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Millimeter wave communication has been a focal point of research currently and become more and more

Key words

A dual-band left-handed material structure is proposed for the application of millimeter wave
algorithm. Simulated results demonstrate that permittivity and permeability are simultaneously negative from 48.2~
OCIS codes

communication. The structure cell is composed of two S-shaped conductor planes with upper and lower asymmetric

rings, which are printed reverse of each other on both sides of the dielectric substrate. Through choosing and
optimizing the structural dimensions reasonably, the S parameter values with two transmission peaks at about 50 GHz
application.

and 60 GHz are obtained. The corresponding electromagnetic parameters are calculated by the S parameters inversion
=]

52.2 GHz and 58. 7~ 60.8 GHz where the typical left-handed characteristic is shown. The research has certain
350.3618; 160.3918; 160.4670; 160.1245

reference significance for the design of multi-band left-handed material and millimeter wave communication
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Fig. 1 Unit cell of S-shaped left-handed material

structure
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Fig. 2 Equivalent circuit of left-handed unit cell
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Fig. 3 Layout of S-shaped structure with upper

and lower asymmetric rings
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Table 1 Distribution of electromagnetic parameters

versus frequency

Effective electromagnetic S
Frequency (unit: GHz)

parameters
n<0 48.2~52.2 and 57. 0~60. 8
Re(2)>0 46.6~52.2 and 58.7~61.3
7<<0 H <0 48.2~52.2 and 58.7~60.8
ﬂ: N
4 én e

TEALSE S BUZE TR R LA L A S B45
BN PRI AN X BRI R 7 A A AN (R AR A E T
— PP T =R BE E R S B A TR R, th S S
S A E 9 P 55 R ML BT il £ m] A0 A 48. 2~52. 2
GHz 1 58. 7~60. 8 GHz #ii 3R JL Fl PN . 41 H & B0 A0
i 3 3[R B g B 78 S B PN 24 3 B A iR Y A
FHAE— BRI WE T RO 22 F bR
T Z2 W05 2 F- MR 22K B D e # OF i R SR B oA
— W2 5 SCRN T 5

s & X #

1 C Caloz, T Itoh. Application of the transmission line theory of
left-handed (LLH) materials to the realization of a microstrip “LLH
line”[C]. IEEE Antennas and Propagation Society International
Symposium, 2002, 2. 412—415.

2 Wang Haixia, Lii Yinghua, Zhang Hongxin, et al.. Study on
double incidence left-handed material composed of double Z-
shaped metal strips [J]. Acta Physica Sinica, 2011, 60 (3):
0341011.

Tigpe, BYAE, sREbAK, . ST W Z BG40 WA AL A
FARBETELI]. PB4, 2011, 60(3): 0341011,

3 Yang Fangqing, Li Jie, Wang Zhan, et al.. Characteristics of the
twisted conjugated gammadion chiral structure [J]. Acta Optica
Sinica, 2011, 31(10): 1016002.

WOrE. & N O S R ILHIA BE 5B T AR 45 0 R

PERFSELT]. Je2E2E4 . 2011, 31(10): 1016002.
4 Liang Lanju, Yan Xin, Yao Jianquan, et al.. Two-dimensional
left-handed material based on parallel metallic double rods in
terahertz wave [J]. Acta Optica Sinica. 2012, 32(3): 0316001.
E2g, = 0, Bk, . LTOPAT &8 SO 0 Kk 2% B —
Y i FMRILTD. Sasfsfdi, 2012, 32(3): 0316001,
Zhou Fukun, Yi Qiang, Luo Xingfang. A kind of S-type
structure of left-handed materials for 60 GHz communication [ J].
Acta Photonica Sinica, 2013, 42(2) . 423—426.
JAEEN, & iR, 350, —FMAH T 60 GHz JE{E R S B AL FH4
BT, T34k, 2013, 42(2); 423—426.
6 G V Eleftheriades. A generalized negative-refractive-index

w

transmission-line (NRI-TL) metamaterial for dual-band and quad-

band applications [ J ]. IEEE Microwave and Wireless

Components Letters, 2007, 17(6) . 415—417.

7 Du Qiujiao, Liu Jinsong., Wang Kejia, e «l.. Dual-band
Terahertz left-handed metamaterial with fishnet structure [J].
Chin Phys Lett, 2011, 28(1): 0142011.

8 Li Minhua, Yang Helin, Lin Hai, e al/.. Design, measurement,
and characterization of dual-band left-handed metamaterials with
combined elements [ J]. Microwave and Optical Technology
Letters, 2013, 55(3): 493—497.

9 Zhong Jingping, Huang Yongjun, Wen Guangjun, et al..
Tunable dual-band negative refractive index metamaterial
consisting of ferrites and SRR-wire [ J]. Procedia Engineering,
2012, 29(7). 797—801.

10 Chen Cheng, Yang Rongcao, Xue Wenrui, e al.. Design of a
novel dual-band left-handed material [J]. Acta Optica Sinica,
2012, 32(sl): s116006.

Br k. BroR e, BESCHE, . —FOB B SUS W 22 TF 4RI R T
[JJ. Je2eaedi, 2012, 32(s1): s116006.

11 Chen Hongsheng, Ran Lixin, Huangfu Jiangtao, e al.. Left-
handed materials composed of only S-shaped resonators [J]. Phys
Rev E, 2004, 70(5): 0576051.

12 Chen Hongsheng, Ran Lixin, Huangfu Jiangtao., et al..
Metamaterial exhibiting left-handed properties over multiple
frequency bands [J]. J Appl Phys, 2004, 96(9): 5338—5340.

13 Wang Dongxing, Ran Lixin, Wu Baeian, et a/.. Multi-frequency
resonator based on dual-band S-shaped left-handed material [J].
Opt Express, 2006, 14(25) . 12288—12294.

14 D R Smith, D C Vier, T H Koschny, e al.. Electromagnetic
parameter retrieval from inhomogeneous metamaterials [J]. Phys
Rev E, 2005, 71(3): 0366171.

EEGE: $52

0416003-4



