“ " ABA . B -

Subwavelength tunneling of electromagnetic waves

WEN Wei-Jia"
Department of Physics The Hong Kong University of Science and Technology ~Clear Water Bay Kowloon Hong Kong China

Abstract We describe an electromagnetic EM  composite material that possesses subwavelength tunneling
characteristics. The sample is constructed as a multilayered " sandwich" i.e. ABA structure. The core plate
is a metallic mesh with holes subwavelength in size compared to the incident EM wavelength while the two out-
er layers are fabricated with units of periodically arranged positive dielectric permittivity or negative magnetic
permeability. Up to 100% transmission of normally incident EM waves has been demonstrated in the microwave
regime through such "sandwiches" at certain frequencies forming so called " passbands". The phenomenon of
subwavelength tunneling is caused by the electromagnetic enhancement at and between the interfaces of the dif-

ferent layers induced by local resonances of the two outer plates.

Keywords subwavelength tunneling negative permeability microwave functional materials
7—10
1
“ ” “ ABA” . B
' 0.5mm
Ebbesen x3.5mm’. A
34 *
’ Alex Wong
Febry — Perot 2005 - 08 - 01
26 ¥ . Email phwen@ ust. hk

2005 11

3.5

- 787



fractal H
ring
ABA A H
1
711 12 .
A . fractal slits
C 13
o P
YRIC A e A ()
1
2 a A B ABA
1—10GHz
1.
A
100%
lem
1. 1GHz >20cm .
11
B
ABA 113 ”
ABA
A
C A
C
13 ” CBC

- 788

split

B A 100%

LI TS

HUHIGH
A C
C 1] ”
ABA CBC
113 H"
3
A
C 4.2GHz
ABA CBC
A
/
CBC
“ H"
CB BC
C 3
ABA
Babinet
A 3 ”
“ ” A 113

2 b

ABA
CBC



34

I BEEFR 1100% 1%)

2005

B4 /GH.

A C
A C
1415

" 3.3GHZ
"10.3GHz

11

« ABA(s—0.3mm)

ABA(s1.5mm)
© ABA(s=2,0mm)

8

10 12

1.0
0.8
$ 06
3
jﬁ 0.4
0.2
0.0
2
4
ABA
100 [
B
= 50
0
5 «

- 789



MRI

790-

Pendry ] B Holden A J Stewart W J et al. Phys. Rev. Lett.
1996 76 4773
Smith D R Padilla W J Vier D C et al. Phys. Rev. Lett.
2000 84 4184

Ebbesen T W Lezec HJ Ghaemi H F et al. Nature Lon-
don 1998 391 667

Thio T Pellerin K M Linke R A et al. Opt. Lett. 2001
24 256

Takakura Y. Phys. Rev. Lett. 2001 86 5601

Went H E  Hibbins A P Sambles J] R et al. Appl. Phys.
Lett. 2000 77 2789

Wen W Zhou L Li J et al. Phys. Rev. Lett.
223901

2002 89

1280km

2850km. 100km.

South Sandwich 18

35

10
11

12

14
15

Zhou . Wen W Chan C T et al. Phys. Rev. Lett. 2005
94 243905
Wen W Yang Z Xu G et al. Appl. Phys. Lett. 2003 83

2106
HouB Xu G Wen W. J. Appl. Phys. 2004 95 3231
Wen W Zhou L. Hou B et al. Phys. Rev. B 2005 72
153406

2004 33 106 Wen W Sheng P. Wuli
Physics 2004 33 106 in Chinese
Wen H Hou B Leng Y et al. Opt. Express 2005 13 7005
Hou B Wen H Leng Y et al. Appl. Phys. Lett.
QiY HouB Wen W. J. Phys. D Appl. Phys.
590

to appear

2005 38

2210km

58

Science 2005 309 1357

Lawrence

MRI

J. Granwehr

. MRI
MRI

Physics web news 25 August 2005

Yi - Qiao Song

MRI

Physics News Update 5 August 2005





