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Design of Bandpass Filters using Microstrip Line PBG
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Abstrat

In this paper, we proposed the effective serial connection methodology of PBG resonator with defect

mode. We use the big difference of impedance ratio in connection region, for example dual PBG, for

serial connection. This method reduces the PBG cells and is able to control the pole of bandpass filters.

This result in flexibility in design of bandpass filter. Our PBG bandpass filter is modeled by using the

ideal transmission line model. This model is very easy, fast, and effective for PBG structure.

Key Word : PBG, defect, Ideal transmission line model, Dual PBG, bandpass filter (BPF)

I &

PBG (Photonic bandgap) 7Z& Y Z& el
AT Bofgony, AT vlojazn oA
2e50lA1n 9t} PBG TRy 7|EFog, oW
EX 34 o] FH3A RIIEE e FUI
FzoldV, o]8st PBGTZE  FH &(refractive
index)o] & F B&o| F7)3Q] HtE o2 WEH
Ae o, Frid s ojd EFU AN Mz
7 BEstx meda gzeyl, rejazyg 4
oA Fwgutel Po] HF I dX(wave
impedance)®] #7]# 'd3lol= PBGE AL
A warx slelazst GgelME FRAS
%o} air-holeg BHEAY, FAAE '—“Izlréfo W
O slo)zz g 9l 49 PBG F2& T4%
AYPIEP, o1g gg zgse 3™ B a8
sto] o JHdxg F7)H wztE Fe PHL
Z PBG 7Xxgo) 7EIUT

o]g}¥ PBGTRE W& AAUWHES EFHHOE
HAA7|BE, AR ou}7)(bandstop filters)#
7 op gl obgutel Mg o5 4 v o)

e ARV AF=2Er|oM E&L mole™ 5,

0Ye 22 $&Itssth £8 o]#§ PBGHE

A4 g F F F2d Tﬂ-’] g WEE F
o] AjH(defect)E WHE A, AR o Az
7o A% 22 @'3]‘)1, PBGFZ9 ©F WAt

o os Uy F4 EAL vehdge HE o83}
o 9E7 our)(bandpass filters)Z $8E F
AT o) g AYR=E o] 8F PBG HAEH
qdirle 534 d99 2AE EAFA AXAFY
ERHA FAHe Y3 7272 E 22 FHEQ
A st F2E ALHAGE sAw oy 7=
e A4 7z 277 ADGE ©H BB, 7)&
o =P ME folded lineH el E AT o2
EAE sfdslna Aok o3 FeHE 71EF7
o Wsle] AR AT £ o& ¥ OME}
PBGY celle] m7]E WA e dHx AFe WA

Ak,
B eRdME olu® wye IFEsux, PBG
A% TZE 4% UIER dwrle FYAR

)‘] Cell—rg %O]Eﬂ}\—] 7]&4_}. %’6’?} E_"]_a L‘—E}-Lﬂ
E e AL ek oy cel ¥ Fole WH
& dualPBGUS g o83 e Argsgon,

-361—



20034 BRMRIES

ton
O
Q'I_l
ob
[l

Vol.13, No.1 2003.11.15

g PBG 7Z2E 7MsA4S YA ALE
FZE ABCD 3¥E o] 83y, Bt we F7|F
Z9 A E F3 AN, EM solverst &
A& B8 2 2348 g FA = ALY 7
Ze HYIZ A PHse 28 Yoz 2HE 5
o], elgjg PBG Fx9 AdE oj&¥ I
A57)9] $8& Boh gFsA & 5 e A
gdch

II. o]47 HA4AE nd-g o] &3
E73 PBG Fx 34

o]z 2w YoM 33 Judse W} F
71HRez dojube FZRE AT viel o] o
A ez BEdd 4 i 29 1& HAY
& AZ% 7123 Yeo) slolaz2EY PBG
TZolt} ojif A=A vds ARPse AL PBG F
Z9] F7leltk. 19 19 Yephd PBG x4 F7]
oE ofefe} .
A
2

