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Operational Amplifier and Applications
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2.1 Introduction of Op-Amp
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Op-Amp Circuit

= The linearity of Op-Amp is due to the elaborate
circuitry.
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'The Op-Amp Terminals Op-Amp Device
* Dual in Line Packaging(DIP)
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NC = NO CONNECT

M 2.4 Packaging (DIP) Op-Amp




Op-Amp Packaging

Pin outs
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M 2.5 Packaging (DIP) Op-Amp

OP-AMP Circuit Model
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2N 2.6 Equivalent circuit of the op amp.

verting input

M 2.7 Equivalent circuit of the ideal op amp,

22 ﬂmﬁﬂymzmmaaﬂuauﬂf;ﬂmﬁ (The Ideal Op-Amp Characteristic)
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2.3 Op-Amp Base Circuits

Inverting amplifier
Non-inverting amplifier
Buffer or Voltage Follower
Voltage Adder

Difference amplifier
Instrument amplifier
Inverting integrator

Differentialtor




2.3.1 Inverting amplifier
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‘ Inverting Amplifier
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2.3.2 Non-inverting amplifier
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2.3.3 Buffer or Voltage Follower
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MWA 2.12 (a) The unity-gain buffer or follower amplifier. (b) Its equivalent circuit model.

Buffer Using Op-amp
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MW 2.13 (a) Unity-gain follower. (b) Input step waveform. (¢) Linearly rising output

waveform obtained when the amplifier is slew-rate limited. (d) Exponentially rising output

or equal to SR.
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m 8.1 1
1 electrical engineering student constructs the circuit shown in Fig. 8.28 to amplify the signal

produced by a microphone. The targeted gain is 10* so that very low level sounds (i.e.. microvolt
signals) can be detected. Explain what happens if op amp A, exhibits an offset of 2 mV.

From Fig. 8.27, we recognize that the first stage amplifies the offset by a factor of 100, generating
adc level of 200 mV at node X (if the microphone produces a zero dc output). The second stage

Aq Az
X
d ———V,
Fi0ka =10k Q .
=100 Q 21000

Figure 8.28 Two-stage amplifier.

20




1 @ J { 1
‘EX 6 Tdmaussauerana uaznszua lvaiu Tnaauea1995ve1Y

wuv lunduma

M 2.19 295veneauuy liaduwla

21

Ex 7 WWmaumsednaveansasveelunmi 2.14

®,
®

i, w | 1Or
R
3%» . @
o =

?_r)_ R'L' 1 —
Of i ¥
vy ® 7.,
AW 2.14

22

Current Amplifier
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mwﬁ 8.15 A current amplifier based on the circuit of Fig. 2.8. The
amplifier delivers its output current to R,. It has a current gain of (1
+ RZ/R3), a zero input resistance, and an infinite output resistance.
The load (R,), however, must be floating (i.e., neither of its two

terminals can be connected to ground).
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2.3.4 Voltage Adder
Ry
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R, Ry
V0 Ay VMV
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MmN 221 A weighted summer capable of implementing summing coefficients of both signs.
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235 Difference Amplifier

= Common and Differential Mode Inputs

U= U~ Va2
w2

O
LJ Upp = Ty + U2

PNA 2.22 The inverting closed-loop configuration.
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Common Mode Inputs

Uiem

MW 223 Analysis of the

difference amplifier to determine its
common-mode gain A, ; 7,/ vy,
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‘Differential Mode Inputs

Und

Virtual short circuit

2R 2.24 Finding the input resistance of

the difference amplifier for the case Ry = K,
and R, = R,.
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Ditference Amplifier

m Use Kirchoff’s Current Law

= Use Superposition

Ry
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+ vy © +
— 14
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PNA 2.25 A difference amplifier.

Op-amp Circuit using KCL
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KCL : INVERTING TERMINAL
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Op-amp Circuit using KCL

KCL : NON INVERTING TERMINAL
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‘ Op-amp Circuit using Superposition

1. REMOVE SOURCES
Ry

R

(a)
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2. Superimpose

vo = vol + voZ
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Find v, and i, in the differential amplifier of Fig.
5.68.

IOV.

Figure 5.68  For Prob. 5.37.
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Ifvy =1 Vand vy = 2V, find v, in the op amp circuit of Fig. 5.31.

i 2kQ
L o—A—]
! 10 kQ

1KQ
v o—AMA—]

Figure 53| For Example 5.10.

Solution:

The circuit consists of two inverters A and B and a summer C as shown
in Fig. 5.31. We first find the outputs of the inverters.

6 8

v, = ——(v1) = —=3(1) = =3V, vp=——(17) ==2(2)=—4V
2 4

These become the inputs to the summer so that the output is obtained as

o= (Lot 00) =~ [2en 4 Zcay | =gam v
v, = Sba 15?,-;, = : 3 = 8.333
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Design a difference amplifier to have a gain of 2 and
a common mode input resistance of 10 k<2 at each
input.
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The circuit in Fig. 5.69 is a differential amplifier
driven by a bridge. Find v,,.

80 kQ

+5mV

Figure 5,69 For Prob. 5.38.
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2.3.6 Instrument Amplifier
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Inverted input

Gain set

Output

o

Rg

Gain set

Noninverting input

(a) (b)

Figure 537 (a) The instrumentation amplifier with an external resistance to adjust the gain, (b) schematic diagram.

Vo = Av(v2 - vl)

A 1+2R
v RG
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WA

Small differential signals riding on larger Instrumentation amplifier Amplified differential signal.
common-mode signals No common-mode signal

Figure 538 The IA rejects common volta res but amplifies small signal voltages.
] g p gn: g
(Source: T. L. Floyd, Electronic Devices, 2nd ed., Englewood Cliffs, NJ: Prentice Hall, 1996, p. 795.)
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Ex 2

InFig. 537, let R = 10k, v; = 2.011 V,and v, = 2.017 V. If R is ad-
justed to 500 €2, determine: (a) the voltage gain, (b) the output voltage v,.
Solution:

(a) The voltage gain is

2R 2 x 10,000
Ay=14+ =14+

41
Rg 500

(b) The output voltage is

Vo = Ay(vs — v)) = 41(2.017 — 2.011) = 41(6) mV = 246 mV
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Pro 2.

Determine the value of the external gain-setting resistor R required for
the IA in Fig. 5.37 to produce a gain of 142 when R = 25 k<.

Answer: 354.6 Q.
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Figure 5.90 shows an instrumentation amplifier
driven by a bridge. Obtain the gan v, /v; of the
amplifier.

25kQ 500 kQ

500 kQ
—————  Figure 590 For Prob. 5.73.  —
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Refer to the bridge amplifier shown m Fig. 5.93.
Determine the voltage gain v, /v;.

30kQ
i lyl
? ,\/\/\/\I

Figure 5.93  For Prob. 5.77.
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