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Design of Asymmetrical Coupled Microstrip
BandPass Filter on Composite Dielectric Substrate
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ABSTRACT

Parallel coupled microstrip bandpass filter is widely used in microwave circuits. But this filter
limits the filter applications because of the narrow bandwidth and the spurious passband at twice the
basic passband frequency. In order to solve this problem, a method of the asymmetrical coupled
microstrip lines on composite dielectric substrate is presented. Closed form method is used to analyze
the asymmetrical coupled microstrip lines on composite dielectric substrate. An experimental filter is
fabricated over 33% bandwidth centered at 9 GHz. Compared with the filter on a single substrate, this
filter on composite substrate shows improvement of the spurious passband.

He|] & mrEo] gataryl Ar vz, o)y

.4 & & F EE SJAKEY o7} FEFEF E

g ule|3RAEY HRE o] &35 dYgE5Id

e AG njo]|ARAER MNEE o]&§ u HE 23d9 Ao?-:?' 2 roll-off 544 & A&
# 2
o]

[

esbaE e guTE A6 AL A s
: ghet.

.'_?.
AF7A 7M1 dAwrA o g AMSEHE FE T g sas ze o

o). w8 o] WEi- i e dHe E3d9ds 947 98A vidR A

Abo] ZbsEl ohE FupzE 2= e nlol A2 AEF M2 broadside A% viol2

v wsE A4ds] & dsE BT U 22EY 42" 9 03 4AAT=58 o
e A slelARAEY M APE &’ A77E ol1FolA R,

7} L17] H]]—r—oﬂ T [Ho:;_glg k=)= 1:}}5] F BES JASES #AG 'ﬂﬁﬂ""] A

ol Avt?, w@ £ mEo FREI} G| 9 ez wdse 3T EE fAA7 R

* olHe)slar A wEAI e}, ** 7}gedEo|st AR FAT] (semoon@gyc..ac.kr)
el F  030237-0602, AH4l=) 20034 69 29

77

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



ESFARNEEA '04-1 Vol29 NolA

& ojg Wy¥a wWyge Py Agazls
o] WrE = vl Qi)

B =FdMe g3 2% vo]aR2A2EH
A28l B3 /A7 EE o] 835t oA Ad
M2E o] &3 dogEdee dHE A
AL Fo

) 43 vlo]la2AEq Mz 434
729 Z3 717E 2P Yudx H@y
oy 54E z2tu 9o =3 M= g #4
& e 5 fAA7 92 AEvi8s /4
&1 71¢Eo], sE7|He] FHEH 7|HEo]
£ FHAs] ZAHsle] Bt gAEE9 oS
Fo| AU A g%t FHE 243 9t

closed—form #j24hg 0 o) gate] B3
SAA7 B WF AT vlo|azAEY
Mze 2= meulE & T3

55 fAA 73 vdF 2 vlolaz
»E7 HAgE o]&35l9 Chebyshev £%
X—bandold Hol# roll-off E4& 2= o
d%3 I9HE 4A5%H.

3 fFAAV|Hd dYEgdE e sF
7o) AR e, =2.52, 7|%9] Eo] h=0.508
mmQl HEZE7|87 §AE =10, 7]¥9 *
°] h=1.31mm¢l LFu|}7]HE ALEsto] A
B e e

S343, $4 F94 9GHz oA 44&E
A 1.41dB, Y= 359 % HkAlEA2 o
14dBeld, 2a Egde)r] o 24dB o]3}9
ZAH4EAAS deld. =% S3AANE G578
S e ggllg nmpsd Eg719e F:
el 23 Axeolx Erjelo] AHFE
gelslglct.

I. 53 A7 %3 njd 3y 4%
nfolaRAEY M2

1.2= njeo|g

I" 12 B3 fAA7Rge BgR 4%
nfo]lFRAEY HdZolu, v A wle]a
2AEY MRS F R{E%E oA H4
£Fo g o] vehgith 714 AR
o Fw (Y=L R, d84H=E 314 S, 438
e:(i=1,2) B Z13E0] b, (i=1,2)°19, #3213
71¢e FEAoln AR FAe FA%Y.

78

Copyright (C) 2003 NuriMedia Co., Ltd.

