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7.1 Basic properties of dividers and couplers
three-port network (T-junction), four-port network
(directional coupler), directivity measurement

7.2 The T-junction power divider
lossless divider, lossy divider

7.3 The Wilkinson power divider
even-odd mode analysis, unequal power division divider,
n-way Wilkinson divider

7.5 The quadrature (90°) hybrid
branch-line coupler

7.6 Coupled line directional couplers
even- and odd-mode Zo, single-section and multisection
coupled line couplers
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/ 7.7 The Lange coupler

7.8 The 180° hybrid

rat-race hybrid, tapered coupled line hybrid
7.9 Other couplers

reflectometer
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7.1 Basic properties of dividers and couplers
* N-port network

o @ @ ——* Sy S S 0 Sy
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] @ netl?/vork . Su Sz Sw ¢ ®
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Discussion

1. matched ports » S, =0

2. reciprocal network — symmetric property S, =5,
3. lossless network — unitary property
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/ » three-port network (T-junction)

0 Po= o2p1 P1=0%P2+ ?P3

. P2
PL ()| divider —— ()| combiner =
"| or coupler N “— or coupler
®) py= popy 3) P
Discussion
1. Three-port network cannot be lossless, reciprocal and matched
at all ports.
2. A lossless and matched three-port network is nonreciprocal
— circulator
@ /@ 0 0 T

@) 0 1 0]
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3. A matched and reciprocal three-port network is lossy — resistive

divider.

4. A matched and lossy three-port network can have oo isolation at
two output ports (S23=S32=0) — Wilkinson power divider .
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S12 0 S23

I O S12 S13 |

_S13 S23 O _

(derivation of 1) \
For a matched, reciprocal three-port network

2 2

lossless 2

> [Su|" +[Sw| =1,855S, =0 —>if Sy =0, [Sy|=0 — lossy
Sz +8232:1 S1*2823:O ‘Sls‘zlio

(derivation of 2)

For a matched, lossless, nonreciprocal three-port network

Sz S _ lossless >
0 Sx|— 1S,
Sy, 0] S,,
0 0 I
I 0 0
0o 1 0

2
+S;| =1 S;SSZ:O
+S,[ =1,5.5,=0->
2-1—823221 S;st:O
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S|+ =1 §55,=0 1S,| =1

if S,,=1->S,,=0,5,,=1,5,,=0,5,,=1,5,,=0
if S,,=0-S,,=1,S,,=0,5,,=1,5,,=0,S,,=1

0 1 0@ —(2)




/ o four-port network (directional coupler) \

S, @

Input port P1 —— ﬁ — P2 through port

Isolated port P4 +——— —— ~ P3 coupled port

coupling C(dB) =10 Iog% =—20log \531‘

O —®@ 3 S
= 5.

>< " directivity D(dB) =10 Iog§ =10log Lh_ 20log
< > 1)4 1 74 ‘841‘
@ @ isolation /(dB) zlologgz C+D=-20log|S,|
4
@‘ @) ~ voltage coupling factor C =107 = % <1
. ] 1

N .
directivity D =10Q°P\)/20 |23
I 1@ Y
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Discussion

1. Matched, reciprocal and lossless four-port network — symmetr

h

(90°) directional coupler or antisymmetrical (180°) directional

coupler
0
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p
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0
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p
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2. C=3dB — 90° hybrid (quadrature hybrid, symmetrical coupler),
180° hybrid (magic-T hybrid, rate-race hybrid)
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/ (derivation of 1)

(@)

S I I %!

~

N

case 1: 5, =S,,=0—

For a matched,
S12 S13 S14_
O S23 S24
S23 O S34
Sz4 S34 0 ]

row 2°,3— 8,8, +5,,5, =0—>e’ +e” =0>0+p=x

(a) 90°directional coupler with 8 =¢ =§ (b) 180°directional coupler with 8=0,¢=rx

_) * * *
row 1, 3: 8,8, + 5,455, =0...(3) (3)S12_—(>4)Ss4

0 S, S, 0] S| S| =1 Sp,=8, =
S, 0 0 S, N Stz C Sa 2 :1_>‘513‘ = ‘S24 choose S5 = pe”’
S; 0 0 S, Siz g Sz ‘-1 ‘Slz‘ = ‘S34‘ Sy = ,Bem

