11.Coupler and divider

11.1 Magic-T

11.2 Directional coupler: metallic hollow waveguide
11.3 Design of a strip line hybrid

11.4 Directional coupler: coupled dielectric waveguide
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Magic-T

4 port reciprocal circuit:
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Magic-T

port 3 and 4 are isolated. S, =S,, =0 4
port 3 and 4 are matched. S,, =S,, =0 1 2
_Sll SlZ S13 S14 ]
SlZ S11 S13 Sl4
S35 Si; 0 0
1S, S, |0 0|
loss-less: SS' = | (¢ o L 1
( 2 2 2 2 S. = 1 j(/) \/E \/E
Sual +[Swa +[Sus|” +[Sue| =1 o \/E o o L+ _1
2 _ J2 2
18l =1 =) s, - Pl L
2/S,,|" =1 \/E J2. 2
) Si1 =35, =0 1 1 0 0
V2 2 |
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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, +[Suf =1
Syl +[S| =1
Sia| +[S|” +[Ss
Sua| +[Sa| +]Sus[\=
S.S,, +S,S,, =0
S.S., =0

S8, =0

S,.S,, =0

S,,S. =0

S1:S1: +S55S, =0

=)

Ioss-less(::jjj1

O S13 S14

O S 23 S 24
S 23 S33 O
S24 O S44

11S55]" +[S5a] ]+ [Sas|” +[Sa|” =2

S|’
S14 ‘823‘
[Si5]=152
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1S, +[Suf =1
Syl +[Su| =1
Sia| +[Sa| +[Ss| =1
Sua +[Ssa| +[Sua| =1
S..S,. +S,S,, =0

‘813‘ - ‘824‘

Si3 =9y =

*
> S23 - _514

S.S., =0
S,,S. =0
S,.S,, =0
S,,S. =0

\813814* + 823824* =0

S14 = JIB
st — (_814)*: J,B

Directional coupler

0 0 S5 Sy

0 0 S, S,
S13 S23 S33 O
_814 Su 0 Sy
(0 0 a jB

0 0 jJf «

a 8 0 O
if a 0 0

1
a=p= R 3dB coupler
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Design of a strip line directional coupler

1 <\ g/4->] 43 even odd
12— b 1 1
__|_ -
)Lg/4 a \/E \/5
———L | il 1
N2 | | 42
#2 #4
_bl_ _Sll S21
b2 _ S21 Sll
b3 SSl S41
_b4_ _841 S31
even excitlation
a, =a, :ﬁ a,=a,=0
1 b, b
b, =b, :ﬁ(sll+821)’ 18 :a_izizsll-"sﬂ
1 b, b
b; =D, :ﬁ(831+841) Te :a_j:izs31+s4l

uniaxial symmetry

#1

#3

O— —0
O— —O0
#2 #4
S31 841__8.1_
S41 S31 a,
833 S43 ds
Su3 S33__3-4_
odd excita{ion
& =—a, jﬁ a;=a, =0
b, b
blz_bzzﬁ(sll_sﬂ)’ I, =a—1=a—z=311—521
_ 1 b, b
ba__b4_ﬁ(831_841) Toza—j—a—z=331—84l




uniaxial symmetric structure : S;and I', T

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

S11 :%(Fe +Fo)

1
S21 — E(Fe _ro)

S =2 (T, +T,)

1
S41 ::25(1; __TL)
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How to defineT"and T ?

I
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D)
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O—>0O !

