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"~ Two-Port Network

m 2-port networks are often described
by using z, y, h, or ABCD parameters.

v, Two port
network
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"~ z-parameters (in Ohm)

Vi = Z11l1 +2Z15l — ] B .
1 1111 12 Vi z,, le}{ll
[ —— p—
V2 = 221i1 +222i _V2_ _221 Zy 12_
A% A%
where — "1
21 ; Z1y T
1 1220 12 11—0
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Zy l_ Zy T l_
1 1220 2 11—0
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"~ z-parameters (in Ohm)

\% ] V5
Z, = — | =0 217 T
b i,=0 1= 1 14,=0
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* Example (Z-parameters)
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“ y-parameters (in Siemens)

I1 = Y11V1 +Y12Vs LT -
Al 12 | Vi
T }[
b = VY51Vy +YoVs bl DVa Vo lVa
] ]
where — _ 4
Y1 v_ Vi = —
1V2—0 vzvl—O
_ b )
Vor = — Vo = v_
Vi v, =0 249,=0



{ L
~
\
S -~ a__

E :"n L) x/; \
L :‘.:‘i‘\;‘” g_)
B3 UEFFITUTIONS

“y-parameters (in Siemens)

[ | | _ D
— 1 2 = _<
Y1 , - Va1
Vi Vi =0
v 50 V) =

A :
p— _ 12
Y12 N V,, = —
24, =0 \ %
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F Exam ple (y-parameters)
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ABCD-parameters

AN

vlev2+B(—i2) ~ —\ - BTV _
2

ilz CV2+D(— 12) —ZIJ —C DJ__ i2_

where A:V_l B=_"1

l
v2 —i2=O 2 1%) =0
\% . i
2 —i2=0 b v,=0
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Example (ABCD-parameters)

Vq
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ABCD-(circuit examples)
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ABCD-(Cascaded circuit)

I]_ — IZ — |3 — — In+1
A; By A, B An B
Vi [ Vz[ VJ - [ Vh+1
Cn Dn

V1—|: Ay BT—I Vn+1—|
|:ilJ |:CT DTth_inHJ
Ar Byl 4, B4 B,| |4, B,
{CT D, J_ [Cl chz DJ"”[CH Dn]
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“*Drawbacks of Y, Z parameters

¥,

m At microwave frequency, total voltage
and current are difficult to measure.

m Ideal open- and short-circuit terminations
are difficult to realize.

m Active devices may oscillate under open-
or short-circuit conditions.
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 Scattering parameters

Two port
network —

m Incident and reflected waves are being
monitored instead.

m Resistive termination is employed.

m Active devices are normally quite stable
under resistive termination.
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Scattering parameters

Two port
network —
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Waves and Total voltage/current

il > < i2

Two port [
Vv Vv
! network 2

vlz(a1+b1)\/Z/o v =la +by /%0

: 1
: ) 1 i,=(a,- b )—
— —b 2 2 2
ll (al 1 \/Z/O WIZO
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7 Scattering parameters
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- Scattering parameters

s =2

[ = reflection coefficient at port 1 with a,=0
»=0

Q

1

> — =
d; Two port ;=0
b; ° network —— b,
_b
S21 - a_ = forward transmission coefficient from port 1 to 2 with a =0
1 b, =0

20



{ L
~
< 5 - o

SR ~»
WS FITUTIONS

I
T

T e

- Scattering parameters

b
S, = < = reverse transmission coefficient from port 2 to 1 with a =0
a2 a,;=0
— —
a;=0— Two port 9
44—
by network —— b,

522 =_2| = reflection coefficient at port 2 with a ;=0
a
2 611:0
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2-port network (new terms)

Insertion loss (dB):

a = -10xlog\521\2 = -20x1log|S,,

Transmission phase shift:  @= /S5,

Input return loss (dB):  -20xlog

Output return loss (dB): -20x log

Sn‘
Szz‘
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Evaluation of S;; and S-,

/. — 7/
Sy =T, =Zin 0 Zin Two pOrt Zo
Zin+ 2, network

H ZO Two port VA S22 =1 o= Zour = Zo

t
network o Low 2,
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Evaluation of S,; and S,

V ZO Vout
S, = 224 — N
\%
S Ve O Two port Z,
network
Vout Zo
. VY
4 S12 — 2 out
Z, Two port (O V. v,
network
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Example (Attenuation)

o= 20- logSy| = 20-log

27,

\/(R+ Zo P+ X?

=20-log
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7 Example (Phase Shift)

¢= 285,

27,
R+27Z +jX

=/

=/(07,)-Z(R+2Z, + jX)
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7 S-ABCD conversion

 A+BY,-CZ,-D 2(4D —BC)

|:S11 S12:,: A A
521 52 2 ~A+BY —~CZ +D|
i A A !

A=A+BY +CZ, +D

27



THANK YOU

30



