59 1 2010 1 Vol.59 No.1 January 2010
1000-3290/2010/59 01 /0336-04 ACTA PHYSICA SINICA (©2010 Chin. Phys. Soc.

410073
2009 3 19 2009 4 12

PACC 4270Q 1220

1 . “ ”
zero-n
e iz
.20 60 Veselago '
left-handed o) —
. Zero-n
medium LHM
n, <0 n, >0
30 1 d, dy
23 . a= d, + dy. Bloch-Floquet °
o w- \_1(Z % )
cos fa _cos(cna)— 2(Z2 + 7, -2
| w . w
X sin cnldl)sm cnzdz 1
— 7
7€T0- 10 . ZeTo-
— Ha Zz
Jiang dR
s _
7eTo-1
1 n; <0 n, >0
— 9
zero-n
* 60871069

+ E-mail huizhange @ gmail. com



337

n= nd +n,d, la B 2 b Z,=98 () 0.4
Bloch mm dy = 12 mm Ly =12
Grenid . = Wo — - nod, + %nz d, =0 2 nH Cy=1.8 pF.
~_0 ¢y = .
" @0 CRLH-TL  CRH-TL
wy 1 A 2
Z, Z
| cos Pa zl+é(zl Z?—z)sinz( nldl) 6 |
=1 3 cos PBuund, =cos ki d, (1 - m)
Wy g =wnd/c= - + sin kod ( 1 . Z, )
It ¢y=wnydy/c=1In I YT \20CLZ) T 2wl
Bloch B 7€10-1 B 1 4
“ ? zero-n 4’ L, C,
— “ 8 n 2
zero-n cos Begnd, =cos k,d, (1 - %)
) wCr Z wl
3. + sin k,d, ( 2R 2+2Zj)
2
p=-m dh=m —wl;‘RCR 5
zeromn ko Z oi=1 2 CRLH-TL.  CRH-TL
. IBCRLH BCRH
di/2 /2 dy/2  dy/2 CRLH-TL.  CRH-TL Bloch
20, 20, Lg/2 Lp/2
L Cr
] I
(a) (®) - — CRLH-TL
oL/ CRH-TL

2/ CRLH-TL
CRH-TL a CRLH-TL
b CRH-TL
Zero-n
/ CRLH-TL
/
CRH-TL 2 .
0.5 mm 2.65
/
Z, =50 Q
mm d; =6 mm
L, =8.2 nH.

3.3 pF

56

2 a
1.37

Cy

M /GHz

0 60 120 180
pd/(180°/ =)
3 CRLH-TL  CRH-TL
4 5 CRLH-TL.  CRH-TL
3 .CRLH-TL
Z, =+ L/C, =50 Q)
2.25 GHz. L,
= C, 0.48 GHz.CRH-TL



338

59
Z,=+L,/C, =98 Q -, CRLH,;CRH; - ¢ . CRLH-TL
1.78 GHz. 0.48 GHz 2.25 GHz CRH-TL
CRLH-TL 0 GHz 0.81
. GHz CRLH;, = —-x
3 CRLH-TL CRH; ¢, =m CRLH, CRH,
0.81 GHz ¢=0. 0.81 GHz
Bloch 60r. .
¢ =-= CRH ADS
LS CRLH; CRH; CRLH;CRH; ,
5a
0.81 GHz “
? zero-n
CRLH;CRH; , 4
7ero-1 ¢ ”
CRLH CRH
CRLH CRH
Z€ro-1n
7€ero-
n
zero-n
Z€ero-n
4 7 CRLH; CRH; 5 Sa
Bragg . 0.58 GHz Bragg
m=0  m= p=-=n
0 T\ m= -1 Bragg . 1.22 GHz
2] —
§ o — il _ T
S I T g m= +1 Bragg 1.60 GHz
_48) . - ¢ =2 m =
18 un%&%ﬂai +2  Bragg
—o—=¥
-180 s _
0. 1.0 7€T0- T
% /GHz
5 a CRLH; CRH; 4 _ " ’
b Zero-n
B2 CRLH;CRH; - ¢ ZEero-
n 7€T0- 10
5b CRLH;, m
. = -1  Bragg


Absent Image
File: 0


339

Veselago V G 1968 Sov. Phys. Usp. 10 509

Pendry J B 2000 Phys. Rev. Lett. 85 3966

WangF M LiuH Li T DongZ G Zhu S N Zhang X 2007
Phys. Rev. E 75 016604

Bria D Djafari-Rouhani B Akjouj A Dobrzynski L. Vigneron J P
Boudouti E H Nougaoui A 2004 Phys. Rev. E 69 066613

Caloz C Sanada A Ttoh T 2004 [EEE Trans. Microwave Theory

Eleftheriades G 'V 2007 IEEE Microwave and Wireless Components
Letter 17 4 292

Li] Zhou L Chan C T Sheng P 2003 Phys. Rev. Leit. 90
083901

Jinmg HT Chen H Li HQ Zhang Y W Zhu S'Y 2003 Appl.
Phys . Lett. 83 5386

Wu L He SL Shen L F 2003 Phys. Rev. B 67 235103

Tech . 52 980

The experimental investigation of the discrete mode in the
zero-average-refractive-index gap *

Zhang Hui'  Li You-Quan Fu Yun-Qi Yuan Nai-Chang
School of Electronic Science and Engineering National University of Defense Technology Changsha 410073 China
Received 19 March 2009  revised manuscript received 12 April 2009

Abstract
We experimentally investigate the discrete mode in the zero-average-refractive-index gap the zero-n gap of the one-
dimensional periodical structures containing left-handed materials LHMs and right-handed materials RHMs . When the
discrete mode conditions are satisfied in the zero-n gap there are no discrete propagating modes but the zero-7 gap completely
vanishes. This behavior is attributed to the dispersive property of LHMs and RHMs. In addition the theoretical expectation of

the discrete modes with no sidelobes in the zero-n gap never occurs in experiment because the LHMs is intrinsically dispersive.
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