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1 Ú ó

L¡�l4z-� (surface plasmon polaritons,

{P� SPPs) ´�«÷X7áÚ0��m�.¡
DÂ�>Ö�ÝÅ, 3R�u.¡��þ±�ê
/ªP~, � SPPs �37áÚ0�.¡�d�
��SDÂ, äkéÐ���A5, ±�â»D
Ú1Æ¥�û�4�, l
¢yæÅ�1Æì�
�8¤ [1−5]. ü« SPPs Å�®²�2�/ïÄ,

=0� - 7á - 0� (insulator-metal-insulator, {P
� IMI) Å�Ú7á - 0� - 7á (metal-insulator-

metal, {P� MIM) Å� [6−8]. �'u IMI 1Å�,

MIM 1Å�äk����ªº�, ¤±, MIM 1
Å��kF"^u�Op�Ý��B8¤1fÆ
ì� [9,10]. 8c, Äu MIM Å��1Æ��®²
3¢�Úê�ïÄ�¡��
â», �«õU�
1fÆ��®²¢y, ~X, ©´ì (splitter)[11]!
ÍÜì (couplers)[12]!êâ - Q�Z�¤ (Mach-

Zehnder interferometers)[13]!Y- /Ü¤ì (Y-shaped

combiners)[14] ÚÈÅì (filter)[15]. Ù¥, ÈÅì3
�B8¤1fÆì�¥�üX­���Ú.

MIM Å�ÈÅì��O�n���±©�ü
�a: 1�a´Äu� �Z�ÈÅì, X¸/Å
�ÈÅì [16]!©�/Å�ÈÅì [17]. SPPs ÏL
ØÓ´»DÂ�Ó� ��U\, §��m��
 �û½
ÈÅì�Ï{A5; 1�a´Äu�
�n���A55¢yÈÅ�ÈÅì, X��/
ÚÝ/��nÈÅì [18,19]!�n/��nÈÅ
ì [20]. � SPPs ÅÍÜ���n�, �k3��n
¥/¤��� SPPs âUl��n¥ÍÜ�Ñ�
Å�¥.

éuØ4Ü���n, � SPPs 3nS���,

3��n��ä?ò/¤r>|à8�Û:, e
òÛ:«��>|ÍÜ�Ñ�Å�¥, k"¢y
ÈÅÚ©´�V­õU. Äudg´, �©�O

��Ø4Ü�l��n� MIM Å�ÈÅì, ¿A
^��k��© (finite-difference time-domain, {P
� FDTD) �{ïÄ
ÙDÂA5. (JL², T�
l��n�±¢yÈÅÚ©´�V­õU.
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2 (�ÚO��{

ã 1 ��©�O�Äu�l��n� MIM Å
�ÈÅì�(�«¿ã, §dü��àµ4� MIM

Å�Ú��¥%�»� r!�%�� 2θ � MIM �
l��n|¤. �
¦�Å�¥�kî�^|�Ä
� (TM0 mode) DÂ, Å�Ú�l��n�°Ý d

�½� 50 nm[21,22]. �â©z [18], Å����n
�m� w �¬UCß�Xê���, A�ØUCß
�¸ �, ��©ò w �½� w = 10 nm. (�3 z

¶���þÝ�½� 200 nm. ó4f
 S  uÅ
�¥%�þå�l��n��% O : 900 nm ?,

�±pdóÀ/ª÷ y ¶���Ä. 3ã 1 ¥ P  
� (å��n��% O : 300 nm) ���Uþ&ÿ
ì. ß�Xê T ½Â� T = Pf/P0, ª¥ P0 �Ã�
�n!��òü�Å�ëÏ�6L&ÿì�U6,

Pf �k��n�, 6L&ÿì�U6.�� �� � � ���	 
� �
ã 1 �lÈÅì(�«¿ã

�©|^��k��©^� (XFDTD, Recom

Inc.) ê��[
ã 1 (��DÂA5. Õ�0>~
êæ^?��� Debye-Drude �. [23],

ε(ω) = ε∞ + (εs − ε∞)/(1 + iωτ) + σ/iωε0, (1)

ª ¥ Ã ¡ 0 > ~ ê ε∞ = 3.8344, ·�0 > ~
ê εs = −9530.5, µþ�m τ = 7.35 × 10−15 s,

>�Ç σ = 1.1486 × 10−7 S/m.

3Å�¥DÂ�î�^|�ª�>^Å÷v
�§ [24]

tanh(κd) = −κ(pαc + pαs)/(κ2 + pαcpαs), (2)

Ù ¥ κ Ú d © O � Å � ¥ D Â > ^ Å � Å ¥
ÚÅ�°Ý. éudÓ�«7á|¤� MIM Å
� k p = q Ú αc = αs. (2) ª ¥ p = εin/εm,

αc = [k2
0(εin − εm) + κ]1/2, Ù¥ εin Ú εm ©O

�0�Ú7á�0>~ê. k0 = 2π/λ0 �>^
Å3gd�m¥�Å¥. Å¥ κ �±^S�{¦
) [24]. ¦�Å¥ κ �, Å��k�ò� neff �±L
«� neff = (εm + (κ/k0)2)1/2, KÅ�¥ SPPs �D
ÂÅ� λspp = λ0/Re(neff), Re(neff) �k�ò�Ç
�¢Ü.

3 (J�?Ø

ã 2 �Ñ
�l��n¥%�» r = 200 nm,

��%� θ = 30◦, 45◦, 60◦ Ú 90◦ ��ß�1Ì.

dã 2 �±wÑ, θ = 30◦, 45◦ Ú 60◦ �,ß�1Ì
¥�k��²w�ß�¸. θ = 90◦ �, Ñy
ü
�²w�ß�¸, Ø�Å�ß�¸	, 3áÅ�?
qÑy
��#�ß�¸. �X θ �O�, �Å�
ß�¸u)ù£, �ã�Ñ
�Å�ß�¸� θ �
m�'X, ����5[Ü�(J, �±wÑ�X θ

�O�,ß�¸�5ù£.

