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T YFAUZ 1706, 2% 11053 (3L

g, ofdolse)

¢

REEER
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55
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=
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(57) 2 °F

g9 5 (selectivity performance)©] /g%

%l

= 949 E£E; port 2, port 3E TH|EE=
AAE, Al AF A=}t A2

(™ol A&

E}] E - »4_3

Por2 (Zy) | ZeQ2

2% e 2l (PD)7E AN AT

8 ¥XE;

port 2 H

Portl (Z,)

port 47} 7= L,
A% A27F HPsA Y(gap)S 2zt 7 3|2 Agt A= (open—circuited

7125 port 1& FH|3}h
7} port 1,2,39l

Port3 (Z,)

The structure of proposed PD
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coupled line)® TAEH U=E dudxrl AdE AZSY ¥ A XMZ(Z); 2 A7 ASH @ A5 A=
(ZpoF 949, 49 port 12 2A7FH 1 powerE 3 EE port 2, port 3% 1/2 power® A= S& Eujsls= A
g FulR 5 ¥3steE ™ EelZ1(PD)E Ty, Ay Ful7l= F7H4Ql 92Z= A (additional
lumped elements) g§he] ©=] shte] Hlo] E(via hole)Rro] A& T},
Zh= ) A
_1

X

port 2 @ port 47} /MWE I 3 (gap)S z+E= A 32 A3 H=Z(open—circuited coupled line)E Z+E,
T EAo] q4E nAY Ay BEu71E AFddl. Gysel PP MEZE Fxrt F4E AHEX 54 (enhanced
selectivity performance)& Zr&=th. Atd M=Eu7](PD)] Y FH2 A 40% S7FeFith. B4 Gysel
PDe} TdstA, AltdE AR 7](PD) TRl 1= A2 7% (high-power handling capability)g 714
I Ak, =3 RF/Microwave A|Z~Elol 2 gtst Melw= EXI(good selectivity performance)®] &% ST},
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gur= 09 port 18 FHIEE Y¥ FEE; port 2, port 35 FH|EE &Y ¥ E; port 2 Z port 4
i, 7} port 1,2,390 AAHW, Al HAF A2} A2 dE A=27F FP3A W(gap)S zte MY =2
(open—circuited coupled line)Z FAHY, d&9 dAdxrt A ASH 9 AF HA=2(7y); 2

A7 AEH A A A2 9259, L9 LFEeE AN, 47 94 port 12 A7FE 1 powerE &
E port 2, port 32 1/2 power®d AHE& Hujsts A8 EujF; S X35t A8 Eu7](PD)E FHshH,
J7] &9 XE port 2, port 3 Atelel A A RIS 77 o 235,

= F71A e UZ= A AF(additional lumped elements) flo] Ab7] zbzhe]l A #3HR) Abold
@A) shte] Hle] E(via hole)Who] AMg¥ =, AEE Edo] e e 7).

A7) AL RS AR L Y] A2 A ARE Y vlo|aRA~EY A2 (coupled microstrip line)E AFSEHE,
Aee o] e dE #ul7)
A7 4

A7 A8 Eu71(PD) = 998 EE(port 1D} AZH @ A% @kl(coupled-line), &2 ¥ E(port 2,3)7} T
HlEw | 7] A3t A2 7Rk F2E B3 d9ds 703 7 BHeldle]E # port 38 ZE, AEE EAo] g

AT 5

Aol glelA

A7) e HEE 7|RE AFEEE, AEn 540 4 A 2y

A7 6

A1l oA,

A7) A Bajr)(PD) e ZREE]S 7, = 70.7Q, 7, = 50Q, 7 = 35.3Q, 7y = 12Q, Z, = 1720, AT A7

R) = 50Qo= A=, gL Zjde] Jdf & er = 2.54, 0.002 3 & WAE gh(dielectric
loss tangent value), T = 0.54 mm®] 7, @ h = 0.018 me] A=A Fol&E zt= HEE 7|¥ o AxE=
AT ExMo] gag A= 27,

A3 7
Ao e,

A7) M B2 A% AR dydx E (impedance matrix)S =E3H7] Y& ABCD @Ho] AlEEHW, 57} 3
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29| ABCD BHEL2 A (1)l ofal dofAIH,

r _.Hﬂ [CDSH stin()}
=i/J 01| ;sm0/Z cosb
il Jjsin0/Z  cos A1)

o714, 7= EA d¥d(characteristic impedance)ol™, Zp 2 Zo= 4z /W sl A% A= (open-

A B
CD

cosfl  jZsinf
jsinf/Z cosf

circuited coupled line)d] RF-m=  AFWA(even-mode impedance) % EF-RE= 3™~ (odd-mode
impedance)E YEH, F A& HE glelE(series transmission lines)S H7]Z el Zol(electrical
length)7} © 2 ZTAHH,

g7] ABCD BHolA of=m ' QIME Ji= 4 (2), () o8 wAE = 3o,

1
5 (Zr Zo)=JZ"
, 21(2)

