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Äu>{.ªÇÀJL¡ (Resistance Frequency Selective Surface, RFSS) �O
�«$ª°�!4zØ¯a
Ú°\��A5��á�áÅN. TáÅN�Ä�ü�dmø�i.²¡�á� (Cave Cross Planar Metamaterial,

CCPM)!RFSS!>0�Ä�Ú7á��|¤. æ^ FDTD �{ê��[���(JL²: �'uüX� CCPMá
ÅN!RFSSáÅN, CCPM Ú RFSS EÜ(�áÅN$ªáÂA5��4�Uõ, 3�� 1—5 GHz ªÇ��S,á
ÂÇ�u 80%,áÂ¸��� 98%±þ. ê��[���ØÓ4z�ÚØÓ\��e�áÂÇL²: TEÜ(�á
ÅNäk4zØ¯aÚ°�ÝáÂA5.

'�c: ²¡�á�, >{.ªÇÀJL¡, �á�áÅN

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

1 Ú ó

>^�á�´<ó�O�(�¿¥yÑg,
á�¤Øä���~Ôn5��EÜá� [1]. du
�á�äkæÅ�(�A5, ÙÄ�ü��(�º
���u�^>^Å�Å� (1/10), �±òÙÀ�
k�x�. �âk�x�nØ, <�ÏL�(��
�O�±¢y��>^ëê (εeff Ú µeff ) N�, l

¢y�á��>^Å�^�ª�N�. Äuù�
g��±¢yK+�Ý!Kò�Ç [2,3]!>^Å4
z�� [4]!>^Û� [5] ±9�{áÂ [6,7] �.

�C, <�Äu�á��>^ÍÜ��A5J
Ñ
�«äk “�{áÂ” A5�áÅN [6−13]. å
Ð, <��O��á�áÅN�õ´Äuk�x�
nØ [14] Ún�{|��nØ [8], ÙÄ�ü�Ì�
d>��ì(�, >0�� (Ä�á�), 7á��
��¤n�½õ�ÍÜ(�, ¥±Ï5ü�, äk
þÝ�!áÂr!ª�Ä�A5 [6−10]. ��, <�
qJÑ\18o��½>{���á�áÅN, �

±¢yáÂª��Ð°!4zØ¯aÚ°\��
�A5 [11−13], �´áÂª��Ð°´±ã+�N
�þÝ�cJ�, Ó�\óE,¤��p, ùé¢
SA^´Ø|�.

± �Äu RFSS �áÅNá��±¢y°
ª�áÂ [15], �þÝJ±���¦�éJ¦áÂ
ª�ü�$ª��. 
�á��ªÌA5�±�â
Ù(�ëê
?1N!, Ïd·��±ÏLN!�
á��Ä�ü�(�ëê¦Ùó�3·�I��
ªÇ��. Äuù�g�, �©ò RFSS � CCPM
?1|Ü, �O
�«$ª°��á�áÅN, ¿
éÙáÅÅnÚáÅA5?1
ê�ïÄ. ê��
[(JL²: TV�EÜ(��á�áÅN3 1—
5 GHz $ª��Sé\�>^Åäk4zØ¯a
Ú°�ÝráÂA5.

2 (��O

EÜá��áÂÇ A(ω) Ï~d��Ç R(ω)
Úß�Ç T (ω) L«, = A(ω) = 1 − R(ω) − T (ω),
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½ A(ω) = 1 − |S11|2 − |S21|2, Kß�Ç (T (ω) =
|S21|2) Ú��Ç (R(ω) = |S11|2) ©OLy� S ë
ê�/ª. Ï~du7á����3, T (ω) = 0, Ï
dáÂÇ=d��Ç R(ω) û½, ± �O��á
�áÅN�6u7á(��>!^��, Ïd�U
3éÄ�ªÇ��S¢yn��{|�� [13]. �

¢y$ªráÂ��á�áÅN, 3ØwÍO\
�NþÝ��¹e,·��O
 RFSS � CCPM V
�EÜ(��á�áÅN.

V��á�áÅNÄ�ü�(��.Xã 1
¤ «. � þ ¡ 1 � �� CCPM(ã 1(b)), ¥ m �
� RFSS(ã 1(c)), .��7á��, ¥mÄ�á
�� FR4(loss), Ù0>~ê� εr = 4.9(1 + i0.025),
RFSS ��¬>{� R = 375 Ω, CCPM L¡Ú�
�7á�þ 30 µm, >�Ç σ = 5.8 × 107 S / m
�Ô�. ÏL`z�O, V��á�áÅNÄ�
ü�(�AÛëê� t1 = 0.8 mm, t2 = 1.2 mm,

p = 20 mm, g = 1 mm, l1 = 17 mm, w1 = 12 mm,
l2 = 12 mm, w2 = 7 mm, l = 19 mm, w = 5.5 mm.
·�æ^ FDTD �{éã 1 Ä�ü�(��.?
1ê��[, x-y ²¡����±Ï5>.^�.