0 S Sy 0] S, 2, Sy 21 a’+[°=1

0 a jB O 0 a /0
a 0 0 jp a 0 0 -5
B0 0 a g 0 0 a
0 jB a 0| g 0 F e Oi%iﬁﬁa‘iﬁ*’é?;i%%

~

reciprocal and lossless four-port network
row 1, 2: S.S,. +S,,S,, =0...(2)
row3,4:5,S,+5,,S,, =0..(2)

(1)S2,—(2) i

— S:4(S13‘2 _‘S24‘2) =0

SZ3(‘S12‘2 _‘534‘2) =0

row2, 4" S1*4512 +S§4st =0...(4)

2 2
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Isolated port P4,0 ~——

(1)S2,—(2)S;3
%

row 1, 3: S.,S,, +S,,S,, =0..(3) <3>S12_—<)4>sa4

S1a

N (1) : jﬂ(_st +S1*4) =0

(3):a(Sy +S:4) =0

@

/ (0 S, S5 S| rowl,2:8.S,.+S,8S,, =0..(1)
S, 0 S, S, _, row 3,4:8,S,;+5,,5,;=0..(2)
S13 S23 0 S34
_Sl4 S24 S34 O _ row 2! 4*: S1*4S12 +S;4S23 = 0(4)
case 2 if ‘Sl?,‘ :‘S24 choose §, 3 = S, = j

‘Slz‘ = ‘S34‘ Sp =S8y =a
(@) S, =S,; =0—directional coupler as case 1
(0 0 0 S§,]
0 0 S, O
b)a=p=0—>
o S, 0 O
S, 0 0 0]
Input port P1,1 —GD> ﬁ

" P3
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3

, two decoupled two-port networks

—— P2 through port, o?

coupled port, B2
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/ 3. directivity measurement \
If C=20dB, D=35dB, RL=30dB(require <35dB)

@ 5, 1
For \F\<—
D

\2/
) o
. = - /T
@1 @ 304 with the use of a sliding load |I'|e’

C
20d 4 v 55dB_ P4max :Pl(B_i_C‘F‘)Z
- > -
—%SdB -50dB b C iy
153 (C ,-20dB)—>4 (C/D,-550B) imin = R =€)
V. C
V. =CV,t, D=2 Sy =_—_yp* _ 2 _| B _ D
3 ! V. ) D h=CHhM= P _1+\F\D

4max

1524 (I'C,-50dB)—>3 ("'C/D-850B)

CT P,.. L1+/I'|D
Vo~ CTV, (= CTN1=-C2V ), V) AL /}% _ =1_HD

2m

l4 =D=M
CFV1+ m+1
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e lossless divider

Y]Blll

)ZO —> _j
'

_I_
Z, Z, Z,

/ 7.2 The T-junction power divider \

© AC
wc

— B =0 "not practical"

= A lossless divider has mismatched ports.
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1. Ex. 7.1 Z0o=50Q, P2:P3=1:2, calculate I'2 and I"s.

B:P P = 112 1'1 !
33 7 Z, Z,

> 7,=3Z =150Q, Z, =§ZO = 750

Z =7Z,11Z,=50Q

- 50//75-2Z7, —0.666,F3=50//150_Z3=—0.333
50/175+Z,

50//150 + Z,

2. 1t’s a lossless and mismatched three-port divider, but not good
In isolation.
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Discussion

1. 0 1 17 Z
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iR
in 2 ZO !
— lossy divider

5

=P, =

1
8

Vi _P,
zZ, 4

_ "in
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3. It’s a lossy and matched three-port divider, but not good in isolation.
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/ 7.3 The Wilkinson power divider \

* basic concept

22,404 @) “°
ZO@ e 1 O _j _j
< 270 —=|~ 0 0
< J2 -

V22,074 @ 4

Input port 1 matched, port 2 and port 3 have equal potential
— 27, 1/4

Input port 2, port 2 and port 3 have perfect isolation

=> a lossy, matched and good isolation (equal phase) three-port
divider
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/  even-odd mode analysis

