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�O
�«Äu�á�>^A5�áÅN, ¿òÙA^uÅ�¿YU�. TáÅN´dü�7á9Ù¥m�k
Ñ0�|¤, þ�7á´d�¡��¿Y�b¡/¤�>��ì, e�7áØ�¡, ����7á/�. ÏL`z(
�ëê, ��
�«4zØ¯a!°\�����áÅN, áÅÇ�� 99.1%, þÝ�k� 0.01λ. òTáÅNA^
�Å�¿YU�, 3 5.48—5.7 GHz ó�ªãS, U�X�Ñ��¡~ Ñ3 3 dB ±þ, 3&I��� −25◦—+25◦

����Ýþ, U�X�Ñ��¡~ þ3 5 dB ±þ, X�Ñ��¡~ ���L 12 dB, U�c�OÃ=ü$

 0.53 dB. ¢�(J��ý(JÎÜ��Ð, y¢
TáÅNäkÐ�U�X�Ñ��¡~ �J, �±A^uU
�8I�Û�.

'�c: Å�¿YU�, �á�, áÅN, X�Ñ��¡

PACS: 41.20.Jb, 73.20.Mf

1 Ú ó

gl 2008 c Landy � [1] uL
K� “Per-
fect Metamaterial Absorber” � © Ù �, Ä u � á
� (metamaterial) �áÅNÒÚå
ïÄ<
4
��,�, #�áÅNØä�JÑ, Ù>^A5�
Øä��U?, XUõ\��½5 [2−5]!4z
½5 [5−8]!O\áÅª� (V�/õ�)[8−12] Ú*
ÐáÅ�° [13−18]. �©z [19, 20] JÑ�Äu�
á��áÅá��', da#.áÅá����`
³Ò´ØI�\18o>{���Ñ�Ò�¢y
A� 100%�áÅÇ. §�ó�ÅnÒ´ÏL`z
�O�á�(��., N��á�(�ü��^�
�Ú>��, ¦ ε(ω) = µ(ω), ¢yáÅá�Úgd
�m�{|��, ü$\�>^Å��Ç, |^(
�ü��î0�ÑÚ0��Ñ¢yé>^Å�r
�áÂ.

áÅá����A^����Ò´8IÛ
�, �®kïÄ©zÑ=©Û
da#.áÅá�

�áÅA5, %vkäN©ÛáÅN�X�Ñ�.
¡ (radar cross section, RCS) A59Ù3U� RCS
~ ¥�A^. ��JÑ�´, ©z [21] ïÄ
d
aáÅá�3Uõ��U�OÃÚ½�5¥�A
^, �¿vk©ÛáÅá�éü$U� RCS ù�
���A^:. �éd¯K, �©JÑ
�«(
�{ü!4zØ¯aÚ°\������á�á
ÅN, :©Û
Ù3Å�¿YU� RCS  ~¥�
A^. ïÄ(Jk|u@£da#.áÅá�3>
^Û�+��A^d�.

2 áÅ5U�ý©Û

�á�áÅNü�Xã 1. þ�7á(�´�
¡��¿Y�b¡>��(�, ¿Y���� 45◦

Ú 135◦, du(��é¡5, ¦�éu?¿4z
���\�ÅÑ��)��. e�7áØ��¡,
�3����/²¡, ¥m�0�� FR4, 0>~
ê 4.4, >�Ñ��� 0.02, 0�þÝ t = 0.5 mm.

* ¥IÆ¬��ÆÄ7 (1OÒ: 20100481497)!ñÜ�g,�ÆÄ7ïÄ:�8 (1OÒ: 2010JZ010) ÚñÜ�g,�ÆÄ:ïÄ (1
OÒ: SJ08-ZT06) ]Ï��K.
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Ù¦(�ëêXã 1 ¤«, ±Ï p = 9 mm, �/
b¡°Ý w1 = 8 mm, ¿Y� l = 7.5 mm, ¿Y
° w2 = 1.6 mm.

½Â��Ç R = |S11|2, ß�Ç T = |S21|2, K
áÅÇ A = 1−|S11|2−|S21|2 = 1−R−T , duã 1
¥á��.��7á�, �vkß�, = |S21|2 = 0,
K A = 1− |S11|2 = 1−R. �ý^�æ^Äuk�
��{� HFSS12.0, �.æ^Ì/l>.Ú6âX
à�5�[Ã�±Ïü�. TE Ú TM 4z�\�
Å�\��CzéáÅ5U�K�Xã 2(a) Ú (b).
�w�, 3ØÓ4zÅ\��\��O�� 60◦ �
¹e, áÅÇ�±3 85%±þ, ����
 99.1%,
�,áÅÇk¤Cz, ���: 5.58 GHz  �C
zé�, Ly
ûÐ�4z½5Ú\��½
5. �' TE 4zÅ, TM 4zÅäk�Ð�\�
�½5. R�\��áÅÇ3 50%±þ��°
k 220 MHz (5.46—5.68 GHz). ��(�þÝ�k

