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Compact Open-stub Band-pass Filter with Narrow Bandwidth
Using Impedance Mismatching of the Transmission- line
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Abstract

In this paper, the narrow band-pass filter with compact-size using the Ag/2 open stubs is proposed. The filter size is reduced
by realization of transmission line at second harmonics and at the same time the power can be transferred to the output by using
the fundamental wave generated in the resonator and the transmission line in which the impedance mismatch technique is
adopted. Thus, the proposed filter can be reduced to half-length of horizontal transmission line than the conventional one. The
experimental results show that insertion loss is 1.58 dB and teturn loss is 9.86 dB, and the fractional bandwidth is 10 % at the
center frequency of 5.8 GHz. The filter size is 10.34 x 18.56 mm2.
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<Table 1> Impedance value of the filter in
transmission line

F45 | a9

[GHz] | Z [%] Z12[Q1 | Z1Q1| Z2[91 | 73[9

58 10 373 81.1 444 81.1
o =g ﬁ Jo1n =g 2919541

v, Vg ¥, PV gg.,

i 29,9
Sl Tedl for i=2 to n-1 Q)

b
Y, V9i9i+1

Y, (a;tan’0 —1

Y. _
“ (a,+1)tan’0

@

A71A, gi & AGFH 718N FolAE 3%
o)L, <& 1> 4 ()F o183 o=rE2 FE
AAe] o] goz ikl YMdrE W
geoltt <ad 2>= Fuiy AHE Qg5 o9
71 thE AlgE ol B 574 ZIjola, <E 2>E
<1¥ 2>257H @o|3 A3 3 dvE gs
& AAg oju) WEHEY F4 Fure 2H
BolM Fdske T4 Fied 2a AFdE &
Ax 24 FirE 71 Y2 W AY Fos o
JEIEsh3 nxsprt A S 24 [6, 9,
10].

3 AEHRY ZolE 128 43k 7193

2HH 928§ 93 AE$HEE 47 0°% o) F
A1, AAY Hole 180°2 TFAH o A%
AzofA FRo] AY Fag tgRyH AR
gl olu, ALANE ZdA FRse F¢
Qe AR T4 F959 4 Fa49
2ol AYFs g 2 nxurt A 2}
v 53¢ 23 o o)y A 7R g s o &
st 2L B3 HAE PYS o AsHE 2

S-Parameter [dB]

o
L
e,
"+,
e
.
e,
. _
v,
+e
e,
A3
.
e,
4.

-

) — +—Simiulition Kebirn loss ‘
? = #—M easurement Return loss

‘5v sE SB i:ﬂ 62 6L 65  EB
" Frequeney [GHz]

-]
a

-
o
(L}
o
™
L]

<2 2 B 2g/2 WL AEE CieiST)
odzprjel AlZEold R £ Zuot
(CHOIZ10 %)
<Fig. 2> Simulation and measurement results of the
narrow BPF with 1g/2 open stubs
(FBW:10 %)

<E 2> 8oy 192 s AEE CiEDn;
047 |of CHEH &8 Znt
<Table 2> Experimental results of a narrow BPF with
Ag/2 open stubs

e A Egold A 273}
z-é—ﬁ}/\ W E [dB] [dB]
Vo [ [Aaeafuded age | warea
f0 [GHz] EA| WAL & [ o

821 S11 A 821 S11

58 | 10| 06 | 185 | 15 | 175

40 PIIRTSYR=2T

73, H62(2008. 12.)



L
N
-

ARG 1R #47} 7bsEich 1 ol
z} W) 7)Ee) Az} e g

BABA &1, 22k 1%
z/ﬂ Z_]_]—_'_Oﬂ ulzcﬂ }dﬁ]
A wpApo] ol wha)l AR A
F7F 3tk o] AEHEE 2HE
lo]2 vro] 4UAE o 6B

o o
2 o
S L
2 ow f

mh

 §
1-‘_‘_,£_—g’4
JRxﬂ

Ot
o)
X,

1}

™

[e]

2 8
o
tilo

2
N
—_— T

o 2 B o o o oy N

>
>
(o]
ru\‘ m

72} 90

9‘15
rlr
3!
A

X

4
43¢ o

= g X
okf 48

M oo X
o
1

4N
o
P
o
piss
B
K-S
0
2 -
i

ol
~
oft

3}

lo, o
2

2
o
~
N
M 12

i % oop Mo 2

o

oft
K
A
2

foeu)

o

Z., Bl
[or .