VA A 1

Zza TPz
£ oo , A(3)

Ao " A138 Ao tiYstar Uy H A 3 H(impedance matrix)@t ABCD 3= Alo]e] w3 A (converting

relation) & AFE3l] A7) AW 3z A Adzo dudx gdHe 2(4)9) o] FEFHT

)

ZetZo Ze—Zo

Zy le:| cot S s B

=—j * Z
. e Ze— ZO cse 6 FjZOume

) - , A4)

A7 M 2 AR: AR Fat dFEs 7,3 3 Hudle]lE H port 3S ZHE FEOA, port 104 Hgt
3 AEo] BAG] oW, A Am s|wk Fme] Hal duuds 7,8 vl B 9d <duux 7,8 toy g
o] Aiken,
oo V1 Eny HZinGy— Zai T
o B . A(5)

6 =90" = AAEY, 4% A= 7k gz Y duds 7

(Zs—Zo)’
Z.-zi
TR ()3t gl A, AEE S4o] dE AY Rups.
379 8

A1gel Lo A,
o] 31

A7 Ae Bajrle) 2E ZE JdFW A (port impedances)E O‘Eﬂ/%%ﬂ. XE = Fo FiEd ddsk= A7
AZ(coupled line) ZHH RAXE T7F dujdxols, 27 7y Zo B Zey | Zee©l™,

7189 Gysel PO 4§, BE 47149 Aol N/4% LOHE 6, 0, % 65 907 s @olo} svf, 1]
BRel A% delE L AYES el ES Bt o] 9 & glon,

2
1 WZ‘), 2(7)
Z,mR=7

? ¢, A(8)
=7Z,/V2
2722 ()

AN, 7y, 7, B 7Zse AEAHS Gysel PDY A

of
Ach
[40
il
o
N
N
1o,
|
o,
oo
18
r_WL

2= (respective

characteristic impedances)°o]™,
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Zo 21(10)

Zro1= ZLEo2™

o

Aol Zsn® Zpedl 71 &

h=4
=

|

RRo A

10}

28

R 2 6

&l oF

H ZEQ15,+ ZEQ27}_ %?:_]

93]

2 9

F(impedance matching)

2Zo A (113} o] %

=Z,=

Zs
EXIE

]

ﬂo

<]
o
Fy

ks

ey

o ghejA,

3
e

Al

&2 (insertion loss),

e
A9

7 gL 2.1 ~3.1 GHzolH,

=
)

A Fsgel A,

2.5 GHz9 =

pi
o

a7

471

min
%)

X

)

p
"o

o=z

% 219.3dB 91 AS E

Zy7} 23.61, 220.2,

L
o

Ag] = (isolation)

=i
=

HEAL &2 (return loss)

e 4y

7l € & °F

port

aHA=

bk Aom, W Al

[0001]

T

1 i 3]2 ZAg M Z(open—circuited coupled line)E zi:,

|
!

port 47} 7N

2 %

2017

=i}
=

k=t AT A eH(NRF-2016R1D1A1B03935640)

A7

X
L

[0002]

Hl 4 7] &

il

A= Eul7](PD, Power Divider)<}

[0003]

}od

AES M2 AYAA <

71"7F & 7H % o

i

I

N
)

B

T

o

AlE gk,

w7l A e Be A Aol

I

SERERE

|

3

834

!

[0004]

AP71z224, 53 $5HE 10-107003590 A]

He

o9}

[0005]

A2

=
=

A% Az 27

[¢]

7= TAFS

=
=

5 A=

gl

W, A/4 Aol

gy
24
ol

A

g

[0006]

2714} T+

e g Earl=

&

N

27

SHA|

3}
s}

e 2ddge= A

S

ol

el

j—

E Mz b=

Fd Al =47

Power Divider)2]

w71 (PD,

w71 (PD)
7HA] #oly Al2=H,

A<

[0007]

1, Wilkinson PD%}

e AR, 58
o 22 RF/Microwave Al2=¥le] PD ERQjo] 71 de] AR

W
,ZT.:

Hlo

=
L

Gysel PD

}(isolation resistors)

g

P, 2l AHEw 7] (Gysel PD)= 2 A

S

A2 &9 7] (Wilkinson PD)<} W]l

(EIEAST IR

EEAES

[0008]

TAdel o8 nEE A2 7]

1

b



[0009]
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[0014]

