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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.

ol & BE9 4&E7 AR bdan. ol
1.4 &8 & F RS d4ERY Aolsl FAEsS
# vlola2AEd HEE ol$d WAy
H3y AY vlo]ZA2AEY HNRE o] &3 o HE %ﬂtﬂa‘ FZ2 roll-offEA S A 5HA]
Ag3ue Ve BuTz @ agoly) wre A TA FAF oF 2N 23 Aol
A A ARz AgHE BEFol A Fe zre Dol ek
o)t Ea o] WEHE A Ao WA He FhUAe 27 A widY A3
ato] shssle e HATZRE zte FE9) molg 2 AEH Az broadside 2 wlo]lz
slmahe Ags & A%e RolF gnk 2AEY 420 U g3 4472058 ol
SEINE-LINNEL RS TINLETE O e et
o) MR FE giEe evhe vy FoREe AdERE A AN )
of et m ¥ mEe) FREsger) W WIHZ 2dss INTEY §AA7RT2

* oAty A HEAESs, +* 72 Eost A BEAT (scmoon@gyc..ac.kr)
W5 0 030237-0602, AHdA) 12003 69 22

77



=2
2 =R vty EF volagzAEY

Az BF fAA7wE o] &dte iR A
A2 E olgd HAETHUHY wHe s
1A gt

dod 2F vlolZzAEY Hze APH
29 3} AAE ZYstel QUL bﬂ%ﬂr
e 548 23 vk TF Mz 02§

& 2t 8% pAAIEe 4378 4a
g3 7)@xol, E71%Y A& wEo
€ H43 x4 ZE JUEEY AolE
ZolAv A 2ok 38E # o

closed—form 34439 g o] gste] B
FRAA 7| ALl vty AF wo]laRAEY
Az 25 geprgE 75

B3 FAA7IRYe vt AF wlo]a =
2EY MRE o]&#3t9 Chebyshev $%
X—bandolA HA3F roll-off SA4L ZE U
A% e E A

53 #3 h‘-’ﬂﬂﬁ%“ﬂ R EH4IAHLE 83
2.52, 71%94 #°] h=0.508
A& e,=10, 719 =
o] h=1.31mm‘?l °LEUM71%§ A}-g-3hq 211
B Pel=

349, $4 F9$ 9GHz oA A&
A 1.41dB, W9 E 35% 9 WAEAE o
14dBejd, 22 Fgdjdelr <k 24dB ©]&9
ZHERS It =3 EAAJE dEUH
< zte ey wmsd Biriws e
e 2 2x Axgox FHU el MRS
sttt

O. 83 Fd3A719%8 ndjd 4%
ufola 2 AEY M=

1.2 mebnig
a7 1 5T fAA7 B gy 2
o] ZEAEY ARole, vliiE Ag wola
EAEY MR F EHEFS A &
FFOE o] Yehdigith o714
9 Zw(y=L,R, ATAE 4 S, &
e:(i=1,2) R Z1FEo] h,(i=1,2)°19, §-HA
NHe FEadeln Mg FAE T8

ARA=R
O
#+4

=

78

SR BT HAAT B B A bl

AZAEY A2 A7 F{E&F

N5 $HEFE A% A whe

CLL! CRR E.l }\O T %a CLR .g-i 1”}'5]'1’}]
® thes) o

CLL= C/L+ CPL+ C'ﬂ,‘f‘ ng+ Cga (13)
CRR= Cﬂq+ CPR+ Clm+ ng+ Cga (1b)
CLR= ng+ Cg,l (lC)

28 fAA7 1ol vt A% vhojaz
2EY AR A7 AYRA L, Lpe 2 4
B AREx L, & A0 fi8e 37
(en=ep =D E XYW 7| H{FLF
CiL,Cox B A FREFCl & FH g
3’—]— 7‘%,]:}__[10]

10 Cqr

LLL= 9Aca (23)
10C

— b

Lgr 9aCe (2b)
10C%

Lig= 94 Cf (2¢)

71N A = C}, Cre— (Cig)? ©lTh
N@elA VHYEER L, Leg Lz 9 2
¥ nHf{cem ©19, ¥H8% Cl, Cor , Cix 9
@+ = pF/cm ojt}.
3 fRAA7193 udA dg vle]az
2EY M2 C-RE g -EE A¥EEE
Cy