<4 P xuFn) 52 Mg F MR 7=
<Fig. 3> Transmission line structure for microwave
circuit

1. e A8 AEEH CHAED ofmv|e| 0|2

gukdo g TR 93 A%
3 3>3 o] 180°2 FA €Tk

A71M Z0e AENE B4 Puy2ola, Zin
% ind Y43 Y2 g iAot AEAz
© 2 33} o] MEYA MOE M F71 g1
A @, 6 9449 A2} A A S i A
o7 FHHEY.

A9 doje <

cosf,

_ JjZsind,
| JYsing,

cosf,

©)

2y (Z,+ Zye™ ™ )
gt 7)) —(2,— 7)e T @

Zyeos B+ jZsingl
¢ ZcosPBl+jZsingl

Z;+jZtanfl 2
* Z,, ,tenfl ’ D)
e — 36l iy
I-= V+ —a— L. 1 ®)

ZHH d957 Au7|dA =8B Abo]e] A
AL A3 AFHRY Hole A7 90°0) 1, <17
4>9} o] A9 ZolE 180°% FAEW 7En

QB4 Fo foa 71E3 S W, A9Fas o
A3} ax9Eo] R A LA "ot [8]

olwf f5}r]9] 2E|HEL Fupgpo g
o] FaAEA T A$HEE FA FHE) ofd 23}

3

nx3e} F4 Fuppo] gtpo] HAS st o
o] dojo] weh AAS Hol7} gopdE 4 (6F
180~
90”902
Zo \ Z, Bl \ Z Pl

\\\Wy

a) 180° Z0|E Z= FMEME
(a) Transm|SS|on line with half- wavelength,

* £ E=d hil 1= 14 !IE |IS Z20 2”2 2
Freguency [GHz]

(b) MSMZ0lN LMSH= =}
(b) Harmonics from transmission line
<B4 i 192 JEE ARE CieiEn)
ofmpr|ef TMAM=0]| Chst SXISA

<Fig. 4> Resonance condition of a narrow BPF with
4Agf2 open stubs at transmission line

Vol.7 No.6(2008. 12.) Compact Open—stub Band-pass Filter with Narrow Bandwidth Using Impedance Mismatching of the Transmission—line 41



HOHLE A AHE olET o{my|

v(Z),
s R W S Ag/2 s Aef2
+ , , "
R 5 5
; Zyf ; Z, B ! Z,p !
:’ Z,,=jZocotB! :, 4 |
Z; ' ! ! !
" z=m2 Z=- Z=-3/2 Z=0
Z, Iy Z, Iy Zy, Iy Z, Iy,

@ F7| 40| mWE MsMRo| Fx
(a) Structure of transmission line by periodic characteristic,

Yo~
-1 2ve”

F=R02, Zw=2,

b) &MY Mn} 70| ChE} 5}
(b) The change of voltage and current in transmission line
<Og! 5> MEMZY FIIHO| EMHS}
<Fig. 5> Periodic characteristics in trans- mission line

3 g
req=5.800GHz [freq=11.60GHz

15(2,1)=1.000 £-180.000 S(2,1)=1.0001-5.730E-5
impedance = 70 * €2 500E-13- j5:000E-7)| impedance = Z0 * (1.000 - j2.000E6)

—— 511 (M1, 42)
— (821 (M3, M4)

g
lfreg=11 60GHzZ
S(1,1)=10.000E-7 / 90.000

=5.800GHz
5(1,1)=10.000E-7 -80.01
(1. 1= o9, (10000Hz %0 2000042} |impedance = 70 * (1.000 + [2.000E-6)

|mpedancE:Zﬂ*(1vUUU?uiZ.UUUE-E)
<OE 6> 180° Zole| M&M20f| izt 7| =mie}
TEmle| F|xol uig HEEY
<Fig. 6> The repeated periodic matching
characteristics of the fundamental wave
and harmonics from transmission line with
half-wavelength

2ol ¢ 57 9, AgAR A Foig el
TYE 2Ens 2e F4 st afne
32 F35s ook Weby Qolrk F48 A
29) 0] pre 4 ()% 2o] A4 A7, 2
BolA FAHE AASL AR o859 W
4z AdFie 499 Ls e o) A
L

_2n_ 2
A= 8  wVLC ©
Bl=nn/B=(\27)(nr) =n)\/2 )

