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Learning Objectives

= Know about properties of Scattering matrix

» Know about ABCD-parameters

= Know about conversion relation between 2-port network parameters

" Properties of Scattering Matrix

ABCD-Parameters

= Conversion between 2-port Network Parameters



0 Properties of Scattering Matrix

" Symmetric matrix: S; = S; (reciprocal network)
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[S1=([Z1+[U]) ((Z]-[U)) <« ([A)[B)) =[B]'[4]

= Unitary matrix: Lossless n-port network conservation of energy

Sum of all incident power = Sum of all exiting powers

Z|bi |2 =[b]'[b] :Z |ai |2 =[a]'[a] Ex.] For 2-port network,
" " b S, S
2 * t * * * 1 - ! : b|=|S||la
2 |b.[ =[6Y1Y =(IS1al) ([Slal) =[al[ST[ST[a] (b] (Sm Szj(azj:’[ =kl
” 20 bl*
=lal el =[aVlal = X f > [l = (2 bz)(b;}hﬂw

+ [STIST =[U]




G Properties of Scattering Matrix
= (Otherwise
2l =01 01=2 [ =[a]
b =[b1"[b]=([S1a])" ([S1a]) =([a] [ST ) [S](a]=[a] [S] [S][a]
=[a]"[a]= la,[

L STST=[U]

P |:S1::l Sikli”:Sll S12j|:|:1 0i|
S12 S22 S21 SZZ O 1

[ o * 2
Sid +5,5, = |S11| + |S21 ’2 =1 - (1)

* s 2
— ] 81251, +5,8,, = |S12| T |SzzyZ =1 - (2)
i8S, +8,8,=0 e 3)
\S1*2S11 +85,8,=0 (4)




G Properties of Scattering Matrix

|b1 |2 = b1*b1 = (Sl*lal* + Sl*za; )(Sllal + Slzaz)
|b2 |2 =b,b, = (S;al* + 8,4, )(Szlal T Szzaz)

— |b1 |2 + |b2 |2 = (|S11 ’2 |al ’z + plz ‘2 (1) r + 87,84 a, + SIISI*2a1a;)
e (5l o+ 15 [ f [+ 318, + 8,854

:(|S11’2+|Szlf)|“lf+(pur+ lgzzT)PzT — () & (2)

+(S1*1S12 + S;Szz)al*az +(S11S1*2 + Szngz)ala; —3)&@

= |a1 ’Z + |a2 ’2 : Conservation of energy




G Properties of Scattering Matrix

= S-parameter variation due to change of reference plane
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New S-parameters: only phase shift




Q ABCD-Parameters

=  ABCD-parameters are used to model two-port network, linking input and output voltages and currents.

- Relation between voltages and currents as the function of ABCD-parameters:

V,= AV, +BI,
I/Z - CI/Z + D]2 P \
]1 ) 1 ]2 )
1 ; -
- Matrix form: A B
i C D V2
Vi |4 BT, o— J——mo
1| |Cc DI
- Define for ABCD-parameters:
A= ﬁ : Open circuit reverse B = 5 : Short-circuited reverse
V, -0 Voltage gain 1, v,-0  trans-impedance

=2

2

L. 1 L
: Open-circuited reverse D = ]—1 : Short-circuited reverse
=0 trans-admittance 2 =0 current gain




6 ABCD-Parameters

Relation to impedance matrix [Z]:

-

1 /
V=2zI-7., I =—V,+=21,
1 1171 12+2 Z21 Zzl
=) 1 Y4 YA yAYA
V. =721 —-7,1 V=Z|—V+—2|-Z. =YV +—1=2_7 |]
2 2171 2242 \ 1 11 221 2 221 2] 122 221 2 ( 221 12] 2
.1l 7 I —7Z.1 1 YAV YA
A:E — 1171 — 11 B:E — 1171 12+ 2 L _le l_l _le — 11922 12721
Vv2 1,=0 ZZIII Z21 12 V,=0 12 ,=0 ]2 ,=0 Z21
Vz 1,=0 22111 ZZI ]2 V,=0 21

Z,, = Z,, for reciprocal network:

4 _ Zy /le (ZnZzz _2122)/212 v ) o B
= — Reciprocal circuit: AD —BC =1
1 /7, Z,1Z, 1

1 2




Q ABCD-Parameters

= In practice, many microwave networks consist of a cascade connection of two or more 2-port networks.

- Convenient to analyze cascade connection of two or more 2-port networks by using ABCD-parameters
] 14 BT i |4 B ||V
_Il B Cl Dl 12 12 B CZ D2 13

_Vl B Al Bl Vz . Al Bl Az Bz Vs _ A1A2+Blcz A1B2+BID2 Vs_
1| |¢ Dp||L] |¢ Db C D IL| |C4+DC, CB,+DD,]| I

I A , A
v A1 B v A, B v
1 Cy D 2 C, D, 3
G J C G J




Q ABCD-Parameters

»  ABCD-parameters of transmission line:

V,=AV,+ BI, I, 0 LO °, ],
1, =CV,+ DI, + +
L i Vi Zo, B Vs
V(iz)y=V'e” +V e”, yiooy=r,, VEH=V, — —
1 + _—yz - vz o O
@)= (Ve =ye), 10)=1, I=h=1, z=-] z=0
0
- y=a+ jB=jpf :for lossless condition
( ]. + -z - vz
to o =V(z)=V'e”" +V e
{V(O) = V2 =V '+ V" 4 2 (V2 +ZO]2) (Z) | ¢ ¢ |
+ =) _ -yz | = _ yz
Z1(0)=Z,, =V -V V‘:l—(VZ—ZOIz) —2(V2+Z012)e +2(V2 ZI,)e
L 2 e;/z +e—7/z e—ﬂfz _672
( /P74 o IP* =V [t | ———
coshyz = =cos fz 2 2
cf.) < e 2 e =V,coshyz—1,Z,sinhyz
sinhyz = < _Ze = jsin Sz =V, cos fz— jl,Z,sin Bz

\




6 ABCD-Parameters

Ve -V e

Z

0

_ U (M2 e L (V=2
AN zZ,\ 2

-yz _ ¥z rz ~yz
_ V,| e e . I e’ +e
Z, 2 2

= —Esinh yz+1,coshyz
0

= I(2)=

v, .
=—j—2sin fz+1,cos fz
ZO

(V(=)=V, =V, cos Bl + jI,Z,sin Bl

Vi(=)=1, = j% sin Bl +1, cos

0

V, cos @ jZ,sm@ || V,
1, jY,sin@  cos@

2

L2 = o, I
— e
Vi Zo, p Va

O O
z=- z=0
A B cos & jZ,smo
C D| jY,sin@  cos@

For lossless case: AD —BC =1
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Q ABCD-Parameters

=  ABCD-parameters of 2-port network consisting of a shunt susceptance between ports 1 and 2:

o d > >12 o A= 14 =1 (Voltage ratio)
V2li-o
4 JB Vs v
B=- =0 (Resistive)
o o L2y,
C= 4 A jB (Conductive)
Vl = AVZ +B[2 I/Z 1,=0 I/l 1,=0
< I
_ D=-1 =1 (Current ratio)
[, =CV, + DI, L,
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6 ABCD-Parameters

*  ABCD-parameters of 2-port network consisting of a series reactance between ports 1 and 2:

: v
I JX A=—H =1
o—» N o Vil <
Vi £ B=11 = jX
0 0 Bl
, c-h _4Ll _,
Vi=AV,+BI, V212=0 V112:o
< p=1i|
1, =CV,+DI, L,




6 ABCD-Parameters

*  ABCD-parameters of some useful 2-port networks

B [ > N:1
o O ) o ® N 0
Zo B A4 B| |cosd JZ,sin@ 4 B |
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o o o o N
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o—llllll— :
4 B 1 jx & Bl | Y Y,
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0 Conversion between 2-port Network Parameters

S Z Y ABCD
Sii Siy (2 =2, )20+ Zy) = 212y, (% -Y) (% + 1)+ 1,0, A+B/2,-CZ, =D
AZ AY A+B/Z,+CZ,+D
S1, Sir 2Z,,Z, -2Y,,Y, 2(AD-BC)
AZ AY A+B/Z,+CZ,+D
$11 S11 22,2, —2h% 2
AZ AZ A+B/Z,+CZ,+D
S22 S22 (le"'Zo)(Zzz_Zo)_leZzl (Yo"'Yll)(YE)_Yzz)"'leYzl —-A+B/Z,-CZ,+D
AZ AY A+B/Zy+CZ,+D
7 7 (1-1—Sll)(l—Szz)+Sle21 le & é
8 " (I_Sn)(l_Szz)_Slezl |Y| C
28 —Y AD-BC
le ZO B B 12 B ZIZ |I71|2 - -
(1 Sn)(l Szz) S5 C
28 -, 1
7 Z 2 Z5, il
21 ’ (1 Sll)(l_SZZ)_SIZSZI |Y| C
(I_Sll)(1+S22)+Sle21 Y4 L’-L D
Zy) Z, 22 Y] =
(1 Sl])(l_SZZ)_SIZSZI C

|Z|:ZIIZZZ_2122219 |Y|:Yllez_leYzla AZ:(Zu"'Z())(Zzz +Zo)_lezzla AYZ(YU +Zo)(Yzz+Zo)_leYna Y, =1/Z,




0 Conversion between 2-port Network Parameters

S VA Y ABCD
Yy K)(I—S“)(1+S22)+S12521 Z, y 5
(1+8,)(14S8,,)=S,5,, 7] 1 )
Y Y, 25, ~Z, Y., BC—AD
y (1+SU)(14;§22)—SIZS21 Z B
21 49y -1
Y0(1+SH)(1+S22)—S12521 ‘—Zﬂ 1 =
Yy v (148,) (1= 5, ) + 5,85, , Y, 4
(1+S8,,)(1+S,,)—-S,,5,, ‘—ZH‘ B
A (1+5,)(1=5,,)+5,5,, zZ -Y,, )
2S21 Z_21 Y21
B 5 (1+8,)(1+5,,)=S,S,, 17 -1 2
‘ 28, Z_21 v,
C 1 (1=8,)(1=5,) = 5,5, 1 —|¥]
ZO 2S21 Z_21 Y21 C
D (1-8,)(1+8,,)+5,S,, Z,, -Y,
2521 ZZI YZ] D

|Z|:ZuZzz_leZzl= |Y|:Y11Y22_Y12sz AZZ(ZM+Zo)(Zzz+Zo)_ZuZzlo AYZ(YM"‘ZO)(Yzz"'Zo)_Yusz Y, =1/2,




e Review

= Properties of Scattering matrix
" ABCD-parameters

= Conversion between 2-port network different parameters
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