C
2fsy/ e
A7) Ae AANAY FAFHRSE fo] Dt
#Y oy, ce WY &F, Gy mlo]AZ2E
4 71 $AfA & (effective dielectric constant)
oltt.  PBG F&oIM HAWe Hzd
coupled microstrip-slotg}¢l ez Hxwel 2z
o2 At FEAFAEO] RolAA dHEAIL
oA Hu #W Fe oyt HXA dn
BHT olej@ AzZ7zE AANRAY F714¢ ¢
471 fstel A" Az AT, §
=&dMe AAAY ol2fe g9 meAtdde] of
e g #HoA AZ3xe 3718 3mmx3mmE 3}
3 EHo g 10GHzAl A AHA g9 F4o] v
HUEE F7] & 6mmE e}

ol% PBGTZEE ditHoz g F7)E 7HA
2 e o2, fullwave analysis& ©]&3 F3 3
Moy, Ag38 Hol = EM solverg o] &3]
AME & ALz B Ao 2g gtk welA
AAE B 88302 M FY& 37 A
A R w2 &3 Aol #adc PBG
7z AHHA FEAE wE AT AL} 9
3t o]}z ALz =dg ol&d Wyl
ANEAT B =8dME ol @ o]4Hd d4w
dg o83 AL ol &3 PBG W T34 g

a =

1)

L= = -]
T

{

29 1. HAWe) AAFEE R Az 7123 I
9] 1-D PBG #&

frequency (GHz)
0 2 4 (] 8 10 12 1 16 18 20

3

% -30
:
5 -40
—— ideal trasnsmission kne
model
s - -« -EM{MoM)
-0
1Y 2. 6 F718 71X+ PBG rlojazAEYQ)

o o34 AEMzZ 2% EM 4 23

Hl o

71§ Bo wWED HAHM Z&FoE EMZ
Ao

a9 2+ 219 19 PBG &7 6 F718 714
o, ol H4HMz ZdI} ZWE H(MoM:
Method of Moments)dll 7]z 3t full-wave analysis
EM solver$l Ansoft Al2] ENSEMBLEE o]&3ld
AL ATE vlug Aotk o]FAHY AFAHE
Pdoye 2 duds A4HzE g G
g FAWE 99994 24 F 3T slot mode[l7]
o] &3}9} etched hole § g3} Yyl njo]a 2 2EY
gl AFHRY AAWAA FAY & Ae EH
7v nHA Agkth £§ oAy HAFHdz Ed
o AHgE YgodAg B oL Spectral
Domain Approach“(’]% o] &3} E3}AHL, FEM
28] X3 F& o83 FE F UY. B =
TolME FEM W49 X34 g o] &3td o]}
AFAd2 2do A8 729 29 Blln
%ol Aolg FaAT FAFH4+E 10GHz2 8}
FEM w222 A4 ZAF etched holeo] w7}
3mmel MEAZe digHoz 9109 YIAd=g

- 362 —



P03HE BRMAIEE Zasa

FH
tor
rr
HO
1S

| Vol .13, No.1 2003.11.15

7AA 3 3mme) ZAole B[t AVH Heolz
ygaeg 77°7F €k Aozt 3mmel 5008 gk
HQ rvo)la22EYHQAL TURFY ANH 2
ol7} thFH oz 97°7} ©rh 1Y 29 Ao B
£ uko} gol o)A HA4HE DL MoM W
o] A4 Age) vl 27 @2 ANEALE EAF
o], A FHe] nF oz (7 o]F3
A Hed, ole HAWMY AR EqAN LT F
9le slotmodeSo] %A ¢y Az Helth
ol 3 zole AAY FHAL otwdH IA I¥E
F2 gomg wWEg 7] AAE ASA oFH A
& 2dg AE3e Ao AE Agste uEd
g whgolgt Atz T3 o) WYL F& A
A B4 A7) Astd F71¢E F/HE BS A
A Azt ZAFE dEe] EAE A 4+ e
H4 e digte g Als®rh

