
Lecture 3 - Differential Pair

Part I

Dr. Mohamed Refky Amin

Electronics and Electrical Communications Engineering Department (EECE)

Cairo University

elcn201.eng@gmail.com

http://scholar.cu.edu.eg/refky/



Outline of this Lecture

• Previously on ELCN 201

• Differential and Single 

• The MOSFET Differential Pair

– Operation with a Common Mode Input Voltage

– Operation with a Differential Input Voltage

– Common Mode Rejection
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Analog Design Octagon
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Gain, speed, power dissipation, 

supply voltage, linearity, noise, 

or maximum voltage swings are 

the important aspects of the 

performance of an amplifier

These parameters trade with 

each other, making the design a 

multidimensional optimization 

problem.



Introduction

Noise and interference are the major problems in electronics

circuits specially in the analog circuits.

Single ended amplifier suffers from the noise and interference

problems.

If two wires are physically close together, the interference

voltages on the two wires will be equal.
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Differential and Single 



Introduction

Any signal can be generated from the difference of two out-of-

phase signals each has half the required magnitude

The difference signal between the two wires will contain no

interference component.
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Differential and Single 



The MOSFET Differential Pair
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Configuration
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The MOSFET Differential Pair

An important specification of a differential amplifier is its input

common mode range that keeps its proper
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Example (1)
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The MOSFET Differential Pair

The differential pair responds to difference-mode signals by

providing a corresponding differential output signal between

the two drains.
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Large Signal Operation

Solving these equations
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The MOSFET Differential Pair

The gain if the output is taken as a single ended from one of the

two output terminals
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Small Signal Operation

If the output is taken differentially, 

the gain becomes



The MOSFET Differential Pair

An advantage of taking the output differentially is an increase in

gain by a factor of 2.
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Small Signal Operation

Single ended Differential



The MOSFET Differential Pair

Due to the symmetry in the differential amplifier and because it

is fed with a differential signal in a balanced manner, the small
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Small Signal Operation

Differential Half Circuit

signal parameters can be determined by 

considering only half the circuit.



The MOSFET Differential Pair

The equivalent differential half-circuit has a grounded source, a

result of the virtual ground that appears on
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Small Signal Operation

Differential Half Circuit

the common sources’ terminal of the 

MOSFETs in the differential pair.



The MOSFET Differential Pair

The differential gain can be determined directly from the half

circuit.
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Small Signal Operation

Differential Half Circuit
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For the differential  input, a virtual ground develops on the 

common-source terminal
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Common Mode Rejection

Common Mode Rejection Ratio



The MOSFET Differential Pair

Dr. Mohamed Refky

Common Mode Rejection