714, Ble A71AA ZHololAR, l=n\2EA
Fappol w2t 2o,

weha] <29 5>9F o] do] l=n)29) 373}
A9 Fatell A A WAAS TL F3F dAd
& ZL 2 WEAHQ] @R YehoAH, ol
AR AdX FLE A AT d9dxrt
Uehe #7171 =M29 €8 € 71 itk a8 ER
oled EAL 2nx ExE AAY 7 9,
<19 67 2o] 49ds =7 oA & nlF o
F @ Ade =27t €€ € F STk o9} 2o
180°9] AolE Zt= AFHEAME 4 FH5E
HIZ3le] wjsol] agate Fatgor F715o2
TXo] HHEEE #4g ReFa vk

AL A7l ol SA& st ov
719 Az AHEo] AFHEAAM 71E5} g
T AeH 3, YHEE oA BARE o]
&3 "ot mety AgdRE TR FosEg
T el sjgele Faol gtEo] AP HE

>

<E 7> MAE HohA 292 T AH
AE{E Cho} ST} ofnp|
<Fig. 7> A narrow compact-size BPF with 4g/2
open stubs

42 VIRMSYL=2Ty

M77, M6%(2008. 12.)



A = = =
H&Hdzo) dueta BHEES 0|88

-

o

tell
ari
ol

o8 ABH ST 0faly|

0!
0

o sgol aotdel wek Aol Pelsk HokAA
PUE S25E A 8L B <2d > 2
JERI RSO

2. Y 28 ARE 168D 0| HAH|
gt

#a oo

AE Fole 28 2HB
3 2ol 712 29} Zolr} Az oy urk 12

<HE 3> HUid 192 JHUE 2EE CidEn)
ojTpz|e| 37| H|m
<{Table 3> Size comparison of narrow BPFs with
Ag/2 open stubs

e
& AA =27)
Aol em | AN g
TVER el o | Srzael | azae
[mm] [mm]
71& o3y 8.75 21.58 18.56
A QHgh o5} 3.13 1034 18.56

[

-30 4

S Parameter [dB]

—r=Fimulsten Inzmrtion los

50 - =t —=Bimulatks Beewrn losz -
—v—=eazu ram ent In sertion loss

<0

—4~—Hleuzu rem mnt Rewrn loss
T T T T T T T —

55 60 65 4
Frequency [CHz]

<IE 8 HMeket A9/2 T HoHY 4
2E{4 ChedSnt ofupriel AlgaolM Y
=3t
<Fig. 8> Simulation and measurement results of
the proposed nar-row compact-size BPF with
A /2 open stubs

3] & 1 g9g%
T oAy 7t2 & Aol HlI Aol HoF

3 itk

<E L 7129 YUY 2HE NGER o
79t AAB AP Wi 28 2HE dgEy
of3}7)o] e AlBHeld B ZHATE T <2

g 8>o JeRAT <18 8> o] AE# o)A
I AT AL E4o] Zol7) U= olfw
Az oA el Aot AEAEY AHBE S dud
2 RAFE YA FARoltt <H 4> B =
oA Aeret ALy FY A% 2HHE Q9%
7 o7yl sk AlEE ol 2 SHER ] s
WEEo|th <I¥ 9> AZE tdET oy
o] AKE BodFa ok ARES 7)3E FAE
254, ¥9] 054 mmE ZT B ZE(Teflon)”] #o]
W, 23} BEL AFE3Y wet-etchingS A EFH%

o [11].

<E 4 192 N A 43 ARE CHAS
ofupr|o| Dt
<Table 4> Experimental results for the compact-size
narrow BPF with Ag/2 open stubs

B AT FETY
fo | & | aelea waked e v

[GHz] | [%] | s21 S11 $21 S11
58 10 | 068 162 1.58 9.86

E =82 ¢ doA du Bxol, Ag2 ML
2HBE g9%57 d97]E JFugez npre] 44
s WgozZX, FAVZ F&Fde 2HEY
2ZHH Alolg AZshs AFHEE FATS 53
AEHZEY Zdolg 128 F2ANFTE A&
ERla ok w3 RS Fite] D" gF W
AL AR 29 90°do|2 s A4 g
T 5% Za 9tk FUlF Ag2 MY 2HE

