N-Port Networks

TV;,U
. - I
1= Vf&ﬁ

f Vo1
Vil

Total Voltage and Current
V. =Vi+V- I
V." & | =forward waves
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Impedance Matrix [Z]
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Terms

Impedance
Z =R+ jX

Definition

| |c D
V, = AV, +BI,
, =CV, + DI,

Z(~w)=2" (o)

R(-0)=R(~w)
X (~w)=-X ()
T (-o) = (-o)

Admittance
G = conductance

B = susceptance

Hermitian
even
odd

even

Reciprocal
det[T|=0

Lossless
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Admittance Matrix [Y]
Definition
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Reciprocal
[Y]=[¥]
Cascading
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ABCD Matrix [7]

Im(A)=Re(B)=Re(C)=Im(D)=0

AZBQ—OAB:AiBlAsz
G, Dj—o C D Cl D1 C2 D2

R = resistance Vv, A BTV,
X = reactance =

l
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Scattering Matrix 5]
Definition
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Lossless

[S] is unitary

Reciprocal
[s]=[s]
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Performance Metrics Through Network
Conjugate Matching
Z, =27
R, =R,

Input Impedance Max Available Power
_AZ +B

"=C57 2D whenZ =2Z;
L

X, =-X,
Average Power to Load
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8Z, L-s,I [L-r.,[

Input Reflection
SlZSZlFL

Iy, = S11 +
1- Szer L

Insertion Loss
AZ +B+CZ.Z +DZ,
L +Z,

Insertion Phase
5 = tan” Im[AZ, +B+CZ,Z, +DZ,]
- Re[AZ, +B+CZZ, +DZ,]
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L, =10log,,

Transducer Loss Gain through Network
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L. =10 IoglOL

|AZ, +B+CZ.Z, +DZ [
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Loss Term Relation
L, =L, +L,
-|T, L_ =dissipative loss

Mismatch Loss

L, =10|og10£
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