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Chapter 4 Microwave network analysis
Impedance and equivalent voltages and currents
equivalent transmission line model (3, Zo)
Impedance and admittance matrices
not applicable in microwave circuits
The scattering matrix
properties, VNA measurement
The transmission (ABCD) matrix
cascade network
Signal flow graph
2-port circuit, TRL calibration
Discontinuities and modal analysis
microstrip discontinuities and compensation




ﬂ.l Impedance and equivalent voltages and currents \

» Equivalent voltages and currents
Microwave circuit approach
Interest: voltage and current at a set of terminals (ports), power flow
through a device, and how to find the response of a network

For a certain mode in the line, the line characteristics are represented by

it’s global quantities Zo, 3, /.

Define: equivalent voltage (wave) oc transverse electric field
equivalent current (wave) oc transverse magnetic field

3 voltage (wave)/current (wave) = characteristic impedance or
wave impedance of the line
and voltage x current = power flow of the mode
—> use transmission line theory to analyze microwave circuit
performance at the interested ports
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s ™

characteristic impedance of the medium 7 = \/Z
g

. . E;
wave impedance of the particular mode of wave Z = P;+
t
. . . . V+
characteristic impedance of the line Zo = 2
V(z
input impedance at a port of circuit Z,,(2) = I((z))
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/ Discussion

waveguide

S,

y

1. Transmission line model for the TEi10 mode of a rectangular

~

V(x,2)= [Eedl = [E,dy

: X —dependent , non - unique value

v

X
transverse fields transmission line model
. . V = V0+€_jBZ + Vo_ejBZ
E =(A"e ™ + 4 ¢)sin = CV sin— |
g a a I = ]0+€_jBZ + ]o_eJBZ
H_= —L(/fe_jﬁz - A_ejBZ)sinn—x =C,I sin =% _Vor o- bz — L oipe
ZTE10 a a - 7. ]
— ;_k_nz Z_V0+__V0_
10 H; B ? Io"' [0_
+ 1 + +* 1
P =—5IEny dxdy P+ =—Vorlo+
K - ok T ﬁf;gﬁ*_y




b 1 1 *
/ c= 2 4 =1 = oA \
4Z 2 2
1
z. =z =S o ¢ = |92 ¢ - ab
: CZ 2 ZTElo 2
2. Ex.4.2
®
incident  TE10 ¢ Zoa, Ba ) I Zod, Bd
wave °
Z, -7 . . .
[ = ﬁ Q: What if the incident wave is
‘Z o4 i from the other direction? “N”
Zoa :A, Zod :_n, kono = kn9 k = \/gko
Ba Bd
BL+ k2 =k}, Bl +k] =K k==

a
a=2286cm —> A, =2a=4472cm -k, =13Tm™", f. = 6.56GH:z

if f =10GHz > k. =209m™ ", =158m ',e =2.54 > k=333m"',B, =304m™"
0 a r d

if f=6GHz > k=201lm™"' >k k =126m™" <k, o e
K 45 o) ﬁé;ﬁ‘-y




/ 4.2 Impedance and admittance matrices
reference plane

N-port
network

port N

@

VN}EV/
—4—4—_|_——
In VN

for port 1 V.{.t.’.ll '
(plane —_,_—#»1—
for xVi-=0) Vi, Ii port 1
=t
Vi, di
[ )
. 4
-9
Vi — Vi+ + Vi_
Zoi
Zoi = Vi+ = — Vi_
1i+ ]i_

1

1
Pine,i = ERG{Vﬁ],**},Pm,i = ERG{Vi]i*}

4-6

~

reference plane
for port N
(plane

for xvy

=0)




/- Impedance matrix

_Vl_ _Zu Z,
Vz 221 ¢
l=1z] 1] . | o |=| = =
{ ] (] [ ]
_VN_ _ZNI ZNz

[1 Yn le
]2 Y21 ¢
=Y [V].f e |=| = =
o o o
_IN_ _YNI YN2

N

ZIN 1 [l
ZZN ]2
[ ] ([ J
[ ] ([ J
ZNN _IN
Yy (| M
Y || Vs
o o
] o
YNN_ _VN
4.7

b

ij

~

v _ response,

. source,

AL, =0,k oI =0,k
1; _ rresponse,

. source .