Wi § —h— Wa—
Caa
= 1 :‘"'\
y
, [N g _
| IS cﬁ L
Cna=_ Cre"Ca” N\ | /"Cm_Cre ——Cmz

Cui - Cou-Clhr— —C'mi_Cem — Cmi
‘ T ‘

I i |

a%.1 53 fAA7 9] vigid 2§ vlo)
ARAEF AR oYrA] L {LF

ol FAE&ZFE ZAZ A FAET
Cu.Cre R AE ¥HEF ¢ 22 YEH
| ohga g o

Ci= CfL"’ Cpr + C'ﬂ,‘f' Cﬂ‘f‘ Cga (1a)
CRR=CJR+ CPR+ C'ﬂ?'." ng‘l' Cga (lb)
Cise Chve (1c)

5% f3A71gel vy A vpejaz
2EY HZY A7) AY—2E L, L R A
T AYHA L, & DN FAEE 37
(en=ep =1 = dA¥Y 7] R{H&F
CiL.Cix 2 U4 FH8FCl 2 ¥E O
3} go.to
10 Cke

LLL = 9 A Cﬂ' (23)
et

LRR"' 9a fod (Zb)
100

A71M A =Cj Che— (Cix)? olth
(AN VY-S L5 Lip LS B
HEvnHom o]9, H-LF 6l Che . Cir 8
3o = pF/cm o]tk
53 fAA7 A udA g sle]laz
2EY M2 c-HE 9 -RE JHEEE

o Oy
Vﬂc.mmm (3)
oy, B4 dud AL &3 o}

www.dbpia.co.kr



EE/AR AR vl ¥ volariEY dHFIdE ] HA

L
Zo= VCE_V'(LLL— _RLf) (4a)
L
ZHL <o v%( LLL e RL: ) (4b)
Zer= — RoRyZcy (4¢)
Zop= —R.R.Z,; (4d)
o] 7] A

Ersten = 2Cv[ Lr Crp + LieCri— 2L1gCretAl ™!

A= 44( LLRCRR_ LLLCCJ?)(LLH'CLL s LRRCIJP) + (LRRCRR- -Ll..l.c“.l'...l.)2

(LirCrr— Ly Crp)£4
2( LLRCRR sz LLL CLR)

Ren=

ole}, Cy £ ZHr3FelA e SEojt

2. AlEgolM

closed—form 84 W% & o]&sto H3F F
A7) vy HAFY vio|a22EYH A
79 Bt deulEHE Flsit

I9 13} 22 M7 UE fAEE e B
A7 e v ZHE sle]aAEY A
M T RE(C=RE L TR T)olaalat:
s 54 ?Jﬂltdﬁ‘; Ae718e] wolsl A&
4 §5719e] zolol fAH &l ulel Wit

53 FAHA 7| v F A vo]lagA
EY MA=2A dFH siE7|we] fd&o] 22
En eq S AL, 712 AAES] hy = h +
hy & TAFAZ] 353 85718 %olE ¥El
AF|HA BE QALET (V)2 7§ 2 o et
vgdck 4714 Z]esgole] W7F hy/hr=0 <1 A
FE A&, @578 Z= 2R rlol2
B2AE" MR7} Ha 7]®Eo]9 #l7} hi/hr=1
Q ALE fFAHEe, ¢ EI7I¥S = FAH
vfo|ARAER ME7} HBE I8 2 o ek
A gtk 29 2 oM AFd 7| F9)
Wzl we} F mEo gA&E Aolrz) %01%
A F7rsle] oWz A E ol S dF
th £,=2.2, £,=9.7,WiL/hr=1.26, Wse/h';
=0.94,5/hT=0.25%1 ZA3}elA hl1/hT =
0.3,h1/hT =0.75 ¥ # F RE29 &=
7} Q‘OH‘J% gaoz £+ . 4F7|8 &
719 fAEe W3l mel RE f4E5E
& 24 g + U AF7I% weols %7
e Folg ﬂ;ﬁ/\l?l o GhE ol oial A =
s&718s FAEe, BE AF7|HY FAE

Copyright (C) 2003 NuriMedia Co., Ltd.