I Y57 outr]e 44

PBG 72 & °l&3td g5 AnrE dA 3%
7]l AsiMe AU Yol FAQGHES AR
o) 2A A 2718 AAstder Fgll oy
3¢ FEd PBG oA AY FEE T 78
<9l PBG ZA71& Jehdth. adMMYE ddd
271 3 gYgoy L 99 RN AFTR
g 714 4 Uk AR vty z AZtE FHo
Ae NB HAL EA Fo] dAE 5 U, slot
mode 59 J¥goz FEI} AY|H Holg A
oz F37] M€ dHol JerE, B =FdAME
2 Jdaua HA$EQQY 9¥E FFe 50 whej=a
29 P 9Fo FFF=E & F2 B3
ek & M AT o FAY AF =2
o] &3le] AY F9y A Aoyt A o
53 dde HAE 28 49 JeRAE A7
Uehd 2z $Zoz 39 AZE 99¢
AN a2 7}2d REA AYFRE T FRAA
ol Aot o] rdo e 10GHz F4eg »d
g Pou, F7 ay Hele Aed uiet go
10GHzo) M E 174°0lmz S3uide] 10GHze| v}
Ellr] Ysix] AR Eo) Zdolrt 180°7) ofd 194°
oA yehdd. ol AFREQ ZHolst PBGE o
2 3F Ao 2voy, FAFHFE HFIA F
g A9, FAFASdA Egdigel vl A8l
AE 180°9 1718 Heolz}t Hojol ek YA
Yeld uwie} o) Ay ydA FHdge 2

X du e £ hu

S-Parameters (dB)

: —o— 120 degree(S21) —»— 150 degree(S21)
a0 g —o— 180 degree($21) - - - - 194 degrea(S11)
; —— 194 degree(S21) —a— 210 degree(S21)
~5- 240 degree(S21)

23 4 2gT=RY 2713 Polol meh vehie
273 tY3.0mmx3.0mme Az g
7FAE PBG F&¢ o)A AERde
AHE)

499 W73 Aol &

ol&{3 PBGe] AY FZE ol&d TV
i} & 2AE S48 A7) sl HEAEE A
& 4 3] 2@ 5& d&d PBG 7Y FE
AATZEY o] =AM AL @ J9F F2E KA
&t} PBG FA|71& d&dtA AEddde & A¢
2AE AL FolXAW E& Jdo2 2]
Y3, AAH AY7 AXE @H-e] Ut old
we AdE Tre 424 d9hs Hold
WAe Fikel 42 g9 £ FolAM B =
s B¢ A2 T2 /AR ARE e £
gk oleg FRE YNE2 WFE A7 999
yulg MsAA 9od2e Aol aA € 4 9
o, E U8 wHes AsHN 449de F4
o o] Dual PBG 72™Mg ¥ 4 At ¥
Ae Az sl JAds oo st B
ou, o]2jg Dual PBG FZIA 4ZgHy vul
Wgeh AsMel PBG TRE FAG oj&dd »
o f5Hez HAY F Atk a¥ 6L ol

—363—



00BEE BRFNBEI Fés

23l =23 Vol.13, No.1

2003.11.15

r"\ r"\

[ T I
|

l--v I-"!
|

(a ) (b )
a9y 5 A% 72E 93% PBG TV F

4974 T2 () 9N T2 M)A
¥ Dual-PBGE o] &3 7%

frequency (GHz)
8 9 10 " 12

~o— Z(up)=10 Chm
—Z(up)=15 Ohm
-o— Z{up)=20 Ohm
—4r Z(up)}=30 Ohm
- Z{up)=40 Ohm
<p— Z{up)=50 Ohm

S-Parameters (dB)
8 &

£
&

& 8

-40

2Y 6. AJE F=xo HEd PBGY dFdX
(Z{up)oll @& Z(pole)o] W3} B £

frequency (GHz)
10
0
5
-10
g5
e
£
=3
30 2N P
=L
Mgl
35t Tadd
ideal trasnsmission {line model —#— EM(MoM)
-40 —— measument —&— nomal connection(Ref.)