TV, =0,k j SV =0,k#j




/ Discussion \

1. Reciprocal network
[Z]:[Z] E Zy=2;

[Y]—[Y] oy —y ,[Z] and [Y] : symmetric matrix

j i
(derivation)
source port 1 port 2
a — Via lla V2a, I2a
b —— Vib, 1ib V2b, 120

reciprocity theorem: Vialib + V2al2b =Viblla + V2bl2a

i)z zi L,
V2 ZZl Z22 12
% +Zl2]2a)11b +(221[1a +Z 2a)]2b = (Z}/[:b +212[2b)]1a +(Z2111b +Z/ﬁ2b)[2a

Zl2]2a[1b + Z2111a]2b - Zl2]2b]1a + Z21]1b]2a
(le - ZZI)([2a]1b _[2b]1a) =0= Z12 = Zzl

K it ek ﬁf;gf_ss%




/Z. T and II networks \

—  Z1 Z2 — —HZ11-Z12 £22-712 —
73 Z12
I I
.. [2=0
(derivation) 2 2, <
4 _ Zy, Ly || 1 + +
Vz - Zzl Zzz ]2 11 Vi Z3 V2
4 % — | —
Zn:]_l 221+Z3a221:]_2 :Z3:Zu
17,=0 Llr,=0 [1=0
—— 71 Z2
_|_
Ly = L =24, + 2, N
]2 1,=0 Vi Z3 V2 12

Ly =Ly, Ly =Ly~ Ly, Ly=Ly— Ly, l} ‘ .
i &%%%ﬁ%//




-

Y1
Y2 Y3
| |

(derivation)
{]1}:|:Y11 %MVI}
L [ Ly,
ho=d  =hend, =2 =-y,

4 V,=0 4 V,=0

I
Y, =—2 :Y1+Y3

V2 1/1:0
=Y =-1, Y, =) +Y,,; =), +Y,

-Y12
Y11+Y12 Y22+Y12
[1 |2
> Y1 -
_|.
V1 Y2 Y3| V250
| I_
:le
1 |2
- Y1 -
_|_
V130 |Y2 Y3 V2
— [ [
1o %%?&%%//




/3. Reciprocal lossless network

Re{Z,}=0

4. Problems to use Z- or Y-matrix in microwave circuits
1) difficult in defining voltage and current for non-TEM lines
2) no equipment available to measure voltage and current in
complex value (eg. sampling scope in microwave range,
impedance meter <3GHz)
3) difficult to make open and short circuits over broadband
4) active devices not stable as terminated with open or short
circuit




/ 4.3 The scattering matrix

! tl, | tl
It _+> V +_+> 1 Y
< V7’ 1 o VT port
' ¢ N-port [ °
. port N Vv ? e |45 ? _—
— On=LIn )
_Vl__ _Sn S, ® e SIN_ _V1+
vy Sy, o e o S 1|V " r
[S] |:V+} , @ |=| @ e o o ° o |, S, = ,-+ _ €Sponse;
° ° e o o o ° J vz source, Vs
V] [Sv Swe ® ® Swl Wy
4-12 Rk ’é‘:ﬁ%;ﬁ;ﬁ%




/ Discussion

1. Ex 4.4 a 3dB attenuator

Z. =8.56+41.44=50
_ Zin _Zo
Z, +Z,

:():S22

11

Vo=V, =V 41.44 50 _
41.44+8.56 50+8.56
.

V2
0

0.707V,

0

—[S]= |

2

L2
L 4
incident power to port 1:5—

[

2
Wi

y, 8560 856Q y,

'

4

n

141.8Q =508

o
141.8//58.56=41.44Q

1 |

J2

Vl = V1+ — S21K+

2

: lossy, reciprocal, symmetric

2

Vl+

—X— :3dB attenuation

transmitted power from port 2: 5 = %

[

input match

—>R,R,
4-13

attenuator design ,
attenuation value




/ 2. T-type attenuator design

N

Z, R, R
%ﬁ ;
@Em r 4 R, v, Z,
Zin - -
l-o
Zi”:(R1+ZO)//R2+R1:Zo R =——Z,
l+ o
¢ RJI(R+Z,) 7z, :>{ o
. I/l R1+R2//(R1+Z0)RI+ZO Rz:l_az Zo
l-a ., 2-1
1 Rl :1 ZO :\/_ Zo
3dB attenuator « :ﬁ: +a 2+
R, = 205220:2\/520
|-«
4-14 ol T B




