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The amplifier which amplifies the difference between two input signals is called
as Differential amplifier.

The differential amplifier configuration is very much popular and it is used in
variety of analog circuits. It is basic building in operational amplifiers.

[t has both good bias stability and good voltage gain without the use of large
bypass capacitors. 2

The circuit is also known as an emitter-coupled amplifier, because the transistors

re coupled at the emitter terminals.
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Differential Amplifier
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Differential Amplifier ‘ E;E

Fig shows that a basic differential amplifier circuit consists of two voltage-divider biasl

circuits with a single emitter resistor. The circuit is also known as an emitter-coupled
amplifier, because the transistors are coupled at the emitter terminals.
* If transistors Q, and Q, are assumed to be identical in all respects, and if V;, = V,, then the

emitter currents are equal and the total emitter current is

_ Ve — Vg

Ig = Ig; + Ig -

VE = VB — VBE Iy
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Differential Amplifier
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* Like the emitter current in a single-transistor voltage-divider bias circuit, I;
in the differential amplifier remains virtually constant regardless of the
transistor hg; value.

* As a result, Iz, I;,, I; and [, all remain substantially constant, and the
constant collector current levels keep V_; and V_, stable.

* So, the differential amplifier has the same excellent bias stability as a single

transistor voltage-divider bias circuit.
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Differential Amplifier ‘ E;E
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* In differential mode, the two input signals

are equal in magnitude but opposite in
phase, the differential input voltage V, is,
» Vq=V-V,=Vy /2 - (-Vy,/2) =V,
 Hence the differential gain is given by,
» Ad =V,./Vq = Vou/ Vin 7
e So,

» Ad = _hfe*Rc/(Z(hie-l_Rs))
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Common Mode of operation
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* One of the most important aspects of the operation

of a diff-amp can be seen by considering the
common-mode condition where two signal
voltages of the same phase, frequency, and

amplitude are applied to the two inputs.

e When the input signals are applied to both L

8

inputs, the outputs are superimposed and

they cancel, resulting in a zero output voltage.

action is called common-mode

ON.
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Common Mode of operation

Ty iont=

* In common mode differential amplifier mode, the two

inputs are of same magnitude and in phase, so we have,
v Vi=V,=Vy,
* The common mode signal V__ is the average of the two
input signals i.e,
V' Vo = (Vi#V))/2 = (Vi +V,)/2 =V,
* The output voltage in common mode is given by,
Y Vour = Aem ™ Vi
em = Voul/Vin
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g{N .?@ Common-Mode Rejection Ratio
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 Unwanted signals (noise) appearing with the same polarity on both input lines are essentially
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cancelled by the diff-amp and do not appear on the outputs.
 The measure of an amplifier’s ability to reject common-mode signals is a parameter called the CMRR
(Common Mode Rejection Ratio).

* Ideally, a diff-amp provides a very high gain for desired signals (differential) and zero gain for

common-mode signals. . The higher the differential gain with respect to the common-mode gain, the
better the performance of the diff-amp in terms-of rejection of common-mode signals.
* This suggests that a good measure of the diff-amp’s performance in rejecting unwanted common-

ode signals is the ratio of the differential voltage gain A, 4, to the common-mode gain, A,
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