A linear, symmetric network

270 «/EZO,Z /4
M ) S——

Zo Y

even mode_|

= J2Z,,4/4 Zo L
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2V

2V

2V

-2V

even-

odd-

mode excitation




/ even-mode

270 @ \/520,1/4 @ 75 2V

- (-

ﬂ Zine =Zo -

—A\l4
ports 2, 3 matched, V,, =V ,symmetry of ports2and 3> V,, =V
_2-\2 I s S
2+/2 -1

(derivation of V) V(z) =V'e /" +V e/

27— 2w =4 i -z
V,=V'e *4+4Ve+4=re24Ve 2=;y"(1-T)=V
2-2
1+T l+2+ﬁ 4 2
Vi =V 4V =V @4 T) =~V = V=-j—=V=-jJ2r
le ( ) ]1_1_, J 2—\/5 ]2\/§ /

1
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/ odd-mode @ \/520’2/4 @ - 2V \

= 2 S | . =

E— ZinoZZO

§=ZO—>R=ZZO—>port32and3matched, V, =V,V,, =—=V,symmetry of ports 2 and 3
V,,=V N
- _)VZZI/26+V20:2V’I/1€ ]\/—V _)V;.:I/le_'_l/;.o:_j\/il/
I/ZOZV 1o —
Ve =V

Vs =V, +V,, =0
Voo =V

Voo, —jN2r 1
:>S12:#:71 = JZV :_]T:S21:S31:S13

2 25112522:0 2
:>S32:I/3 :E :£202S23

Voo Valgso




/ Discussion

1. 3dB Wilkinson power divider has equal amplitude and phase
outputs at port 2 and port 3.

2. Ex. 7.2 3dB Wilkinson power divider Zo=70.7Q, R=1002.
frequency response (p.322, Fig. 7.12)
3. 3dB Wilkinson power combiner

b , 0 —j —j1T0 —J ﬁ (a, +a)
“ :%>\ bel=5|=) 0 0] la| - 0
“ b, ;i 0 0]|a 0

: 1.1 1
ifa,=a, > F :E(E‘az+a3‘2):§(a2‘2+‘a3‘2):1)2+])3

) 1.1 1
ifa,#a,, B ZE(E‘% +a3‘2) iz(‘az‘z +‘a3‘2)
a, +a, a, —a,
1

— even 2 codd 2 —2xX—

a, +a, a, —a, 2| 2
K 2 e 2 ek TR

2
a, +a,
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/ 4. unequal power division (Wilkinson power divider) \

7 A R2
Zin2 02y @ Zo4 Zo
- \) || ()portlmatch—»2 =7, Z ,
— 2 2
<@ SR D Ny CR
/\A —> })2 Zin3 Zin2

| 2
Zin3 A (3) 1/2 = 1/3 _)ZinZ =K Zin3
Zo3’z ® 705 Zo

R3
1+K°
(0.() > Z,, =W+ K2, 2,0 == -2,
Z
R,=K?R,,R,=KZ, >R, ==2,Z ,=~KZ Z = Z,
K JK

L,y =L Ry :\/K(:H‘KZ)ZO’Zos =\ Z,3Rs = 1+KZZ
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Q




[-22
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/ 2 Z02 Va Zo4 70 \
Zo < )
IR
— N\ V1 p—
R —
—_— ZO
_ R —NN\
11°=0
Zo3 |1 “GND” Zo5 —
]1 ]2 B
- - cosé jZ, sind 0 JjZ, Vi=jZ,1
VZG)VI/l:‘sinH V2| 2|, '
- o’ B URNE cosé L 1L o || ==Ly
® ® Z s
0 925 o 0
v
[l: Vi ’]2: .a ’ﬁ:ZO
.]ZO3 .]ZOZ 12
] +]1_0_I/a I/jl_ :]20212 Z] _][( 02 Zo)
R jZ, R jZ, R Z,
Z .7 . 1+K? . -
s R=Zo2fes 2T Z,,K =1for a 3dB Wilkinson divider
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/ 5. N-way Wilkinson power divider (not in planar shape)
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7.5 The quadratu
* branch-line cou

Port 2 and port 3 have equal amplitude and 90° phase difference

re (90°) hybrid
pler

(L) 2,/42,4/4 (2)

—

Z ., A/4

.