/ 3. Relation of [Z], [Y], and [S]

[s]=(z]+ v (z]-v]) [r]=[z]"

(derivation)
Letz, =1, =/t
[ =V -V
1=[z]1]=|v" |+|7 | =[2]7 -]V )
Sl T )12 ]
(2)+[vD[r J=(2]-[vD[]
v ]=[s][ v ]

K 4-15
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1S]', [S]: symmetric matrix

/ 4. Reciprocal network

VA

Z

[5]=

(derivation)

V=V "+V"
LetZ =1," " "

]}’l:VI’Z+_VI/l
_+__l"":l"
14 _—2(_V_+_1_) 2(_ |
:V:—z(_V_ 1)) 2(_ |
7 ]-(2]-wdz)+]

Ul

ST =((z]+[uD ™"y (2]

U)

U)

Vs [S]=(Z]-[UD(Z]+ U]

-

4-16

vi=W,+1,)/2
%
V,=,-1,)/2

/]

/]

ro

(z]+[u)(z]-lv]D = [5]




/ 5. Lossless network (unitary property) \

[S][S]"= ZS,GS,Q { '=J

=N
(derivation)

LetZ, =1

lossless (incident power=emitted power) — net averaged input power Z P,.=0

P =RV (I = Sret (7 [ (] [ ] e

2
1 BT e o o
[ s ]

L U R I S S i L

> [ST[s] =[v]

N
6. Lossy network ZSkl.S o<1

k=1
K i Hok T ﬁf;gf_ss%




N

0.85,45° 0220

/ 7. Ex4.5 | S]{ 0.15.£0° 0.854—45‘)}

[S]:not symmetric — a non-reciprocal network

‘Sll‘z + ‘Szl‘z =0.745 #1 — a lossy network

port 1 RL = -201log|S,,|=16.5dB

port 2 RL =—-201log|S,,|=14dB

IL = -201lo0g|S,,|=1.4dB

port 2 terminated with a matched load I', =0 —»
T, =|8,/=0.15RL=-2010g0.15=16.5dB

port 2 terminated with a short circuitl', = -1 -
I
', =8+ Sl _ -0.452,RL = 6.9dB
1- »l
/ﬂi, ‘\
4-18 A
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/8. Shift property \

1t | I ‘tz’
V] + oy L . e A
— v . T i | port! port 2 & — V2 V2 — o
@ ¢ —
— Ol —* Lo 0p —

' J26 o 9 -9 o _ /9 -0 o _ J26,
S,=e"75,,5, =e"S,e”,5,=¢"5,e”",5,, =¢S5,
[ _ 'e ] [ _ .

e 0 e 0 e 0 e
0 e/ o 0 0 e/ o 0
[S]

[ ) [ ) [ ) [ ) [ ) [ ) [ ) [ )

0 0 e /% 0 0 e /%

n-port network: [S ] =

9. S-matrix 1s not effected by the network arrangement.

\\‘ 1o %%%&ﬁi//




/ 10. Generalized S-matrix

J’_

a.

l

rincident (power) wave, b, =

4-20

N

~

V-
: reflected (power) wave

1

Zoi \/ZOi

v)-[s1r ] = )=[s]le]. 5, =] -
“ a,=0.k#j Vj+ Zoi Vi=0k#j

1 . 1 I )
Bn,i:ERe{V;]i}zzai 2bz :Bncz R’efz_})mcz(l )
(derivation)

V:i-v- _ 4 - b,
V=V V7 =7, (a,+b,), I, = ———
\/7 Zoi /

P, —ERe{Vili V= %Re{(ai +b)a,—-b)") :%Re{‘ai‘z ~|b,[ G a'b, —ab}
——faf = 2lbf




/ 11. Two-port device with its S-matrix \

b : : :
S,, =— :reflection coefficient at port 1 with port 2 matched
al a,=0
b, .. : :
S,, =—=| :forward transmission coefficient with port 2 matched
al a,=0
b, . : :
S,, =— :reverse transmission coefficient with port 1 matched
az a;=0
b, : : :
S,, =—=| :reflection coefficient at port 2 with port 1 matched
612 a;=0
b, B S, S, | g b, =a,5, +a,S,
b, S, S, |l a, b, =a,5, +a,5,

