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JÑ
�«#.�i�.�Ãá�(�ü�. T(��I30��üý¡�, =�3����þ�)��K
0>~êÚ��K^�Ç. ÏLnØ©Û, JÑ| -´(Ü���
©Û{±O���0>~ê!^�Ç, ¿âd
é�i�.(�ü���ÃA5-uÅn?1
Øy. �æ^ Nicolson-Ross-Weir ��ëê{J�
�i�.ü
�
���é0>~êÚ�é^�Ç, ¿ÏLcº¢�éá��Kò�A5?1
�y. ¢�L², T�Ãá�
3 6.8—6.9 GHz ªãäk��\��ÃA5. d«�Ãá���ó²�é{ü, ��Ãá�3�Åì�+��A^
Jø
�«��¢^��O�Y.

'�c: �Ãá�, ��, �i�

PACS: 41.20.Jb, 78.20.Ci, 42.25.Bs

1 Ú ó

1968 cc�é�Æ[ Veselago[1] ÄgJÑ�
Ãá�g�. ¦�Ñ�>^Åò�Ç�K��, Å
¥þ���UþDÂ����, E, H Ú k �m÷
v�Ã5K, ù�>^Å3~50�¥DÂ�5�
��. �du^�¤�, C 30 c5ù�����v
k��¢�y¢, Ïd¿�ÚåÆâ.2�'5.
1996—1999 cm, =IÔnÆ[ Pendry � [2−4] k
��O¿JÑd±Ï5ü��[7á�
� (rod)
Ú7á��� (SRR) |¤�<óx�, ©O��

�ÅãK0>~ê�K^�Ç�AÉ5á�. 2001
c, Shelby � [5] òm����!7áj|Ü(�
R�����, ��
���Ãá�, ¿ÏLKò
�¢�?1
�y. d�, �Ãá�ïÄ×�,§,
Á,¤��Æ.�ïÄ9:��, �«#.�Ãá
�(�Øä�JÑ. é¡�(�!Ω /(�!V S
/(�!ói/(� [6−9] ��Ãá�ü�k�¯
­, ©O3�½§Ýþ�Ñ
 SRR (�E,!�
ÑLp!�°dÄ�"�.

�â>^Æy©, �Ãá�´�a<óEÜx

�á�, ��ÏL���ª5¼�K0>~ê�K
^�Ç. 8c®���Ãá�¥, �Ü©�¢y�
nÑÄ��Ó, Ì���7á(��¤>�lfN,
l
3�½ªã/¤��K0>~ê; Ó�-7
á(�3	^|�^e/¤^ó4f, ÏL^ó4
Ýé	^|E¤K�, ¢y��K^�Ç. �´®
²JÑ��Ãá�ü�(�½õ½��3ó²E
,!=U3����þ�)�ÃA5�¯K, ��
XTaá��í2�A^

�©JÑ��Ãá�ü�äk(��Nz!
��Ó5�A:, ò>��Ú^��8¤u��
é¡�ü�(�, Ïd�±¢y���ÃA5¿
k�ü$ó²¤�. �©éT(�?1
| - ´
nØ©Û, |^��
{í�ÑK0>~êÚK
^�Ç�¤Ï, ?�Ú�²T(��ÃA5��)
Ån. |^n�>^�ý^� CST microwave stu-
dio éT(�?1
�ý�[, 3D�¢�¥�, Ï
L Nicolson-Ross-Weir (NRW) �{ [10] J�ÑÙ�
�0>~êÚ��^�Ç. 3cº¢�¥, ÏLé
'�ý(J�y
Tá�ü��Kò�A5. l¢
�(J¥�±w�, 3 6.8—6.9 GHz ªãT(��
�0>~ê���^�ÇÓ��K, �ò�Ç�K,
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LyÑ;.��ÃA�.

