Chapter Four: Operational Amplifier

Abdulghafor A. Abdulhameed

EX: The circuit shown in Figure bellow: - show that the output E, is given as

Eo = — [ Eidt

Sol: -
Vi=V; (1)
V, = [ k ]E = 1E 2
L+ = 13 (3)
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Eo =— [ Eidt

4.9The differential OP-amp
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4.10 Op-amp voltage follower
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4.110p-amp Signal Generator

OP-AMP Signal Generator:- It has negative and positive feedback circuits (a) Rf =

R
negative feedback resistance and (b) K= positive feedback coefficient, K = R +bR
AT

see figure bellow.
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V= non-linear input of the op-amp (v)
Vp = kVo = tkV;c (1)
T = the periodic time of the output/input signals (sec)
1+k
T = 2R FC lnn (2)

F = Frequency of the generated signals (Hz)

3)

EX :- Op-amp signal generator, if Ra=Rb, Rf =10KQ, C= 0.1pF, and
V..=x18V;Find(1) V,, and (2) Frequency F

Sol.
(D) Vy = kV, = tkV,

F =

SR

_ _Rp
Ra+Rp

V, = 0.5 % 18 = +9

=0.5

1+k

(2) T= ZRfClna

1+0.5
1-0.5

T=2%X10x 10* x 0.1 X 10"®1In 2.197x 1073

- =———— =455H7

F=- =
T 2.197x1073
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4.120p-amp Zero Crossing Detector

OP-AMP Zero Crossing Detector: -This is one of the open loop applications of op-
amp, also called sinewave to square wave converter.
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Vo =2V, andF, =F;, =1/T =w/2n

EX:- Op-amp, Zero crossing detector has V,.=+15v, V; = 5s5in337t (a) Draw the
power circuit diagram,(b) Sketch the input-output waveforms (c) Calculate F,

Sol: -

(a) And (b) as shown in Figure above (previous slide)
(©)F,=F;, =1/T =02r , =377

F,=377/(2%x 3.14) =60Hz

4.13The Comparator

The Comparator: - This is also one of the open loop applications of op-amp, it is used
to compare two voltages one of it’s a dc voltage called reference voltage [Vy]

Power circuit diagram +Vee
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4.14 Exercises and Problems

Q1/: For OP-AMP Signal Generation, fill the blank in the following in the table

No. | Resistances | V.. Rf C K V, Frequency (F)
1. Ra = Rb i18 1OKQ Oll.lF K1= Vbl = F1=
2. Ra = 2Rb i18 1OKQ Oll.lF K2= VbZ = F2=
3. | Rg=3R, |£18[ 10KQ | O0.1pF | Kz= | V3= Fy=
Ans:

_ _Rp Ra _ 1 _ 1 _
K1—Ra+Rb , Re =Ry K = rir. B ,Vm—iKVcc—izXlB—i%
- = =R 1y —+ly1g-

2 Ra+Rp ;Ra—ZRb ’K1_2Rb+Rb_3 IVbZ_iKVCc_igX18—i6v
Rp _ _ Ry 11 _ .1 49
Kj RotRp ,Ra—3Rb,K1—3Rb+Rb—4 ,Vb3—iKVCC—i4X18-i2v
Fi=x, Ty=2RCIn2 | 7, =210 % 10°x 0.1 x 1076 In+222
Ty 1-kq 1-1/2"
F,=455.1Hz
Fy ==, Tp=2RCInT2 | T, =2x10x 10° x 0.1 x 10" In 2222
T 1-1/3’
F,=721.3Hz
Fy==, Ty=2RCInI2 | Ty =2x10x 10° x 0.1 x 106 In 2222
T3 ks 1-1/4"

F,=978.8Hz

Q2/: Design Summing op-amp circuit to solve the following equations
1. Vo=4VI1-2V2+0.5V3+V4

Consider the feedback resistance is equal to 10K€Q

Ans

Vo=4V1-2V2+0.5V3+V4

Vo=—ﬁv1 By _Bly3 _Elyy
R2 R3 R4

4 =B 210 p 2k
R1 R1
Rf 10
2=—-2>2=—>-R2="5KQ
Rf 10
05 =22 0.5 = — > R3 = 20K
Rf 10
1=—251=—— R4 =10KQ

R1 R1