K o ok T ﬁf;gf_ss%




/ 12. RL and IL

RL at port I:- 201log b

—| = -ZOIOg‘Sn‘
a
b
IL from port 1 to port 2:-20log|—| =-20 log‘Sm‘
a
o P,
insertion loss IL(dB)= 10log—
£,
a, 4, b,
Zs PL1 Ls [ PL2
Y b _
7 @ 1 | two-port 7.
network

usually Zs#* 7o ‘




/13. Two-port S-matrix measurement using VNA \

+ V- V- |/
1 1 2 2
é‘j = — — —

ail b1 b2 a2
— S71 — 521

14. Advantages to use S-matrix in microwave circuit
1) matched load available in broadband application
2) measurable quantity in terms of incident, reflected and
transmitted waves

3) termination with Zo causes no oscillation
K 4) convenient in the use of microwave network analysis
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1
/ 15. ADS S-parameter calculation Zil o |
incident power wave a, = riazl " 7
l ‘Re Z“ ’ Vz L
Z*1
reflected power wave b, = e ‘ ° |
Re Z,|
: . b, —Z.*l, Z,-Z*
— power wave reflection coefficient §;, = — = Vo2, _Z, -2
a, V. +Z.1, Z, +7Z,
2 2
: . 2 | b, Z, -7Z* :
power reflection coefficient ‘Sﬁ‘ =|-+| =|—=——=— .conjugate match Z, = Z,* - ‘S ‘ =0
a; Z,+7Z

_1 sy = Lo P —lb L
Bn,i_zRe{Vili} 2(‘ai‘ ‘bi‘)

< traveling wave along the line with real Z

czl:\/l/;*—j,l)l:\/VZiI/v V++V_ \/Z_Oi(ai+bi)’]l_V;+_V_
>a+h=—r.a a,-b =17, —»a =172l Vim 4

b _Vi-Z,d, _Z, -

S, =—+t= Zy ~,impedance match Z, = Z ,
a V.+Z7Z 1 Z +Z,
4-24




/ 4.4 The transmission (ABCD) matrix

» Cascade network

L 4, VE;
0+ A B 0+ A B :
Vi - c b Vz._ c b Vs -
V, A BV, A B|| A4 AN

I C D]IZ C DIC D2[3

Discussion

1. ABCD matrix of two-port circuits (p.185, Table 4.1)

2. Reciprocal network AD-BC=1

3.8S-, Z-, Y-, ABCD-matrix relation of 2-port network (p.187,
Table 4.2)

4. Ex. 4.6 i) S

4-25




/ (derivation) Z (ABCD)
4 le Z | 1 4 _ 4 BV,
I/Z Z21 Z22 [ , ]l - C D ]2
_h A4k _A
Lj,, ¢ C
, V| _aveBL] %
12—
—1, =0 —1, 1,=0 1 1,=0
D) _p_AD-BC
C C
2 AN
2= Tonapl T cC
11,=0 2 TPk 1,=0
D
2= L. _o—cr+pr
Li,, C
K 4-26

|

—B,1,=0=CV,+ DI, —)—K—B

1

C

~

symmetrical network
Z,=2,,>A=D

reciprocal network

le :Zzl
AD—-B
C=l —>AD-BC=1
ek B




/ (derivation) S (ABCD)

_ Sii SIZ_ a || N B 4 B\, n=n+r _)V1+:(V1+Zol1)/2
bl IS Sp,|lal|lL] |C D|L[L=W-V)Iz V =(V-2ZI)/2

Snzﬁ V| _V-ZL| _AV,+BL-ZCV,-ZDI,
|, 4 v VWAL, AV, +BL+ZCV,+ZDL)|,.
A+BY —CZ, —D 1
T A+BY +CZ +D vy =0
V| 4 oWh=0LZ,1,=VY,
I
ol Wl iFZ1)/2 AV;+BL+Z,CV,+Z,DL,
LW, o)
 A+BY +CZ, +D