2 �i�.�Ãá�(�ü��O

�©JÑ��Ãá�ü���i�.(�, X
ã 1(a) ¤«. Tü�do�é¡{��7ám��
|¤, 7á�¸�°Ý k = 0.2 mm, �° d = 2.4
mm, �p h = 1.2 mm (þ��¹7á�°�ëê),
¤k7á�°Ý w = 0.2 mm, þÝ h = 0.05 mm.
0�Ä�°Ý G ÚpÝ H þ� 4.5 mm, á�þ
Ý T = 0.5 mm, Ù�é0>~ê εr = 9.8, �é^
�Ç µ = 1.0. �±wÑ, T(�ü�'u Z ¶¥%
é¡, � TEM Å²1u XOY ²¡\�, 4z^|
÷ Z ¶���, Ù÷ X ¶Ú Y ¶���4z>|
©þ¬¼��Ó�>�A. �â¥þU\�n, é
u XOY ²¡S?¿��4z�>|, þ�±©)
�0�Ä�²¡Sü�R���¥þ�U\, Ïd
Tá�äk��A5.

òTü�÷ X , Y , Z ��±Ï5*ÐüÙ,
=�¼�T�Ãá�
�, Xã 1(b) ¤«. Z �
�c��måØÓ¬éü��m^|ÍÜ�^
Ú��>ó4f�Ý�)K�, l
���Ãª
�� £. 3�ý¢�¥À�c�á��¥%m
� D = 2 mm.

3 �i�.�Ãá�ü�nØ�.9
©Û

3.1 ������KKK000>>>~~~êêê���)))ÅÅÅnnn

�i�.(�á���Ãª�Ñyu C Åã,
Ùü�º�� 4.5 mm×4.5 mm×0.5 mm, �uTª

ã>^Å� λ � 1/6, Ïdéùü�(�ü��±
¦^·�|��{éÙ>|Ú^|©Ù�¹?1
©Û. Ó�, duT(�ü�º���, 7á�g�
>{Úå��Ñ��Ù�, UþÌ�8¥37á�
©Ùª>aÚÍÜ>N|¤���>´þ. Ïd3
nØ©Û¥, �ò7á�À�n��N, =é©Ù
ª>aÚÍÜ>N?1?Ø©Û.

�âDÚ>^|nØ, 0��0>~êÌ�£
ã0���{N	.>|3ÙSÜÚå�>|C
zUå�rf. dþ!0�¥���'X, k

εr = 1 +
P

ε0E0
= 1 +

1
ε0E0

lim
∆V →0

∑
p e

∆V
, (1)

Ù¥ P �4zrÝ, p e �©f>ó4Ý, εr �0�
��é0>~ê, ε0 �ý�0>~ê, E0 �\�>
|rÝ, ∆V �©f>ó4Ý²þÓ^�m. �â
©z [11] ¥�'Øã��, 0�3	Ü>|�^e
¬�)4z|r, �3�Ãá�ü�
�¥, aA
>Ö8¥37á(�L¡, ¿�3�C>|�^e
/¤>6. duü�(��Ý�u λ/6, �±@�
aA>Ö´Cqþ!/©Ù37á(�9±��
m¥, ÏdÏLO�	Ü>|�^e�z��ü�
(�¥�>ó4Ý, Ò�±���m¥²þ>ó4
Ý�Ý, ?
ïá
�(����0>~ê�..

ë�©z [12] ¥���>´, é(�ü�?1
©Û, �±��Xã 2 (a) ¤«���>´ã. Ù
¥ L L«�7á�þ�©Ùª>a, Cb L«¸
�?��>N, Cp L«þeü�(�mÍÜ>N.
TEM Å÷ X ¶\��, Ù4z>|÷ Y ¶��, d
��i�.ü��À� u!r�C>|¥, 3 A,
B ü:m���>Ø
>Ø�

U = E0 (d + 2h − 2w) . (2)� �� � � �� �� � �� 	 � ��
 � � � 

ã 1 �Ãá�(�ã (a) �i�.ü�(�; (b) �i�.ü�
�(�
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Cp

Cp Cp

Cp

CL

Cb

Cb

Cb

Cb

Cb Cb

Cb

Cb

L

L L

L

A

B

U

+

(b)(a)