3 ê��[©Û

CCPM � RFSS V�EÜ(��á�áÅN�
ê��[(JXã 2(a) ¤«. lã 2(a) ¥�±wÑ,
3 1—5 GHz ªÇ��S, �á���Ç�u 20%,
éA�áÂÇ�u 80%, ¸�áÂÇ�� 98%, ¿
�¥y²w�VªráÂA5,áÂÇ�u 80%�
�éáÂ�°� 136.6%. ·�ÏL S ëê�ü�
{O�
�éÅ{| [16,17], lã 2(b) ¥�±wÑ,
V�EÜ(��á�3 1—5 GHz °ª��S�g
d�mäk�Ð�{|��A5.

RFSS l

w

(c)(a)

t t

RFSS

CCPME↪x

k↪z
H↪y

(b)

g

plw

CCPM

p

w l

ã 1 (a) CCPM � RFSS �¤�V�EÜ(�; (b) CCPM �(�; (c) RFSS �(�

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

ã 2 (a) ê��[��� CCPM � RFSS V�EÜ(��á�áÅN���Ç�áÂÇ; (b) �éÅ{|

cÏïÄL² [6,7], DÚü�(��.�á�
áÅN¢yráÂ, Ì�duÙÄ�ü�ÍÜ(�

é\��>^Å�)r��Û�>!^���^,
l
p��)L¡7á��î0�ÑÚ¥mÄ�
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á��0��Ñ, Ïdäkér�Ä�áÂA5�
ØÉ 1/4 Å�þÝ���, Ó�ÙáÂªÇ�±�
âÙ(�AÛëê
?1N!. 
Äu RFSS �á
ÅN¢y°ªáÂÌ�´du>{¡�î0�Ñ

±9>{¡¥N5�7á.�|Ül
é\�>
^Å�)ér�^�Ñ, Ó�÷v°�S�A��
^� [15], ÙþÝ���u 1/4 Å�, �´éJ¢y
$ªráÂ.� � � � � �

� � � � � 	
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ã 3 (a) ê��[��� CCPMáÅN!RFSSáÅN!±9 CCPM � FRSS V�EÜ(�áÅN�áÂÇ; (b) V�
EÜ(�áÅN3k�ÚÃ� FR4 Ä��¹e�áÂÇ� � �� � � �� � � 		 � � 
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� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �
� � � � �� � � � �� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �	 � � � � � � �� � � � � � � �� � � � �
	 � � �� � � �	 
 � 
 � ! "  # "
 $ "  % "

ã 4 (a) Ú (b) ©O�V�EÜ(�áÅN3��ªÇ 1.1 GHz Ú 3.9 GHz ?�L¡>6©Ù; (c) Ú (d) ©O�V�E
Ü(�áÅN3��ªÇ 1.1 GHz Ú 3.9 GHz ?�Uþ�Ñ©Ù
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�
?�Úy¢þã©Û, ·�©O�[O
�
 CCPMáÅN!RFSSáÅN, ���áÂÇ
(JXã 3(a) ¤«. lã¥�±wÑ, CCPMáÅ
N©O3 2.4 GHz Ú 5.7 GHz ?�)ér�áÂ
A5,áÂÇÑ�� 90%±þ, RFSSáÅN3 2—
6.5 GHz �máÂÇ�� 70%, ¿vk¥yráÂ
A5, 
 CCPM � RFSS �EÜ(�3 1—5 GHz
��SáÂÇ�u 80%, �áÂ¸��� 98%±þ,
�NþÝ� 2 mm, =�¥%Å�� 1/60. dd��,
CCPM � RFSS EÜØ=ü$
áÂªÇÐ°
á
Âª�, 
�áÂUå?�ÚOr. �
ïÄáÅ
NS�Uþ�Ñ�¹,·�©O�[O�
V�E
Ü(�áÅN3Ä�kÑÚÃÑ�¹e�áÂÇ,
(JXã 3(b) ¤«. dã�±wÑ, 3 1—5 GHz �
m,áÅN3Ä�kÑÚÃÑ�¹�áÂÇÄ��
±ØC, ù`²ÙUþ�ÑÌ�8¥3 RFSS >{
¡þ, �Ä��0��ÑÃ'.
�
?�ÚïÄV�EÜ(�áÅN�Uþ

