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Metamaterials based on transmission lines

FENG Tuan-Hui LI Hong-Qiang ZHANG Ye-Wen CHEN Hong®
Pohl Institute of Solid State Physics Tongji University Shanghai 200092 China

Abstract Metamaterials are artificial structures exhibiting novel electromagnetic properties but not commonly
found in nature and they are generally known as left-handed materials with simultaneously negative permittivity
and permeability. Much progress has been made during the past few years on the development of metamaterials
based on the transmission-line mechanism since it was first proposed in 2002. The structure preparation princi-

ple of operation and properties of several typical transmission-line metamaterials are discussed.

Keywords metamaterials left-handed materials transmission lines microstrip lines coplanar waveguide

1
1996 1999
Pendry
metamaterials
left-handed 23 2000
materials .
double negative materials 4
negative refractive index materials
& . 2000
backward wave materials . .
Smith
1968 Veselago
& 0
- £ B * 2001CB6104
E H 10474072 50277026 10574099

k

Doppler Cerenkov Snell 2005 - 1206 2006 -03 -01
1 K . Email honchenk@ online. sh. cn

. 684-

chttp //www. wuli. ac. cn



°. 2001 . 1b

c . 2002 Itoh Eleftheriads ° .
78
2 a
Sy
C=2.0pF L=
2.2nH 7Tmm 8 12 16
20 2 b S,
20 . 2
1
4{ a2 dn }»
20 20
Z L
2
(a)
L I
2.1
[
1 a . (b}
d 1
7
a b
1 1
B == a)J L, Py C, 5y 1
10 11 11
3 a
1 1
~C. — — ~ o)
Eeir 0 W’ Ld Meefr 0 W’ Cd
Rayleigh
Co L,
1 1
Bt == o Mt T 5o 3
0.8mm . 3
~e— L ~- 0 /ICd v~ o J/ICd. b
w/ LCd ;
4
1 a

35 2006 8 http //www. wuli. ac. cn - 685



SafdB

K (#10%m/s)

S21

2.2

13 14

- 686-

}Iz
T
T
il
i

_____ ity
Up
iy ]
2 3 4
HIRIGTZ
(b}
a
b
Ttoh

3 a b
2.3
3b 4 split
ring resonators SRRs B
1 2
Pendry 20
SRRs
5 complemen-
tary split ring resonators CSRRs
16
CSRRs
CSRRs
Babinet
SRRs CSRRs

chttp //www. wuli. ac. cn



5 CSRRs

SRRs

SRRs 8

SRRs

35 2006 8

.

CSRRs

150m

SRR

1067 pm 2134pm 1067 pm

Q00O
Q00O

20

21

http //www. wuli. ac. cn

- 687



11 Grbic A Eleftheriades G V. Phys. Rev. Lett. 2004 92

11 117403
12 Caloz C Tioh T. IEEE Trans. Antennas Propag. 2004 52
5 1159
13 Caloz C TItoh T. IEEE Microw. Wireless Comp. Lett. 2004
14 1 31
2 o 14 Lim S Caloz C Tioh T. IEEE Trans. Microw. Theory Tech.
2005 53 1 161
235 15 Mao S G ChenSL Chen W H. IEEE Trans. Microw. Theo-

ry Tech. 2005 53 4 1515

16  Falcone F Lopetegi T Laso M A et al. Phys. Rev. Lett.
2004 93 19 197401

17 Grbic A Eleftheriades G V. J. Appl. Phys. 2002 92 10
5930

18  Martin ' Bonache J Falcone F et al. Appl. Phys. Lett.
2003 83 22 4652

19 Fujishige T Caloz C Tioh T. Microw. Opt. Tech. Lett.
2005 46 5 476

20  Enkrich C Wegener M Linden S et al. Phys. Rev. Lett.
2005 95 20 203901

21 Engheta N Salandrino A Alu A. Phys. Rev. Lett. 2005
95 9 095504

22 Zhang YW LiH Q Chen H. Tunable metamaterial for micro-

1 Veselago V. Sov. Phys. Uspekhi 1968 10 4 509

2 Pendry ] B Holden A J Stewart W J et al. Phys. Rev. Lett.
1996 76 25 4773

3 Pendry ] B Holden A J Robbins D J et al. IEEE Trans. Mi-
crow. Theory Tech. 1999 47 11 2075

4 Pendry J B. Phys. Rev. Lett. 2000 85 18 3966
Smith D R Padilla W J Vier D C et al. Phys. Rev. Lett.
2000 84 18 4184

6 Shelby R A Smith D R Schultz S. Science 2001 292

wave and its applications. In Proceedings of 10th International

Symposium on Micriwave and Optical Technology. Fukuoka

2005.35
Bt 23 Zhou L. LiHQ QinY Qet al. Appl. Phys. Lett. 2005 86
7 Eleftheriades G B Iyer A K Kremer P C. IEEE Trans. Mi- 10 101101

crow. Theory Tech. 2002 50 12 2702

8 Liu L Caloz C Itoh T. J. Appl. Phys. 2002 92 9 5560

9 Zhang D K Liu F Q Zhang Y W et al. Microw. J. 2005
48 11 114

10 Grbic A Eleftheriades G V. IEEE Trans. Microw. Theory
Tech. 2003 51 12 2297

24 LiHQ HangZH WeiZY et al. Appl. Phys. Lett. 2005
86 12 121108
25 JiangHT Chen H LiH Qetal. J. Appl. Phys. 2005 98
1 013101

CS00S00S00S00SO0S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SO0S00 S0

Coherent
] ExciStar XS .
- ; ExciStar XS 649 x 300 x 400 mm
’ 500H 193nm 10m)
2% 1o . Almeta XS corona
Excr’StarX 500 100
ExciStar XS 157 nm F, 193 nm ArF 248
nm KrF 351 nm XeF . ExciStar
XS . Ex-
ciStar XS RoHS.
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