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 No matter how complex the network is inside, the external behavior
of the two-port can be completely characterized by the functional
relation between V,, V,, I, and I,

 If we know this mathematical relationship we do not need to know
what is inside

e Simpler equivalent circuits can be constructed to give the same
external behavior. This is a generalization of Thevenin & Norton
equivalence to multiport networks
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Two-Port: Z-parameters

“Open-Circuit” parameters

V1 = Z11|1 +212|2
V2 — 221|1+222|2

Reciprocal networks: le = 221

Symmetrical networks: le = Z22

Lossless networks: Re{zmn} =0
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“Thevenin” equivalent using
controlled sources
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Equivalent circuit for reciprocal networks
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Two-Port: Y-parameters

“Short-Circuit” parameters

I1 = Y11V1 + Y12V2
|2 — Y21V1 + Y22V2

Reciprocal networks: le = Y21

UCSB

Norton equivalent circuit

equivalent circuit for reciprocal networks

O ! Y12

Symmetrical networks: Y11 = Y22

Lossless networks: Re {Ymn} =0 O )\

O
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Two-Port: h-parameters UCSB

“ Hybrid” parameters Equivalent circuit
I, —
O— h11
V1:h11|1+hlzvz *
Vy
I, =h, 1, +h,V, ] h;,V,
O

Note that elements of the h matrix have different units!
n,, = Input impedance []
n,, ="forward current gain" [unitless]

n,, = "reverse voltage gain" [unitless]
n,, = output admittance [S]
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Az = 212y — 1152y

Ay =YuYe = Yo Ya

Ah= hnhzz - hlZ h21
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Using Two-Port Parameters UCSB

V1 — lell+212|2

Rsig Il < I2
—O V22221|1+222|2
+ + I _ VSIg _Vl
Vsi v, v, § R, 1=

- - V.=V, —I,R.. - Ryig

O— _C 1 sig 1" “sig
Vy==1,R =V ~ | = ~Vou

R,

Eliminating I, and |, gives:

R. R R
1+ —8 Vl + ﬁﬂ Vout :Vsig V1 +— 1"‘@ Vout :VSig
Z, R 2y z R

Then solving for the overall voltage gain gives

Vout — RL221
Vsig ( Rsig T Z11)( RL T Zzz ) B Zzlzlz
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