Vol.7 No.6(2008. 12.) Compact Open-stub Band—pass Filter with Narrow Bandwidth Using Impedance Mismatching of the Transmission—line 43



d 7iEFE 4B

ot

AEE (52} o}

o

21.58 X 18.56 [mm?]
o

(a) EhY AFE CidSa) ofoy|
(a) A narrow stub BPF,

(o) mMiokst Tzxof Hrhe A% AR TS0t ofmp|
(b) Structure of a narrow compact-size with new stub BPF
<32 9> MEf= Ag/2 JHetsd srhed ARE
CHeiST} ofupr|
<Fig. 9> Photos for the narrow BPF with A g/2 open
stubs

Wl B} ojmsle vlolViaE ALESHA) @a A7)
871 gl Azsherl Belgol Qa ok PE
o 9% WAE 29 4} slent, o Y 2
& A8EA B3, 04 EARS A FRolE
sl AAHeln AYHE 33

38
24
1)
m[o
S
>
oi:o
o
£
il
é
rkﬂ
£
_"':L
)
it
rlo

<E 5> =20A WISl ofm|ST} Ko ofpjel

NA| 37| H]m
<Table 5> Size comparison of the proposed BPF with
others
Ea
FDEH
7} [mm] A2 [mm]
NE2g o7 10.34 18.56
[12] 4635 63
[13] 26.5 175
[14] 9.5 16
[15] 21.6 142
Z491 19 E(inductor) &2 3] A E(capacitor) &
WA g Bk A% 2 S 54 21%}7} =
et £ 71EA AAE q3r)E o

A A2k ok 5o ajsio]e] 277 Ante =

AL et (12115). 53, Fed (1219 A%
T AWE FRAA JdYE ARE A, 233 @7t
Fed A Fog ddzrt Holite SAE
A ztzm ok FIEH (134T PR AT
25 A3l 3718 E9 93 o] o3t7]
9 ERL 27 ATt Ago] shEslth

a1 olfre W g3l StstA "rkd 2%

T2 4F gdo] olHEe 4] AAYER
AA Azo] oYt M 2HE HYFF v}
71e @i Fd 97 FA8E 2 R F
S AT F Y} 5, 7). <F 5> oA AdF3
U85S A Aotk FA wRF =& 7
2, guldez FHo| 7s ok, B9 o]
o} HIRE P& W Z7)E Folde] T [7]. £
=L o3 Ag 13 AP FHE F

Ak

B =82 \g2 /N3
53 a9 A
2B B Alo]e] AZE A% ALNZE HolE 122

77, M622(2008. 12.)



o 33

+8

oot

AEH A E

=)

It of |

Faks tiefst mEsot Pl 3
EREREES R e
BeE 2RRe AEHZE A7 B
Lo} sl mldse] Folde ¢ % g
ABHRE A2 FAhe Hu Aol
W), 8} F4 Fogol A 3
A% AN BYFE AGF
H

05}] e AF

]Bl}\gg‘—
2303
o, 449
sigich. 4

O:

ol N
2 Mo

M

I

u o

rlo

Ee)
S
N,
rie
&
Ee)
12

—_

A Ao N

opx
rx
u
rr
i
ozl
o
to

5.8 GHz&] 54

4 158 dB ¥ o, wRAREA 9,
Aok AFE o9 ~HE o

%i%*dig} 2EHB7}F 747} Yol Holg FAdE o

Aol Byt HE w& Fupaee) Aglel 2

7} Zash JHAGo] 5t h¥s Alad 7A

o 7ledstegiet Zjech

U i

(1] FENLATY, 7 MSALYY )&% 70t
7l d7, 1997. 8.

2] =AY, AsF
-% ZIHFoF 1998. 6.

=, O1f4, °]FY, “THY AFH wFA
_Eél[HS] e ARMERE A, AT,
A6E, pp. 48-58, 2002. 12.

[4] &= AR A9, S0 Fef HEF
A} ITS, 2001. 12.

(5] A9+, dEY, a3 1x9g7t dA9 58 GHz
FAY ANE 28HE H9EH g9 g

HEA2H(ITS) ] &3

[3]

r~1n

ZlE/ A1

AAposral=5A], A8, A10Z, pp. 1107-1116,
2007. 10.

[6] J. S. Hong and M. J. Lancaster, Microstrip Filters
for RF/Microwave Applications, John Wiley &
Sons, 2001.

[7] '8‘7]i4 ]OF_]T 6]- @, ]-'%]—7 ?;1.)\6]‘/1‘:, ]Elﬂ]-xé%}’
fE%, 0| FH, “IISE 58 GHz 281 932

o] 43 Huoly g5 Asy) A, $=ITS

815] et ¥ w4, pp. 175-178, 2006. 10.