[0015]

[0016]

[0017]
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Q3o WA, dd A3 7] YA S (parasitic phase response of the isolation resistor)< 79
A 27} FojoF gttt dpgo] w9 #7] wiitdd nFIe A FAE 4 gle A" 2 A VA 4 S
Wl 253} A]2~®"lo A Wilkinson PDE o Z AN ES Agked 4= o).

a8, Gysel PDE A A7) (bulk size), V¥ AUz EX

EA(selectivity performance), F< W92 (narrow
bandwidth) 52} #o] ol UdF Tt Eo] EAete A Ado 93] J&FS w= A glo]

F99 A%

S (reasonable phase response)2 Zt+=
H, B AFHdE°] Gysel PDY AEAE Ad =¥tz AvH1-9].

F7F A$HAR2 B FX7]E5(additional transmission line type resonators) Hi+ 5 % FHSF AFA=R

(rlght— and left-handed transmission lines)E°¢] #F¢ W= tJAQl(dual-band designs)<S B3t AHE

A=

a9 (7, 8lelA, AXE HEE 2AES e
=

elements)S A St HHEw7](PD)E AH

2= e x4 (original transmission lines with lumped

28gtstr] g8l Al s o gt

A8 (9104, Gysel PDe} #E(Balun)d A Astd %= FhY $8(wideband application)g €3l
ete i, ey, A7) BRE AAE MU (selectivity)7} @S AL onets= o ¢ 4135 (out-of-band

signal )& A¥-E 4 §lr}.

o

Fu 749 [10,11]2 Y =3 (bandpass) & FHH MEBE A 5(enhanced selectivity performance)S 2zt
= Gysel PDsZ A<},

she] Fx2E Y XES &Y XE Afolo] 2 o] ¢uds ERAFE W (two impedance transformers)E 7
Z3 T2 102 Aty dA=a, o sy e 33E AZSH 2-337] 32 E9(coupled-resonator
circuit model.1DE AMET. Zevt, F HAQY gigEFe 12 9EY F& Fa2T di9FS s
=R =

il AS 10-10700090000 (5= AF 2011 09€ 27%), "ATEE FgA7] 1:2 233G
el R V< o o R Bl I A i R e
&

0002) E3 S2W3 10-10700350000 (52U 20119 09€Y 27¢), "1:3 239 A" 2u)r)/2
=

H &3]3
(HE3E3 0001) Hayati M, Malakooti SA, Abdipour A. A novel design of tripleband Gysel power
divider. IEEE Trans Microw Theory Tech. 2013;61(10):3558-3567.

(HE3E3 0002) Sun Z, Zhang L, Liu Y, Tong X. Modified Gysel power divider for dual-band
applications. IEEE Microw Wirel Compon Lett. 2011;21(1):16-18.

(B E3EH 0003) Shahi Gharehaghaji H, Shamsi H. Design of unequal dual band Gysel power divider
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(ME3Ed 0009) Abbasi Arand B, Amrollahzadeh M, Kamalzadeh S. A wideband Gysel power
divider/combiner based on a modified marchand balun. Microw Opt Technol Lett. 2017;59(10):2704-2955.
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gige] g
S dst = HA

A7) EAARE sAdsty] 9% B odde] ZAHS port 2 2 port 47F i R 3lE A3 A& (open-
circuited coupled line)E zte=, ABILE EAo] AH ndy A8y Ewj7]E A|F3t). Gysel PDo] A2 +

2]
zZ7} A E AEl = =4 (enhanced selectivity performance)©] A% AT},

£ o r
-4
= o
of
rlr
jinss
J
bl
(m

; port 2, port 3& TH|EE &Y
AAEH, Al AF M2t A2 AF =7} :g- Al
H oAS A=) 2 3]

(ZpoF AAEY, 7,9 Z;5-Eoz FAREY, A7 99 port 12 Q71 1 powerE &% ¥ E port 2, port 3%

1/2 power® H¥E Eulst= A= #uly & E£3sk= A= Zu71(PD)E Hlsh,

rE 511
H(gap)& 2k M 32 AF d=(open——circuited
= AE

1=

471 &9 EE port 2, port 3 Atelel A AR)S 22 o 38,
A7) A BulzlE F714¢9 d = A A (additional lumped elements) §lo] A7 Z+z+e] Zz] A (R) Abold
=] slbel Hlo] E(via hole)Who] ARE-H T},

AL

A7 AL AE AR L 7] A2 A A2E A3 vlo]a22~E 9 HAZ(coupled microstrip line)E ARE-3Ho),

E(port ¢ A= @ A% @+l(coupled-line), &3 X E(port 2,3)7} T+
I 32 53 A9 ZLJqL st Hudlo]E ® port 3 ZtEt).