—

Z.,A/4

L

@ Z,/\N2,/4 ®

» even-odd mode

analysis
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odd-mode
S.C.
bl b4 b3

S.C.
bz

N i

o O

i N
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< (32
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™ <

L Q9

_S21

o

T

1
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I'=5,=

cos 0

| jY,sin©

1 0
Yy 1

A . 1 0
= even-mode: 3 open-circuit stub

jZ,sin®
cos O

JY, 1

A . 1 0
odd-mode: gshort-czlrcun stub .

AZ +B-CZ’-DZ,

AZ +B+CZ’+DZ,
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J
C D j 1 V2 j 1 21 -1
N2 0
o L
I I A
0 _]-\/E O_
—»>I =0, =0T = 1(1+j),T— 1

,=0T,=0T =— . =)
| J2 2 T T
| b |

Discussion

1. Unequal power division branch-line coupler uses Za, Zb A/4 lines
(prob. 7.17).

2. Ex. 7.5, frequency response (p.336, Fig. 7.25), BW: 10% ~ 20%

3. Multisection branch-line couplers can increase the operation BW.
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/ 4. Smith chart consideration \

(1) Z,/N2,474(2) (1) Z,/N2,474(2)

1 1 1 |
Z,, 218 g-Zo X o LA z_jz iy

J J open short

@
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7.6 Coupled line directional couplers

e coupled line theory

W S W

— —>

even-mode excitation

AR
R

"H wall

odd-mode excitation

VY,

C12
I
Ci1 — —— C2
L
? ? C :C11 sz
Ci1—— — C22 1
Zoe —
_é_ veCe
C =C,+2C,
2C12 2C12
I | | T }—‘ Z = L
Cui—— — —— Cz2 v,C,
L
—_— w%%&a%//




In general ve=vo (. effe>geffo), for TEM mode ve = vo = v.

2. Zoe, Zoo (W/b, S/b) (p.339, Fig. 7.29 and p.340, Fig. 7.30) for
coupled striplines and microstrip lines.

3. Zoe > Zoo, W/b T— Zoe 4 Zoo ¥, S/b T— Zoe 4 Zoo Tand

Zoe, Zoo —> Zo.
4. EX.7.6 derive Zoe, Zoo of coupled striplines (p.337, Fig.7.26(b))

W eW AbeW W
C11 = + — 7 2 ’C12 — T o
T — b-S5)/2 (b+S)/2 b°-S S
b I s C=0,C=C4+2C,
| = ) o2
W Zoe :i:ZO b >
vC, 4bW\/gr

1 1
ZOO = = ZO
vC, 2W e, [2b1(b% — §?) +1/ S]

\\‘ . %%%&ﬁi//
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e coupled line coupler

ZOe_ZOO 72-
= 0=—=
Zoe+ZOO 2
0 _iW1-C?
_ iW1-c? 0
C 0
0 C

designequations: Z , =7 .|[——

1+C
1-C

7-31
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/ Discussion \
1. Design procedure: given C and Zo, calculate Zoe and Zoo, then

use Fig. 7.29 or 7.30 to find W/b and S/b for stripline or
microstrip.
2. even-odd mode analysis

______________________ B — o — @

- even odd |
i V -V i + — «— +
i 2V £ V3, 13 Zoe, Zoo |4, Va4 %

= ®+ T 4_@

12
V1 V2

even mode: I =15, 15 =15, Ve =VeE Ve =V
odd mode: Iy =—-1g,13 =—13,V,° ==V, VP ==Vy




/ L=[+I =0+ L,=1 =11, =~ I

AR A A A A AT A
Z +jZ tan0 zZ:°

Z;'O - Zoeo - V;.elo — V ’[16’0 —
" Z,,tjZ,tano 2+ Z,
A 22:7° -77
Z :I/l_l/l—l_l/l :Z+ (m n 0) (1)

"L IC+I0 T Z6+Z°+27)
=7 < if2°(=2:2)=2 7 ..(2)

» Z +jZ ,  tano
A e )
22 +j(Z,+Z, )tan®
(Z —7Z )tan©
V?’:‘Vle_‘V:LOZ ]( (;)e 00)
272 +j(Z,+Z, )tan6
Z -7 jCtan©

C oe 00_)1/3:V

(4)
\ Z,+Z, V1-C? + jtan6
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derivation of (1):Z, = % WA Z4u+2, 2,42,
1