ep 8 ¥FE 293¢ JeERISIc 2183 (a) ol
A £,=9.7,Wi./hr=0.28 Wr/h1=0.7,S/hT=0.2
1hi/hr=0.1790 ZHseA ¢, =25 o 4
F RE AEET oS 4G =3
293(b) ellA. g,,=2.2,Wi/hr=0.28, Wi/h1=0.7,5/
hT =0.21,hi/hr=0.17 1 ZAF}eNH ¢, =
8.569 W F RES JUEE7} BolAE Fal
& & A%

If4e APAR 14 (S)9 W3l o
23 fAA7IH e vdE AF vjolmazA
Ef Mz 2E dudA g Yehligith

22
21 |
2 |
1.9 |
1.8 |
e P A

£
1.6 |

1.6 l-
|,4"
1.3 F

|
1.2 |

PRl L S s e B e T SR et ST B A

eri=2.2
Er2=0.7
§/h1=0,25
Wi/hi=1.26
War/hr=0.04

0 0.2 0.3 0.4 0.5 0.6 07 0.8 0.8
hi/hr

2% 2, hy/hr 8] ¥ge] g RE 455

(a)

115

C]G L - VLr=r . v il
76 8 85 9 65 10 WS 1 NS
€2

(b)
1% 3. (@) eq & W3 U FE SR
(b) En 9] Hile| W} RE gAEL

79

www.dbpia.co.kr



UEE S eN 0e ] Veles NadA

En=2.2

10 Er=9.7
{ m/hr=0.15

Wr  Za Wu/hr=0.94
W | Wr/hr=1.9
o
70
&0

o In

-
i /*‘_._‘.’—I———'
K4 Zen
o

0 ORESRPT il UG R/ S R
01 02 03 04 05 06 o7
S(mm)

Y 4. RE guEA
m.g 9 s4de e A7

a9 5= ALIRE 2 g A%
Mgold, H713 Heolg & ZE= c-EES N
~RTox BA dudAr z.,z, & 23,
A713 Zo), A=9 54 dudA z, & 94
dx HE@7 Kk & ol83 1% 58 22
71 2E Jepd F Qi

F o 1
[ =0
(aseies =
Z0o ., Z71c
(a)
R — 0 —
00— —O0—0
Zo K Zo
O———0— —=0-— @
(b)

a9 5. (a) WA AFAZ (b)F7HE=E

2% 5@a) A vldd AR ABCD B
4 BB

Gotdp g (Ze=Zn)* + (Ze+ Zy) cos® 8
iy 2(Zc— Zp)sin 0
[F)= 2sin @ 7 p 2
J < 1 cos O
Ze—2Zp Ze—2p

(5)

80

Copyright (C) 2003 NuriMedia Co., Ltd.

olty, g 19 5()elA ABcD BHY FE

(% + —K—)sinamsa j(ﬂ sin?0— Kcos26)
[F]l=

J(-‘K‘sm 68— —M) ( Zf' +%)sin8ms&

(6)
o]t}
A (53 4(6)9 7 24 AFHE (2
3 5(a)) 8t 19 7132 (a¥ 5(b)) #AI =
2 7 R Etoofgtey.

%i%c G—(—+—)sm80059 (7a)

(Zc“Zn)2+(ZC_Zn)ECOSZH Z'B

5(Zo= Z,)5in 6 sin“d— Kcos®#

(7b)
. 2

A(Lez2Rg vdg3 Afd=e digd ¢
—Bcol [-RESY A gudAz./z, &
ZplZe 2 I—}E}LH“# o3 gk

I+( ) sec€+( )2
Lo _ = (8a)
i —(—)zcot'ﬁ
% 1— T)cosecﬂir( 2 )2 8b)

2o —(7{")“cot 4

@AM o=xn/2 Q ABE, HdF A
2e] U¥ c-5E=9 -E=0 AE d9d
27 Do Sl LT

2
Fo [T =t i" % (9a)
2
ZnlZo=1-2 + IZ{‘; (9b)
olg}.

a% 6% v A% nlelaZAEY M=
€ ol8% d4qFAAUE oY AF vlolaEx
sl by TR b R B e ia s o | B
E9 54 99dA 4 34E 747 o= A/,

(Ze)eros s 2 Vns; oS, = WERg ST,

www.dbpia.co.kr



ER/RE 83

Zoln-1)n

1¥6. UoEH 9F 7=

N+1 ARARE 2E ddEd AN
2k gi, A0 UI9E we o YA W)
Kjvper 209 A% d9%s A o
3 g0

D A Agas

[_mw,
Zy/ Ky = P (10a)

