54 22005 2 Vol.54 No.2 February 2005

1000-3290/2005/54 02 /0768-05 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
L-C metamaterials
*
2 12 % 1 12 12

! 200092

2 200092

2004 2 27 2004 6 8

I-C metamaterials

PACC 4270Q 4110H

metamaterials .
1.
I-C metamaterials
1968  Veselago
k E L-C
H
Maxwell
Cerenkov ' .Pendrg  Smith = 9
10
2—4 ;L — 0
Bragg
/ .2002 Caloz Bragg
1415 1.C
n=0
36 Grbic  Fleftheriades 2.
L-C
e I-C
1
2001 CB610406 50477048

TE-mail yewenzhang@ online. sh.cn



2 L-C metamaterials 769
8 16
n =— CVEyg e 8
cos Bd =cos kd + %/cosz(%) c
ilZ X) :
+2(Z0+Y0 sin kd 1
B Bloch k=
w /Ly Cy d<d, kd 3.
1
A d 2 W 72y ikdl Z % 4.75 1GHz
_pd ” ~1- 4r ke 4 L i
1- > ~ 1 2 +2+2(Z0+Y0)’ 1.6mm FR-4
2
50
gL y_ 1 7817 Q
TjwC T jwl 2
il ) i
~ Ly - ——
pasoy(t-)(a-—2) 3 w
‘< d/2 d/2 }‘ WA
| | \ \Kﬁ R
2C 2C &\\\\ \‘i&\
L
Zo 5
3 metamaterials .
Agilent 8722ES
1
1 1
Eeﬂzco_m#eﬁ%&)—m 4
3 metamaterials
1 1 5
S =T d M T G ed C=5.1pF L=4.7nH 8 12
B 16 20 S, 4
- calle- ) 8
18 =-w 0 w’ Cd 0 W’ Ld
B
el e )
B“‘“\/(LO s\ & a7



770

54

g
&
#i# /GHz
4 C=5.1pF L=4.7nH Tmm S
20 w Bd
5
6
7
8
5
w, = 1/
v CLyd w, =1/y/ CLyd
B=0.
n=0.
8 .
C=2.0pF L=2.2nH 12 16
Sy 9 . 12 w Pd
10
4 9
0.5GHz—1.5GHz 1.2GHz—2.4GHz
5 10

20

metamaterials
N
s
&
S~
¥
=
0 T T T
-2 -1 0 1
Bd
5 w i C=5.1pF L=4.7nH 20
Tmm
£
=
I
o
®
6 v, V, C=5.1pF L=4.70H
7mm
L24 ——— gty
Lo T il
mg 0.8 1
=
Z 0.6
-
0.4
#®
0.2 7
0.0 T T T T 1
0 1 2 3 4 5
MW#/GHz
7 C=5.1pF L=4.7nH 20 7Tmm

6



L-C

metamaterials

771

HritE

20

Sy1/dB

0 1 2 3 4 5
i /GHz

C=5.1pF L=4.7nH

Tmm

1 2 3 4 5
HiZ /GHz

Sy €C=2.0pF L=2.2nH Tmm

M# /GHz

Veselago V G 1968 Soviet Physics Usp . 10 509

Pendry ] B Holden A J Stewart W J and Youngs I 1996 Phys .

Rev. Lett . 76 4773

Pendry ] B Holden A J Robbins D J and Stewart W J 1999 [EEE

Trans . Microwave Theory Tech . 47 2075
Shelby R A Smith D R and Schultz S 2001 Science 292 77

Caloz C and lioh T 2002 IEEE Ante. Prop . Soct . Int . Symp . 2 412
Caloz C et al 2002 USNC/URSI National Radio Science Meeting 1
39

Grbic A et al 2002 J. Appl. Phys. 92 5930

Eleftheriades G V et al 2002 IEEE Trans . Micro . Theo . Tech . 50

2702

LiJ Zhou L. Chan C T and Sheng P 2003 Phys. Rev. Lett. 90

083901

-2 -1 0 1
pd
10 w pfd C=2.0pF L=2.2nH 12
Tmm
1.
L-C
/
2.
n=0
910 ;L — 0
Bragg
L-C
10 JiangHT ChenH LiHQ Zhang Y W and Zhu S'Y 2003 Appl .
Phys . Lett . 83 5386
11 Shadrivov I V' Sukhorukov A A and Kivshar Y S 2003 Appl . Phys .
Letr . 82 3820
12 JiangHT Chen H LiHQ ZhangY W ZiJ and Zhu S'Y 2004
Phys. Rev. E accepted for publication
13 WuL HeSLand Chen L 2003 Opt. Express 11 1283
14 Zhou P et al 2002 Acta Phys. Sin. 51 2276 in Chinese
2002 51 2276
15  Liu N H et al 2003 Acta Phys . Sin. 52 1418 in Chinese
2003 52 1418
16 Collin R E 1996 Foundations for Microwave Engineering — New
York McGraw-Hill in Chinese R.E. 1981

411



772 54

17 Antoniades M A et al 2003 IEEE Ante . Wire. Porp . Lett . 2 103

Experimental verification of the characteristic of one-dimensional
metamaterials by use of lumped-elements L-C~

Zhang Dong-Ke?  Zhang Ye-Wen' > He Li'  Li Hong-Qiang' >  Chen Hong' *
' Pohl Institute of Solid State Physics Tongji University Shanghai 200092 China
2 School of Electronics and Information Tongji University Shanghai 200092 China
Received 27 February 2004 revised manuscript received 8 June 2004

Abstract

The metamaterials by use of L-C lumped-elements in the transmission line have the preternatural characteristic which is

different from the conventional dielectrics. We report the experimental results in the left-handed range with anti-parallel phase and

group velocities in the metamaterials with the negative refractive index and we find the bandgap corresponding to zero averaged

refractive index. The configuration offers some significant advantages it is more compact in size the material parameters can be

tuned and the method of fabrication is easy to carried out.
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