-

L

L

L

L

A

B

ã 2 >��(���>´ (a) ü�(�>����>´�.; (b) �C>|¥>�����.

duü�(���é¡�¥±ÏüÙ, Y �
� þ ( � ü � � þ e ü � � m � 4 � Í Ü >
N Cp �À�3 A, B :m¿é����>N CL,
� CL = 2Cp. Ó�du��m©Ù>aÚ��>
N����Ó���ëê, Ïd��Xã 2(b) ¤«
���>´ã. �âG¿é'X, O�ÑT���
.o{|�

Z =
1

1
jωL

+ jω (Cb + CL)
, (3)

Ïd6LT(�ü�o>6�

I =
U

Z
. (4)

Ó�, �â>6½Âk

I =
∂Q

∂t
= jωQ, (5)

Ù¥, Q �ü�(��>Öþ, Ïdz¡ü�(�
üà>ó4Ý�

pe = Q (d + 2h − 2w) . (6)

r (2)—(5) ª�\ (6) ªk

pe = E0 (d + 2h − 2w)2
[
(Cb + CL) − 1

ω2L

]
. (7)

ÏL (7) ª=�¦�ü¡ü�(�3	Ü>|e�
)���>ó4Ý. Ó�, z¡�i�.á�ü�
�NÈ�

∆V = G · H · D. (8)

ò (7), (8) ª�\ (1) ª, Ó��Ä4z���

εeff = 1 +
1

ε0E0

p e

∆V

=1 −
(d + 2h − 2w)2

[
(Cb + CL) − 1

ω2L

]
ε0 (G · H · D)

. (9)

Ïd, >�lfªÇ�

ωep =

√√√√ 1
L

[
ε0 (G · H · D)
(d + 2h − 2w)2

+ (Cb + CL)

]−1

.

(10)

� ω < ωep �, k εeff < 0. I�5¿ (3)—(9) ª¥
���>N Cb, CL Ú7á�©Ùª>a L �Ñ´
'uªÇ ω �¼ê, 3ØÓªÇ�>^Å-ye,
��>N Cb, CL Ú©Ùª>a L þ¬u)UC,
Ïd¿ØU�y0>~ê�ªÇCz�üN5, �
U�3��½õ�K0>~ê�ªã.

3.2 ������KKK^̂̂���ÇÇÇ������)))ÅÅÅnnn

òá�ü�*Ð�±Ï.
�, Xã 1(b) ¤
«, Kzü��i�ü�(��m�À���²;
é¡�(�, ©lÑ�^��ü�Xã 3(a) ¤«.

ë�©z [13] ��'Øã, 3pª>^|�^
e, 7á�¥a5, �À�>a Ll, þeü7á�
�m�3��>N Cp. Ó�3õ«Ü¤^|��
^e, 7á�þ¬�)a)>6, �À���>6

, Ïdü�^��(���¤Xã 3(b) ¤«��
>´.
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

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
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
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 ��
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
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
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 �
 � � �� �
ã 3 ^��(�9��>´ (a) ^��ü�(�; (b) ü�^����>´ã; (c) ^��ü�9±���ÍÜü�
©Ù; (d) �âé¡5��ÍÜ^��È©«�

� TEM Å÷ X ��\��, ^��ü�NC
�^|Ì�d±enÜ©�¤: \�Å-y^|!
^��ü�S7á(��)�^|±9±�ü�
�)�ÍÜ^|. du²¡þ^ó4fÚå�^|
rÝ�Xål�J,î­P~, Ïd3O�±�ü
��)ÍÜ^|��I�ÄéÙK������
^��ü���^.

?��^��ü�(� R þ�¹��7á
� SR. 7á� SR SÜ^|ØÉ	^|K�, �É
±���^��ü��)�ÍÜ^|K�, ÙSÜ
^ÏA�	^|�)^Ï�ÍÜ^|�)^Ï�
Ú. éuü�^��(�ü�
ó, �����^
��ü��©�¥%:å l ��éÍÜü� P , ±

9¥%:å
√

2
2

l ��éÍÜü� D, duålÚ
����O, §��þ�7á� SP Ú SD �¬é
^��(��)ØÓ�K�, ÏdI�©O?1?
Ø, ©ÙXã 3(c) ¤«.

