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1. Branch-line coupler
2. Coupled-line coupler
3. Lange coupler

4. Ring coupler
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1. Chebyshev, equal ripple

2. Butterworth, maximally flat, binomial
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Dispersion of "Characteristic Impedance " Based on "Kirschning & Jansen™ Model
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Comparison of "kobayashi” and "kirschning & jansen” Dispersion Models
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Multi-Section Branch-Line Coupler with Imp. Matching,Bopt:P2(xxx),P3(o00) Aopt:P2{ __ ),P3(..)
i]

T T T T T T T
I bssingi
= 5
is
=
= 1 s L R e e
=]
15 i i i i i i | fiGHz)
1 1.8 2 25 ] 515 4 45 5
input values: =4 K=20 e=9.8 Zi=50(chm) ZL=50(chm) C=3(dB) select=1 | Error-Bopt=0.0082741
fl=2.5(GHz) fu=3.5(GHz) eps=1e-007 t=0.005(mm) h=0635(mm) Minw=0.010(mrm) | ErmorAopt=0.00026023
initial values: (Al mrm) | Before aptirmization: (All mm) | After optimization: (Al mm) [ "Zo" for each Branch & Line
w(l)=0.0635  I[{1)=4.5 |wi(1=0.78019  I{1)=4 [wi{13=0.01524  I(1)=5.1893 | Zow{1}=136.1242(ohm)
wi2i=0.3175  12)=4.5 | wi(2)=1.0207 I(2=4 | wi2p=0.22545 1(2=5.8383 | Zowi2=74.2958(ohm)
w(d=0.3175  13)=4.5 |wi(F=1.07 I(3=4 | wiZp=0.246 I(3=5.7639 | Zow(3)=72.1286(chm)
wi4=0.0635  1i4)=4.5 | wi4)=1.0057 lid)= 45 [wi4)=0.01524 1{#)=5.222 | Zow(4)=136.1242(chm)
Wil)=0.638  L{1)=8.5 |W(13=0.49542  L{1}F8.5 [W(1)=0.78254 L{1}=0.672 | Zoww(1)=44.0288(0hm)
Wi2)=0.8255  L{2FB5 |W(2)=0.64817  Li2)=8.5 [ Wi2)=1.0852 L2)=B.7746 | ZoWW(2Z)=37.4485(0hm)
Wi3)=0.9525  L{3F85 |W(3)=0.67944  Li3)=8.5 \WG) 1.0485  L(3)=7.8515 | ZoWW(3=37 5637 (ohm)
W=08255 L{AFBSs  |W@EDBIE3  LaFES W=1 0056 L4)=R 9616 | ZoW(4=38 4863(0hm)
WiS)=0.635  LEFES |WiE=0.44123  LisFa.5 WiEE06I67 LI5)=2.7536 | ZoWW(EF46.8075(0hm)
OSe OIF mane g Gl 5L g @it Slaemslinal sl gladli kb oaBgy (Slb VS
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i R o o

= i i

= 1 1

L e s IRCECEEEECECE R EEE R EEEaGEEEEEE

= : i

[, SR S e mmmmmeoooo e

© i i

i smassaisoe aaaeasiats
I I fiGHz)
g 10 11 12 13
input values: pN=3 k=40 er=9.8  Zi=S0(ohm) ZL=50(chm) C=G(dB) select=1 Error-Bopt=7.884

fi=8(GHz)

fu=12(GHz)

eps=1e-007 t=0.005(rmm)

h=0.635(mm) Minma=0.010({mmm)

Error-Aopt=0.050295

initial values: (Al mrm)

| Before optirmization: (Al rmm)

w(l)=0.03175  I1)=1.5605 |w{1)=0.762 I(1)=1.5605
wiZ=0.635 215605 |wi@=12737 (21 5608
wiH=0.03175 315605 |w3=13016  I(3)=1.5605
W=0.635  L(1)=2.851 |Wil}=048387 L{1}=2.851
W(2)=0.9525 L(2=2851 |W2=0.80879  L{2)=2.851
W(3)=0.9525 L(H=2.851 |W(EH=0.8265  L{3)}=2.851
WiA=0635  L()=2851 |W=0.47002  Li4)=2.851

| After optirmization: (Al mm})

