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Differential and Multistage
Amplifiers
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7.2 Small-Signal Operation of the MOS Differential Pair
7.2.1 Differential Gain
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7.2 Small-Signal Operation of the MOS Differential Pair
7.2.1 Differential Gain (cont.)

Virtual Ground, NO capacitor!
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7.2 Small-Signal Operation of the MOS Differential Pair
7.2.2 Common-mode gain and common-mode rejection ration
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7.6 Frequency Response of the Differential Amplifier
7.6.1 Analysis of the Resistively Loaded MOS Amplifier

RSS: Output Resistance of QS

CSS: Cdbs, Cgds, Csb1, Csb2

Differential half-circuit: 
Common Source Amplifier



Dr. Shengli Fu
Department of Electrical Engineering
University of North Texas

6

7.6 Frequency Response of the Differential Amplifier
7.6.2 Analysis of the Active-Loaded MOS Amplifier
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7.7 Multistage Amplifiers
Why Multistage Amplifiers?

n The first stage is usually required to provide a high input 
resistance in order to avoid loss of signal level when the 
amplifier is fed from a high resistance source

n In a differential amplifier the input stage must also provide 
large common-mode rejection

n The middle stage is to provide the bulk of the voltage gain, 
conversion of the signal from differential mode to single-
ended mode, and the shifting of the DC: allow output to 
swing both positive and negative

n Final stage is to provide a low output resistance in order to 
avoid loss of gain when load resistance is low: source 
follower / emitter follower
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7.7 Multistage Amplifiers
7.7.1 A Two-Stage CMOS Op Amp

Frequency
Compensation
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7.7 Multistage Amplifiers
7.7.1 A Two-Stage CMOS Op Amp – Voltage Gain

(7.146)  )||( 4211 oom rrgA −=

 )||( 7662 oom rrgA −=

First Stage:

Second Stage:
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7.7 Multistage Amplifiers
Example 7.3
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Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

W/ L 20/0.8 20/0.8 5/0.8 5/0.8 40/0.8 10/0.8 40/0.8 40/0.8
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7.7 Multistage Amplifiers
Example 7.3
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7.7 Multistage Amplifiers
Example 7.3

The lower limit of the input common-mode 
is the value at which Q1 and Q2 leave the 
saturation region:
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7.7 Multistage Amplifiers
7.7.1 A Two-Stage CMOS Op Amp: Frequency Response
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7.7 Multistage Amplifiers
7.7.1 A Two-Stage CMOS Op Amp: Frequency Response (cont.)
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Homework

7.80, 7.85, 7.88, 7.92, 7.93, 7.94, 7.97
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