3�C^|��^e, 7á�¬�)a)>Ä
³, 3L¡/¤a)>6, 
>6���Kdo^
Ï� LC £´{|û½. �
{z, 3K^�Ç�
í�L§¥�Ñ7á�°Ý, Ó�½Â a �7á�
�, l �ü�(�é���Ý, du7á(��!

°�åØ�, �Cq@�^��ü��7á(�
´��>�� a ���/, �(�ü�é���
Ý l = 2a, Xã 3(d) ¤«. �^��(�¤±Ï5
ü��, �±@�3����ÍÜü�¥, 	^|
�7á�þ>6þCq�Ó. � H0 �	Ü^|, I

��þ>6, Hp ����éÍÜü�¥7á� SP

é R �ÍÜ^|, Hd ����éÍÜü�¥7á
� SD é R �ÍÜ^|.

O� SP é SR �ÍÜ^Ï. �â^Ï½Â, SP

é SR �ÍÜ^ÏÈ©��

ΦSRSP
=

∫∫
SR

BSP
· dS

=
∫ l+ a

2

l−a
2

∫ a
2

−a
2

µ0m

4π
(√

x2 + y2
)3 dxdy

=
µ0m

4π


√(

l − a

2

)2

+
a2

4
a

4

(
l − a

2

)

−

√(
l +

a

2

)2

+
a2

4
a

4

(
l +

a

2

)
 . (11)
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-

S =

√(
l − a

2

)2

+
a2

4
a

4

(
l − a

2

) −

√(
l +

a

2

)2

+
a2

4
a

4

(
l +

a

2

)
K

ΦSRSP
=

µ0m

4π
S, (12)

ª¥ m = I · a2, ΦSRSP
� SP é SR �)�ÍÜ

^Ï, BP � SP 3±��m¥�)^aArÝ, m

� SP 7á��)���^ó4Ý.
O� SD é SR �ÍÜ^Ï. �â^Ï½Â, SD

é SR �ÍÜ^ÏÈ©��

ΦSRSD
=

∫∫
SR

BSD
· dS

=
µ0m

4π
·
[
2
√

2
(

l + a

(l − a)
√

l2 + a2

+
l − a

(l + a)
√

l2 + a2

− 1
l − a

− 1
l + a

)]
. (13)

-

T =2
√

2
(

l + a

(l − a)
√

l2 + a2
+

l − a

(l + a)
√

l2 + a2

− 1
l − a

− 1
l + a

)
,

K

ΦSRSD
=

µ0m

4π
T, (14)

ª¥ m = I · a2, ΦSRSD
� SD é SR �)�ÍÜ^

Ï, BSD
� SD 3±��m¥�)ÍÜ^aArÝ,

m � SD 7á��)���^ó4Ý.
O�7á� SR þ>6. ÏL7á� SR o^

Ï

ΦSR
=µ0H0 · a2 + 4 · (ΦSRSP

+ ΦSRSD
)

=µ0H0 · a2 +
µ0m

π
(S + T ) . (15)

�â>^aA½Æ, 7á�þd^ÏþCzÚåa
)>Ä³�

Einduce =
∂ΦSR

∂t
= jωΦSR

. (16)

- L = 2Ll, C = Cp
2 , dã 3(b) ��>´ã��, £

´o{|�

Z = jωL +
1

jωC
. (17)

d (15)—(17) ª��

I =
Einduce

Z

=
jω

(
µ0H0 · a2 +

µ0m

π
(S + T )

)
jωL +

1
jωC

, (18)

u´k

I =
µ0H0a

2

L − 1
ω2C

− µ0a
2

π
(S + T )

. (19)

O�^��ü�(�So^Ïþ. �âc©Ø
ã, eF"O�^��ü�(� R ¥�o^Ïþ,
I��Ä\�Å-y^|!^��ü�S7á(
��)^|±9±�ü��)ÍÜ^|nÜ©S
N.