I +17 A
Z:+Z, Z)+Z
— Ziit (Zi(; + Zo) + Zi(; (Zii + Zo) _ Zo (Z; + Zi(})’l + ZZO) + ZZZ'(;Z; B ZZO2

Z:+7) +27, Z +7Z +27
2Z2¢7° -7
L2 :)

m i

=7
Z:+Z) +27Z,

o Z +jZ  tan0 , Z +jZ tan0
derivationof (2):Z° 2> =Z ,—* Ll zZ —> I Z00
Z,+jZ tan0 — Z +jZ tan®
ZooZoo=Z, JZ..Z +jZ tan® 1/\Z _ Z Z +jZ tan® 1/,/Z
— ZerOO oe 00 -] oe % \/ oe \/ oe 00 J 00 % 00
Z +Jj\Z Z tan0 1/ Z 6 Z +jZ ,Z tan6 1//Z
JZ,, +jZ, tan0 JZ +jZ, tan® ) :
=727, =77, =2—>Z7Z =Z, ilpmatch
JZ., +JJZ, tan0 (JZ +j,/Z, tan®

/E'H, R hH 2 ?~ ¢
K .34 e X ﬁ’épﬁl—?&/




/ 7 Lo+ JZ,1an0

. A “Z +JjZ tan®
derivation of (3):V =V —"—=V /%
Z +Z 7 Z, +jZ,tano N
“Z,+jZ tan® °

Z 7 +jZ° tan0 UZ, _y Z +jZ tan®

oe o0 oe

X =
27 7 +jZ:tan0+jZ tan® 1/Z,  2Z +jZ tan0+jZ tan®
jZ, -7, )tan®

V=V =V, =V
2Z +j(Z,+Z,)tan®
-7
Z -7 J ?e ZOO tano 'Ctan0
_— — o+ an

derivation of (4):C=—%—% >V, =V 2; = =V ZZ]

Zoe T Zog —2—+jtano® —2—+jtano

Zoe + ZOO ZO@ + ZOO
l C2 _ 1 (Zoe_ZOO )2 _ \/(Zoe+Zoo)2_(Zoe_Zoo)2 _ 2 ZerOO _ ZZO
- Zoe + ZOO - Zoe + ZOO Zoe + ZOO ZO@ + ZOO
'Ctan©

SV, =V —Z

V1-C? + jtan®

POk T B3
K 7.35 /fv(/}iﬂ, v
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(e s momr ™

15 JYoe,0SINGO cos© 15°
S Vo=V Zo S (5)
27Z,C0SO+ j(Zoe + Zoo)SINO
27, V1-C>

Va=Vsg+Vy =V =V
2ol 2706080+ j(Zoe + Zoo)SINO  J1—C2cosO+ jsin®

V4:V28_Vze:0

3. frequency response at port 2 and port 3

A

N C12 . Sa1f

C2 KSBIP

0 T 21 0 L
Vi) S N
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ﬂrivation of (5)
o] [ cos®  jZeeosin® [ coso —JZoeo SING || V17
I¢° || jYoew sin® coso 12” | = jYoeosin® coso I’

Zo +jZoe,o tane V Zo COS@+]ZoeoSIn9
220+j(Zoe+Zoa)tane 220 COSO+](ZOE+ZOO)SIne

e,0 __
1 =

Ile _ V ,Zl.‘il — 7. Lo+ ]Zoe tan ©
ZL+Zo Zoe + jZo tan 0
A vV vy Zoe + jZotan @
! Zl-i +Zo Z ZO +]Zoe tane Z Zoe(Zo+jZoe tan e)+Zo(Zoe+jZo tal’l 9)

Loe + ]Zo tan 6
Zoe + jZo tan o 1/Zoe _y 1+ jNZoo | Zoe tan® v COS O+ j~Zoo | Zoe SINO

2Z0eZo + (22 + Z)ANO 1/ Zoe 270+ j(Zoe + Zos)tANO 270 GOS0+ j(Zoe + Zoo)SiN 0
coS 0+ stm 0
27,C0S0+ j(Zoe + Zoo)SINO
= V5 =c0SO0V,’ — jZoeo SINOI°
v (Zoc0S0+ jZoeon SINB)COSO v JjZoe.0 SIN O(COS O + jmsin 0)
27Z5C0SO+ j(Zoe + Zoo)SINO 27Z5C0SO+ j(Zoe + Zoo)SIiNO
ZoC0S20+ jZoe,o SINO — jZoe,0 SINO ++/ZoeZoo SIN2 O
27Z5C0S0O+ j(Zoe + Zoo)SINO

