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Example Analysis Circuit
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• Assumptions

1. Intrinsic gain of each device � 1

gmro � 1 =⇒ 1/gm � ro

2. Intrinsic gain of devices similar in value

3. Output resistances of devices similar in value

ro1 ≈ ro2

• Note:

– Assumption 1 is reasonable in practice

– Assumptions 2 and 3 are invalid in practice

∗ Used here only for pedagogical reasons



Replace Current Sources
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Remove Non-Signal-Path Biasing Circuitry
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Bipolar Modeling is similar to CMOS
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Compute 2-port for Stage 3
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Compute 2-port for Stage 2

M9

M8

ro7

(gm13ro13)ro12

(gm10ro10)ro11

Stage 2

Vb

Va

αis

is

ro7
Va

1 + RD /ro8

gm8(gm9(ro9||RA))

(ro7||ro4||ro2)(gm8ro8)(gm9(ro9||RA))

RA

ro7/3(gm8ro8)(gm9ro9)

RD

1 + (gm10ro10)ro11 /ro8

gm8(gm9ro9)

ro11 /ro8
gm8

1
gm8

1
gm8 ro7/3(gm8ro8)(gm9ro9)

(gm10ro10)ro11

Vb

RD

ro2||ro4

output
resistance
of Stage 1

input
resistance
of Stage 3

is

is

1
gm8

(gm10ro10)ro11

Va Vb

is =

ia

1
gm8

||ro7
1

gm8

ro7
1

gm8
+ ro7

ia ia

(gm10ro10)ro11 /ro8

gm8(gm9ro9)

is



Compute 2-port for Stage 1 (Step 1)
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Compute 2-port for Stage 1 (Step 2)

isc

M2

M4

25 Ω
M1

ro6

gm3
1

2
vinput

ro4

gm2
1

gm3
= gm4 is1

1i2

vg1vg1

is1

αis1
gm1
1

2ro1

Vin

is1

Vin

gm1
1

gm2
1

Vin
gm1

2

is1 =
is1

is1

is1

isc 2is1 Vin gm1

M1 M2

M4

25 Ω
M1

ro6

gm3
1

gm1
1

2ro2

ro1(1+gm1          )gm2
1

2ro1

Vin

it

vt
i1=

i1i1

i1

i1

it
vt
ro4

+2i1
vt
ro4

+2
vt

2ro2
=

vt

it
= ro2||ro4

Calculate short circuit current at output

Calculate output resistance

vt
ro4

gm4vg4
vg4 ro4

vt
2ro2



Compute 2-port for Stage 1 (Final Step)
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Overall Cascade of 2-ports for Amplifier
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• What is the overall input/output resistance of the amp?

• What is the overall gain?

• Which stage contributes the most gain?

• What is the function of each stage?