\�Å3(�ü�þ�)�^ÏéN´?1
¦), =

Φ0 =
1
2
µ0H0l

2, (20)

I�­:?Ø�´7á� SR 3ü�(� R S�
)���^Ï, ±9±��� SP Ú SD 3ü�(
� R S�)���^Ï.

âð�d�1o�§
∮

S
B · dS = 0, éu7á

�¤3Ã¡�²¡, d167á��)�^ÏAT
k

∑
Φ = 0, ��â.c - ix�½Æ, ²¡þ�:

^|��þAR�uT²¡. Ïd, ^��ü� R

���S, 7á� SR þ>63 SR S	�)�^
|����, Ù3ü�(� R S�)�^Ï��
A�uT>63^��ü����	�)^Ïþ,
= BSR

lü�>.�Ã¡�?�È©.
Ó�d±Ï59é¡5��, duü� R �ü

� P (���, Ïd7á� SP 3(�ü� R þ�
)���^ÏA�u7á� SR 3ü� P þ�)
���^Ï. Ón, 7á� SD 3(�ü� R þ�
)���^ÏA�u7á� SR 3ü� D þ�)
���^Ï. dd��

∆Φ =ΦinSR
− ΦoutSR

− 4 · (ΦRSP
+ ΦRSD

)

=ΦRoutSR
− 4 · (ΦPSR

+ ΦDSR
)

=
∫∫

Sext

BSR
dS

=4
∫ π

2

0

∫ +∞

3a
cos θ+sin θ

µ0m

4πr3
rdrdθ

=
µ0m

6πa
, (21)
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È©«� Sext �l(�ü� P , D >��Ã¡�
?. Xã 3(d) �Ú«�¤«. ª¥ ΦinSR

�7á
� SR þ>637á� SR S�)�^Ï, ΦoutSR

�7á� SR þ>637á� SR 	ü�(� R S
�)�^Ï, ΦRSP

�7á� SP 3ü�(� R �
�S�)�^Ï, ΦRSD

�7á� SD 3ü�(� R

��S�)�^Ï, ΦRoutSR
�7á� SR 3ü�

(� R ��	�Ã¡�?�)�o^Ï, ΦPSR

�7á� SR 3ü�(� P ��S�)�^Ï,
ΦDSR

�7á� SR 3ü�(� D ��S�)�^
Ï. BSR

�7á� SR 3�m¥�:?�)�^a
rÝ. Ïdü�(� R So^Ï∑

Φ = Φ0 − ∆Φ

=2µ0H0a
2 − µ0

6πa
· µ0H0a

4

L − 1
ω2C

− µ0a
2

π
(S + T )

=2µ0H0a
2

[
1 − µ0a

12π
(
L − 1

ω2C
− µ0a

2

π
(S + T )

)
]
.

(22)

K^��ü�S²þ^aArÝ

B̄ =
∑

Φ

SH

=µ0H0

1 − µ0a

12π
(

L − 1
ω2C

− µ0a
2

4π
(S + T )

)
 ,

(23)

Ù¥, SH �^��ü�¡È, SH = 2a2. u´k�
�^�Ç

µeff =
B̄

µ0H0

=1 − µ0a

12π
(

L − 1
ω2C

− µ0a
2

4π
(S + T )

) . (24)

d (24) ª��^��ªÇ�

ω0 =

√
1
C

(
L − µ0a2

4π
(S + T )

)−1

, (25)

^�lfªÇ�

ωmp =

√
1
C

(
L − µ0a

12π
− µ0a

2

4π
(S + T )

)−1

. (26)

� ω0 < ω < ωmp �, µeff < 0. Ù¥ L, C þÓ��
'u ω �¼ê. 3ØÓªÇ�>^Å-ye, L, C

þ¬u)UC, Ïd¿ØU�y0>~ê�ªÇC
z�üN5, T(��U�3��½õ�K^�Ç
ªã.