% Zo
2Z0C0SO0+ j(Zoe + Z0oo)SINO

— [/’ =

=V
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/ 4. selection of line length \

o-Z -2 O=r1—>1=2
2 4 2

=1 V=1

Vo=—J 1_C211)2:(1_C2)Ii V,=1

V,=C,P,=C’P, V,=0

V,=0 V,=0

0 = % .V, and V; have 90° phase difference — quadrature coupler

5. In general vexvo - Be=00, coupled line coupler is suited for a
weakly coupled coupler.

6. C=3dB —» Z0e=120.7Q, Z00=20.7C2 — S becomes not practical
and coupled line theory is not applicable — Lange coupler




er=2.2, Z0=50Q), f=3GHz.

/ 7. Ex.7.7 design a 20dB coupled stripline coupler, b=0.32cm, \

C=10"""=01- 7, =55.28Q,7 = 45.23Q
from p.339, Fig. 7.29, W /b =0.809,5/b=0.306 > S =0.098cm
frequency response (p.346, Fig. 7.34)

» multisection coupled line coupler
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/c« 1, N :odd \

: . V, jCtan® jCtan©
single section = ~ .
Vi J1-C*? + jtane 1+ jtan®

v, V1-C? 1 o

Vi \1-C?cos®+ jsing COSO+/sin6

= jCsinBe™ "’

multisection 2 — jC,sinBe ™ + jC,sinBe e /?° +....jC, sin Be e /2O
1

ifC,=C,,C,=C, ...

Vs = j2sin0e "’[C, cos(N —1)0+ C, cos(N —3)0 + ....+%CM],M - N2+1

4
c=Y20=-1 Loysc s
AU

1

K 240 ek 7 ﬁf;gs_%%




/Discussion \

1. Ex. 7.8 design a 20dB coupler with binomial response, N=3,
Z0=50Q2, fo=3GHz.

C =|-2{=2sing[C, c0329+;C] C,sin36+(C,-C,)sing
1
2
acl _o, TC _10c,-c, =0, c(F)=C,-2C, =10® 0.1
d@ 9=" d9 o=" 2
2 2
LG=GC= 0.0125 - 7} =Z7Z> =50.63Q,Z =Z> =49.38Q

C,=0.125— 7? =56.69Q, Z° = 44.1Q

frequency response (p.348, Fig. 7.37)

K - Bk 7 ﬁ*’é;iy




/ 7.7 The Lange coupler (interdigitated coupler) \

@X/4@
5 0
>>>
@ ()
o -2 O ®
===, —

Unfolded Lange coupler

\ _ ek § ﬁ*’é’{iy




@ @ odd

«— o E—

—L—

@ Zed, Zo4 @

© (4) nearest

DE— — neighbor
L, g Zed oupling

@ Cm @
L -
K Cexy Cox ¢ ¢ hac

7-43

- Cex — Cin ]

/four-wire coupled line model even + + + +

approximate two-wire coupled {ine model ¢ ~c +cC in series with C

+ - +
Cm Cm Cm
e
—Cin] T Cex
~Cex —
- Cin ~ Cex _%
c,+C,

Ce4 — Cex + Cin
C,=C, +C +3x2C,




//j#mantc -C.+C,,C,,=C,.+C, +6C, \\\

2-line model:C,=C,.,C, =C, +2C,
_C.(BC +C,) c o C,(3C,+C,)

= G c,+Cc, ' C+C, -

T S N T
_4c-3+\9-8C"

Z = ZﬂzﬂxﬁsZ“_Z“—a M ZCJG_CHG+C)(:3WfS

’ Ze4+Zo4 4C 3 \/9 8C2

g “2cJar0)it-0)

00 0

Discussion
1. Lange coupler is suitable for wideband 3dB 90° hybrid, and MMIC
design uses air bridges instead of bond wires.