"Zo" for each Branch & Line

|

|

|
lw(13=0.010  I{1}=1.5662 | Zow(1)=144 G19G(ohm)
| w(2=0.42268 (2=1.4536 | Zow(2)=59.0823(ohm)
|w(@=0.010  I@F15317 | Zow(3)=144 B19G(ohm)
[WT=0762  L(11=2.7211 | Zowi(1)=44.921(ohm)
|'Wi(2)=13298 (226897 | ZoW(2)=32.8597 (ohm)
|W(E=1.3728  L(3)=25896 | ZoW(3)=32.2126(chm)
| Wi4=0.75008 L41=2.7003 | ZoWW(4)=45 2774 (ohm)
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Multi-Section Branch-Line Coupler with Imp. Matching,Bopt:P2(xxx),P3(oo0),Aopt:P2{ __ ),P3(...)

Coupling (dB)
N

. f(GHz)

12 13

input values: p=3 k=40

er=9.8

Zi=50(ahrm)

ZL=100{ghrn)

C=3(dE)

select=1

Error-Bopt=0. 15401
Error-Aopt=0.0076018

fl=7.58(GHz) fu=125(GHz) eps=1e-007 t=0.005(mm) h=0.635(mm) Mire=0.010(mrm)
initial walues: (Al mm) | Before optirmization: (A1l mrm) | After aptimization: (Al mm)
w{l)=0.03175  I1)=1.5605 |w(1}=0.85861 |(1)=1.5605 |w(1)=0.010 I[1=1.6472
wiZ)=0.3175  I(2=1.5605 | wi(Z)=0.64852  |[Z9=1.5605 | wiZ)=0.24977 |Z)=1.457
wiZ)=0.03175  I(3=1.5605 |w(F=0.47091 |(F=1.5605 |wi{z)=0.010 I{3=1.5671
Wi1=0E35  L(1)=2.851 |W(1)=0.35472 L({1)=2.851 |'W(1)=0.55948 L{1)=2.3086
Wi2=0.34042 L(Z=2.851 [W(2)=0.41181  LE=2.851  |'W(2=0.70238 L{Z)=2.8339
W(I=0.18929 LF=2.851  |Wi3F0.29903  LE)=2.851  |Wi(3)=0.51293 L(3)=2.8602
Wi=0.087  Li4=2.851  [WidiE0.05E22  Li=2.851  |wWi4=0.10439 L4=2.9316

"Zo" for each Branch & Line

Zow(1)=144. 6196 (ohm)
Zow(2)=72.1281 (ahm)

Zow(3)=144.51596(chm)
ZoWi(1)=52 2277 (ohm)
ZoW(2)=46.7619(chm)
ZoW(3)=54.318(0hm)

ZaWW(4)=03 5845 (ohm)

vy
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Multi-Section Branch-Line Coupler with Imp. Matching,Bopt:P2(xxx),P3{o00),Aopt:P2{ __ ),P3{...)
0

J

Coupling (dB)
o
]