4 �ý�y

�â>^�0�nØ, �k�á�0>~êÚ
^�ÇÓ���, ½Ó��K��¹e1ÅUÏL
T0�, 
�0>~êÚ^�Ç=k�����,
0�S�UDÂÎ²Å, 
Ã{D�1Å. ë�©
z [14—18] �¢��{, �©Ì�ÏL�ýD�¢
��cº¢�éü�(��ÃA5?1�y.

4.1 DDD���¢¢¢������ýýý

/dû�^� CST, �±ÏL��k��©{
é�Ãá��>^�A?1�ý�[. �©Ì�
é 5×3×3 ¬ü�|¤��i�.�Ãá�
�?
1O�, Å¥����Ê¡ü�(�, >|���
^|�����n¡ü�(�, Ä�må� 2 mm,
Xã 1(b) ¤«. �½ Y ��>.�n�^>., Z

��>.�n�>>., Ó�3 X ��üà��
���Å�à�, - TEM Å÷ X ¶��\�, 3
gd�m¥�)÷ Y ¶���4z>|�÷ Z ¶
���4z^|.

ã 4 ��i�
� S ëê��ý(J. lã 4
�±wÑ, T(�
�3 6.75—7.1 GHz ?ÑyÏ
�, S21 ëêþ3 −20 dB ±þ.

�â NRW �{ [10] é�i�.
��ý(J
J���ëê, (JXã 5 ¤«. 3�ýªãS, (
�
�3�u 6.9 GHz ªÇS��0>~ê�K;
3 6.8—7.1 GHz ��S, �i�
���^�Ç�
K. Ïd3 6.8—6.9 GHz «m, �i�
�NyÑ
�ÃA5, ½=��0>~ê���^�ÇÓ��
K.

�²;[7á�
� rod aq, du�ý�.

�3>|��þ�¤>ó4f
�, ÏdnØþ
�±3��ªã��¢y��K0>~ê, �du
(�g��äk��A5, g���{|�ªÇC
z, �ØU�y��K0>~êªã��. Ón, é
u^��
ó, d²;é¡�(�|¤�^��ü
�
�Ó�É�(�ü���{|ªÇA5�K
�, �U�3õ�K^�Çªã. Ïd�k3�ö
­Üªã¥, �im��(�âUÐyVK��Ã
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A5.

4.2 cccººº¢¢¢������ýýý

�Ãá�ò�Ç�K, Ïd�>^Ål�Ã0
�¥\�mÃ0��, ¬�)Kò�y�. ë�©
z [5] ¥��'Øã, �©æ^cº¢�é�i�
.ü�(�Kò�A5?1
�ý¢�, l
éÙ
�ÃA5?1�y.

� � ��� � �� � �� � �� � �
� � � �� � � �� � �� � �� � � � � � � 	 � � 	 � � 
 � �
 � �
 � �


 � � 
 � �
 � �� � �
� � � � � � � � � 	 � � 	 � � � � �

� � � �
� � � �

����
��� ��
ã 4 �i�
��ý¢�(J (a) S ëêÌÝ; (b) S ë
ê� 

� � �� � �� � �� ��� � � � � � � � � 	 � � � � � �
 � � 

ã 5 �i�
���0>~ê9��^�Ç¢Ü

Y ¶��ü�n��i�.ü�(�, Z ¶�
�üÙ 7 �Ä�, �må� 2 mm, �z�þ'c�
�~��¡ü�(�, \�à�?�
~���,
V\�¡Ä�(�±��{|, �¤cº¢��ý
�., Xã 6(a) ¤«. Ó�, �?1'é, ��ØV
\7á(��Ä�
�, Xã 6(b) ¤«.

