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Abstract

In this paper, small epsilon negative(ENG) zeroth-order resonance(ZOR} antenna with improved bandwidth is pre-
sented. To reduce the size of ENG ZOR antenna without narrowing bandwidth, large shunt inductance is introduced
by adding pattems on patch and meandered via. The effective permittivity of meandered via is less dependent of frequ-
ency than that of straight via in same size. Thus, ENG ZOR antenna with meandered via has broader bandwidth. As
a result, the bandwidth of ENG ZOR antenna with meandered via is 1.38 times as broad as that of spiral ENG ZOR
antenna with straight via. On the other hand, the area of ENG ZOR antenna is reduced by 64 % compared with that
of conventional mushroom ZOR antenna.
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Fig. 1. Equivalent circuit model of ENG ZOR antenna
(unit-cell).
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Fig. 6. (a) Fabricated ENG ZOR antenna with mean-
dered via, (b) Geometry of the antenna(unit:
mm).

mm(0.039 Ag), YA 729 gap=11.0 mm(0.034 Ao),
meandered via® HWol9t WAEF L 7 10.0
mm(0.030 Ao), 025 mmZ AAHA} AZE ote)
e A F3= UHF 9ol 588t s A7
St Th AlEdEolA A3, A eE ENG ZOR St
9] ZOR Fagof M2 AA B2 I8 79 Yeky
2, AA7} patcholl A HAWCRE £ 2 AH3A

FxEol e AL ¢+ Utk 19 82 A&
ENG ZOR <HEIUS] WhAL A& Al g o)A 3} 24
AZE vad Zlojth Agd o 3% 2445
Hw 24 34 823 MHz, 10 dB 7] & Bl g Ee
1.09 %= vsith 33 dade T F34 825
MHz, ¥t E 145 %2 Yoy AHFH02 A F
oMz 24 A3t e FUFS £ 5 m a1
¥ 9 A73HE ZOR Qe WAL HElelt) 19
9(a)<> E-planeol Al v}EhE- WAL 102 A B o]

924

J8 7. Z0R F35¢Ae AA 22
Fig. 7. E-field distribution at ZOR frequency.

0

=
B =
N\ [/
L) +
1] r
st N

i
10+

_18F

[dB]

11

201

S

=235+

-30; — Simulated

35 ) ) ) ) Measured
600 700 800 900 1000 1100 1200
Frequency [MHz]

JE 8w AS
Fig. 8. Return loss.

lﬁ_l,

M3t 24 ARE s BE 0=0° 180°A null
o] S & F A, AW o]5Z 4 dBiolth 19
9(b)= H- planeol A vietE WAL HEHOE 574 2
o)A o] & WahE 39 dBolth WA E&E A EH
oJd 88 %, 54 AFHE 95 %E Utth ALE
2x1 meandered viaE 2+ ENG ZOR ¢HEHIU= ¢,=1
o] ¢k 9l mushroom ZOR SHEIUFE T} ¢F 64 % H

4 Aas 838 dod ok



L{- XIMV
ok 1.384) 9] ﬂ%%ﬂ%—% 7}21 A Hoith £, A oke
Qe b= 2t

w64 %] ™

[11 1. G. Lee, J. H. Lee, "Zeroth order resonance loop
antenna", I[EEE Transaction on Antennas and Pro-
pagation, vol. 55, no. 3, pp. 994-997, Mar. 2007.

[2] M. A. Antoniades, G. V. Eleftheriades, "A broadba-

nd series power divider using zero-degree metama-

) E-pl tt . .
(@) E-plane pattern terial phase-shifting lines", IEEE Microwave and

S Wireless Components Letters, vol. 15, pp. 808-819,
0| ® Measured| 2005

order Resonance StejU", A Z}'gﬂﬁ]%%ﬂ, 44
(7) TC, pp. 626-631, 2007 74.

{4] Jae-Hyun Park, Young-Ho Ryu, Jae-Gon Lee, and
Jeong-Hae Lee, "Epsilon negative zeroth-order reso-
nator antenna", [EEE Transaction on Antennas and
Propagation, vol. 55, no. 12, pp. 3710-3712, Dec.
2007,

[5] A. Lai, T. lioh, and C. Caloz, "Composite right/left-

handed transmission line metamaterials", IEEE Mi-

(b) H-plane pattern
8 9. A A"

Fig. 9. Radiation pattern. crowave Magazine, vol. 5, no. 3, pp. 34-50, 2004.

(6] Shau-Gang Mao, Shiou-Li Chen, and Chen-Wei Hu-
F ¥dE e AE AN T gk Z0R 27 ang, "Effective electromagnetic parameters of novel
of dojub =09 4o 4] Al via s 7 distributed left-handed microstrip lines", IEEE Tran-
A 9] mushroom VR T §8 $4§ B xo sactions Microwave Theory and Techniques, vol. 53,
12715 BE 7 ST 238202 A okd oty pp. 1515-1521, 2005.

925



BEIBHAPEANEE F195 H85% 20085 8H

a

2006\ 29 Folujgm A=A
TR (FEAD

200753 3€~EA: gy A
A Habag

[F HHZOH slo)azs § Uy
nE s 244, e A7

20084 29: T4ty A7)
FEE (ZEAD

20089 39 ~EA: 9y sy A
b R g P

[ HHEOH vlojz2s W dg
vjEd 324, gy 47

926

o

et

2008\ 2€~3A: YRS A
B F 8T AT

F UHZOH wejzza ¥ g
wel g} 3 ZEH|, Meta-Material

1985 29: AUy w73
# (FEAD

19883 28: Nguigy #H7)FE
F(FEAAY

19963 34: UCLA A7)283 (2
ghakah

19933 39 ~1996%3 29: General Ato-

ot

mics WFI7Y
199613 39 ~1996' 8%: UCLA 471583} Postdoctor
19963 94 ~&A: T s A7 Ty Fus
[F #aE0H vlolazs 2 Favlgn 2x), e,
Metamaterial RF 22}



