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Single-Ended and Differential Operation

(a) Single-ended and (b) differential signals.
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Advantages of Differential Signals

Transmission Line Noise Cancellation 
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Advantages of Differential Signals

Power Supply Noise Cancellation 
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Converting Single Input to Differential 
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Converting Single Input to Differential 
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Differential Amplifier Definitions
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Simple  Differential Circuit



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

8/13/2022 9

Basic MOS Differential Pair

“Current stealing “ phenomenon
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MOSFET Current Equation 

𝐼𝐷 =
𝑘𝑛
′𝑊(𝑉𝐺𝑆 − 𝑉𝑇)

2

2𝐿

𝐼𝐷 = 𝞫 (𝑉𝐺𝑆 − 𝑉𝑇)
2

𝑘𝑛
′ = µ𝑛𝐶𝑜𝑥
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MOS Differential Pair
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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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MOS Differential Pair

Two types of Differential Gains
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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
= 

−𝑅𝐷
1

𝑔𝑚
+𝑅𝑠

CS Amplifier
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Differential  Mode Response
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Differential  Mode Response

−𝑣𝑔𝑠2=
−𝑖𝑑
𝑔𝑚1

+ 𝑣𝑔𝑠1

𝑖𝑑
𝑔𝑚2

=
−𝑖𝑑
𝑔𝑚1

+ 𝑣𝑔𝑠1

𝑣𝑔𝑠1=
𝑖𝑑

1
𝑔𝑚1

+
1
𝑔𝑚2

𝑣𝑜𝑢𝑡 = 𝑖𝑑𝑅𝐷2
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Differential  Mode Response

Single-ended Differential Voltage Gain
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Differential  Mode Response

Comparison: Differential voltage gain of a differential amplifier vs voltage gain of a 

CS amplifier

• If the same current source ISS drives the differential amplifier and the CS, 

each transistor of the differential amplifier has gm which is 1/√2  of that of the 

CS transistor. Differential gain reduces by a factor of 1/√2 .

• If both amplifiers have the same W/L in each transistor and the same load, 

and we want the gain to be the same, then if we use ISS at CS, we need to 

use 2ISS at the differential amplifier.
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The “Virtual Ground” Concept

𝑉𝑝 = 𝑉𝑖𝑛2 + 𝑖𝑅

𝑉𝑝 = 𝑉𝑖𝑛2 +
𝑉𝑖𝑛1 − 𝑉𝑖𝑛2

2𝑅
𝑅

𝑉𝑝 =
𝑉𝑖𝑛1 + 𝑉𝑖𝑛2

2

➢ In a symmetric device (as above), if inputs change anti-symmetrically (one

goes up by a certain amount, and the other goes down by the same

amount), then VP does not change.

➢ For small-signal analysis point P becomes “virtual ground”
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The “Virtual Ground” Concept

The “Half-Circuit” Concept
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Differential  Mode Response

No voltage change
since Left and Right are
anti-symmetric (odd)

Gain = -gmRD
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Differential  Mode Response
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MOS Differential Pair

vG2
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MOS Differential Pair
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MOS Differential Pair

CMMR =  ????
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MOS Differential Pair

Common-Mode Input vs. Output Swing Tradeoff
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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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PMOS Differential Pair
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Thank you