K i ok T ﬁf;gf_ss%




N

_n Vo=le+Vy  _Vi=0h=21)/2
a2 al :0 I/2+ I/1+ :0 _]2 :(I/2+_V;_)/Zo 1/2_ :(V;+Zo[2)/2

=
(I
Hﬁ

y, ] a[p 8]V
, = — ,A:AD_BC
V,-21)/2|L | Al-C 4],

~

_ 27 _ 24V,
(DV.—BL+Z CV.—~Z AL)/A DV +BYV +CZV.+ AV,
_ 24 I -1,
A+BY +CZ +D > ——
Z |4 v, Vi=—12,,I, ==Y,
L
bl K| _mezl, DV-BlezChrap VTN
&),y Wy VB2l DK-BL-Z(-Ck+dl) |°n="2A4=P
1 1 reciprocal
"DV +BYV+Z,(-CH+AYN) _—A+BY,-CZ+D | o o
DV +BYV,~Z (-CV,+AYV,) A+BY +CZ +D v

s ok T ﬁf;gf_ss%




/ 5. Example

t1

-

N

—

[S] representation can be obtained from

: : : . measurement or calculation.
coaxial-microstrip transition

(a linear circuit)

Zoc [S] Zom

—— (VN

Zoc Cl—

—— C2 Zom

Ou——

———

one possible equivalent circuit

4-29
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/ 4.5 Signal flow graphs

* 2-port representation

atr 521 b2
al —» S «— a2 :
hL+— [5] — In S11 [ S22
port 1 port 2 b1 S, %
b, B S, S, || b, =a,S;, +a,S,
b, S, S, || a, b, =a,S, +a,S,
RL at port 1:-20log|—| = -2010g‘S11‘
a
b2
IL from port 1 to port 2:-20log|—| =-20 log‘Sm‘
a




/ Discussion 7
/ e =V : %

1. Source representation Yz vz 7

Zs .

— s

Vs rC —nn’® . = 1
. «— b1 I3
b1

2. Load representation

b2 —
)FL /L | /L
a2

az

3. Series, parallel, self-loop, splitting rules (p.191, Fig.4.16)

K sl B T B3




% 4. 2-port circuit representation \

ds ar g, b2
Vs Zs — * ¢ > >
I St S22 s
FSC )Fin (5] | rou QFLZL S ‘
¢ . b1 S12 a2
S.S.,. I
bl :alsll+a1S21FLS12(1+Szer +...)=a1S11+a1M as al
1-8,,1",
—> I :b_lz S 4+ SIZSEIFL FS Fll’l
in 11
al 1_S22FL
S.S.T b1
b2 = a2S22 + a2S12FSS21(1 + SIIFS + ) = a2S22 +a, ﬁ bz

b S.S,. I
[ =22_-§ 4127217 §
“a 22 1-8,,1 [ out I'L

a2
K 4-32 i ) S = /




/ 5. TRL (Thru-Reflect-Line) calibration \

T

-

i D

| do bl : | a2 b3 :
: ® > o ® > o : ® > o i
| e10 ! S21 | e32 :
I A 1 A I 1 1
- Leoo en S S22 L len e3s :
1 1
! eol ! S12 ! e23 !
i L < L L < L " L < L :
! 1
" bo al b2 as

6 unknowns to be solved
T: Through — 3 egs., R: Reflection — 2 eqgs., L: Line — 3 eqgs.
= R (I') and line length (y/) can be unknown

i %%%&ﬁi//




/ Calibrators ,

T: Through | ,
— 3 egs. ! X y |
R: Reflection I
—2 egs. | o |

5 X L y |
L: Line : EGXP(YZ)E '
— 3 eqs. i E E !

T

Requirement: connectors and line have same characteristics for 3 calibrators
KLimitation: operation bandwidth 20" = 51=340°