aY 7. AE ol 8T Add PBG ¥79 A}

Y

2dS ojg3le 9F FdgeM 4z
Hog 29, 248 AHesn 2 2

9l HME&Ag
d999] #

i
T
T
o u

Lo

g 399 Atolg Dual PBG HEZ FR3o, 1
A a zpojo] weta Fo] ZAEEHT AAFH
Egge E40 wiAE AL BYFET. 9714
AH2E 7|23AQ PBG TRV BAF ¥E I9F
oz he] 47 FYe stuz Gedd Al 8
9 Ag4e A8, A FAHE AL A
6709 2zt 99& 7pA.

a¥ 72 o)Ed AFAE ngoz AHAFH
PBG WdE# ou7le] EM simulationd] A4t 2
Hot 2443 E Uehdth AZele FA g0l 102
olx §HA 9 F77F 0.635mmgl Duroid6010 71
o] Al&-5glon, EM simulation® & MoM W4]9]
full-wave analysis solver ¢! ENSEMBLEE A}-£-3}
N3, Q4 Agilent TechnologiesA}e] HP9510C
Vector Network Analyzer7} AHE-E%lcl. o714 2
Zg 9o ¥ 30mmx3.0mmz 67)7F AHEHRA
I, 0|99 949e 3.0mmx0.6mmo|r, AZHGH
Dual PBG & $% PBGY =] 3.0mmx
36mmo|th, 1A HE nis} o] AT RAA
Dual PBG FZ& Al43te] dHuix ¥ s Fo
Azte Ao £8 Zo AA Z7E FolUA EH
<l PBG Y5y ourE 738 & Atk =
a9 6] UEbd uieh o] dmdxe] Aolg o
2RYo2N F9 AXNE A 2¥5@)s 2
& o9& 978 729 fAE SAUY 548 4E
F Utk 2y 79 B &3 Age FAHEHY F
R 27 SR o)n], WAl &43 SMA A9 E 9
dA A BAE 4 T EFIT A4Y 49
FAe 43449 PBGEE ©)&3H $5354 )
Asele st 8t

IV. 48

B =FdMe 28 FxE o|&F PBG A7)
g AE d2F Qg5 Anrie Fd A, 44
Foqol dodie WEE Fo PBG 7] 8 #
2A718M dgFH 549& WA F A W
Holl @3l AAIEGATE A28 FHeAM2 ddAA
Wgte HZuee] ¥sel Dual PBGE ©]8% F
742 W& AAERS 282 Dual PBGE o] &
st 938 99& 23T PBG ddEn gl
AABT Azt FA =AU ALE PBG HEF
I Ag9rle 7189 FRET F7) £8 F9 423
3 & 4 sley, gyds 28 S B FFAHY
WgEH AgurjE AAT + At

— 364 -



20038 &

=2 Vo!.13, No.1 2003.11.15

o]Z%t PBG Wd5H Arie gL
3] 839 full-wave analysis&
2o A Ay Wert 87U
FolMe o4 AFAHE EdE o
o wa2n EEA PBG Y B9 AHrlE
gt oleld WHE AMEstd HAE FF
PBG 7|7t 2%d A5 AAgrs B
of AXE 4 slol, WE A7 ol A PBG o
7] AAe ZA rldstgde AzH

k=i
B
=

A
o)
-
=
L=

Fngd
(1] J. D. Joannopoolos, R. D. Meade, and ]J. N.
Winn, Photonic Crystals: Molding and Flow of
Light, Princeton University Press, 1995.
[2] C. S. Kee, ]. E. Kim, H. Y. Park, and H.
"Roles Wave
Refractive Index in Photonic Crystals with
IEEE
Trans. Microwave Theory and Tech., vol. 47,
no. 11, pp.2148-2150. Nov. 1999.
e, W7, ¥R, =, “Photonic
Bandgap TZE& ©]&% nle|ZZ2EY
WG g osy] A", ST FH =L,
vol. 12, no. 4, pp. 611-621. 20013 64.
[4] S. S. Oh, C. -S. Kee, J. -E. Kim, H. Y. Park, T.
I. Kim, I. Park, and H. Lim, "Duplexer using

Lim, of Impedance and

Magnetic and Dielectric Properties”,

(3]

structure",
16. pp.

microwave photonic
Appl.  Phys. Lett.,
2301-2303. April 2000.

