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^ Drude ½n, �ýuyN!(�ëê�3ù	ÏÕªãA����{áÂ (áÂÇ� 99.5%), ¿�3,
A½�
(�ëêe�±Ó�¢yVªã��{áÂ (ÙáÂÇ©O�� 99.67%Ú 97.13%), ù3,«¿ÂþÐ°
áÂª
�, éù	áÂì��O�A^4�k|. ��&¢
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1 Ú ó

£ã>^x��ü��Ä��Ônþ´0>
~ê ε Ú^�Ç µ. c�énØÔnÆ[ Veselago

u 1967 cÄkJÑ
�Ãá��Vg, ò0>~
ê ε < 0 Ú^�Ç µ < 0 �á�½Â��Ãá
� [1,2]. Pendry 3 1996 cÚ 1999 c©O�OÑ

±Ï57á\(�Ú±Ï57ám����(�,

l¢y
K0>~êÚK�^�Ç [3,4]. �âk
�x�nØ [5], 2001 c Shelby �òü«(�|Ü
å5, ÏL(��O¦0>~êÚ^�Ç�K�
Ñy3Ó�ªã, Äg¢y
�Ãá��á� [6].

�5ïÄöq�O
m�8>/��� [7]!Ω .
(� [8]!H .(� [9]!á\é [10] ±9Ù¦a
. [11,12] ��Ã�á�. ù
<ó�Ã(�´��
�¢yK0>~êÚK^�Ç, Ïd3��ªÇ
NC¬Ñyé���Ñ, ù
�Ñ´�±|^
�. âd Landy � [13] ï�Ñ�«�á��{áÂ
ì (perfect metamaterial absorber, PMA), ÏLÜn�
�O9ëêÀJ, éu\���á�¥�>^Å�
±(�QØ���Øß�, ��>^Å��áÂ.

ù«�á�áÂìáÂ�Çp!(�{ü!NÈ
�, �^u>^Å�Â8!&ÿÚ\9C�. éõ
�K|®²3�ÅãáÂì [14] �¡�
ïÄ, d
� Tao � [15] |^�Ó�g�ïÄ�O
�« THz

ªã�áÂ�á�, Avitour � [16] �â{|���
�n��
ÄuKò�Ç�ù	Åã��á�á
Âì.

�©Äu�¤ä{G�Ãá� [17−19] �Ä�
ü�ä�.�Ã�á�(� [20], òÙ�¡�ä�
(��¤7á��, ¢yéØÓªã>^ÅkáÂ
�J�ä�GáÂì [21]. ·��K|®²3�Å
ã�O�ý
ä�GÚä{G�{áÂì [22,23] ¿
��¢�Øy. ùpæ^ CST >^�ý^��[

3A½(�ëêe�ä�.áÂìéù	ªã
>^Å�áÂA5, �òáÂªÇJp���ù
	ªã 200 THz NC, ¿�·�/N!(�ëê,

�ÑyVªáÂ�A.
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ê��ý¥���á��: 0�Ä�´ ε =
2.25 ���z7Àæ, ä�.(�Ú�¡æ�þ
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ã 1 ä�GáÂìü��.Ú>^Å�4z�ª

�7á Ag, Ù0>5U3�ù	ªã÷v Drude

� ., Ù Ú Ñ A 5 ë ê � � l f ª Ç ωpl =
1.37×1016 s−1, -EªÇ ωcol = 1.35×1013 s−1[24].

(��.Xã 1 ¤«, ùpÌ�N!�(�ëê
kü�º� a, 7áä�þÝ d, 0�Ä�þÝ h,

�¡7á��þÝ s, �¶°Ý w, ä��Ý l,

� ¶ � � ¡ � Y � θ1, θ2, þ e � ° © O � c1,

c2. �ýæ^
pªn�>^| CST �ý^�,

²¡ÅR�\�, �
��±Ï)�, ·�æ^
> > . ! ^ > . é á Â ì � ü � ( � ? 1 

� [ � ý, O � Ù ß � � � ë ê Ú á Â Ç.