Viem = V Ere(C, D 3
olef, B4 YHHAE ok gk



FAAZ B v A vo|AREE

d g sAEH 4A

=E/AT
L (42)
Zeo = V_(LLL ) a
L
7 = Cv L, — —X& (4b)
L m( LL )
ZCR= - RCRKZCL (40)
ZI!R= - RcRn'erL (4'd)
o 7]1A
Erton =2Cv L1 Crr+ LegCrp — 2L 1 Crpt Al ™
A=V A4(L1rCre— L11.Ccr)(L1Cri — LrrCir) + (LgrCrr— L1 Crp)?
Re = (LgrCrr— L1 Crr) x4
ca 2(LrCrr— L1 CLR)
oel, Cy & AFENIAN R SEolth,
2. A EdojM

closed—form S{APHE o] &3t EF
AR 7@l v R A vlo|ARAEF
29 = svlgE Faith

a¥ 1% 2 MR g8 fA&S 2= 5
FAAZ TG v A vlo]aR2AEY A
ioﬂ/\-] = EIT:(C 1:11:3], H_‘:”:)-/] _ﬂ/\]—d:&:_
g 54 dYdae AEIRe] wold fHE
4 e zol9 FH&o wet Wit

i FHA7I S v A vlelaza
EY MM 45T 5719 fHEo] ZH7
en g A AF, 7188 AAEO] hr = hy +
he & 2AAZI 2E5F 57]% wolE ¥
AFEA B2 YAEE(Ve)E 18 2 o YEl
Wik oiziA Zlgselel H7F hi/hr=0 91 7
e FAE,U GSVIEE 2 Y volz
EAEY AR Hi 7|¥Eeld H7F hy/hr=1
A ALe FHEe,  EEVBE = FY
vlo]a2AEY AZ7F HEE 12¥ 2 o yEh
A kst ¥ 2 oM AET 571 Fol
H3le)] wel F REQ FEE AoUt EolE
AU F71ste] ouE RPN ZolRE I
O e,=2.2,6,=9.7,W/h1=1.26,Wr/hr
=0.94,5/hT=0.25%1 ZHAsto)A hl/hT =
0.3,h1/hT >0.75 & W F EEZ9 JU4Ex
7 2ot g g = AsT AFTIwd s
7|8 FR&Y W wel 2= NS
< 2A 5 YUt 4S8 Eols} 3F7
T Fol g AL F EES YHEEE

F57189 fAE e, Tt 43R FAE

x o

5713

iy
X
il

en 8 BFE 29839 JERAT 2™ 3(a) ¢l
A £,=9.7,Wi/h1=0.28, Wr/h1r=0.7,5/hT=0.2
1,hi/hr=0.17981 ZZ8 A ¢, =25 ¢ d
T RES SR ZoE Uitk Ed
283 () AA. g,,=2.2,Wi/hr=0.28 Wr/hr=0.7,S/
hT =0.21,h1/hr=0.17 Q0 ZAs NN ¢,
8.56¢d W F Rt JA&EET) ZolFdE gl
& 5 AN '

I¥4E AFHE 2FH(S)9 Wzle ug
B3 SAAZ| R vgiy 2Y vlolaga
EY M2 & d¥AAE e

2.2
2.t -

2 b
19
1.8 -

~
~

1.7
1.6 -
1.5 ¢

&1=2.2
£2=9.7
S/h1=0.25
Wi/hr=1.26
Wr/h1=0.94

1.4
1.3 ~
1.2 -

1.1

0.4 0.5 0.8

hi/hr

a9 2. /hr 8 ¥ wE

t3r
1.28
1.26
1.24 -
122
ter
118 +
1.16 |
114
112
1.3

€ro=0.7

S$/h1=0.21
hi/hr=0.17
Wi/h7+=0.28
Wr/hT=0.7

Vo

€i1=2.2

$/hi=0.21
hy/h=0.17
Wi/h1=0.28
We/h=0.7

95 10 105 1t N5
€2

()}
9% 3. @ e, o Wkl g
(0 e, o W3}o] WE



r°"