2) F ARAM=E

Z/Ky 1= e (i=1..m) (10b)
3) EFEY FARME

T (10c)
2gngn+1

28 699 uldAY AR vje|AR2ER A
29 Cc-RES I-EES 54 dud2d 9
R MEr|zhe] BAE

Zlh"!{nc a1 =

(ZC)j-j+|=z()(1+dZ()+ aZZ%) (113.)
(Z.q),-.,-+,=Zn(1—a20+a2220) (11b)

259, N+1 /A AFAREE ZE UFFTH
Ue 9 75 €€ F UG

AN a=1/K;, ;::°12, Z;& A= 54
Sl ¥ | Aot}

N. 4% R 25 3=

Z 359 t)9]% X—bandelA Ho & roll—
off A S 2= YdE3HEE A $8)
A BE GAA 7 @A) v A vlo]aE
AER] MRS o] g3t dA AFsdr.

Copyright (C) 2003 NuriMedia Co., Ltd.

"7, HegE3 B
B 1 A

e 3 g
e 9(GHz)
A3 g E 33%
Wi(mm) | 0.5
Zc 81.46 || We(mm) | 0.18
ZT1I 80.38 5 (mm) 5,42
Si(mm) 0.5

Wi(mm) | 0.55
Zc 77.79 [ Walmm) | 0.18

Z1 78.87 b(mm) | 5.37
Sz(mm) | 0.54

A@s el o5 EE-2 Chebyshev
9 ¥4714 N=3, 8F 0.2 dB, F4FH%+
9 GHz 3 A3t 9% 33%°]v, A& 9
AAE BA d9dX Zo=500Q o F dA%
AAATES Elo| el

IHTE S RO E A ER MS o) B
£E43 Ras4y¥e wgsie AAH g9y
T E o,

B3 fA4792 2 dY9E5AEHE 5
719 #F-48 ,=2.52, 71#e %°] h=0.5
08mm<l BIZE7|¥ 3} FAE =10, 7|2
=° h=1.31mm% L¢Fv| 7| #E AME-3Ho
R A=

e Zade s FHESHELNE FAE
814 HP 8722A Network Analyzers ©o|-&
st ST 9= 0.5-20GHzo| .
Aze tgFAde ] AG5YH vAELE
S48l 298] EAEH. ST A3, F
AF3 9GHzolA <F 1.41dBe Ai&EH

81

www.dbpia.co.kr



JFZFNGH=EA 04-1 Vol29 NodA

|

e I ] LI, T .
T o

-TIA e,
N

4
\

ATAST Nl e SRR W oULD T

—  Sabbdred rosualt ¢ slsubstion resalt

inl

oHO M lug HAE L R

a

ATMAT T B300 e

— : aesuced resell

AT S e

¢ oslimulotibes resalt
LR

a9 8. 443 (a) Su (b) Si

p 1Y 20 RN N8 58 A 4R B0 By A
Proquensy ((0Hz)
1299, Z42% "(adw)

dEE 35 % 32 ¢oF 14 dBAES RRAEAE
Ak, EH 2x 3ol FopFolA oF 24
dBol3te] ZHEANLE Z: F5H FRE L
= A

2AAN(2YR)E olv] Luy AFA
(299 "el wwsld 23 Axglo]Azl of

82

Copyright (C) 2003 NuriMedia Co., Ltd.

20dBo]4te] ZHEAHoR MMEHY FEAF
gE ol F5d dIE 4L F AU

V.4 &

A4%A 2 x3Fu FAAAH>Y o]&F
= A vola2AEY dYdFERAEHE FL
9 E 7 23 AxeoA FHgige] vehd
el Y52 AsAIZY olsiE e EAES
HAsty] A EF KAAZEAe v A
A% vlolaz2EY M2E olgsi: WS
A Al 8Fsi et

closed—form #|AuH]-& o]&3}o] cheby—
chev $% F27]4 N=3, g& 0.2dB, 4
Fi 9GHzolA A3dgE 33%E #:e
Y EHEEHE EF {fAAMZ| R vdF
A% vfo] a2 AEY HARE o] &35t 44 A
Z-3k3i ot