� 0.01λ, λ � 5.58 GHz �Å�.
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ã 2 ØÓ4z�áÅÇ�\���Cz (a) TE 4z; (b) TM 4z

3 \ 1 á Å N � Å � ¿ Y U � �
ý©Û

3.1 UUU���(((���

ã 3 �\1áÅN�Å�¿YU�(��..
�
4U�� RCS ~ �\²w, 3Å�àÞ¿
Y�þeÜ©Ù� 6 �áÅNü�, 3Ù�müý
Ù�
 5 �áÅNü�. ��áÅN/¡�º�
� 135 mm × 135 mm (2.5λ × 2.5λ, λ � 5.55 GHz
��gd�mÅ�). áÅN�ëêÚá��þ
!¥�ý����. ¿YU��(�ëê�: ¿Y
�Ý L = 25.6 mm, °Ý W = 2 mm. ">Å�

æ^ C Åã�IOÅ� (II.Ò: WJB-58), °
> a = 40.4 mm, Ä> b = 20.2 mm. �
Ú�U�
�>^Å¦�U/�	Ë�, áÅN�U��¿Y
�m7L3Ñ�½��m, Ó��å�
~�áÅ
á�Ú¿Y�m�ÍÜ�^.

3.2 ���ýýý©©©ÛÛÛ

3.2.1 ���Ñ
lã 4 ¥�±wÑ, \1áÅN�, U���

��Ñ S11 E,�Ð, ��ªÇ 5.55 GHz �$ª�
���£Ä, L²áÅNéU�Ë�K�é�. ©
Û@�, ù´duÅ�¿YÚáÅN��pÍÜ�

184101-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 184101

��. �±æ^ü«�ªN!U����ªÇ, �
´ÏL\�áÅNÚÅ��m�ål±~�ÍÜ,
�´N!Å�¿Y�º�.
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ã 3 \1áÅN�Å�¿YU�

3.2.2 U���ã
duáÅN3 5.58 GHz k�Ð�áÅ�J, ¤

±·��ý��
üU�3Tª:���ã, X
ã 5. �±wÑ, \1áÅN�, U�� E ¡��
ã'7á�/����ãÅ«åÏ��, H ¡�
�ãÄ�vkCz, OÃ���d�5� 5.97 dB
~�� 5.44 dB, ~�
 0.53 dB. ,	�±w�, U
����¿vk~�, ùL²TáÅN¿Øä�
³�L¡Å�Uå, lØU~�>^Å3U�>
��7�, Ïd\1áÅN�U����vk��
Uõ.
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(a) (b)

ã 5 ��ã�ý(J'� (a) E ¡; (b) H ¡

3.2.3 U� RCS

ã 6 � Ñ 
 Ø Ó 4 z � U � � RCS. d
ã 6(a) Ú 6(b) w�, Ø+Y²4z�´R�4
z, 3 5.48—5.7 GHz ó � ª ã S, \ 1 á Å á
��Å�¿YU�� RCS ~ Ñ3 3 dB ±þ,
3 5.58 GHz � RCS ~ ©O����� 16.6 dB
Ú 20.3 dB. d ã 6(c) Ú 6(d) w �, 5.58 GHz �

3 −25◦—+25◦ �Ý��S, ü«U� RCS ��
þ3 5 dB ±þ, 3&I����©O�� 12.76 dB
Ú 12.08 dB.

ã 7 �Ñ
U�Ñ�|©Ù. dã 7 '��±
wÑ, \1áÅN/¡�Ñ�|²w�u7á/¡
Ñ�|. ã 6 Ú 7 ��ý(JL², 3\1áÅN
�, Å�¿YU�éuR�4zÚY²4zÅÑä
kûÐ�$ RCS 5U.
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ã 6 Å�¿YU�� RCS �ý (a), (c) Y²4z; (b), (d) R�4z� �� � ��� � � � � �
ã 7 U�Ñ�|©Ù (a) 7á/¡; (b) áÅN/¡

4 \ó�¬9ÿþ(J©Û

4.1 áááÅÅÅNNN

�
�y�ý(J��(5, ·�¦^ÊÏ�
<�>´�Eâ\ó
áÅá��¢Ô, Xã 8. d
u\óü á�¤�, 0��á5��c��ýÑ
kØÓ, 0>~êU� 4.1, �Ñ���� 0.02. æ
^Å�{?1ÿþ [22], ò�Å�à����á�

�uÅ�à�þ, ¿^Új�½, ÿþd�� S11,
2�âáÅÇ�½Â=�¦ÑáÅÇ. ">Å�
æ^ C Åã�IOÅ� (II.Ò: WJB-58), °
> a = 40.4 mm, Ä> b = 20.2 mm, ¥þ�ä©Û
¤� Agilent N5230C.