gfseeanan e e e s -
L R nnEt EEEEEEEEE TEEREEE s RO T EEER SRR omen o
12 | | | | | | i fiGHz)
7 g 9 10 1 12 13 14
input values: N=4 K=30 er=9.8 Z=S0(ohm) ZL=100(chm) C=G{dB) select=1 | Error-Bopt=72.5024
fi=8(GHz) fu=12(GHz)  eps=1e-007 t=0.005(mm) h=0.635(mm) Minw=0.005(mm) | Error-Aopt=4.573
initial values: (Al rmrm) | Before optirization: (Al rmm) | After optimization:(All rarm) | "Zo" for each Branch & Line
w(1)=0.03175  1{1)=1.5605 |w{1)=0.9525 I{1)=1.5605 | w{1)=0.005 I(1)=1.7433 | Zow(1)=159.0104{ohm)
w(Z)=0.0635  1{2)=1.5402 |w(2)=2753 Ii2)=1.5402 | w(2)=0.005 I(2)=2.0386 | Zow(2)=159.0104(ohrm)
wiFH=0.0635  I(3)=1.5402 |wi{3)=4.0259 1{3)=1.5402 | w{3)=0.005 I{3=1.041 | Zow(3)=159.0104{chm)
wid=0.03175  1(4)=1.5605 |wi{4)=16165 I{4)=1.5605 | w{4)=0.005 I{#43=1.5613 | Zow(4)=159.0104{chm)
Wi(I=0.635  LiN=2.851 |Wil)=0.60484 L(1)=2.851 |wi(1)=0.9525 L{1)=2.8384 | ZowW(1)=39.9472(ohm)
W=0.33979 L2=2.9299 | WZE1.7482 LEZ=2.9299 |Wi=1.4861  LZ=3.0364 | ZoWW(2)=30.634(ohm)
W3E0.22049 L3=2974  |W(IE28564  LE=2.974 [WEE1.2812 L3F4461 | ZowWW(3)=33.6223(ohm)
Wi4=0.15538  Li)=3.0118 |Wid)=1.0265  LA)=3.018 |Wig)=0.76941 L(4)=3.0242 | Zow(4)=44.7038(ohm)
WiE=0.087  Li5)=3.0588 |W(E)=0.08286 Li5)=3.0588 |W(EF0.13049 LE)=3.2024 | ZowWW(5)=88.1838(chm)

Ooglite ()l s 9 Sglite )b g g Slowdlial b oabon (slp (il @ o (295 lodly (ot Ve JSS

anulti-section branch-line coupler with Imp. matching,Bopt:P1(xxx),P4{000),Aopt:P1( ___),P4(....)

Isolation(dB)
)
o

]
[
(=]

-40
6 7 8

9 10 11

f(GHz)
12 13 14

input values: N=4 K=30 er=9.8 ~Zi=50(chm) ZL=100(chm) C=6(dB) select=1 |
eps=1e-007 t=0.005(mm) h=0.635(mm) Minw=0.005(mm) |

fi=8(GHz)  fu=12(GHz)

Error-Bopt=72.5024
Error-Aopt=4.873

initial values:(All mm)
w(1)=0.03175 I(1)=1.5605 | w(1)=0.9525
w(2)=0.0635 1(2)=1.5402 |w(2)=2.753
w(3)=0.0635 1(3)=1.5402 | w(3)=4.0259

- W(4)=0.03175 1(4)=1.5605 | w(4)=1.6165
W(1)=0.635 L(1)=2.851 | W(1)=0.60484
W(2)=0.33979 L(2)=2.9299 W(2)=1.7482
W(3)=0.22949 L(3)=2.974 | W(3)=2.5564
W(4)=0.15538 L(4)=3.0118 W(4)=1.0265

1(1)=1.5605 | w(1)=0.005
1(2)=1.5402 | w(2)=0.005
(3)=1.5402 | w(3)=0.005
I(4)=1.5605 | w(4)=0.005
L(1)=2.851 |W(1)=0.9525
L(2)=2.9299 | W(2)=1.4861
L(3)=2.974 |W(3)=1.2812

| Before optimization:(All mm) | After optimization:{Ali mm) | "Zo" for each Branch & Line

(1)=1.6045 | Zow(1)=159.0104(chm)
1(2)=1.6045 | Zow(2)=159.0104(chm)
I(3)=1.6045 | Zow(3)=159.0104(chm)
1(4)=1.6045 | Zow(4)=159.0104(chm)
L(1)=2.7852 | ZoW(1)=32.9472(chm)’
L(2)=2.709 | ZoW(2)=30.634(chm)

L(3)=2.7346 | ZoW(3)=33.6223(chm)

L(4)=3.0118 | W(4)=0.76941 L(4)=2.8205 | ZoW(4)=44.7038(ohm)
W(5)=0.086994.(5)=3.0588] W(5)=0.082863 L(5)=3.0588 | W(5)=0.13049 L(5)=3.027 | ZoW(5)=88.1 838(ohm)
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multi-section branch-line coupler with Imp. matching,P1(xxx),P2(...),P3( ___),P4(o00)