�Ñ�¹, ·�©O�[O�
Ùü�(��L

¡>6©ÙÚUþ�Ñ©Ù, (JXã 4 ¤«. l
ã 4(a) Ú (b) ¥�±wÑ, 3 1.1 GHz $ª���,
�)�L¡>6Ì�8¥3 CCPM (��	�>
�; 3 3.9 GHz pª���, �)�L¡>6Ì�8
¥3 CCPM (��S�>�. lã 4(c) Ú (d) ¥�
±wÑ, 3ü���ªÇ:?, Uþ�ÑÌ�u)
3 CCPM (���>6��� �.

d±þê��[©Û��, CCPM � RFSS �
¤�V�EÜ(��á�é$ª°�>^Å�r
áÂÌ�Äuü:: Äk, >^Å\�� CCPM L
¡-uÙn��N(��)L¡aA>6, T>6
�)�^|�7á��-u���>6¤�)�
^|?1ÍÜ�)r�����^, Ó�÷vgd
�m�Å{|��, l
4�/~�
>^Å��
� [7]; Ùg, RFSS �é\�Å�)î0�Ñ [15].
�?�ÚïÄV�EÜ(��á�áÅN�

$ª°�ráÂA5,·�ê��[
Ù3ØÓ4
z�ÚØÓ\��e�áÂÇ, ¤�(JXã 5 ¤
«. dã 5(a) Ú (b) �±�ß/wÑ, éu TE ÅÚ

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

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

� � � � � � � � �����
�

� 
 � ��	
 � �� � �� � �� � �� � �
 � �
ã 5 V�EÜ(��á�áÅN3ØÓ4z�ÚØÓ\��e�áÂÇ (a) Ú (b) ©O�ØÓ4z�e� TE Å
Ú TM Å; (c) Ú (d) ©O�ØÓ\��e� TE ÅÚ TM Å
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TM Å, 4z�3 0◦—90◦ Cz�, V�EÜ(�
áÅN�áÂÇ�±ØC. dã 5(c) Ú (d) �±w
Ñ, éu TE Å, \���u 35◦ �áÅN3 0.5—5
GHz �m�áÂÇÄ��±ØC, �u 60◦ �Ñ
y
ü���, ùÌ�´�\��^|E¤�; é
u TM Å, \��3 0◦—80◦ Cz�áÅN3 0.5—
5 GHz �m�áÂÇ�±ØC. dd�±`²Tá
ÅNäk4zØ¯aÚ°�ÝáÂA5.

4 ( Ø

�©�O
�«$ª°�!4zØ¯aÚ°
\��A5��á�áÅNV�EÜ(��.. ê

��[���áÂÇ±9�ü�{����éÅ
{|A5L²: d CCPM � RFSS �¤�V��á
�áÅNþÝ=� 2 mm, 3 1—5 GHz ªÇ��á
ÂÇ�u 80%, áÂ¸��� 98%, Ù�é{|U
3Tª�S�gd�m{|Cq��. ê��[�
��EÜ(�L¡>6ÚUþ�Ñ©ÙL²: Tá
ÅNé>^Å�áÂÌ�´± RFSS �î0�Ñå
Ì��^. ê��[���ØÓ4z�Ú\��e
áÅN�áÂÇL²: TáÅNäk4zØ¯aÚ
°�ÝáÂA5. ù«�á�áÅN��O�¢�
¿��$ªp5UáÅNJø
nØ��, �ÏL
DÚ� PCB EâÚj�<MEâ¢y.
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Abstract

A low-frequency broadband, polarization-insensitive and wide-angle metamaterial absorber is presented, which is based on re-

sistance frequency selective surface (RFSS). The unit cell of this absorber consists of cave cross planar metamaterial (CCPM), RFSS,

dielectric substrate and metal backboard. The simulated results based on FDTD method indicate that with the absorptions of com-

pared to the individual CCPM absorber and RFSS absorber, the absorption of the composite structure absorber of CCPM and RFSS

is enhanced greatly, and it is greater than 80% and the absorption peak is over 98% in the whole frequency range of 1—5 GHz. The

simulated absorptions under the conditons of different polarization and incident angles indicate that this composite structure absorber

has polarization-insensitive and wide-angle absorption.

Keywords: planar metamaterial, resistance frequency selective surface, metamaterial absorber
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