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Example Analysis Circuit
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e Assumptions

1. Intrinsic gain of each device > 1
GmTo > 1= 1/g, < 1,

2. Intrinsic gain of devices similar in value

3. Output resistances of devices similar in value
T'ol = T2

e 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

MOSFET

BIPOLAR

Key Small-Signal Parameters

9m = HnCox(WIL)(Vgs - Vin)
=V 21,Cox(WIL)Ip

9mb << Im

Key Small-Signal Parameters
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V; =25 mV at room temp
= Do , Bo = 100 to 200
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Approximation Assumption

Rthdz ro (1 +ngs) gmb << gm
Ry, = infinite
1+Rp/r
e R Imb << G

Thevenin Resistances

Approximation Assumption

Rin,= fo (1*9m(rlIRg))  Rg<<r,
Rin,= T+ BoRe
Rthe= 1/gm + RB/BO

Re+Re<<r,

RC << Boro

General Thevenin Model

General Thevenin Model

Approximation

Assumption

Av =1 Imb << Im > Imlo >>1
a=1 Ry << Ring

Approximation Assumption

Av =1 RC+RE <<, RB <<r,
a=1 RC"’RE << Boro




Compute 2-port for Stage 3
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output
resistance
of Stage 1
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Compute 2-port for Stage 2

a (ro7llroalIr62) (Imsr'os) Gmo(rogl IR A))

Ime(Gmo(ToglIRa))
~ 1+ (Gmiofo10)lot Irog

ia X ro7/3(gm8r08)(gm9r09)

_______________________________________________

(o]
3
[°9)
WW
Q
»

1 + RD/I“08 lIS Vb

(Im107010)011

Rp

(Im137013) 012
—_l

Ra

9malImalos Rp 3 (Om1ofot0)lor1
- (Im10ro10)o11 /Tos

gm8(9m9r09)

ro.q/r
~ 0111708 ~ 1
gm8 m8

I 4



Compute 2-port for Stage 1 (Step 1)
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Calculate Thevenin resistances
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Compute 2-port for Stage 1 (Step 2)

Calculate short circuit current at output
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Compute 2-port for Stage 1 (Final Step)
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Overall Cascade of 2-ports for Amplifier
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e What is the overall input/output resistance of the amp?
e What is the overall gain?
e Which stage contributes the most gain?

e What is the function of each stage?