4
o
&

Coupling & Isolation (dB)
& R
=) S

f(GHz)

A
o

10

13

input values: N=4 K=30
fi=9(GHz)  fu=11(GHz)

er=9.8 Zi=50(ohm) ZL=50(ohm) C=3(dB) select=1 |
eps=1e-007 t=0.005(mm) h=0.635(mm) Minw=0.010(mm) |

Error-Bopt=54.1289
Error-Aopt=0.23789

initial values:(All mm)

w(1)=0.0317
Ww(2)=0.0635
w(4)=0.0317
W(1)=0.635
W(2)=0.762
W(3)=0.889
W(4)=0.762
W(5)=0.635

I(1)=1.5605
(2)=1.5605
I(4)=1.5605
L(1)=2.851
L(2)=2.851
L(3)=2.851
L(4)=2.851
L(5)=2.851

I
[
I
|

I
I
|
I
|
|

After optimization:(All mm)
w(1)=0.010  (1)=1.5605
w(2)=0.0258 1(2)=1.5605
w(4)=0.010  I(4)=1.5605
W(1)=0.6985 L{1)=2.851
W(2)=0.61528 L({2)=2.851
W(3)=0.4445 1(3)=2.851
W(4)=0.6354 L(4)=2.851
W(5)=0.6874 L(5)=2.851

|
|
I
|
I
|
|
|
I

"Zo" for each Branch & Line

Zow(1)=144.6196(ohm)
Zow(2)=125.7976(ohm)
Zow(4)=144.6196(ohm)
ZoW(1)=46.8871(ohm)
ZoW(2)=49.9625(ohm)
ZoW(3)=57.8481(ohm)
ZoW(4)=49.0299(chm)
ZoW(5)=47.25(chm)

C=vdBy Z =7, =0+(Q) N =¥ lp lasls s gy Slb )Y JSs

multi-section branch-line coupler with Imp. matching,P1(xxx),P2(...),P3( ___),P4(000)

3

Coupling & Isolation (dB)
N
=]

!
I
=
i
i
1
i
L
r
O
L

'
|
|

H f(GHz)

A

o
~
O - =
©OF-----

13

input values: N=4 K=30
fi=9(GHz)  fu=11(GHz)

er=9.8 Zi=50(chm) ZL=50(chm) C=6(dB) select=1 |
eps=1e-007 t=0.005(mm) h=0.635(mm) Minw=0.010(mm) |

Error-Bopt=54.1289
Error-Aopt=0.54724

initiat values:(All mm)

After optimization:(All mm)

"Zo" for each Branch & Line

w(1)=0.0317 1(1)=1.5605 | w(1)=0.010 1(1)=1.5605 | Zow(1)=144.6196(chm)
w(2)=0.0635 1(2)=1.5605 | w(2)=0.010 I(2)=1.5605 | Zow(2)=144.6196(chm)
w(3)=0.0635 1(3)=1.5605 | w(3)=0.010 I(3)=1.5605 | Zow(3)=144.6196(chm)
W(4)=0.03175 1(4)=15605 | w(4)=0.010 I(4)=1.5605 | Zow(4)=144.6196(chm)
W(1)=0635 L(1)=2.851 | W(1)=0.762 L(1)=2.851 | ZoW(1)=44.9218(chm)
W(2)=0762 L(2)=2.851 | W(2)=0.9593 L(2)=2.851 | ZoW(2)=39.7893(chm)
W(3)=0.889 L(3)=2.851 | W(3)=0.9695 L(3)=2.851 | ZoW(3)=39.5582(chm)
W(4)=0.762 L(4)=2.851 | W(4)=1.065 L(4)=2.851 | ZoW(4)=37.5225(ohm)
W(5)=0635 L(5)=2.851 | W(5)=0.762 L(5)=2.851 | ZoW(5)=44.9218(chm)
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