A7 A= Bujr|(PD) 9 ZREEYL 7, = 70.7Q, Z, = 50Q, Z = 35.3Q, Zy = 72Q, Z, = 172Q, A7 AT
(R) = 50Qo= A#Hm, HEZE 7% Ad FH& er = 2.54, 0.002 4 &4 B#AE Fh(dielectric
loss tangent value), T = 0.54 mm® F7, ¥ h = 0.018 mme HALA] Zo|Z zt= HIZE 7|3 A9
R ES=

A7) A 32 4% Az JduuA PH(impedance matrix)S E==387] 98] ABCD dHo] AEEHH, 57} 3
29] ABCD E-2 2(1)ell 93l Lo+,
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A B
cCD

[cme ;‘zmeHu —j/chw ,;zmﬂ}
sin0/Z cosO || —=j/J 0f]jsin0/Z cos
Jsin 0/ il Jsinf/ A(1)

o714, 7= EA d¥d(characteristic impedance)ol™, Zp 2 Zo= 4z /W sl A% A= (open-

circuited coupled line)e] #H-R= <luldX~(even-mode impedance) % EF-EE= AW 2(odd-mode
impedance)E YERH F A% HE 2}¢lE(series transmission lines)S H7]Z <l Zo](electrical lengt

h7F 62 FAEY,
’37] ABCD ol oj=mE 2z JAWME J= 2 (2), (3)d 93] mAE 4 o,

1
5—(ZE-ZO):JZ2
, A(2)

VAR YA
A
Ze-Zy JZ

212 @ 2138 A1) stz Ydyld~ @ (impedance matrix)$} ABCD & Alole] WE A (converting
relation)E ARE3le] A7) W 32 A A2 Jdudx FHE 2(4)9 o] FEH I,

i ZLZ:| ZE-:ZDCUIH ZE:ZOcsuH
=—j = -
Zn o Ze— ZO csc b ZEJ:ZOL'UIG
= = , A1 (4)
271 N 3l A dme Fab dudx 73 37 Erdle]lE # port 33 ZE= FEolA, port 1ol A

3 AR #Ae sw, AF A= A swe Bah AvHz 2.2 v v 9 AuHs 2,2 thgd 2
A

o] ArkEm,

7 W24 225575205

T 2yt . 2(5)

6 =90" = AAHY, Ag A= 7wk 329 4y duds 7
e (Ze—Zo)

YT )3 go) AakR

A7) A8 Rujrle] RE XE AW A(port impedances)t 9UEH/EH XE T FHo] R AAs= A
MZ(coupled line)ZHFE HAX= F7F A3 w(equivalent impedances)ol™, 242 Zn Zo 2

(Zyge) 1™,
71E9] Gysel PDY A5, BE A7|HQ Zol= A/49F ZorB=E 9, 0, @ 052 90° ¢ Folof shy, A
pael A% H1E D AREe] HevlHES e gl A 4 e,

z,=V2z
! ° 2N
Z.—R=2Z
2 ¢, 2(8)
Zs=ZJV2
S , 21(9)

ANA, Zy, Zy D 7.2 AEAHS Gysel PDY AEF #HEY el EA Ay AE(respective

characteristic impedances)®o]™,

a4 Hel Agdeae “Eorg Frere) £l guuag ASsEs sydgen, Fre freeTlo

(10)

Al
=1

I 992~ F3(impedance matching)S 913 ZeSb ZepZb TL3oF 3= A 6 9 8& F=3IH, A

_8_
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~ougn zae 28 207220 n1)w go) maw
A7) A" BujzlE 2.5 GHzY A FagolA, B3 tide 2.1 ~3.1 GHzol™, AFe] &2 (insertion loss),
AL &2 (return loss) 2 A% (isolation)s Z+7; 23.61, 220.2, 2 219.3dB ¢l AL EA o7 s},

T B4 gE nEY AY Zu7I(PD) o M2 TXE AN oM, Gysel PDO] AfEE T
%7} 3AE MElxE EAXA(enhanced selectivity performance)S 2zZ=th, A¢kE A EE7I(PD)e] o=
(bandwidth)& 72] 40% F7}8tAth. A5 2 Gysel PD9F FLsHAl, At A= Eu]71(PD)2] tixpele a2
2] 7]5(high-power handling capability)S 7FAaL Jtb. =3 Aeke AHEu]7](PD)= RF/Microwave A

"o A8t §-=3 Me= =X (good selectivity performance)S ZHe

E g B4 9 ot X, Yy W2 vlA (impedance matching) S A}
& A A2 (closed-form design equations) A3 AA A7}t
Iﬂr EEQ]o] AlE#olAEN o, 54 A= AEd o

D
i
»
rr
[d
=

|
P g =2
T 12 o=vE2 JIWME J(admittance invertor J)9F & 249 AFEF1E( transmission lines)Z A% 7|
v 32 A% A E(open—circuited coupled line)9 57} 3 &o|t}.