a4 ek © ﬁf;;s_y




%{ —matrix (wave cascade matrix) \

b | |R, R, ||q

Ll}_{Rzl sz Lj

[R]{R“ RIZ} _ 1 {SIZSZI—S“SZZ SH}
R, R,| S, =S, 1

error matrices [Rx]:{x11 xlz} : [Ry]:{y“ ylz}

X1 X Yo Vo
0 1 1 O
Through: [ST]:{1 O}—) [RT]:L) J

. 0 e e 0 .
Line: [SL]:LW } > [RL]:{ ) l/eyl} Reflection: I

Thru measurement: [R, . |=[R.] [R;] [Ry]:[Rx] [Ry}

Line measurement: |R  [=|R.| |R R
K T - z%;ﬁ%&:iy




N

-

—

1_[p 11 1T -1 110
[M] [Rx_ = _Rx_ _RL]’ [M = _RmL] [RmT] = €y, p
11
R [N1=[R ][R Nl=[R TR %
[ y} [N]=[R,] i y}’ [N]=[R,;] [R.] = e
€
. e el
reflection measurement at port 1 I, =¢,, + ——
l—e I’
. e,.e, 1’
reflection measurement at port 2 I, = ey, + ——>—
l-e, I
FWIX
r '\ = Ambl —
my €115 €225€10€015€2363; €10€325 €236
12mT
IﬁmT,
= €105€)15€235€3,
= I e




m ailed derivation)

[M][R]=[R][R.] >

my,

my,

e N _’Yl
My Xy, +mpXx, = X,€

_ -l
My Xy +MyXy = X,€

_ -yl
m X, +m,X, =X, /e

_ -l
[Ty Xy + 1y Xy = Xy /e

[Ry}[N]:[RL][Ry:l —

-

Vi
Va1

_ -yl
Vil + Vi = Ve
_ -yl
Yol T Vo lty) = V5@
_ -yl
Vil + YVioly, =y, /e

_ -yl
Vo1 t Vol = Vo /e

—yl
Mp |l X X2 | [ X1 X2 || € 0
— )
My, || X1 Xy Xop Xy 0 1le
X X X e .e
1132 1 _ 1 10€01
_)mzl(x ) "‘(mzz_mn)x m, =0 o €00 — .
21 21 21 1
—
X X X
12 \2 12 12
— my, (—=)" +(m,, —my,) —my, =0 =€y
X2 22 2
Yoo ||y M| (e 0 Y i
_yl
Yo [T Ny 0 1/e Yo Vo
V112 i _ i €363,
= 1y ()" + (g, =1y )=, =0 €5+
V2 Yo N Y2 22
Va1 N2 Vo1 _ Yo _
= 1y () + (nyy —myy) == =1, =0 =6y
Vo YV YV

4-37




e.e.l 1 b-T e . e
_ 10€01 _ mx _ _ 10€01
me—e00+—F—>F— T (b=¢ey,a=e¢ey— )
— € é,d—1 ,. €
e .e.. 1 1 d+T e, .e
<Fm 2833%—&—)[’: mx,(d:—€33,C:—€33+ 23 32)
4 l—e I e, c+ 1 e
€5, 22 mx 22
€, € 1 b-T
_ 10€01€22 _ mx
FmT_eOO+1 —> € = Ia
L — €165 €, d—1 ,,
b-I c¢c+1  b-T 1 b—-1I
2
— € = - = ey, = ml »€10€01 = (b_a)en»ez3e32:(c‘d)e11
-0 d+TI a-T e, a—
a mx mx mx 11 mT
g €65
21mT ~—
% -ae ~S. -S_
= e85, =98, r(1—¢eey),e5¢,, =S, (1—¢,e,) = ¢,¢,,6,;,e,
€,3€0
S ==
L — €€y,
1 b-TI . ol m
= ['= m ..(also for ¢, selection), e =m, +—=
ell a_me

4-38




/ 4.6 Discontinuities and modal analysis

 equivalent circuit components
AE=C, AH=L
constant E (V) = parallel connection
constant H (I) = serial connection

Discussion
1. Microstrip discontinuities

— Coc

open-end gap

K 4-39




L2

L1

C _—Ls

T-junction

bend

4-40




4 O

2. Microstrip discontinuity compensation

W a
r/

3w a=1.8w

swept bend mitered bends

mitered step mitered T-junction




/ Solved Problems \
Prob. 4.10 Find [S] relative to Zo

[ o
(a) Zo S, =85 =0
_ _ Bl
¢ e S,=§,=¢"
/ , _h__ vetsve™ 1400
" I, 1 (V+ej[31 _V—e—jBZ) 0 I—F(O)e_jzm
ZZ o o
(b) * : :
270 F(O):Zo_zzo :_l
° ° Z +27, 3
+— Z e 1 1 e_]zﬁl
Z 2 -1
Lo 2Zo Zo o Z,+72, 1 1 jopi 3 1 o /2B
2 +1 3

