57 10 2008 10
1000-3290/2008/57 10 /6213-08

ACTA PHYSICA SINICA

Vol.57 No.10 October 2008
(©2008 Chin. Phys. Soc.

s
2008 1 21
PACC 3220D 4110H
1.
1—4
57
8
9 10
11 12
.2002  Engheta
Jiang 2006
DPS
13
* 60571026
20070213058

T E-mail blade@hit. edu.cn

2008 3 26

Engheta

20070420158

150001

Jiang

2007

LBH-Z07083



6214

57

15 13
2.
z xy
a b
v 0 0Q
— 0
M =#OBO rn 0 5= Mo«
oo o p U
k= 0 0Q
& _EOEO e, 08: €0k, 1
o o0 €U0
VxE =~ jopgpu H
Vx H = jweye E. 2
Exyz =E x yep -y Huxyz
=H x y exp -7z
oE, .
oy T VB = et
oF, .
- }/Ex - g == Jw#O#}’H)’
oE, OF, .
ax - ay __Jw/lOMsz' 3
oH, )
87}/ + YH, =jweyeE,
oH, |
- YH, - g :_]cuEOEyE}.
oH,  oH, |
ox " oy = jweye,E, . 4

PR ( oH, OFE.
YT+ ke, Jwrto ty 8y+78x
i ( HZ aEz)
¥ y + koﬂe JWpto fhy -7 ay
E OH.
B e liome 5 -7 51
ST s ko/lm Yoy 7 ox
oH.
P
: V¥ e I8 By ox t 7 oy
TE 5
jopop, OH,
Ex == 2 2
y + kO/'Lye.r ay
E _ JCl)/l()/l% aI{z
! _yz + ké/&ex ax
H y oH,
7 + koﬂe ax
04 oH,
H =-—5—"5%5— .
! 7+ kype, O
2
Vxe,' Vx H = kyuH.
7
1 OH. 1 JH
T e, ox’ & 9y
| H, 1 JH, )
e, oxo: t e, ayor = Mol
6 8
kop, OH,
7+ kype, o’
or,  OH,

+ + kypH =0
7+k0#)tay2 ok

mm nw
= Hocos( 796) cos( Ty)

x exp — jk.z
#(”ﬂ)z
k(2)/1x€y - k\a

n #(M) _
Bpe - 2\ bl T
10 6

z

TE
(7).
mx | . [ n=x .
X cos( Tx) sm(Ty) exp — jk.z

(7)1,

— jw/"()/"y
UV ke,

E - JWo e
7 + kO/'Lr

)

). s

10



6215

10
. [ mmx nmw . nmw
X sm( Tx) cos(Ty) exp — jk.z H, =)m}%(b)Ho
Y mm
H, :m(7)fﬂ) X cos(%{x) sin(nT)Tty) exp — jkz . 12
. [ mm nw . 11
x sin| = x| cos| =7y [exp - jk,z
|
SR U I 2 Ma 2 My
k= 2[ ko pe, + pe, -k, Pl kY Py
2
i\/[ ko e, - e - 25225 4k2xk2v/%z(x]
’ : M S M TOM:
mm
k, = a
k=" 13
€. =€, =€ M o= p = ™
kZ
1 K+ K
15
1 E o+ E
1= . L < 0. 15
lee. | kg 3.
€
off et 1 1
1 K+ K !
- 1 - Zx T My PEC
€ et € € /L. k(z)
— 1 '
Heit My 6 Xy z abd:d1+
e <0 ps<0 k.= = ko eqpren Eefr d, I I
>0 fear >0 k.= ko eqtter €rfter <0 k. S €, [y 12
= —jko v lewpa! 14 1 i
15 g
16 Eerr Mz
z
Bak _ Rk ) " E
€ g =g M, — (SR 7 - 2
off A2 M kﬁ M kﬁ Rt T % E==NI|
1 B+ k
=lepm |1~ <017
K e | kg a
- 4 Z >« Z >



6216 57

TE 23
E, = JWo s MHOI Hem Mo pa e <0
7 + kop €, a 13
X sin( %tx) sin k, z + d, 23
y .2 en=1ep=1 py=pr,=1 py =
mm
H, }W?Hm —po=1a=b=0.142 d, =2d, =2d/3 k, =
k =n/a 23
in( Mx) cos k, z+d ‘
e & ! z d/A .3 €y =
H, =- ()1COS(%Cx)Sinkz,z+dl .18 eo=1l py=pp=-1py=-po=1a=b=
_ 0.141 d, =2d, =2d/3 k, =k =mla
JWHo My mTt
E, =5—F———H
2 y + k()f"x a ® 23 ‘
d/A . 4 eg=¢€p=1 p, =1 py
in{ "7y ) sin k, d
XS‘“(ax)Sm 2 G2~ Z = -2 puy=1 pp=-1.5a=b=0.141 d, =2d,
Hy, = Z/ mmy, =2d/3 k,=k =nla 23
7+ kope, @ z /2
X sin( %Tx) cos k, d, — z 2—4 Mt M
23 d <0.52
mm \ .
H, = Hozcos(jx) sin k, d, -z . 19 C o >0 g, <0
23

/\/ ( )2 M M2 < O Mo M2 > 0 23
! U#” ( IL/'LU 0 )