= 25 ¥dY EXE(port D& AZH H A% #<A(coupled-line), &8 X E(port 2,3)7} ¥ =™, port 33
A A 32 7Rk AZSH H@ AFERle] Fab dId 7ol 93 Huulold #H ayloelr).

= 32 H digo] uE MElL: EAX(selectivity performance)©] &E &= A Eujr](PD) F+FEEo|t}.

b1
W
rr
&)
o
!
Iy

S7F AIR21,2 Ty B Zepol AEH A AFE B Ewelr),

® 5= 2 oubge] AAld) wet Alokd A el (PD)e] TRkl e (pattern)S 9l “12lo|th,
% 6S Azx® APFWI|(PD) 2 AlEold Ax @ =4 Az, (A) A, (B) Sulport 1] £%® 259
A71e] whAb =41) 2 S, (port 20 W port 19 A4 £4), (C) Swu(port 3o W3k port 19 A4 £4)

Ss2(port 2, port 3% E#HZA o R AP sl Isolation - A28 %), (D) YA 2 AZ 73S Bl ¢ o]

£ Fx7F e Al EA(enhanced selectivity performance)o] AA|ETh. FQ3F FEOo
2 oAetE Fx =, A 38 A3 ME(open——circuited coupled line)E= MM 204 A3 HAIgTE, AAM
A AerEar, AA A2 (design equations)] H | H He(closed form)E Ao U2

OF, AL A8 mzEERle] AReold Hovl, A4 404 4

=
)71 (PD, Power Divider)d A2 FE2E A|AAT. &

e Ay Oxpele nhE A vy, A
H oA B4 92 gt 2. d¥ W wl A (impedance matching)S ARE3E o] R Who] =3},
A4 8 AA ”c}@”(cl sed-form design equations) A8 A Hxpr} Fo 5 GHzo] =

N}
N

=)
T

I 3|2 A3st A2 (open—circuited coupled line)

Aot®l AERu7] Fxo ;A BEOoZH port 2 L port 47} /NEE (opened) F(gap)S ztE= N =2 24
3} M & (open—circuited coupled line): AAEHAl A1),

_9_
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12 oJ=mE X~ QM J(admittance invertor J)&F 3+ 9] A%} E( transmission lines) & A% 7H
+ XM 2 (open—circuited coupled line)2] S7} 3] Zo]t},
7= B4 oy X(characteristic impedance)o|W, Zz; % Zox= ZtZt /i 3|2 Agt A =Z(open—circuited

7)
coupled llne)«] AL- e 9y E ~(even-mode impedance) ¥ EF-RE 3wl (odd-mode impedance)S 4}
ERdiT). A& AE golES(series transmission lines)& H7)Z¢l ZAo](electrical length)7} 68 TAH

o},

M g7 A AR dydx 3H(impedance matrix)S =37 s ABCD dHo] ALg¥Y. 2%, 57}
3|29 ABCD d2 (1) 2a oz},

[A B {0 —j;ﬂ [cosﬂ I[Zsin(l}
c | i1 0||jin/z cosd
il Jinf/ A(1)

3 Td [12]5 #Hx3stH, ABCD FHollA of=u's IWE J& o A (2), (el g3 wAE 5 .

[C{)s 0 jZsinf

jsinf/Z cosf

5 (Zp-Zp)=JZ
, A(2)
s+ 7
a7
2o L A(3)
Ao @ 238 Ao Ydstn Ayl A @ (impedance matrix)e ABCD t"SB%(ABCD matrix) Akele] w3k #A
(converting relation)& ARgste] 7 s|= Ak M=o slvdx 4 [12]18 v5 o] =4 5 3o
=—j
Zy Zn ZE:ZOC_\C(:; ZE-:Z)L'(H.G

& = , A4)
A 3®2 A MR ¥a dudA(load impedance) 7.3 A E|n|J|o]E H port 3& zZE A AR vk
37 T 20 =AEAY.