½Â��Ç R = |S11|2, ß�Ç T = |S21|2, Ïd
áÂÇ�L«� A = 1 − R − T = 1 − |S11|2

− |S21|2.
200 THz >^ÅéAÅ�� 1500 nm, §´ù

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

ã 2 200 THz e�ù	áÂÌ

	«����~��ªã, ´1nÏ&��
I���. �d, ·�N!ü����(�ëê, ¦
áÂ�ªãTÐó�3TªÇNC. �ü�(�
AÛëê� a = 300 nm, �¶°Ý w = 35 nm, ä
�þÝ d = 6 nm, ä���Ý l = 200 nm, Ä�
þÝ h = 21.125 nm, �¡æ� s = 60 nm, �¶�
�¡�Y�©O� θ1 = 75◦, θ2 = 115◦, þe�
° c1 = 45.57 nm, c2 = 90.22 nm, �ý��3 f =
200.4 THz ?áÂÇ�� 99.5% (Xã 2), Ä�¢y
��áÂ.

3 ù	VªáÂ

N!(�ëê, ·�uyáÂªã3�½^
�eáÂ¸¬lü�üz¤�ü� [25,26]. �ü�
º��½� a = 320 nm, �¶°Ý w = 65 nm, ä
�þÝ d = 12 nm, ä���Ý l = 213.33 nm, 0
�Ä�þÝ h = 25 nm, �¡æ� s = 60 nm, �¶
��¡�Y�©O� θ1 = 75◦, θ2 = 115◦, þe�
° c1 = 47.12 nm, c2 = 104.28 nm, ò¬Ó��)ü
�áÂ�ªã, ÏLéÙ?1[��N!�, �±
�yü�áÂ¸Ó�äk�p�áÂ�J. Xã 3,

3 f = 232.48 THz eáÂÇ�� 99.67%, 3 f =
240.32 THz eáÂÇ�� 97.13%, ¿�V¸�m�
$áÂ����áÂÇ��L
 40%. ·�ÏL�
ýé'
þe(�é¡ÚØé¡��ä�GáÂ
ì�áÂ� (Xã 4, Ù¥é¡(�Cz�ëê©
O� θ1 = θ2 = 90◦, c1 = c2 = 74.17 nm, Ù¦ëê
�±ØC), uyé¡(��äk3 f = 233.02 THz

?üª:�áÂ (ÙáÂÇ� 72.5%), lØy


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

ã 3 ù	VªáÂ�.� S ëê9áÂÇ
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3A½�ëêe�)VªáÂ´duä�þe(
���é¡5¦�§3pª>^Åe���A½
Å��>^Å�)ÍÜ�(J.

·�©O3ªÇ 232.48 THz, 240.32 THz ±9
Ù¦ªÇ??1
L¡>6�i�, uy3ü�
áÂ¸NCL¡>6�rÝ²w�Ù¦ªÇ?�
r (��Ñã), `²d?��ÑAO�. Xã 5 ¤
«, ·��Ñ 240.32 THz ?�>6©Ùã, ÏLi
��±w�, ù	ÅR�\��^�e, 7áä�
þ�>6�Ì\þ�>6����, >Ö3ä��
Ì\��.?�OÈ\, /¤
>ó4f��; Ó
��¡�7áæ�L¡>6�����¡ä�þ
�>6����, �¤��>6£´, /¤^��.

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

 � �  �

	 � � � � �	 	 � � � �� � � � � � � �
ã 4 A½ëêeþe(�é¡�Øé¡áÂ�.�áÂÇ

ã 5 f = 240.32 THz áÂ¸ªÇ?�.��¡�>6©Ù

� â k ' á Â � n Ø [27], U C ( � �
é ¡ 5, N ! � , � ª Ç : �, ¦ � 0 > ~
ê Ú ^ � Ç � �, ù � � ÿ � � X ê r =
−(z − 1/z) sin(nkl)teikl/2 � 0, ß�Xê t =
[cos(nkl)− i(z +1/z) sin(nkl)/2]−1, ª¥, n �ò�
Ç, z �E{|, l �0�Ä��þÝ, 0>~êÚ
^�Ç���, (����
��í�{|���,

d�ß�!��þ� 0, ���{áÂ. ·�æ^�
¡æk7á���n�(�~�ßLÇ, ÏL�E
��Oä��á�áÂì���ëê, �ªÓ�¢
y3ü�ªã��{áÂ.