—}QE?—X] '04-1 Vol.29 No.1A

&1=2.2
1o 82=9.7 -
hi/hr=0.15
e Za Wi/hr=0.94
®l \\ Wa/hi=1.9
80 \’\‘
ol
S 0 r n
0l
wor ./-/-...—-—-——"“';'
0+ Zen *__.____'——-—.———l
20t ./"’_
wp m
0
01 02 03 04 05 06 07
(rrm)
2% 4. EE dHdAa

magsAdee] 44

1% 5()+ MEEE ZE

Azoln,
A=t
A71% o], Az 54

A4 Heolg &

EA du¥A zZ., Zy

vy 2%
Zh= c-2E¢ 1
¢} Z3,
dgdx z, o 49

dA HEY g & o433t 18 5(b) 9 S

3z Jeid &+
L 6 .
r g
l —-o
o__
Zc , Zr
(a)

b— 0 — b— 6 —of
O——0— —0O——0
o K Zo
O—0— —O——0

(b)

I% 5. (a) ¥IYY AF

C 3% 5(@elM vk A%

 (Ze—
7

AZ SR

A2 ABCD B3

Zn?+ (Zc+ Zp)icos®s

80

2(Zc—Zp)sin 6

(%)

ot} 3t 1198 5 A ABCD EH F,v

2
(% + TK)sin 6cos & j(% sin?8— Kcos26)
[Fb]=

2
#( zsmﬁ —Cg%rﬁ) (=%

K + -—)sm gcos 8

6)
olt}.

AGH A(O)9 Z Lage ATAR(2
g 5@ 19 5713229 5(b))#EAE
2 747 AR sojokdt}.

ZetZn O+7K‘)sin0cosﬁ
0

ZC—ZHCOSGZ(% (7a)

(Zo—=Zn)2+ (Zo — Zg)? cos® 0 _ 75
3 Z.— Zy)sin 6 X sin®g— Kcos?@

(7b)

. 2
chs_lflze =%{2‘sm - co;{ﬁ (7¢)

A(MOZEY vy dgH=ged dE ¢
Zul Zo & YERUE thE3 Ao

_g_cz 1+( )cosec0+( 02 8a)
0 1—(—)2cot I
Zc _ 1—(——0-)cose00+(—)2 (8b)

Zo 1- ( )Zcot 4

21(8) ol A t9=7r/2 A, vgR AR
2o g c-EE=9 I-2=9 A3t g9d
2ZelZo & ZplZo =

Zo Zo

Zc/Zo—l‘f’"—" + —= (9a)
ZnlZo=1- 22 + f{‘; (9b)
olct.

29 62 vty A rlo]AEAEY A=
g o]8% dgdESygeo|ty. AF woldgA
EY MM #7H Zo], c-RES -5
=9 BEA Adudx 3 1FE A7 a= A,/4,

Zdirss s (Z)inrs + S5 B UERIRATH



FAR

i
i
~
e
o
Fo
rN

2
N
e

Oz

of v

2 vlolaz2Ey HYEIYe ) 4

Zetn-1).n

I¥6. dgEd I 7=

N+l BRARE AL S Wl
A g;, A DAF we % IR WE)
K, ;v 9 BAE dEd Feol4 o

D RAAA A3z

7 Ky = || g (102)

2) 3 AR

Zo/K/,;‘+l=W7;—]_u;§Tl (j=1,.n) (10b)
3) EFEY AYHE

ZO/Knr n+1=\’% (10¢)

2% 694 vldgY A7 vlola2AEH A
29 C-EES N-Rro B4 dggrg ¢
HR2 WEr|ze] gAE

e

(Zo);, ir1=Zo(l+ aZo+ aZZ%)) 11a)

(Zn)j,,'+1=Zo(1—dZo+ LZZZZO) (11b)

2, N+1 N AFHEE e dY9FH
HH 9 75g 4& F AUtk

AN a=1/K;, 4,013, Z,& AES F4
Yo Ao},

V.43 2 43 HE

23159 9% X—bandolA A% roll-
52 73: Ze dAdsHEHE 493 A8
Er?ﬁ AA 7ol vdE A3 vlo]la=
AEY HMEE o] g3ty A A

.

