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Q1 : prove that Av=-Rf/R for the operational amplifier inverter type .
Q2 : draw the oscillator circuit by using op-amp and input ,output wave form .

> The Operational Amplifier <
Glalaall jSa
|

Named so for the large number of application and operations it can perform. It is DC
amplifier used in control systems and other electronic Circuit .

Op-Amp are available as ICs in TO and DIL packages . Principally it is a two input one
output device suitable for amplification of d.c or a.c low frequency signals .

» 1-Symbol and equivalent circuit

Positive biasing

In put signal V1 O

In put signal V2 O Output signal

Negative biasing

» advantages of Ideal Op-Amp
1. High Open Loop Gain (A) .
2. Very High Input Impedance (Z;,) .
3. Low Output Impedance (Z,,.) .
4. High Band width frequency

» Op-Amp basing power supply

Two power supplies are used with common reference. Ve
Vi — |- S
V2 ——+ ve Vce
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~ Open loop voltage gain :
_Yo _
Vopentoop — v Where V=V, -V,
__Yo
Vopen loop Vo—Vq

Since V4 very small then AVopen - is very high then Vo is limited to V' and V' of the supply.

~ Closed loop voltage gain
Using negative feedback system a closed loop is obtained.
~ Negative feedback
It is one of the most useful concepts in electronics .NFB is the process whereby apportion of
the output voltage of an amplifier is returned to the input with phase angle that opposes (or
subtracts form) the input signal.
A closed loop voltage gain is the gain of an op-amp with external feedback. Ay, - is
determined by the external component values and can controlled by them.
Circuit with feed back

AWV O T

Vin — . S — Vo
+ Vo p—

= Vin
1-Inverter op-amp 2-Non-Inverter op-amp
For Inverter op-amp For Non-Inverter op-amp
_Vo_ Yo _ K —Yo _ Vo _ By
Velose loop Vg _ —Vin _ R Vciose loop Vin _ —Vin =1+ R
Vo=A4y Vi, Vo =A4y Vi,
Home Work
% For the inverter operational amplifier, the phase angle between i/p & o/p voltage is one
of the following :-
1. 90° 3. 270°
2. 180° 4. 0°
+ The output impedance of an ideal operational amplifier in Ohms is one of the following:
a) Zero c) Few K Ohms
b) b-Infinite d) Few ohms
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» The Op-Amp Application
1-Zero crossing detector: one of the open loop circuit useful in power electronics .there are

two kind of zero- crossing detector .
a- Inverting Zero — crossing detector

Positive state if V,, <O0.

Negative stateif V, > 0. Vin

o +Vce + /—l\
W Vo Vo :\_/:

+Vee = — +\cc

Y

» t
-Vcc Vee

Circuit diagram Input output waveforms

Operation: a sinusoidal wave is applied to (-ve) input when Vin just crosses (0) level output
jumps to + and — saturation voltage amplitude of output is determined by magnitude of Vcc.

b- non inverting zero — crossing detector
the output may be :-

Positive state if V,;, >0.
Negative state if V,;,, <O.

J— F 3
l }—w -+ + _ .

2-Comparator: its name indicates that it compare two potentials one of them is reference
potential while the other is variable with time . Comparator can give an indication of
crossing a certain reference.

Vin Vin VR
#Vce A e
V/, = Reference voltage ,\R}\, AN /I/\I\
If V.. >V, then Vo T Tt
V=V, ’ 3 ol | |
If V. <V, then lVR Vee @7 |
+Vce
VO = ‘/CC > t
-Vce
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3-Square wave generator: different waveforms can be obtained by using Op-Amp; a square
wave is one of them. it also called oscillator .

Operation: when supply is applied to the circuit C starts to charge, a small potential will
appear across R,.

R Vin
W

A) When V.< V, +Vce AR D
v=+v, t1 B [ v o e

B)When V_.>V 1 - poobnoh

en c B -Vee %Ra +Vce N o i i
Vo =- Vcc TVB %RB : > ot

* Vce — — J

Tcharge = Tdischarge
T = Tcharge +T

discharge

_ 1+K _ Ry _ _ Ry
Tcharge = R* CxIn— K_Ra+Rb|:> Vpg=K+V, wm===) Vg = Rutkp ' 0
1+K 1
..T_Z*R*C*ln[m] I:> f_;
Example: for the oscillator shown R =10k, R, =R, =10 kQ,
Vo =+18V, C=0.1 uF, calculate (f, Vg ).
10k
Sol:- AN
Vg =KV, +Vce
Rp
= x — —
(Ra+Rb) 0 + Vi
=% . (+18) | T
" (10K+10K) | +
| 04uf== 10k
=0.5%(+18) = 19volt Vee| Vce
T =2.RCln= | )
p 1-K | Ve 10k
il (Rqg+Rp) N3 * v ¥
T=2510+10%%0.1+10%In ">
=0.002In3 =2.2+10 3sec f=t=——"=0.45KHz
T 22+10

aeul ,Las

% Calculate the voltage gain and output voltage If you know that R,=9KQ, R1=1KQ .for
inverter and non-inverter op-amp. If V;,=2sin wt
% Drown the mono stable malty vibrator.
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