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Differential and Multistage
Amplifiers



Outline

•The MOS Differential Pair
•Small-Signal Operation of the MOS Differential Pair
•The BJT Differential Pair
•Other Nonideal Characteristics of the Differential

Amplifier
•The Differential Amplifier with Active Load
•Frequency Response of the Differential Amplifier
•Multistage Amplifiers



High CMRR at Higher Frequencies



Active-Loaded MOS Amplifier



Cm on Transconductance Gm



Example 7.2

W/L =7.2m/0.36m, Cgs = 20fF
Cgd= 5fF, Cdb = 5fF, nCox = 387A/V2
pCox = 86A/V2, VAn’= 5V/m, |VAp’| = 6V/m
I = 0.2mA, Rss = 25k, Css = 0.2pF
Another output capacitance Cx = 25fF

To find:
Ad, Acm, CMRR
Poles and zeros of Ad
Dominant pole of CMRR
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Multistage Amplifiers

Vin

Vout

First stage:
-High input resistance
-Large CMRR
-Voltage gain

Middle stages:
-Voltage gain
-Differential to Single-
ended

-DC-level shifting

Last stage:
-Low output resistance
-Supply current efficiently

Input stage Gain stage Output stage



A Two-Stage CMOS Op Amp

Reference
bias current

Current mirror

Differential Amplifier CE Amp

Enhance the
Miller effect
(Frequency
Compensated)



Voltage Gain

A1 =

A2 =



Example 7.3

20/0.8 20/0.8

5/0.8 5/0.8

40/0.8

10/0.8

40/0.840/0.8

IREF = 90A, Vtn= 0.7V,
Vtp = -0.8V, nCox = 160A/V2

pCox = 40A/V2, |VA| = 10V,
VDD = Vss = 2.5V

(a) ID
(b) |VOV |
(c) |VGS |
(d) gm
(e) ro
(f) A1
(g) A2
(h) Input common-mode range
(i) Output voltage range



Input Offset Voltage

Random offset

- W/L

- Vt

Systematic offset



Frequency Response
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Frequency Response (con’t)
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Z = P1 = P2 =



A Bias Circuit



Announcements

•下星期五(5/11)補課: 8AM
•HW #2

–Due date 5/22/07
–Late policy: Turn in class: 100%, before 12PM: 90%,

5/22 after 12PM: 80%, 5/23: 60%, 5/24: 40%, 5/25:
20%, after 5/26: 0%

•Midterm #2
–Test date 5/15/07 18:00-20:00
–Coverage: Ch6, Ch7, and a part of Ch8 (8.1-8.4)


