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Basic MOS Differential Pair

“Current stealing “ phenomenon
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MOS Differential Pair

Differential Transconductance Gain vs. Input Voltage

Maximum Differential Transconductance

Gain Occurs at ΔVin=0
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MOS Differential Pair

Differential Voltage Gain

Differential Voltage Gain near ΔVin= 0

Differential Transconductance Gain Falls to Zero at 

ΔVin= ΔVin1

ΔVin= ΔVin1 is the maximum differential input that the amplifier can “handle”
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The “Virtual Ground” Concept

The “Half-Circuit” Concept
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Differential  Mode Response
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MOS Differential Pair

CMRR =  ????
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MOS Differential Pair

If a voltage VCS is needed across the current source, then

VCMmin = -VSS + VCS + Vt + VOV

How to 
Maximise ? 

How to 
Minimise ?  
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Common-Mode Response
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Common-Mode Response

Input common-mode range (ICMR) The input common-mode range is the range of 

common-mode voltages over which the differential amplifier continues to sense and 

amplify the difference signal with the same gain.

Typically, the ICMR is defined by the common-mode voltage range over which all

MOSFETs remain in the saturation region
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CS stage with Source Degeneration.

𝑣𝑖𝑛 = 𝑣𝑔𝑠+ 𝑖𝑑 𝑅𝑠

𝑣𝑖𝑛 = 𝑣𝑔𝑠+ 𝑔𝑚 𝑣𝑔𝑠 𝑅𝑠

𝑣𝑖𝑛 = 𝑣𝑔𝑠 (1 + 𝑔𝑚 𝑅𝑠)

𝑣𝑜𝑢𝑡 = −𝑖𝑑 𝑅𝐷

𝑣𝑜𝑢𝑡 = −𝑣𝑔𝑠 𝑔𝑚 𝑅𝐷

𝐺𝑎𝑖𝑛 =
−𝑔𝑚 𝑅𝐷
1 + 𝑔𝑚 𝑅𝑠

𝐺𝑎𝑖𝑛 =
−𝑅𝐷
1
𝑔𝑚

+ 𝑅𝑠
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Common-Mode Response

Single-ended Common-Mode Response of a symmetric amplifier

As V in,CM changes so does VP. As a

result, ID currents change and VX and

VY change. VX-VY continues to be zero

A

How to Minimize ACM? 
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Example

“Resistor current source” example

RD = 3.16KΩ

What is min CM Voltage? 
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Example

“Resistor current source” example

Hence  differential voltage gain = gmRD=5

Vout1 = Vout2 = VDD- IDRD = 1.42 V > VGS – VTH

VGS – VTH =1.23 – 0.6 = 0.63V (the overdrive)  What is max CM Voltage? 

𝑔𝑚 = (2 ∗ 50 ∗ 10−6 ∗
25

0.5
∗ 0.5 ∗ 10−3

RD = 3.16KΩ
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Example

“Resistor current source” example

CMRR = 5 / 1.94 =  51.7

RD = 3.16KΩ
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Common-mode response in the presence of resistor mismatch.

Common-Mode Response

RSS should be 
large for Noise 

immunity . 
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CM response with finite tail capacitance.

Common-Mode Response
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Common-Mode Response

A CM−DM denotes common-mode to differential-mode conversion
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Degenerated Differential Pairs
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Degenerated Differential Pairs

Guess the Drawback

Trades gain for linearity

Each resistor sustains a voltage drop of RSISS/2
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Degenerated differential pair with split tail current source.

Degenerated Differential Pairs
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Thank you