@
|
|
O 2 ~ =h 2y ¢




=V +V=Vra+S))
V,=V'+V =V '1+T(0))

1 . .
— e J2PpI eJBl _

= Vz_
4
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/ Prob. 4.11 Find S21 of [Sa] in cascade of [Ss]

[
»

> 4
>

» T
L

DIS,,[" +]Sp| =0.8 %1 lossy
(2)[S]symmetrical — reciprocal
(3)return loss at port 1 =—-20 log‘Sn‘ =—-201log0.1=20dB

(4)insertion loss between port 2 and port 4 = -20 log‘S24‘ =—-201log 0.4 =8dB

4-44

Qhase delay between port 2 and port 4 = 45°

S21A S21B
S11A ] S A)SIIB" $22B
S12A S12B
o< ® o o
Prob. 4.16 [ 0.1,90° 08.-45" 03/—-45° 0
0.8/ —45° 0 0 0.4./45°
0.3/ —45° 0 0 0.6/ —45°
0 0.4.,45° 0.6/ —45° 0

~

A QB
S21S21

S =
T1-85S]

&%%&%%//




(b [ 0.1£90° 0.8£-45° 03£-45° 0 |
b, | [0.8£-45" 0 0 0.4245°

by| [0.32£-45° 0 0 0.6£ —45°
b, | 0 0.4,45° 0.6/ —45° 0

b, =03/-45,
b, =0.1£90°a, —0.3£-45°b, =0.1290"a, —0.09£ -90°q,
S, =ﬁ=o.09j+o.1j:0.19j

a

K 4-45

/ (5) Reflection at port 1 as port 3 is connected to a short circuit \

al i

0

_b3

O -
i ) e =




/ Prob. 4.18 find [S] of the junction

@
ZO] Vl - « V2_ ZOZ
Vl_ <+ —> V2

I/l_ /\/ Zol ZOZ - Zol S V2_ /\/ ZOZ Zol - ZOZ
— s D22 = =

I/1+ /\/ Zol - Zol + ZOZ \/Zo2 Bl Zol + ZOZ

B ZOZ _Zol 2202

S = = —
I/I’L /\/Zol ZOZ + Zol V2+ /\/ZOZ Zol + ZOZ
G, - VilNZox — 2Zo> Zot  2\ZoZo2 (p.63 (2.51)?)

VAW = V> =l Si=l4 _
1

Vi INZa 2Zot NZo2  2NZoZoo g
= = = J21
V2+ / ZO?_ Zol + Z02 \/Zol Zol + Z02

Zol _Zo2 2Zol

S =

V+ ZOZ + Zol B Zol + Zo2

'°'V2++V2_:V1‘—>Vl_=1+Szz=1+ —

2

K 4-46

V+ Zol + Zo2 B Zol + ZOZ

Vi ) S ﬁ*’é’{iy




/ Prob. 4.3

0 find P2/P1 and P3/P:

b2 \
; )12

4-47

1-r,r,szf

a
1[0 s, o] | Dr. P bi
— —— Si2 az
S, 0 S S
P 12 23 - bs
—4 o S, o] | DOTs ps S23 Ty
Sil, S S,IT,S as
b = 12 —al. _ 12 _ 12 23
=aTrpsr s Wb e T b =a T s
Ho_ ‘bz‘ —\az\ ‘b‘ (I- ‘F ‘ ) ‘Slz‘ (1—\1“2\ ) _ ‘Slz‘z (1—\1“2\2)
2 2 2 2
A ‘al‘ _‘bl‘ ‘al ‘1 r,r,s? ‘ (1— ‘SIZZFZ‘ . ‘1—1“21“35223‘ _‘S122F2‘
11,187
ﬂz ‘ba‘z _‘as‘ ‘b ‘ (1- ‘Fs‘ ) ‘Slz‘z ‘FZ‘Z‘SB‘Z (1_‘F3‘2) _ ‘Slz‘z ‘Fz‘z ‘523‘2 (1- ‘Fz‘z)
P 2_ 2
N L e

Suggested homework (due 2 weeks): 9, 21, 25, 28, 29
ADS examples: Ch4 prj
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