= 2= A48 ¥E(port Do} AZY © A% Zkl(coupled-line), &3 ¥ E(port 2,3)7} ¥, port 37
A A 32 7Rk AZEH H@ AFERle] Fob dIdx 7ol 95 Huulo]d #H Iyl

e EE port 1o]A Adstat dipe] wAlel ojshd, Ash A= b 3Re) Kab dvdxs 7& v B

2 dud s Iy vk 2ol At = gl

Vi _Znd HZnZyn—ZaZis
7 7y +Z
1 L 33 , /;]'(5)

HA71AQ del 6 = 90" = AAwd, A3 A= 7|9 =] 9 dudaz 2 v dol AN 5 Sl

2 (Z=Z0)’
47 , }jl(G)
3. AletE A Eu)7](PD)
= 3& X ol Acke A Ew)7](PD, Power Divider)e] 725 ettt AE 22 Gysel PD +%¢} vl
shd, 3709 A 32 Ag Bl ¥ Jdydx EdWAFE(open—circuited coupled line type impedance
transformers)©= ¥48/E3 ¥XE 9 3o EE(Ide A48 Y= ¥,

A Eujr]e] RE ¥ E oy A(port impedances): YPH/EFYH LE EE FHo -Eroﬂ AAdst= Ag #9l
(coupled line) & 2HE HoxE= 571 d¥d2=(equivalent impedances):= 242 Zi, Zo 2 Zegy (Zege) 1T},

719] Gysel PDO] Z9-, BE A7]AQL Aoli= N/49k ForE 6,, 0, B 632 907 oF ojof drh. 1t
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[0075]

[0076]

[0077]
[0078]

[0079]

[0080]

[0081]

[0082]

[0083]
[0084]

[0085]

[0086]

[0087]
[0088]
[0089]
[0090]

[0091]

[0092]

[0093]
[0094]

[0095]

[0096]

SS90l 10-2046408

&, 3o F-E(core part)o] AE #lE R AFE0 ArHES vs 2ol 4 F U

z,=V2z
! o A7)
Z.—R=2Z
2 ¢, 2(8)
Zs=ZJV2
30 , 21(9)

AN, 7y, 7o B Zz2 & 3o =AE AEFAA Gysel PP A A5 Z47te] 54 AIH~E(respective
characteristic impedances)®]t}.
o] Fiol AEHOlAL ZipH Zipdl 7 d¥UEE 5 EE FAHAT. T4 FIHFE 2.50Hz5 e

i & 4o BAHQOR, the WA Aol st

Zgor= Lo 2Zg

A7 Ao, Zne A9 Ex & (impedance matching) S 918 2FC w  FEey) mojgjol s

S v, A 6 2 82 s, Audx uge 27

o
1>
—
=
i
e
o
=2

e

77207270 ()
B -

o) BA 7128k, AA AakE oS 2ol gokd & ).

1) EE A% ZFl(transmission lines) % ZA3H 2l (coupled lines)e] #7121 Zo](electrical length)
& Atsked AFEE 4 e, Alkd AEEu71(PD) 9] A FuE G,

2) ZE A9l (port impedance)S A esta, 79 32 43 M= (open-circuited coupled line)d &+ =
= 99 ~(odd-mode impedance)E AASHH, 24 7-9 ¥ 11& E& 24 FEo IV s 53},

3) 7]E AEAM o]2& AFE3F AA Ao|(physical length)9] A7) 3k AE3ic).

= 38 H udgo] wE Hdel: EX(selectivity performance)o] AE m&e d= Eu7](PD)Y FxEo|t}.

A4 (power )& ]E%“%—E A% port 1S FH|3t= Y EE; port 2, port 3B TH|EE E¥ ILE; port 2 2
port 47} /WS, 7t port 1,2,3¢0 A4, Al AF A2 A2 AF A27F FAsHA 3 (gap) S 2= 7
W sl2 A% MZ(open—circuited coupled line)Z TAFY, Y& Judart Add AZH ® A5 A=
(Z1); B A7 AEY d A A2 949, 2,9 L, 8o2 FAHY, A7 99 port 1= QI7kd 1
powerE &% XE port 2, port 3% 1/2 power¥ H#HE Hulste= Ag BujE, & X3sl= Ag #uj7](PD)E

SRICES

471 €% EE port 2, port 3 Atelel Al ARFR)S 77 v Loty

A7) A9 Bujr)s F714¢ 9=Z= A (additional lumped elements) §lo] A7) Z+ztel Aw] AH3HR) Aloledl
=] slbe] H]o] E(via hole)qto] AL-g¥T),

7] &3 XE port 2, port 3 Atolol= Al AR, isolation resistor)S o XS,

A7l Al A A2 2 A7) A2 AE A2es A vfo]la22EY HAZE(coupled microstrip line)ES AF-&3Hc}.