3¢ 23, FHAFHS 9GHzoM &
1.41dB9] ASQl&A dig=E 35 % 9 oF 14
dBA RS WHALEANE Ao £33 24 3
Fotol A ok 24 dBolEte] #HASAHS 2
G AE 4L F A%k
ER719T=E - dYTIAEHY HF
o] ANtAQ wF7|we] diYFFHUEng A
Zglojx Fedo] JfHE L &A%

2 =39 AilE= X—band 9594 F47)
9] Down-Link FHFoige]s MIC %
MMIC ¥E 9 AL FHA7IEd 34 =&
o] =gz} 7]dj¥rh.

rr 12

Fa1Egd

[1]1S.B.Cohn,"Parallel—coupled transmission
—line—resonator filter,"IRE Trans on.
Microwave Theory Tech,VolMTT-6,
pp.223—231,Apr.1958.

[2]].S.Hong and M.J.Lancaster,"Aperture
—coupled microstrip open—loop reso—
nators and their applications to the
design of novel microstrip bandpass
filters",JEEE Trans on.Microwave
Theory and Techniques,Vol.47.No.9,pp.
1848-1855,1999.

www.dbpia.co.kr



EE/EY FAA7 Rl vy A vlolARAEY A EUE ] 47

[3]1L.Zhu and K.Wu,"Accurate circuit
model of interdigital capacitor and its
application to design of new quasi—
lumped miniaturized filters with
suppression of harmonic resonance,
"IEEE Trans on.MTT.,Vol.48.No.3,pp.347
—356,2000.

[4]V.K.Tripathi,"Asymmetrical coupled tran
smission lines in an inhomogeneous
medium",IEEE Trans on.Microwave
Theory and Techniques,Vol.23,No.9,
pp.734-739,1975.

[5] M.Tran and C.Nguyen,"Modified broad
side coupled microstrip lines suitable
for MIC and MMIC applications and a
new class of broadside—coupled band-—
pass filters,"IEEE Trans on.Microwave
Theory and Techniques,Vol MTT.Vol.
41,No.8,pp.1336—1342,1993.

[6] C.Cho and K.C.Gupta,"Design metho—
dology for multilayer coupled line
filters",JEEE MTT=S Digest,pp.785—
788,1997.

[7] 1.J.Bahl,"Capacitively compensated high
performance parallel coupled microstrip
filters,"IEEE MTT-S.Digest,pp.679—
682,1989

[8] I.P.Gib and C.A.Balanis,"Pulse distor—

tion on multilayer coupled microstip
lines,"IEEE Trans on.Microwave
Theory and Techniques,Vol.37,No.
10,pp.1620-1627,1989.

[9] C.Y.Chang,T.Itoh,"A modified parallel—
coupled filter structure that improves
the upper stopband rejection and
response symmetry,"[EEE Trans on.M
TT,Vol.39,No.2,pp.310-313,Feb.1991.

[10] S.S.Bedair,"Characteristics of some
asymmetrical coupled transmission
lines,"IEEE Trans on.MTT-32,pp.
108-110,Jan.1984.

Copyright (C) 2003 NuriMedia Co., Ltd.

[11] T.Shibata, T.Hayashi,and T.Kimura,

"Analysis of mocrostrip circuits using
three—dimensional full-wave electro
magnetic field analysis in the time
domain,"[EEETrans on.MTT-36,
pp.1064-1070,1988.

[12] G.L.Mattaei,L.Young,and E.M.T.Jones,
"Microwave filters,impedance matching
network and coupling structure,"Artech

House ,Norwood, 1980.

[13] T.Edwards,"Foundations for micro—
strip circuits design,"John Wiley &
Sons,ch.5,1992.

& & ZH(Seung—Chan Moon) 334
A : A5 EUE ARFAY zus

# ¥ 4 (Ik-Soo Kim) R
A : QA HREFANFTEY W

www.dbpia.co.kr



	복합 유전체기판상에 비대칭 결합 마이크로스트립 대역통과필터의 설계 
	Ⅰ. 서 론 
	Ⅱ. 복합 유전체기판상에 비대칭 결합 마이크로스트립 선로 
	Ⅲ. 대역통과필터의 설계
	Ⅳ. 실험 및 결과 검토
	Ⅴ. 결 론
	참 고 문 헌