B] €714, 254, ol8<s, TE9,

Mz o] FALE o83 £¥ 2HE HAFH
ojuz|” SHFITSSr3] =3
102, 2008. 5.

9] &714, olFH, “uzn7}t A4 58 GHz HTh
o QA5 o5y FFENY =2, A
334, A2, pp. 167-173, 2008. 1.

[10] K. C. Yoon and J. C. Lee, “Design of a narrow

9}

O

= A
o], “A¥

F

¢

=24,

pp. 99-

band-pass filter with second harmonics suppression
using the open stubs,”
Lett, vol. 50, no. 7, pp. 1763-1766, April 2008.
S. Franssila, Micro Fabrication, John Wiley &
Sons, 2004.

Y. S. Lin and C. H. Chen, “Novel compact

Microwave Opt. Technol.

[11]

(12]
microstrip parallel-coupled bandpass filters with

Asia-Pacific

Microwave Conf,, vol. 4, pp. 2160-2163, Dec.

2005.

J. S. Hong, and M. J. Lancaster,

lumped-element  J-inverter,” Proc.

[13] “Recent
advances in microstrip filters for communi-
cations and other applications,” I[EE Collo-
quium, pp. 2{1 - 2/6, May 1997.
[14} C. Wy, I. Qin, and P. Cai, “A novel compact
bandpass filter using haitpin microstrip folded
lines configuration with transmission zetos,”
Proc. Asia-Pacific Microwave Conf,, vol. 1, pp.

512-515, Dec. 2005.

Vol.7 No.6(2008. 12.) Compact Open~stub Band—pass Filter with Narrow Bandwidth Using Impedance Mismatching of the Transmission—line 45



PP
—_o

M

M2l AmEA RYBS 0/ HihY HWY 28 A= (S ofz|

[15] Y. Y. Lin, C. H. Wang, and C. H. Chen, “A novel
parallel coupled-line microstrip band-pass filters

with multiple transmission zeros for spurious

¥ 71 A (Yoon, Ki-Cheol)

19983 039 ~2005d 029: $-&uishn
20053 03€~2007d 02€: F2oida
20073 03€ ~2008\d 08Y: F-goidtm

2 % 49 (Oh, Seung-Yeon)
20004 03¥€ ~20079 029: $40istn
20079 03¥€ ~2008'd @A) B8 w

2 7 9 (Oh, Kyoung-Min)
20005 03¥€ ~20079 02¥: MAUER
2007 03Y€ ~2008d A FLoistm

°] @ & (Lee, Hyunwook)
20033 03¥ ~2007d 2Y: F2ddw
20073 03€ ~2008d A F-eustw

suppression,” Proc. Asia-Pacific Microwave Conf.,
vol. 1, pp. 512-515, Dec. 2005.

AFHAARTHE 29 (FP
AARRIAYE AT 29 (FHPD
BARREANS Angets) WY SR

AFEAAARZ Y 29 (FTAD
AARBF g A3t HA1HA

BAFATAY 29 (TP
SEEFEE R LR EL EEREE

AARREHNE Angee 29 FHAD
BARRFAN Y Ao ets AaH A

73, M6%2(2008. 12.)



e ol&¢

il
on
12
-
0x
[
k>
02
[>
m
o
flou)

2
otm
ic]
T
=
N

¥ & ¢ (Hong, Tae-Ui)

19853 02¥: JHNSn AATEH £ (FFHD

1987, 084Y: <ldUE sy dAFE 24 (FFHAD

199233 029 ~ 20043 02¢: AARFATY MY

2004 03 ~ 2005 06¥: Aeoigha HEvitiojgead AUl

20041 09€ ~ 2006'3 08Y: FLidtw AAAR TS} Z*JFL?M AN R
2005 079 ~ 20089 @A 94V)ed ddVeE AT Y4

°] £ A (Lee, Jong-Chul)

1983 0¥ YRR AAZTHH 4 (T4D

1985 029 SrFhsta AAFET &4 (FEAAD

19891 12Y: Arizona State Univ. EE Dept. S(F8414h

19943 059Y: Texas A&M Univ. EE Dept. £ (382D

1994 06 ~ 19963 24 Fo Al Faa AU AddTe

1996 03 ~&A: FL-rshar Auhg st} QY FAY R LR/

Vol.7 No.6(2008. 12.) Compact Open-stub Band—pass Filter with Narrow Bandwidth Using Impedance Mismatching of the Transmission—line 47