�� � � � � � � � � � � � � � � �
	 
 �

� �
 � � �� � � �� � � �� � �� � �� � �
 � �
 � 

 � �� � �� � �� � �� � �� � �� � �� � �� � � � �
 � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� 
 � 
� � � �� � � �� � � �� � � 
� � � �
 � � �
� � � �	 � �

� ��
� ��	 � �

	 � �

ã 6 cº¢�(�9�ý(J (a) cº¢��i�ü
�
��.; (b) cº¢�Ä�
��.; (c) cº�Ý�
\�ÅY�«¿ã; (d) �i�ü��Ä�cº¢�>|
©Ùé'
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� � � � �� � �� � � 	 � � �� 
 � 	 � 
 �� � 	 � �� � 
 � � � � � 
 � 
 � � � 
� � � � 
 � � �� � 	 � �� � 	 � ��� � � � � � � �
� � � � �� � �� � � 	 � � �� � �� � � � 
 � 	 � 
 �� � 	 � � � �  � �  � � � � �� � 	 � �� � 	 � ��� � � � � � � �

ã 7 �|�ý(J (a) �i�
�cº¢��|Ë�ã; (b) Ä�
�cº¢��|Ë�ã

�ý¥, �� Y ¶���n�>>., Ù¦o
����m��m. >^Åg.Ü÷ Z ¶��\
�, \�Å�cº�.¡{�¥ θ = 59◦ Y�, X
ã 6(c) ¤«. ë�D�¢�¥�ý(J, cº¢�
¥À� 6.88 GHz ��ÿÁª:.

�âò�nØ, �>^Ål1�0�\��1
Õ0�¥, ò���u\��. lã 6(d) Ä�cº
¢�>|©Ù�ý(J (mã) ¥�±wÑ, 3,
���, T¢�¥cº	ý�í0�¥>|�³�
� X ¶K���, y²Ä�á���ò�Ç�u
�í0�; 
�i�
�cº¢�>|©Ù�ý(
Jã 6(d)(�ã) ¤«, >^Åò����u\��,
>|�³�� X ¶����, L²�i�
��
�ò�Ç��u�í0�.

? � Ú O � c º ¢ � � | Ë �, X ã 7 ¤
«. >^Åg θ = 180◦ \�, ²LÄ�cº
�
� (ã 7(b)), UþÌ���� θ = 8◦; ²L�i�c
º
�� (ã 7(a)), UþÌ���� θ = −88◦. d

ã 6(c) ��, �í0�¥{� u θ = −59◦ ��,
Ïd\�>^Å�ò�>^Å u{�Óý, Ny
Ñ�Ãá��Kò�A5.

5 ( Ø

�©JÑ
�«8>��!^��u�N�
#.���Ãá�ü��. —– �i�(�. ÏL
��>ó4f9^ó4f��{©Û
T(��
ÃA5��)Ån, ¿|^ CST �ý, (Ü NRW
ëêJ�{(½
T(���ÃA5, �ÃÏ�
� 6.8—6.9 GHz. Ù�, �â�Ãá�¥�Kò�
A5, �O
cº¢�, é�i�(���ÃA5
?1
�ý�y. T�i�ü�(�äk����
mé¡5, Ïd�±3��²¡þ¢yV�Ó5�
>^�A, ¿�Tü�(��I30��ü¡?1
¡�, ��ó²{ü!¤�$í, ?
�±�BA
^u�Åì��+�.
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Design and simulation of a cross split ring lefthanded
materials unit structure∗
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Abstract

In this paper, we present a novel compact left-handed material unit, which can generate the equivalent negative permittivity and

negative permeability in the two-dimensional direction only by etching one side of the dielectric substrate. We propose a new formula

for calculating the field and circuit to analyze the equivalent permittivity and the equivalent permeability that are used to explain the

principle of the left-handed characteristic of the unit. In the simulation, the equivalent permittivity and permeability are calculated

by the Nicolson-Ross-Weir method, and the negative refraction is verified by the prism experiment. The experiments show that the

cross-ring structure unit can present left-handed properties with frequency bands appearing at 6.8–6.9 GHz in the two-dimensional

incidence. The left-handed material can be used to design microwave field for its simple fabrication process.

Keywords: left-handed material, two-dimensional, cross-ring
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