A8 BHZI(PD) = 98 XE(port D9 AZH ®© HF H<(coupled-line), &% X E(port 2,3)7}
TR, 7] A AR v g2 Fa dde 43 3 HujlelE € port 38 ZEET

g 2ul71(PD) & AES JEEs= 949 port 13, #2719 2 A2 BHYY F AF #1E T 1/28 AE
S Eujel, A A3(R, isolation resistor)e® & E =9 port 2, port 32 Z}7 1/2 AYo] &€=}

_11_



[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]
[0105]
[0106]

[0107]

[0108]

[0109]
[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

S=50ol 10-2046408

HE XEE9 AU AE 22 RAEY, A7 AFE(R, isolation resistors)®] 7 2Z,0]t}.
Ze, Zo, B 0% Z+Z+ A MZ(coupled line)9 even-EE=/odd-RE= UdIEAE, = #r|Zed Aol
(electrical length)E Yte}dT).
v A AR 7 slRe] et dyds 78 viEl B e dudsolr),
72 N sl2 Agt A= B35 Jduw(load impedance)©]t.
Zoar . Zres EEO 571 49 d2(port impedances)©|tt.

Zpee= M 3= At ARol A4-2E ouyA(even-mode impedance)©]|TF.

5

Zo= M 32 At ARo ET4-2E= 9y A(odd-mode impedance)©]|Th.

= F 9% A5 gelEe] Av)A<l dol(electrical length)o]t}.

R A7 A& (isolation resistor)o|t}.
4. 49 A%

o] HAlo =, FA FagTE 2,560z 9 ZREEYS AREElon, At d=Ea7](PD) o] A7
s A S8l "]Eﬂﬂ ojMdate] A|AEJrt. XE QQIE~E 50 Qolth. 7] Qokd A HAjel wE
al

AR QYEage] RE e ¥ 16 g2k § uheh o] dojxir),

b
=

TABLE 1  Design values (£1)

7 b8 Za Zig Zo R
0.7 50 353 T2 172 S50
e Bujr)e] TREEYS 7, = 70.7Q, Z, = 50Q, Z = 35.3Q, Zy = 729, 7o = 172Q, A7 AZR) = 50Q

oz AR, HIE 7|ge] A FHE er = 2.54, 0.002 §4 &2 BHAE Zh(dielectric loss tangent
value), T = 0.54 mme] 7, % h = 0.018 mm®| HWEA Fol& Zt= HEE 7|3 A A=},

A 32 A% AR &5 Rt JUuls AEA], Ay do]2E agdol drh. &5 R dIw~(odd
mode impedance)”} ZrolAf= A= e Ay E A ( even—mode impedance)”} ZFolA = AL Ad M Z(coupled
line)e] EAdoln, 71 3= Ag A =Z(open-circuited coupled line)d F(gap)2 w-$- Zrolr A z=4e] of
&% (high fabrication difficulty)< ¢jwstc}.

—{o

N
N
N
lo
<
=
=
o
=z
fr
=
V.
=
V.
=
Lo
u
N
i
PN
rr
K}

471 So 7|%se], E 5o HAR HHE HIE 7| o] 0.54 mm FA, AdHFdS(relative
permittivity, e,) 2.54, 0.018 mm®] =A] F7, 0.002 F73 &4 €&xE Zlh(dielectric loss tangent valu

e) o= AA AT,

o=, F7F AE(lines) & /\}“9“0}04 g oy S Eola 2 Y thE AE Afe] AR Jge F
o]7] 9% AHolt}. 1 F= Z= XA (additional lumped elements) §lo] ©4] a}i}e]

Euk(only one via hole)O] A}%Eh:‘r }ﬂi, Hx = 22 (lumped elements)E R,L,C 225 #4386
Apolt}, EE A¥E(resistors) ¥ A% 7|&(surface-mounted technology)ol T-A3te] FHE ],

o]

o

r
)
(KU
ol
_EL
Y

N

_,d
L
jsits)

K

By ot
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[0116]

[0117]

[0118]
[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

SS90l 10-2046408

¥ 25 7)E AL o]E(basic transmission line theory)S E&] A= AAE 98 (pattern)d =234
Zol(physical length)Z YERJTEH.

[3E 2]

TABLE 2 Physical dimensions of the designed patem

Length (mm) Length (mm) Length (mm)
L. 2L7 Py 08 I, 1218
L 101 I 44 W, 149
Wi 083 Wi 149 W, 247
Wy 02 5y o.16

L 62 AzxE A9E71(PD) E AlEdeld Ax 2 SA A, (A) AR, (B) Sp(port 1o F$E¥ Al59
Al71e] WAL &4) 2 Sy (port 291 tEF port 12] 4] &£4), (C) Sx(port 3ol thdk port 12] 49 &41)
Se(port 2, port 3& HHA o2 Aels= Isolation - A=), (D) 94 E & E43S B 1o},
= 609 Alx® AHENZI(PD) = ARl HQl upel o] HIZE 7| Ao, #A59 4= portl, +59
<9 port 3, port 25 THIEtaL, Z47F 50 YIHA v e SVA AYEE FHF

Sor b EE AY w71 (PD) 9 port 20 thdk port 19 AH¢) <2 (insertion loss)olth. 4= power”} 3dB
ol AW M Ful7]o] &¥& 1/2 power® THistAl ® .