C. ~C. — Cexcm
I : TT CurC, C C
derivation of (1) :4-line:C,, =C_ +C,, = 2C, ——=—"1—

o C, . +C,
2-|IneCe = Cex’Co = Cex +2Cm - Cm — CO ;Ce
c 6.-C
¢ 2 cc,-c: 2c:+2C,C,-CC,+C? C,3C,+C,)
Ce4:2Ce_ :ZCQ_ p— =~ = < £ e € 0 €E = ¢ € 0
C—}—CO_Ce Ce+Co C3+Co Ce+Co
‘ 2
2 2 2
C.=C. +C +6C = C,(3C,+C,) +3(C. - C) = 3¢, +C,C,+3C, -3C; _C,(3C,+C,)
¢ +C, C,+C, C,+C,
derivation of (2):Z, = 1
vC
1 1 1 C,+C, 1/vC,C, 1 1/vC,+1/vC, Z +Z,
= Ze4 = = = X = :Zoe—
vC,, ,C.BC +C) vC,3C,+C, 1/IvC,C, vC,3/vC,+1/vC, 32, +Z,,
C,+C,
, 1 1 __1 ¢+¢, 1veC, 1 1vC +1vC, ., Z,+7Z,
* e, ,CGBC+C) v, 3C,+C, 1vC,C, vC,3IvC,+1IvC, "3Z,+7Z,
C,+C,
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/ 7.8 The 180° hybrid

e rat-race coupler

~

(1) input port 1

port 1match — /2Z Z =~/2Z,

E/I —i/l = l——) port 4" GND"
4 4 2

or isolated port
(2) input ports 2 and 3
— port 1:X port, port 4: A port

0 1 1 0
-j|1 0 0 -1
J211 0 0 1

0 -1 1 0]

e %%%&ﬁi//




%Discussion

1. even-odd mode analysis

@

12 172 @

A
— .,/ 2
12— @O 7 V2 @—.Te
Ie <—_|_ —
A2 SN
8 0.C
O.C.
A
- © 2 @ —
ITo «—
A2 3t 2
8 sC. 8
S.C.
o ek ® ﬁf;gf_;;%




0 jzZ
jY 0

~

{ }even - mode open - circuit A/8 stub
{ }even - mode open - circuit 34/8 stub

1

{ } odd - mode short - circuit 4/8 stub
jY 1
1

0
{ , } odd - mode short - circuit 34/8 stub
| LJY, 1

4 ek T B /




//7 ﬂ43} 100 20 - *\\

1

N
l
|
%“\. (@)
|

1 1
5 5
2
ERIE VAN PR PR
o |2 2

0
C D 1L 0 1 21
e w0 e T b

—)Fe:—i FOZLTe:—L TOZ—L

J2©o o 2 V2 V2

b =0br=—t ba=—-t b =0

J2

2. Input port 2 — ports 1, 4 180° phase difference, port 3 isolated port
input port 4 — ports 2, 3 180° phase difference, port 1 isolated port

\\‘ 49 %%%&ﬁi//




K. Ex. 7.9 3dB rat-race hybrid Zo=70.7Q2, BW 20~30% (p.357, Fig.?.b

4.
b, | 0 1 1 01 0] [ a,+a, |
o A | A R
sl 20 0 o0 1lla| V2| 0
b, o -1 1 0]o —a,+a,

5. Unequal power division rat-race coupler uses Za, Zb lines




/ « tapered coupled line hybrid

2@ 7,)2,(2)=2

1/2 -1/2 Zo @ b2 —ire—lro
. 2
even odd@ Z,(2).2, (Z)‘: i beo L7y % T
12 2 Z, - 11
tapered uniform @ bs = —Te+=T,
input at port 4 coupled line  uncoupled line = 2 2
Z /k bl bz bs b4
Z, b, b b, b,
% b, b, b | b,
0<k<l1l . |5, b b | b
coupling factor L 2L z - -