ã 9 ¤«�ÿþ(J�#�ý�(J (0
�á5U��¢S\ó���, ¿��ý���
�ÿþ�{��) é', �±wÑ, ÿÁ(J��
ý(JÎÜ��~Ð, L²��¿YáÅN(¢
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kûÐ�áÅ�J, 3 5.75 GHz �¢ÿáÅÇ�
�
 98.8%. áÅÇ3 50%±þ��°k 220 MHz
(5.64—5.86 GHz). ��Ð�ý(J'��±w�,
0>~ê�~�¦�áÅN��áÅª:�pª
 £
 200 MHz �m.

4.2 ÅÅÅ���¿¿¿YYYUUU���

4.2.1 ���Ñ
ã 10 �\ó�Å�¿YU�. ã 10(a) ¥U�

�/¡�n��N¡, ã 10(b) �æ^áÅN�O
n��N¡�¢Ô. \ó¢Ô��ý�.(�º�
��. ã 11 �Ñ
Å�¿YU�\17á�/¡
ÚáÅN�/¡����Ñ S11 ÿÁ�. lã 11
¥�±wÑ, \1áÅN�, Å�¿YU�� S11

Ä�vkCz, U�E,äk�Ð���A5, `
²áÅN�\1vk�U��Ë�E¤��K�.
�ã 4 �ý(J'�, U����ªÇd 5.55 GHz
 £�
 5.75 GHz, �pª��£Ä
 200 MHz,
©Û@�ù´du\óØ�Úå�, �TÐ�áÅ
N��áÅª: £��, é¢�(J�vkwÍ
K�.

ã 8 \ó�áÅN¢Ô9ÿÁÅ�

ã 9 ÿþ(J��ý(J�'�

(a) (b)

ã 10 Å�¿YU� (a) 7á�/¡; (b) áÅá��/¡

4.2.2 U���ã

lã 11 ¥�±wÑ, U�\1áÅNc�,
���Ñ�3 5.8 GHz äk�Ó����Ñ
� −21.78 dB, �TªÇ:ÿÁU����ã, Ï�
d�U�äk�Ó�Ñ\õÇ. U����ãÿÁ

(JXã 12. �±wÑ, ÿÁ���ã/G��ý
(J´'����, \1áÅá��, U�OÃü
$
 0.66 dB.

4.2.3 U��Ñ�
du¢�^�¤�, ·��UÏLü�°�ü
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BÅ�/i (1—18 GHz) R�ì�U������
�Ñ�*	áÅá�é\�>^Å�áÂ�¹,
Xã 13. U�\17á/¡ÚáÅá�/¡���
�Ñ�Xã 14, �±w�, 3 5.75 GHz �mª�
S, �'7á/¡, /iU�ì�\1áÅá��
/¡����Ñk 5 dB ±þ�ü$, ùL²3T
ª�SáÅá�/¡é\�Åkr��áÂ, l
E¤/iU����ÑkwÍü$, ?�Úy¢

áÅá�é\�>^ÅkûÐ�áÂ�J, �±ü
$U�� RCS. ¢�^��Ø��¦�ÿÁ�Ø

1w.
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5 ( Ø

Äu�á�>^��A5� “�{áÅá�”
´�a#.�áÅá�, �'®káÅá�, §
äkpáÅÇ!4z½!°\��!��Ú\
ó{ü�A:, 3Û�+�äkd3�A^d�.
�©�O
�«da#.�áÅá�, áÅÇ�
� 99.1%, þÝ�k� 0.01λ. òÙA^�Å�¿Y

U�� RCS ~ , 3 5.48—5.7 GHz ó�ªãS, U
�X�Ñ��¡~ Ñ3 3 dB ±þ, 3&I��
� −25◦— +25◦ ����Ýþ, U� RCS ~ þ
3 5 dB ±þ, RCS ~ ���L 12 dB, U�c
�OÃ=ü$
 0.53 dB. ¢�(J��ý(JÎ
Ü��Ð, y¢
TáÅNäkÐ�U� RCS ~ 
�J, ùéíÄda#.áÅá�3>^Û�+�
�A^äk��¿Â.
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Design of metamaterial absorber and its applications
for waveguide slot antenna∗
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Abstract

A metamaterial absorber is designed and applied to the waveguide slot antenna. The absorber is composed of two metallic

layers separated by a lossy dielectric spacer. The top layer consists of etched oblique cross-gap patch set in a periodic pattern and the

bottom one is of a solid metal. By fine adjusting the geometric parameters of the structure, we can obtain a polarization-insensitive,

wide-incident-angle ultra-thin absorber that has an absoption of 99.1% and a thickness of only 0.01λ. The absorber is applied to the

waveguide slot antenna. The radar cross secction (RCS) of antenna is reduced by 3 dB or more in an the operation band from 5.48 GHz

to 5.7 GHz, and by 5 dB or more in the boresight direction from −25◦ to +25◦, and the most reduction value exceeds 12 dB, but

the forward gain of antenna reduces only 0.53 dB. The experimental results are in good agreement with the simulation results, which

verifies that the absorer has a good characteristic of RCS reduction and can be applied to the stealth of antenna.

Keywords: waveguide slot antenna, metamaterial, absorber, radar cross section

PACS: 41.20.Jb, 73.20.Mf
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