[5] Y. Quan, V. Radisic, and T. Itoh, "Simulation

of Band-Gap
Structures for Microstrip Circuits", Asia Pacific
Microwave Conference, pp. 585-588. 1997.

[6] V. Radisic, Y. Qian, R. Coccioli, and T. Itoh,
“Novel 2-D Photonic Bandgap Structure for
Microstrip  Lines", IEEE Microwave Guided
Wave Lett., vol. 8, no. 2. pp. 69-71. Feb. 1998.

[7]1 F. Falcone, T.Lopetegi, and M. Sorolla, "1-D

2-D  Photonic

Structure”, Microwave and Optical Tech. Lett.,

vol. 22, no. 6. pp. 411-412. Sept. 1999.

H. Contopanagos, L. Zhang, and N. G.

"Thin Frequency-Selective

Lattices Integrated in Novel Compact MIC,

MMIC, and PCA Architecture", IEEE Trans.

band gap

vol. 76, no.

and Experiment Photonic

and Bandgap  Microstrip

(8]

Alexopoulos,

Microwave Theory Tech., vol. 46, no. 11. pp.
1936-1948. Nov. 1998.

[9] Q. Xue, K. M. Shum, and C. H. Chan, "Novel
1-D Microstrip PBG Cells", IEEE Microwave
Guided Wave Leit, 10, 10. pp.
403-405. Oct. 2000.

[10] C. O. Lee, C. C. Shin and S. T. Kim, "Dual
1-D PBG Structures with Improved Ripple

in Passband and Wideband

Filter Design", Asia-Pacific

Conference, Vol. 2, pp. 870-873.

vol. no.

Characteristic
Band-Stop
Microwave
Nov. 2002.

[11] I Rumsey, M. Piket-May, and P. K. Kelly,
“Photonic Bandgap Structures Used as Filters
in Microstrip Circuits", IEEE Microwave Guided
Wave Lett,, vol. 8, no. 10. pp. 336-338. Oct.
1998.

[12] V. Radisic, Y. Qian, and T. Itoh, "Broadband
Power Amplifier Integrated with Slot Antenna
and Novel Harmonic Tunig Structure", IEEE
MTT-S Int. Microwave Symp. PP
1895-1898. June. 1998.

[13] T. J. Ellis and G. M. Rebeiz, "MM-Wave
Tapered Slot Antenna on Micromashined
Photonic Bandgap Dielectrics", IEEE MTT-S
Int.  Microwave pp. 1157-1160.
June. 1996.

[14] V. Radisic, Y. Qian, and T. Itoh, "Broadband
Power Amplifier Using Dielectric Photonic

Dig.,

Symp. Dig.,

Bandgap Structure", IEEE Microwave Guided
Wave Lett., vol. 8, no. 1. pp. 13-14. Jan. 1998.

[15] C. O. Lee, S T Kim, and C. C.  Shin,
"Optimized Etched Hole Size for Suppressing
the Periodicity in the Frequency Response in
Photonic Bandgap Microstrip  Structures’,
IEEE MTT-S Int. Microwave Symp. Dig., vol. 3,
pp. 1615-1618. June. 2003.

f16] T. Itoh,

Approach for Dispersion Characteristics of

"Spectral Domain Immitance
Generalized Printed Transmission Lines", IEEE
Trans. Microwave Theory Tech., vol. 28, no. 7.
pp. 733-736. July 1980.

[17] K. C. Gupta, R. Garg, 1. Bahl, and P. Bhartia,
Microstrip Lines and Slotlines, 2nd ed. Artech

House, 1996.

-~ 365-



