Operational Amplifiers

Differential Amplifier

* Here,
VUut = A(V1 - V2)
where, V_ = Voltage between
collectors
P
Re
where, A. = Emitter resistance R
E
V, = Noninverting input voltage v
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V, = Inverting input voltage ;

DC Analysis of a Differential Amplifier

* Emitter bias current

I = Vee — Vae
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*  Tailcurrent @

I © Ve ~ Ve
T = RE - L ‘!E

AC Analysis of a Different Amplifier
1. Non-inverting input
*  AC emitter current
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where, = emitter resistance

* AC output voltage is | Vour = I Rp' = e

* Voltage gain for noninverting input is

:.2 Inverting input

e AC emitter current is | £

« AC output voltage is | Yout

« Differential Voltage gain

o Inputimpedance | R, = 2BR:

common Mode Voltage Gain
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where, A, ,— common mode gain

Operational Amplifier

An op-Amp is basically a very high gain, direct-coupled amplifier with high
input impedance and low cutput impedance.
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Equivalent circuit of an Op-Amp

Dp-amp amplifies the difference between the two input signals applied at
non inverting and inverting input terminals.



Vo = 0 — Called O/P offset voltage.
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Equivalent circuit of op-amp

Input offset current
where, . : e
Difference inputvoltage V, =V, -V, E Iip = (g, — 152')"|
= Open loop gain of op-amp O, i e e
Output voitage =AV,

Input offset voltage is the voltage which must be applied between input
terminals to balance amplifier {V, = 0}.

= Differential input resistance

el
A
VD
A,
R, = Output resistance

Properties of Op-Amp

o : F’arameters ldeal-valu_a_'_; Practfcal value
Voltage gain g 10° |
Input resistance oo 10° Qor1 Ma
Cutput resistance 0 10 C2to 100 O
B.w. o0 10° Hz or 1 MHz
CMRR = 10° or 120 dB
Slew rate a 80Vv/u sec.

Slew rate

Forinput V_ sin ot

T

Bias Currents and Voltage

8R | where, SR = Stewrate

fnax = Maximum frequency of operation

Ao = Closed loop gain of OP-AMP.

Linear Op-Amp Circuits

inverting Amplifier
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Non-inverting Ampliifier




Summing Amplifier
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Differential Amplifier

A
VU = "“H—:jV1 +(
1Rz Ra
TR~ R,
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Vo = S5 [V
then R,
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in this case when R, Raf

A_=0 - Common mode gain and CMRR = oo

Nonlinear Op-Amp circuits

Integrator
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pifferentiator
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VO = “RC

Logrithemic Amplifier

v
Vo = -mVrin—t
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= Recombination factor
= Thermal voltage
I, = Reverse saturation current of diode
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Antilog Amptifier
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V, = ~IR antilog—i— v, o op
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I, = Reverse saturation current of diode
1 = Recombination factor
vV, = Thermal voltage

where,

Schmitt Trigger
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Vo, = — Vi
TR+ R)

Vo= M 1 (where V, <<y
TR+ Ry) LS

Remember: . )
¢  The complete transfer characteristics of Schmitt trigger shows a hysteress
effect.

+  The width of hysteresis is the difference between the two cross-oye,
voltages V., and V,

Op-Amp as a Multivibrator

Square Wave Generator or Astable Multivibrator
Time period of output waveform generated is

| T =2RC In3 | (For B, = R))
5 +87 Ry
T = 2F1‘CI [1 -y (where B= R¢+R2}

Monostable Multivibrator
Width of pulse generated at output is

*  Astable multivibratoris a square wave generator.

*  Monostable multivibrator is used as pulse stretcher and missing puise
detector.