* B0V EcfifL effi i=12. 20
I

;‘\4
I |

E}l |z=0 = EyZ ‘ z=0

Hxl |z:() = sz | z=0 -+ 21
18 19 21 -
Hysin k,d, — Hypsin k,d, =0
5 €y
k. H ko, H
T cos kady o+ =" Fcos had, =022 =leo=lmaspa=lp = —pe=ldi =24, =
xl x2
” 2d/3=A/15 k, =k, =V2n/ 2a 23
1 Ala . 5
k, k., a
o cot k,d, = ", 2d, . 23 23 16
23 alA €t
Mathematica Maple
1
a a
13
23 23 Mot Me s pe >0



10 6217

30
20F
10
o Eul
ES) E NV
el 1 ~ -
-10 | T~
-20 TS /
0.0 01 02 03 04 05 0.6

d/i
2 5)1:15}221/111:/41221/4‘]:—/4.2:1 a=b=0.142 5 5)1:1 5)'2:1#;1:/112=1/l11:—;t,2=1 dy =2d, =
dy =2d, =2d/3 2d/3=A/15
30 30
20 F 20 F
- 10'/
= S of
ﬁ 5 - -~ o -
" -
-10 -~ .
-20 To-
0.0 0.1 0.2 0.3 0.4 0.5 0.6

0.3 0.4 0.5 0.6

d/a d/a

6 en=1enp=1py=psr=1py=pp=1a=0>0=0.142
dy =2d, =2d/3

3 ep=lep=1 py=psr=-1py=-pup=1a=0b=

0.142 d, =2d, =2d/3

BBIE

0.0 0.1 0.2 0.3 0.4 0.5 0.6

d/a
4 ep=lep=1py=1 pr=-2 py=1pp=-15a=b T en=lep=1pa=pa=-1pi=pe=1a=56=0.142
=0.14A d, =2d, =2d/3 dy=2d, =2d/3
/a 23 z
dlA 7
1 ta = po= -1
6 7 13 ”
ta = po =1
6 en=€p =1 pa=pa=1 py=pp 23

=1 a=b=0.141 d, =2d, =2d/3 k, =k, = 13 : pa == -1



6218 57
23
d <0.52 d/x =0.104 or
d/A=0.203 d/Ax=0.409 13 1o¢
1 o -20
;;, -30
_40 .
a b 0.14 16 0
Eur e =25 1 6 8 10 12 14
€tl 512 15 f/GHZ
23
8 2 13 SRR 5
€t Mot 1.95 mm TE,,
et Hef2 2 GHz
23 9
Ey
4
TE ™
™ 3
1
2
z
4. -2 -1 0 1 2
9 18—20 23 14 3 4
12 13 15 3.
SRR
PEC
. a=35mm b=
15 mm 60 mm. SRR
-1 f =7.8—8.2 GHz
He = i PEC
1 f<7.8GHz f > 8.2GHz
My = MK = 1
e, =¢, =¢, = 1. 24
8 12 13
Sy 8 15 9 a
18 — 20 23
14 3 4
eg =py = —1 €p = o =1

a=b=1.5mm d, =d, =



10 6219
15
14
1 Dong J W Chen Y H Wang H Z 2007 Acta Phys. Sin. 56 268 in 8 Zhao Q Zhao X P Kang L. Zhang F L. Liu Y H Luo C R 2004 Acta
Chinese 2007 56 268 Phys. Sin. 53 2206 in Chinese
2 Liu Y H Luo C R Zhao X P 2007 Acta Phys. Sin. 56 5883 in 2004 53 2206
Chinese 2007 56 5883 9 Buell K Mosallaei H Sarabandi K 2006 [EEE Trans. Microwave
3 Chen L Liang C H Dang X J 2007 Acta Phys. Sin. 56 6398 in Theory Tech . 54 135
Chinese 2007 56 6398 10 Caloz C Sanada A ltoh T 2004 IEEE Trans. Microwave Theory
4 Yang R Xie Y J Wang P Yang T M 2007 Acta Phys. Sin. 56 4504 Tech . 52 1834
in Chinese 2007 11 Perruisseau Carrier J Skrivervik A K 2006 IEEE Trans. Microwave
56 4504 Theory Tech . 54 1582
5 Zhuang F Shen J Q 2005 Acta Phys. Sin. 54 955 in Chinese 12 Engheta N 2002 IEEE Antennas Wireless Prop. Lett. 1 10
2005 54 955 13 Jiang T Chen Y Feng Y 2006 Chin. Phys. 15 1009
6 Pendry J B 2004 Science 306 1353 14 Jiang T Zhao J Feng Y 2007 J. Phys. D 40 1821
Luo C R Kang L. Zhao Q Fu Q H Song J Zhao X P 2005 Acta 15 Hrabar S Bartolic J Sipus Z 2005 IEEE Trans. Antennas Prop .

Phys. Sin. 54 1607 in Chinese
2005 54 1607

53 110



6220 57

Resonance characteristics of a three-dimensional anisotropic
metamaterial bilayer”

Meng Fan-Yi'  Wu Qun Fu Jia-Hui  Gu Xue-Mai Li Le-Wei
School of Electronics and Information Technology Harbin Institute of Technology Harbin 150001 China
Received 21 January 2008  revised manuscript received 26 March 2008

Abstract
The resonance characteristics of a three-dimensional anisotropic metamaterial bilayer is investigated through solving the
resonance equation for a rectangular cavity filled with two layers of different isotropic metamaterials. It is found that the solution
of subwavelength resonance is highly dependent on the product of the transversal and longitudinal permeabilities and there exist
more than one for the subwavelength resonance in most cases. In addition it is found that the width of the corresponding
waveguide of the rectangular cavity has an essential effect on the number of solutions for the resonance condition equation. These
results are of significance in the application of the metamaterials to sub-wavelength resonance structures and miniaturized cavity

resonators.
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