NS
9 J
@  z.4 §% 2z @
[ 9 | 9
Z /k
Odd mode ].'\/%
[ 9 L J
@ Zo’ﬁL % % Zo’ﬁL @
[_ 9 ® 9
A B cos® jsinB VE 0 cosO ;jsin®6
= . 1 . (p.185, Table 4.1)
C Dj|, |[jsinb6 cos6 0 —||jsin6 cosH
| kL
Ji cos? 0 ——_sin? @ j(\/z+i)sin€)cos€) r - A+B-C-D
_ Jk Vi N * A+B+C+D
1. . : 1 2
'(Wk +—=)sin0cos® —+/ksin®0+——=cos’0 =
_‘](\/_ \/E) Vi Jk A+B+C+D




o ey

C D jsin® coso o Jr jsin® coso
icosze—\/zsinze j(\/E+i)sinecose rO:A+B_C_D
_| VK Vi 0 A¥B+C+D
. 1 . 1 -2 2 2
](\/E+T)smecose ————sin? 0 ++/k cos’ 0 T =
] k Jk | A+B+C+D
or e emn e -t
T ke ' il
= b =0=8,b, = — ¢ =—ae =5, 21 21
\/_ + bZZEFe_EFO
3:ﬁe_j29EBe_jze:S34’b4:O:S44 1 1
k+1 bSZETe‘FETo
2 2
o +[B[" =1

b4 == l1_‘e + £];_‘0
2

2




4 R

Input at port 2 = inputatport4 — S, =S,,,5,, =544,55, =S4,5, =S,
reciprocal — S,, = S,,,5,, =Sy,

input at port 1> T, :ﬁe‘fze,l“o _ KL
k+1 k+1
= b= (1, 4T,)=0=S,,b, = ([, ~T,) = ¢ =ac ™ =5,
Input at port 3 = Inputatportl— S, =S,
(0 B o O]
. 0 0 -«
~[s]=e| P
a 0 0 B
0 —a B 0

K e Bk 7 ﬁf;;ﬁay




/  waveguide magic-T \

(4)a
®
@ 4
® s @
@ I — @ @ - ) @

input at port 1 input at port 4

port4: 0 port1: 0

port 2 and port 3: equal port 2 and port 3: 180° phase

i difference .
\ amplitude and phase e Bk T Rk y




/ 7.9 Other couplers

e reflectometer

I —
VI=C+£F e’V Cicr e
D D
1

v \F\J_rD

a = ,as D —»> =
V. max,min _‘F‘ i

i | 1+

D




mrob. 7.3 Two 90° 8.34dB couplers are connected in cascade, find SZ.A

D10 Or—=®

v

B

v

"

A

@ B ® @

C =8.34dB = -20logp — B=0.383,0° +pB* =

=2jaBV," =0.707£90°V,"

Vi = OLV4+' + jB V1'+ =aV; + jBr, = a (/B V1+)+ jB(aVl+)

Vy, =oV,: + jBV,. =aV, + jBV, =a(aV, ")+ jB(jBV

iB )
1> a=0.924

4

=(a® - B*)V, =0.707V" < @
V,., =0

= 3dB quadrature coupler
connection problem in microstrip circuits

K 7-57
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/Prob. 7.17 Design an unequal power branch-line coupler

inmnnmmh@;:%G}+I})=O—+l—£§+£§=0ma)
a

Suggested homework (due 2 weeks): 4, 6, 8, 28, 29, 33

QDS examples: Ch7_prj

7-58

e i 0 Ly
a
Za - Za 0.C. a i 6; sC. a
L N (even mode) ¢ = =« p = =2 (odd mode)
ZO ZO
(4 B] _{ 1 o“ 0 ij 1 o}_{ ~bla jb }
C D, |jla 1] jlb 0| jla 1 jlb—jbla® —bla
(4 B] _{ 1 o}{ 0 jb“ 1 o}{ bla jb}
C D| |—-jla 1|jlb 0] -jla 1| |jlb—jbla® bla
_ j(b-11b+bla?) _ jb-1/b+bld?) - 1 o1
© 2bla+ j(b+1/b-bla®)" ° 2bla+ j(b+1/b-bla®) ¢ —bla+jb ° bla+ jb

1 —J 1 -1/a 2 2 o
b,==(T,+T)=—L b, ==(T.-T)=—— P =aP, > b =alp,] =1=— > a=+Ja
? 2(8 ) b(l+1/a?)" 2(8 ) b(l+1/a®)’ ? adid o4 a’
Wob=—r>=zt_= |2 =7 =oz,2,=|—2

1+ a? 1+a 1+a

~