O�Å�ýJ� S11, S21 ëþ��Ùß�
 � Ú � �  �, � â Ñ � ë þ { [28,29] � ü
� � { | Z � ª Ç � C z  �. 3 232.52 THz

� 240.51 THz ���í{| 1 ��, =d�(�{
|��í{|�� (Xã 6 ¤«), Ú�)áÂ�ü

�ªÇã����, ?�Ú`²VªáÂ¸?��
�".

d	·�3�½���SïÄ
�¶°Ý w

éV¸áÂ�K� (Xã 7 ¤«), uy�X w ��

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

ã 6 {|A5�
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úO\, VáÂ¸Ó��)
7£, ¿�Ä��±

�Ð�áÂ�J. u´^�¶°Ý w 5éV¸á
Â�ªã?1�N, ®��ýÏ�ó�ªã.

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

 � �  �

� � � � � �� � � � � �� � � � � �� � �
ã 7 �¶°ÝéVªáÂ�K�

4 ( Ø

�©JÑ
�«ù	ªã�7áä� - 0

� Ä � - 7 á � � n � ( � � á � á Â ì, æ
^ 7 á Drude � ., ¢ y 
 200 THz N C � �
{ á Â (99.5%), ¿ � 3 ÷ v A ½ ë ê � ^ �
e d ü � � Ä ª ã � á Â ü z � V ª ã � á
Â (99.67%Ú 97.13%), k�/Ð°
áÂªã. é
'�ýþeé¡(��uyA½ëêe�é¡ä
�(��>^��´ÚåVªáÂ��Ï, ä�á
Âì¶Ü�>|!^|����¡þ�>|!^
|����, Ïd3¶��ë�Ü©Ò¬k�þ�
>Öà83�å, �)>��. ä�(���¡
�7á�/¤��/>6K�)
^��. J�
Ñ S ëþ�ü��{|�ªÇCz�, 3ü�á
Â¸?�{|�Ú�í{|�{��, �y
�)
VªáÂNC���", Ï��á�3��ªÇN
CÑäk���7áî0�Ñ±90>�Ñ, Ïd
�¦>^ÅA�����áÂ. ��, ·�&¢

�¶°ÝCzéVªáÂ¸ ��K�. ù«ù	
ªã��á�áÂìäk(�{ü!áÂ�Ç4
p!ó�ªã°�`:, 3ÏÕ+�±9ù	&ÿ
�¡äkd3�A^d�.
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Abstract

We present a perfect metamaterial abosorber composed of metallic leaf-shaped cells, dielectric substrate and metallic film. Based

on the metallic Drude principle, this structure can realize an perfect absorptivity of 99.5% at the infrared communication frequencies

with appropriate geometric parameters. Moreover, this structure can simultaneously achieve perfect absorptions at two infrared fre-

quencies with the maximal magnitudes of 99.67% and 97.13% respectively, which effectively broadens the bandwidth of absorptivity,

thereby benefiting the design and the application of absorber at the infrared frequencies. Afterward, the effects of the neck width on

the position of the double absorptivity peak are investigated, and expected to be used in frequency modulation. The model proposed in

this paper has a series of advantages such as simple structure, high absorptivity and broad operating bandwidth.
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PACS: 42.25.Bs, 78.20.–e

* Project supported by the National Natural Science Foundation of China (Grant Nos. 50872113, 50936002, 11174234).

† E-mail: xpzhao@nwpu.edu.cn

144203-5