V,) (A BYV,
e ol
'V, AV,+Bl, AZ +B
"1, CV,+Dl, CZ +D

Z,

A+B—CZC—D
Fzzl_zc: ZBC
£+ 2, A+Z+CZC+D

b3_V3_Zc(_|3)_ 2
& VitZcl, A+B+CZ +D
Z C

c

T =
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Design of a strip line directional coupler : F-matrix

#1 <A g/4->| #3

b

—
A g/4l|a ) :>
Al‘_— b
2
1) open (or short) stub:
V, =V,
V2

1, = + 1,
z

1 O
F=|1
Z

. 1
open:z=—jz,=—j—
a

# #4

short:z= jz_ = jl
a

#1 <A g/4->| #3
1| b
T
Ag/8l||a a
open/short
Z(1)=Z Z + JZ_tan fl

“Z.+ jZ, tan gl

(- Al =)

ﬁ
4
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Design of a strip line directional coupler :

F-matrix

2) transmission line of length A /4 ( A =% )

(Vlj: cos [ j—SInﬂ( j
l jbsin Al cos A

#1

< A g/4—>| #3

1_
)Lg/8| a

b

open/short
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G and T for eigen excitaion

even excitation:

a1
1 0o jilfr o b b
[Fe]: _ 1 b . 1 = az a
2 ljb o A8 jjb——| -=
b b
2
AN
1_‘e_ 2 2\ ! Te_ - 2
2, (1 b_aJ 2 [1 b_a]
b b b b b
odd excitation: a 1
1 0\o jif1 o b b
[FO]: ) 1 b 1 = az a
2 M o )4 jlb- =
b) b
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3dB condition

S11 :%(Fe +Fo) =0, S21 :%(Fe _Fo) =0

Sy = —

J

=

E |

1
3-dB ‘831‘:‘841‘:$ |:> a=1, bZ\/E

0 0
0 0
ji 1
V2 2
1 ji
V2 2




Directional coupler : coupled dielectric waveguide

eigen excitation

2 i
X
2

odd excitation:
—
_ 0
waveguide #1 % waveguide #2

even excitation:

%
/ J AN\ \ \

A"« Wl \

7

El(X, Z) = Ee fe (—X)e_j’BeZ n EO fo (_X)e—jﬂoz

E2 (X’ Z) = Ee fe (X)e_jﬂez - Eo fo (X)e_jﬂ"z

f, ()~ f, () = f(X) = f (=)
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Coupled dielectric waveguide : input from port 1

(El(x’ Z)J _ [Tll Ty, ]( E, (X’O)j
E,(x,2) Ty Ty NE2(%,0)
iInput from port 1
E,(x,2) _ Ty T | F(=X)
[Ez(x, 2)) \Tu Tp ( 0 j
fo )~ f, ()~ f(x)=f(-x) E,=E,=1/2
E,(%,2) =Ty F () = E, F,(-)e % 4 B, (-x)e

— . . _ _-/Be""ﬂoz
_ f(z X) (e—Jﬂez +e—1ﬂ02)zcos(ﬁe 2130 Zje 7 f(-x) ~Tu =COS(

PBetBs
ﬂe_ﬂo 7 e_J >
2
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Coupled dielectric waveguide : input from port 2

input from port 2

) E A
EZ (X’ Z) T21 T22 f(X)
El(X’ Z) = T12 f (X) = Ee fe (—X)e_jﬂez + Eo fo (—X)e_j’gOZ
_ _ _ _ _iBetho, . _Petho,
=¥(e‘mez—e“ﬂf’z):—jsin(—’b)e 2'80 zje "2 (x) Ty :_jsin(ﬂe 2,30 z]e 75

E2 (X’ Z) :T22 f (X) = Ee fe (X)e_jﬂez - Eo fo (X)e_jﬂoz
_ _-ﬂe'*'ﬂoz . —'MZ
= Cos(% Zje = f(X) o T, = COS(ﬂe 2130 Zje 75

ﬂe _ﬂo R <F IBe _ﬂo
T12 T22 _ jSin(ﬂe _ﬁo Zj COS(ﬂe _ﬁo Z]
2 2
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Directional coupler : coupled dielectric waveguide

ﬂe_ﬂo
2

T coskz  — jsinkz) -ifre
=l .. e
— jsinkz  CcOSkZ

coupling coefficient : k¥ =

100% coupling : xz=7x/2
O _j _jﬂe+ﬁoz
= e 2
o (_,- 0)

50% coupling : xz=x/4

1 1
I~ _J— 'ﬁe+ﬂ0
T]- \@1 1ﬁ o2

R
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