V,] = [1111] produces an analog output of -V, =1.875V

.6 Circuit shown below, Obtain the analog output for binary inputs [0000], [0001], [0010],..., [1111].



5.4 Cascaded Op Amp (3)

Ex.7 If v, =1V and v, = 2V, find v_in the op amp
circuit shown below.
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Ans: 8.667 V



5.5 Application(3)
e

Input and output values of the four-bit DAC.

Binary input Output

[V,V,V3V,] Decimal value -V,
0000 0 0
0001 I 0.125
0010 2 0.25
0011 3 0.375
0100 4 0.5
0101 5 0.625
0110 6 0.75
0111 7 0.875
1000 8 1.0
1001 9 1.125
1010 10 1.25
1011 11 1.375
[ 100 12 1.5
1101 13 1.625
[110 14 1.75

[111 15 1.875




5.5 Application(4)

Ex.8 3-bit DAC is shown in Figure.
(a) Determine |v | for [v, v,v.] = [010].

1°2°3

(b) Find |Vol if [v, v,v.] = [110].

1°2°3

1273

(d) To get |v | = 1.75 V, what should be [v, v, v.]?
10 k2 10 kQ
V1 0——AAWAN— —ANWA—
20 kﬂ|
Vo o——AAAN —
N 0 Vg
40 kQ L

Vv 0———A\WWW——

Ans: 0.5V, 1.5V, [101], [111].

(c) If [v| = 1.25 V is desired, what should be [v, v, v.]?
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