LECTURE 1 OP-AMP

Introduction of Operation Amplifier (Op-Amp)
Analysis of ideal Op-Amp applications

Comparison of ideal and non-ideal Op-Amp

Non-ideal Op-Amp consideration




INVERTING AMPLIFIER

(1) Kirchhoff node equation at V, Rt

yields,vV =0 R,
" AAA~

(2) Kirchhoff node equation at \X_/m(’b
yields, V,,-V Vv -V
-4 0 -0 L 1

R R,

a

(3) Setting V, =V_yields Notice: The closed-loop gain V /V,, IS
\V —R dependent upon the ratio of two resistors,




MULTIPLE INPUTS

(1) Kirchhoff node equation at
V., yieldg, —
.yieldg, —

(2) Kirchhoff node equation at \/,
V_vyields,
V-V, V-V, V-V, V-V =
= + + + =0
R, R R, R

a

C




INVERTING INTEGRATOR

Now replace resistors R, and R; by complex
components Z, and Z, respectively, therefore
et
Supposing Yo = - Vi,
(i) The feedback component is a capacitor CVin
l.e.,

1
. =——
(ii) The input cpadponent is a resistor R, Z, = R
Therefore, the closed-loop gain (V,/V;,) become:

where

0 = [u Ot

v. (t) =V.el”

-

i,




OP-AMP INTEGRATOR

Example:

(@) Determine the rate of change  +5V ]
of the output voltage. 0

(b) Draw the output waveform.

Solution:

(a) Rate of change of the output voltage
AV, Vi _ 5V ey
At RC (10kQ)(0.01 4F) 0 —

=-50mV/ s

-V




OP-AMP DIFFERENTIATOR




NON-IDEAL CASE (INVERTING AMPLIFIER)

R+ 3 categories are considering

O Close-Loop Voltage Gain
Q Input impedance




CLOSE-LOOP GAIN

Applied KCL at V- terminal,
V. -V_. -V V -V
T 4 T + 0 7T :O
R R R,

a T

By using the open loop gain,
V, =-AV_

V'n_|_ Vo + Vo _|_Vo + Vo =O Ra Rf
R, AR, AR R, AR,

— Vi __y RROFRRARR AR, VSR
R, ° AR R R,

—




CLOSE-LOOP GAIN

When the open loop gain is very large, the above equation become,

~R,
R

a

A ~

Note : The close-loop gain now reduce to the same form
as an ideal case




INPUT IMPEDANCE

Input Impedance can be regarded as,
R. =R +R /IR

where R’ Is the equivalent impedance

of the red box circuit, that is

2V
|
However, with the below circuit,
V,—(-AV,) =i (R, +R,)

V R. +R

___________________

___________________

___________________




INPUT IMPEDANCE

Finally, we find the input impedance as,

1
R R+ 1, 1+A — R —R.+ R.(R{ +R;)
R, Ri+R, R, +R +(1+A)R_

/4

Since, R; +R, <<(1+A)R_, R;, become,

R, +R
R-"“R-I—(f o)

Tt (1+A)
Again with R; +R;, <<(1+A)




OUTPUT IMPEDANCE

Only source-free output impedance would be con3|dered
ie V isassumedtobeO

Firstly, with figure (), N I

SV ¥ B
v = RIR, oy RaR VAR Rl Ry | o

“ R +RJR, ° " RR+RR+RR,° | S — V,
By using KCL, I, = i+ I, J_ AV, |

0

j=—o9° 40 ~ 77 |
> R.+R,/IR, R, , U
\
By substitute the equation from Fig. (a), ;) \
_______ A,
Theoutputimpedance, R, is : " Ri _l2 Ro _I1
V, R, (R,R; +R,R_+R.R)) : i :




