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Design of a Metamaterial Bandpass Filter Using ZOR of the
Modified Circular Mushroom Structure
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Abstract

In this paper, the design of a new bandpass filter based on the modified circular mushroom metamaterial structure
is proposed. In detail, half circular mushroom cells are used as the zeroth order resonators(ZOR), and an intermediate
gap is adopted to introduce the coupling between neighboring ZOR resonators. The proposed bandpass filter design
is validated by the circuit and 3D EM simulations and measurements compared to the target specifications, and the
metamaterial properties are proved by the ZOR field distributions and dispersion diagram. Also, the effect of size
reduction is addressed.

Key words : Metamaterial, Mushroom, Bandpass Filter, ZOR

.M 2 71€R AAsY 1 %S St Hojok gk
olfid o7 7k HA Y Aok S5 At

H, ol B4l 7lge] WA o] fAES o B 71eEe] AfHY St 539, wE A
UE 715 eT obet £ ol 5L AN AEE (metamaterial) 720 T & 7do] A=A o]
< A3y Stk s dYg 7Nte g ste AF gk st A4 JAEHT Atk
9 74, Ze F2 el thksk AR50 Ao 1 Z)XE Composite Right/Left-handed(CRLH)
of 3tEE FF AYsyt M= ojo} g}, o] A% A2 2353 25 AAd oA g2 &
g oA 53] RF 75 &As AAA B2 Al & Al 443 gtk vle AE 72 S8 A
< WA Ao mekA Ay AZe 5 H4le oM E CRLH A4 29 02} 27(Zeroth-Order

SR g
M

ATE 20103 A% QARG i3 A7H) ) A P2 AFHUL,

Wetn AR ENF 83 Department of Information and Telecommunication Engineering, University of Incheon)
¥ 3 20100604-07S

A 2 : 75 E(e-mail : s-kahng@incheon.ac kr)

5472k ;201010 8Y 12¢

A

o,
>
re. rz

Z

893



BETHARERXE 2% IR 0105 8A

al
1o
b
i)
ot
il
e
D

Resonance: ZOR) 71'd& # 35HE T
Qe GAAQ Ne2H thksiA d7E0) 23 9l
th. CRLH £ MZ9] 02} 37 £
handed A3 A9 & g,,,°
39 Age] HEZ 839 o9 AHel
o] B¢4te] FAH T, o]F & o] &3 FEY &
oo $& el
et A p29 02} F% g FAE A
oe] Ao 2zt X ¢} dhet wo] AFH v
FA719 S3H T FEA DTS o)L AY
SRR(Split Ring Resonator)E E§3 & Mg 58
ol &5te] YAE 4 it

HNZ 4% 718 72 w9 AES 94450
Z ddste 729 A9, 718 S4 Fuee A5
Z 37149 Ad dds B3 g 2] i E
of o FYoIH A AREst At

B =2oAe Wy 98 wAl 729 03 7
P9 ol£d B Apolo] A& o]&3 S34
ALE B3t U9 53 )& A AEE
AA S A Z2EEY SUI3RE HA
37 98 wAl 27Uk e o BAl 12E W
stele FA S Fole] ZEA o HH3HES Bk
A dY B3 g9 Fa5 S A%
EX 9 B IE Balo] HAYS AAE s
el A Fxo 0z 3 54 =3 A¥E &
g 3 AFPrh

Ate te E3 )& 339 EM 2o ¥
7191 CST-MWSZ Reo] A3 o, ol Az &
=74 Adge HTE 539 I B34e 59

.

R
=
o 2
N
o T
2=
s
g
S %

H e

X

ek

I. o|& & 44
21 s 2EXQ S8

WA, A5 SFEATL FolAY ol FHHR
R2dde Ag FFE FobL, olF HELE FUF
328 e 7 At

E 12 H2AE U 53 A9 A5 5EAE
vebd otk & 19 A%ty dg doe
I o] 28 4 ok

&

394

E 1 UY §3 g 45 524
Table 1. Specification of the bandpass filter.
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Fig. 1. A prorotype circuit of the proposed bandpass
filter.
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Fig. 2. The circuit models of a DNG CRLH-TL and
ENG-TL.

7] 98t 19 1(a)9 ¥
P 12 Al A
7} 7tk @A AfEt o] e HE A A
2 © ZEAM 43
WA F2E ol &3tk 4% ¥il r2E FE FI
22l EBGll ®ol AH&-Hol $toH, 98 A g 5
ol AAE g Ao FAF
AWtAQl 98 WA FERe B =FdA g2
g AE AgANEEE /A QA Bk T
43 WA 32 AAE WE 327 54E AL
Ao, A xH] A YA 18 E o
02 3 A& F2T 7] dEel A8 FA
71 A9 8ol E 4 AUtk wEkd Ao
AQrats Y WA F2 FA7) A A F
A71EM ] At 48 WAl 729 54& 9A <
Tt gtk 9 - &8 F4 A2 F7) Afe
ol o] Q171 wfell 97 viA 72 DNG(Double
Negative)2}7] E.rh= ENG(Epsilon Negative) = 57}
st gk
19 33 3ol 48 WA 27 Y- &9 FAd
M2 AZHY, 55 A, 72 g HEz e A
A oke] 44, FYol Q4" @ @ 77 29
2(b) ENG 329 AE IYels WY AfA L
WE AYEaR d4d &
4y WA 7] 3319 EM Bo] A9 fE #
A& e,=44, F7=12 mm, P r=10 mm, V r=1 mm
o Yoz FPH AUk
19 4olA AT 4 AdFol 4F A F2E
ZOROIA #Yg WE| 9] AA £XE AT ¢

on, 22¢ WA 9o $2 FAH] WS

&l

M,
-+ e
N
o
okl ok
>,

N

e
A
2
-4

—

27

o

J8 3. 98 v £
Fig. 3. A full circular mushroom structure.
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Fig. 4. ZOR and its right-handed of a full circular mu-
shroom structure.
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Fig. 5. The circuit and physical models of a half cir-
cular mushroom as an ENG resonator structure.
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Fig. 6. The S-parameters and the dispersion diagram of
on half circular mushroom ZOR.
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Fig. 7. Two coupled half circular mushroom ZORs
with coupling for a BPF.
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(a) Fabricated bandpass filter
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Fig. 11. Fabricated metamaterial bandpass filter.
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