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Differential and Multistage
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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 −=

)49.6( )||( 7662 oom rrgA −=

First Stage:

Second Stage:
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7.7 Multistage Amplifiers
Example 7.3
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Find ID, |VOV|, |VGS|, gm, ro, A1, A2.

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

VVVVV

VAVA

VVVVAI

SSDDA

tptnREF

5.2,10||

/40C,/160C

 8.0,7.0,90
2

oxp
2

oxn

===

==

−===

μμμμ

μ

Find ID, |VOV|, |VGS|, gm, ro, A1, A2.

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

ID(μA) 45 45 45 45 90 90 90 90

|Vov|(V) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

|VGS|(V) 1.1 1.1 1 1 1.1 1 1.1 1.1

gm 
(mA/V)

0.3 0.3 0.3 0.3 0.6 0.6 0.6 0.6

ro (Ω) 222k 222k 222k 222k 111k 111k 111k 111k
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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:

VVD 5.115.21 −=+−=

VV lowerin 3.28.05.1_ −=−−=

The upper limit of the input common-mode 
is the value at which Q5 leaves the 
saturation region:

VVVV DSD 2.23.05.23.0 55 =−=⇒=

VVVV GGS 1.11.12.21.1 11 =−=⇒−=
VV upperin 1.1_ =

Highest output: 
Lowest output:

VVV OVDD 2.23.05.2|| 7 =−=−

VVV OVSS 2.23.05.2|| 6 −=+−=+−||:PMOS OVSD
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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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7.7 Multistage Amplifiers
7.7.2 A Bipolar Op Amp
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7.7 Multistage Amplifiers
7.7.2 A Bipolar Op Amp (cont.)
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Homework

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