11.Coupler and divider

11.1 Magic-T
11.2 Directional coupler
metallic hollow waveguide

11.3 Design of hybrid in a strip line

11.4 Directional coupler composed of coupled dielectric
waveguides
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Magic-T

port 3 and 4 are isolated. S, =8,:=0
port 3 and 4 are matched. Sy =8, = 0
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Directional coupler

reciprocity - symmetry of S
matched at port 1 and 2
port 1-2, port 3-4 are uncoupled.

1S,|” +]S,[" =1
st‘z +‘S24‘2 =1

S| +[S|” +|S;

Sﬁf+wa+wM‘:
1SSy +SuSy =0
SSy =

S,S, =0

S,.S,, =
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1SSy +S.S, =0
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S13 S23 S33 0
% _S14 Su O S44_
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Se =84 =0
+[S,]" =1
S :‘st‘
Sis| =[S



Directional coupler

(S13‘2 +‘S14‘2 =1 0 0 Sy Sy
Syl *|Sn|” =1 5= 1521 Siw Sp Si O
Sial? +[Saf? S5 =1 - Su Su 0 Sy
S5l lsuff=1 00 T []

S:Sn +SuSu S0——» § 23" = O

S:Sx =0 (0 0 a jB
S,S. =0 S =JB 0 0 j8 «a
82383{ =0 Sy =(=Sw)* = JjB a jB8 0 O
S,S, =0 B a 0 0

\813814* + 823824* =0
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Design of a strip line directional coupler

#1 [« Ag/4->] #3 even odd
l9— b | 1)1
. 2| |2
a
L | Ll
2 2
#2 #4 V2 V2
_bl_ _Sll S21
bZ — SZl Sll
b3 S3l S41
_b4_ _S41 S31
even exciteition
a1:a2:T a,=a, =0
2
b =b, = (S, +5,,) r=b_b_g 4
1 2 \/E 11 2171 e a]_ az 11 21
1 _by _b, _
by =b, :ﬁ(S31+S41) I, "4 a, =S5+ 84!

uniaxial symmetry
#1 #3
o— —O0
O— —O
#2 #4
Sa S41“a1_
Su Sz |l a;
Sz Su | as
S S33__a4_
odd exci tatilon
a,=—a,=— a,=a, =0
1 2 1\/5 3 4
b, b
b ==b, =—=(S;;—5,1), r =1 -2 =8, =Sy
J2 a a,
1 b, b
by==b, =—= (S35, ~Su) T =2=22=8_-5
ﬁ 0 o 4 31~ P41




uniaxial symmetric structure : S;; and I', T

A uniaxialy symmetric four-port circuit can be treated as
two types of two port circuit.

1
S. =5 +T,)

1
Sy = E(re - I_o)

S =51 +T,)

1
Sn :E(T; _To)
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How to definel and T ?
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Design of a strip line directional coupler : F-matrix

#1 |<—)L g/4—>| #3 #1 <A g/4—>| #3
1—T' b 1—T— b |
Le/4|a [ mﬂ 3 2
| :
— b open/short
#2 #4
1) open (or short) stub:
Vl = V2 .
v, z() = R, 22 S0 B!
I, = —=+1, R, + jZ , tan Bl
Z
1 0
F=|1 ,
Z
1 71
open lz = = jz, = = j— ( ﬁl=7)



Design of a strip line directional coupler : F-matrix

L 77
2)transmission line of length A /4 (Bl :E )

#1 t)t g/4—>| #3

13— b
(Vlj :[ cos j;sinﬁl](sz ).g/8|_a a

fy jbsinf5l  cospfl 1
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0 j—

F = Jb
jb 0

open/short




[ and T for eigen excitaion

even excitation:;




3dB condition

Si :%(re +)=0, S, :%(re -r,)=0

[,=I =0
O1+a®=b"
. 2 - 2
2a 1 a’ 2a 1 a’
-——+j| —+b—— —+j| —+b——
i1; (b bj . b (b bj
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1
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Directional coupler : coupled dielectric waveguide

eigen excitation

VA
2 i
X
z

—

even excitation:;
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/] AN\ \
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odd excitation:
=
| 0
waveguide #1 g waveguide #2

E(x2)=E,f,(x)e"" +E,f,(-=x)e""

B =Ef (e —E [ (e

fe(x)= f,(x) = f(x) = f(-x)



Coupled dielectric waveguide : input from port 1

(El(x,z)j:(Tll lej(El(x,O)j

E,(x,z) Ty Ty \E,(x,0)

Input from port 1
E(x,z) _ I, T\ f(=x)
E,(x,z) I, T, 0
fe)=f,(x)=f(x)=f(-x) E,=E,=1/2

E(x,2) =TLf (=) =E.f.(-)e % +E,f, (_x)e-mz

_ _ B,
T e (=

Ey(x,2) =Tyf (%) =E,f,(x)e "™ ~E, ,(x)e™**
,3 "‘,3 N
=S Ak j f(_x) 0T, = _jSin('Be ;'B" Z)e_jﬂezﬂoz




Coupled dielectric waveguide :

Input from port 2

(El(x’z)]:(Tﬂ TlZ]( 0 j E =-E =1/2
E,(x,2) T Tu )\ f(x)
E\(x,2) =T,f(x) =E,f.(-x)e ¥ +E, f,(-x)e "
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E,(x,2) =T,/ () = E,f,(x)e "™ —E, f, (x)e """
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2" f(x) OT, =—jsin(

DTzz :Cos(ﬁe;'go

input from port 2
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Directional coupler : coupled dielectric waveguide

coupling coefficient : k = . ;'B"
- COskz = jsinkz) %P
= _ e
— JSINKz  COSKz

100% coupling : kz =71/ 2

0 — 3 _.,3@+,302
[T]:( | ’je" 2
_] O

50% coupling : kz =/ 4

11
~ \/E \/E _j,ge"z'ﬂoz
[T]_ _j 1 1 €
J2 42



