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Device Descriptions for Circuit Design
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Recall: HBT equivalent-circuit model
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Recall: FET  Equivalent Circuit Model
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2-Port Descriptions ( 3-Wire Network or Device)
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Two-Port Parameters: Represent Device or Network
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Admittance Parameters
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Admittance Parameters Example: Simple FET Model
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Impedance Parameters
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Hybrid Parameters: Old and Obscure
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Hybrid Parameter Example: Simple BJT Model
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Short-Circuit Current Gain
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Definition of S-parameters... with a's and b's
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Definition of S-parameters... with V+'s and V-'s
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De-Mystifying S-Parameters
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How to Compute S-parameters quickly: S11
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Input impedance = Input Reflection Coefficient
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Output impedance = Output Reflection Coefficient

0− ZZ
ZZout

.  toappliesclearly  comments & analysis same The 22S

methodais)(tcoefficienreflectionthatNote

   symmetry,By 
0

0

22

0

0

+
=

=

=

S

ZZ
S

ZZout

ZZout

gen

gen

impedance.output  ngspecificyi of
methoda is)(t coefficienreflection that Note 22S

impedance
tcoefficien reflection

output   theis  
22

⎭
⎬
⎫

⎩
⎨
⎧

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

Z
S

ZZout

.
0

 is 
impedance

tcoefficien reflection
generator   that thegiven

impedance
0

⎭
⎬
⎫

⎩
⎨
⎧

⎭
⎬
⎫

⎩
⎨
⎧

⎭⎩⎪⎭⎪⎩ =

Z

ZZout
gen

impedance 0⎭⎩⎭⎩ Z



class notes, M. Rodwell, copyrighted 2009

Computing S11: Example
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Computing S21
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Relating amplifier Gains to S-parameters…S21
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Relating amplifier Gains to S-parameters…S12

Rgen=Zo
RL=Zo

VinRgen Zo

Vgen

Vin

symmetryBy 

v

0

212

ZZZgen

in

loadgenerator
v
vS

==

=



class notes, M. Rodwell, copyrighted 2009

Relating amplifier Gains to S-parameters…S11 and S22
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Relating amplifier Gains to S-parameters…S11 and S22
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Example of working with S-parameters

Rgen=Zo RL=ZoVin

gmVin

Cin

Vgen

gmVin

( )
121 ω+
−

=
ZCj

ZgS
oin

om

Vgen

( )
( )
( ) 1/

/1  where, 
1/
1/

0

0
11 ω=

+
−

=

ZZ

CjZ
ZZ
ZZS inin

in

in

( )
( )
0

infinity  where, 
1/
1/

12

0

0
22

=

=
+
−

=

S

Z
ZZ
ZZS out

out

out

!!!easy ...
12



class notes, M. Rodwell, copyrighted 2009

Example of working with S-parameters
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Why do we care about impedances matched to 50 Ohms?
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