I"7. hE3 EE
X 1 2AXNG

%’1‘:‘ I 9(GHz)
st % 33%
Wi(mm) | 0.5
Zc 81.46 | Wz2(mm) } 0.18
A 80.38 L (mm) 5.42
Sitmm) | 05
Ws(mm) | 0.55
Zc 77.79 | Welmm) | 0.18
ZT 78.87 L, (mm) 5.37
Se(mm) | 0.54
Ad@stuAste W95 HHE 2 Chebyshev
%%1 3aEO.2dB%—/§}—Z,—-,—

3 N=
GHz 2 375 JI% 339019, 429 <
s 54 AAEL Z0-50 0% A
I KoN

AANEE E10 Yo

297e A% wlelazAEdy Mz B4
£2Y3 $ASHIL nefste] 4AR T
E 38 ol

5% AAA7IRE e deghaae o

718 FA& e, =252, 71%9] Fo] h=0.5
08mm¢ EIZE7|% 3} §HE ¢, =10, 7%
+°] h=1.31mm¢ <Fu}7]|HE AHL3Ho
A 28T,

N FHIE Y FRESEELE FH
28] A HP 8722A Network Analyzer®E ©]&
a3 a FFH5H 9 0.5-20GHzol ok
Aze A FhE ] desdH unpga
223t 18R AT =RE Aw, =
A5 9GHzoA oF 1.41dBe] Ayd&d=

81



E=¥A '04-1 Vol29 No.lA

B wEs  FEP Doath

4

“L’ﬁ“T

2

ATaET DL 0000 dle et s domg wey

—  pmiiarsed posaln e gl@ailotios resel

by
1% 8. 5443 (a) Sz (b) Su

i3 5% L 58 F_im A5 BB 3 e
Preqoosy ((0HS)
a9, 32% V(FL®)

AE 35 % B o 14 dBAESY HAlEAS
Aot T3 23F ol FubgoA oF 24
dBolate] ZHEAE ZE U5s AFRE IS
F At

ZH4ZAN (U E olv] HEH JATAH
(239 sl wmshd 23 AxmeoArt oF

32

20dBolte] ZHEHL
gL %33 ARE dg 5 U

ANEA 2 2157 FAA A" o] &5
= 2% uolazAEY JYdBHdHE F&
e E 3 23 AXZgolA FHodo] vEh
HE Y A5S AsANL. ol TAHE
AAstr] daA B FRA7BGe vlA
AY volARAEY MEE olgste WHe
A A s

closed—form 3{4WH & ©] 83t cheby—
chev €% X715 N=3, g& 0.2dB, 4
F3t4= 9GHzolA AF3dE 33%S Ze

HdsHde s EF FAAZwG HIHA
A vlolaZAEY HEE o] &sto] A Al
aatiet.

548 23, %ﬂ‘:‘-r—ﬂr-r 9GHzolA  oF
1.41dB9) Ad&AFH g% 35 % 2 oF 14
dBY =S WAIEAE ﬁ?d‘i} £ek 221 3ol

o FaolA oF 24 dBolste] BAIHE 2
= F3e 4+~@°*212m |

2eRrze 2E d9EREne 4%
o] %a«u 937109 gesaghuT
3L

gojx FHgge] AR S A3

B =89 A= X-band AFHY FA7
°] Down-Link FdHFges MIC ¥
MMIC FE 9 AFS FIA7Ied 2A =&

o] =z} 7lhdt.
F 2 EH

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

[2]1].S.Hong and M.J.Lancaster,"Aperture
—coupled microstrip open—loop reso—
nators and their applications to the
design of novel microstrip bandpass
filters",IEEE Trans on.Microwave
Theory and Techniques,Vol.47.No.9,pp.
1848-1855,1999.



=8/ FAA T RS

By 23 vlelaz2EY g9 EHUEHS HA

[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",JEEE 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,VolMTT.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,"I[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.

[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,"IEEETrans 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) 54
HA . AE5Id5UE FRBNY 2uF

g 2 £ (Ik-Soo Kim) 339

FA : QMU y FHFANFEH w4

83