Az A 71(PD) o] AHe AlEH A A 2 54 ARE YEhWE £ 6A-Dl =AH AT}
2.5GHz T4 F4o A, 49 £ (insertion loss), HFA} &2 (return loss) % Zg]%=(isolation)

= E‘ |
23.61, 220.2, ¥ 219.3dBelt}. = 6dv & WlH(passband, 2.1 ~ 3.1 GHz)elAel =7] 2 4 E+F
(magnitude and phase imbalance)°] Z}ZF 0.1 dB9} 98Kt} 22 Z & H Ol 10|t}

49 H ME%Z EX(enhanced selectivity performance)=
TFE2E AAEIL FAEAT. Y] ATteld AR AR & e A EA B2 (Closed-form design
equations)o] AAIE AT, Qokd A AAE HAFE7] Y8 TR2EERIS 2.5 GHze S FI55 zhe oty
Wt AlEwleldE A Al x5t 3l T

SA Ak o2 B4 # AlEeAd ¥ Aol 2 dAE Biln

Zt= 971 (PD) o] A=
w-A Al

w8 [1017 [11]¢] AAE vlastd, Agkd AEEu)71(PD)e] t9Z(bandwidth)S Al 40% 57}t
Al Gysel PDo} FL3HAl, Alot® AHEw|7](PD)e] tjAele 1AE 2] 7] (high-power handling
capability)S 7FA]aL o}, gk, Aletd A E8]7](PD)+= RF/Microwave AlZ=8lo] Hgat -3 Melm 54

(good selectivity performance)< Zi+=

ool A Adrgdt mpep o], E Ewol nigH g A& Fxsto] ATt

AL 719 BHATHAN AAY B owe] /e Aby R geow
7

o H_E
= ‘T‘
oA wHE tde A B wgste] AN ¢ Ee ol o e Aol

AN &

F ]
= e

SARE, & 7]% o
Al

port2,3: ¥ XE
7 BA du¥dx(characteristic impedance)

Zw: AT AR N R ¥a AnEs 42 vt uE 4 dnEs
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Zu s N B2 AR AdRe] Fet A9 x(load impedance)
e Zege - EEQ 571 42 (port impedances)
Ze 2 N SR AY MR #A4-RE I A (even-mode impedance)

Zo @ 7NH 3=

iih)
t
X
it
o
ot

F-R= Iy~ (odd-mode impedance)

0 F A& AF gJE9 #7142 doj(electrical length)

1
(g
~

| Bl @ . 7.0 Z,0
o———0 -c]»—-i:]— I —
2 3

—— =0 3

Equivalent circuit of the open-circuited coupled line

k1
:
[\

ZF-: ZO’ 9 2

|—;O'—{ J

1
|
N 4 3

Zy

A coupled-line based circuit with port 3 terminated with
aload impedance 4

k1
N2
W

Portl (Z,)

N
g

Por2 (Z)  |ZeQ Port3 (Z,)

The structure of proposed PD
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k1

k1

rg,

Impedance (Ohm)

)

100

80 4

60

40 +

20 1

port3

8
Frequency (GHz)
Simulation results of equivalent impedances Zg and Zgg2

Zy
porti
I

W

S,
Designed pattern for the proposed PD
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k1

g
>

o
«20+
[
=
s 40+
H
B
@
2 60+
w T e
f o -5, (Simulated]
[O—8,, (Simuisted)
80+ 8—S_ (Measured)
[—®— 5, (Measured)
T T T T
0 1 2 3 4 5
Frequency (GHz)
(A) ©)
§ 05
+40
204 @ 0.0
g
= 40 = T
§ 2 0.5
g 8
8 .60 2
B = 40
F o -5, (Simulated) g 104
V 5,, (Measured) <
ey [y b - & - Simulated
—®—5, (Measured} 3 | —#— Measured
T T T T 54— T T T T T T — -20
] 1 2 3 4 18 20 22 24 26 28 30 32

Frequency (GHz)
(B)

Fabricated PD and simulated and measured results. A, Photograph. B, §;, and Sz;. C, 53 and S33. D, Phase and amplitude imbalance

[Color figure can be viewed at wileyonlinelibrary.com]

Frequency (GHz)
(D)
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