Allen and Holberg - CMOS Analog Circuit Design

CMOS DIFFERENTIAL AMPLIFIER

Consider the following differential amplifier -
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Use of symmetry to simplify gain calculations -
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CMOS DIFFERENTIAL AMPLIFIER

Small signal model -

E€mbs1 Vbsl

<
- AW .
+ I'dsi +

+
<
VIC=Vel V51§2rd55 rd33§ v Vol
- &mlVgsl gm3Vol
o 1) (gm1+gmbsl) Vs1
gmi1Vgl
< i
1
Tgs1 ds
. AV : <
+ +
+ (gm1+gmbs1)Vs gm1Vgl
VIC=Vg1 2rds§§vs lg\ — Ids3 EIE § Vol
1

- Zm1+8mbsl -
o )

Writing nodal equations -

[0-584s + 2ds1 + &mbs1] Vst ~ [&ds1] Vol = Em1VIC
~[8ds1 * 8m1 * 8mbs1] Vol * [8ds1 + 8ds3 + &m3] Vol = ~8m1VIC

. Vol |
Solving for —— gives,
VIC

Vol —0.52m18ds5

VIC  (84s3%8m3)[0-98ds + 8m1 + 8mbs1 + 8ds1] + 0-58d518ds5

or
Vol —0.5gm184s5 ~2ds5

Vic ) gm3(gm1 + gmbsl) ) 2gm3
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COMMON MODE REJECTION RATIO (CMRR)

Differential mode gain Ayd
Common mode gain ~ A

CMRR =

vC

For the previous example,
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Therefore, current sinks/sources with a larger output resistance(ryg5)
will increase the CMRR.

Example

Let all W/L ratios be unity, Igg = 100uA, and use the values of
Table 3.1-2 to find the CMRR of a CMOS differential amplifier.

g1 = V2x17(A/V2)X100puA = 58.3uS
24s5 =0.01V-1 x 100puA =1uS
Therefore, ICMRRI =116