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

ã 2 r = 200 nm, θ = 30◦, 45◦, 60◦ Ú 90◦ ���n�ß
�1Ì. �ã�ß�¸Å�� θ �'X

�
ïÄ��nS����ª, ·�©OO
�
 θ = 30◦, 45◦, 60◦ Ú 90◦ �, 3Ùß�¸Å
� (λ0 = 0.439, 0.551, 0.688 Ú 0.5 µm) \��^
| Hz ©þ�­�©Ù. Xã 3(a), (b), (c) ¤«,

3�l��n�¥m �Úü�"àÑy
�
r�^|©Ù, ã 3(a), (b), (c) ¥�­�©Ùá
uÓ�«�Ä�ª. éu θ = 90◦, 3�Å�ß
�¸ λ0 = 0.969 µm ?, ­�©Ù�ã 3(a), (b),

(c) aq, §�áuÓ«�Ä�ª. 3áÅ�ß�
¸ λ0 = 0.50 µm ?, Xã 3(d) ¤«, Ù^|©Ù�
ã 3(a), (b), (c) k²wØÓ, Ùr^|Ø=Ñy3�
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l��n�¥mÚü�"à, 
��Ñy3�l�
�n¥mÚ"à�m� �. ù´Ï���nC�
¦���nSÑy
,�«#��Ä�ª. ÃØ3
=�«�Ä�ªe, ��n¥m �Ñkér�^
|©Ù, ¤±, SPPs UÍÜ�mýÅ�¥, l
/¤
��ß�¸.

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

ã 3 ØÓ�Ý��n3ÙéAß�¸?8�z�^
| Hz ©þ�­�©Ù (a) θ = 30◦, λ0 = 0.439 µm; (b)

θ = 45◦, λ0 = 0.551 µm; (c) θ = 60◦, λ0 = 0.688 µm;

(d) θ = 90◦, λ0 = 0.50 µm

� SPPs ÍÜ���n�, ò�þ!�eD
Â, du(��é¡5, SPPs ��ã 1 ¥� B!C

 ��äk�Ó�� , ¿3 B!C ?��, ÷
X � � � D Â. 3 � l � � n � ¥ %   � / ¤
r^|�^�´¥%l� L � SPPs Å���
� ê �, = L = (k/2)λspp, Ù ¥ k � � � ê.

θ = 30◦ �, L = 104.7 nm. 3 λ0 = 0.439 µm

?, d�©1�Ü©0���{ ¦�Ùk�ò
� Ç neff = 1.576, Ù é A � λspp = 0.279 µm,

k = 2L/λspp = 0.75. θ = 45◦ Ú 60◦ �, 3ß�
¸?, k ©O� 0.84 Ú 0.87. éu θ = 90◦, �Å�
ß�¸ λ0 = 0.969 µm �, k = 1.82; áÅ�ß�
¸ λ0 = 0.50 µm ?, k = 3.78. �3ß�¸?, ÑÄ
�÷v L � λspp ��ê��^�.

�
ïÄ�l��n�¥%�» r éã 1 (�
DÂA5�K�, �é θ = 30◦, 45◦, 60◦ Ú 90◦ �
��n, ·�O�
ØÓ�» r �ß�1Ì.ã 4 �
Ñ
 θ = 60◦, r = 160, 200, 240 Ú 280 nm ��ß
�1Ì. r = 160 Ú 200 nm �, ß�1Ì¥�Ñy

��²w�ß�¸ (©O3 0.573 Ú 0.688 µm).


 r = 240 Ú 280 nm �, Ñy
ü�²w�ß�

¸: áÅ�ß�¸Å�©O� 0.442 Ú 0.480 µm;

�Å�ß�¸Å�©O� 0.793 Ú 0.91 µm. Xã 4

¥�ã¤«, ü�ß�¸�X r O\u)ù£, ¢
���5[Ü�(J. d	, ·��O�
 θ = 30◦,

45◦ Ú 90◦ ØÓ r ��ß�1Ì. (Juy, Ùß�
¸�X r �CzäkÓ��5Æ:ß�¸�X r O
\�5ù£, � r O���½��, Ñy#���
�ª, Ùß�¸��X r O\�5ù£.

ã 4 θ = 60◦ �ØÓ r �ß�1Ì. �ã�ü�ß�¸
� r �'X

ã 5 nÏ�©´ì (a) nÏ���l©´ì(�«¿
ã; (b) ��Ï��ß�1Ì; �ã� (a) (�3ß�¸Å
� λ0 = 0.688 µm ?�8�z^| Hz ©þ�­�©Ù

Xã 5(a) ¤«, 3�l��n�üàÚ¥m
 �©O��
n� MIM Å�, l
|¤��
äk©´õU�ÈÅì. ã 5(b) �Ñ
T(�
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3 θ = 60◦, r = 200 nm ��ß�1ÌÚß�¸?
^| Hz ©þ�­�©Ù. n�Ï��ß�1Ì¥
þ�Ñy
��²w�ß�¸, du��n�é¡
5, Ï� 2 ÚÏ� 3 �ß�1Ì��­Ü. n�Ï
��ß�¸ �Úü�Ï��ß�¸ �Ä��
Ó, `²¦�áuÓ�«�Ä�ª. üÏ��ß�
Xê'Ï� 1, 2, 3 �ß�Xê�éõ,Ï� 1 �ß
�Xê'Ï� 2 Ú 3 �ß�Xê��. ù´Ï��
�n¥m �^|´d�ýÅ�ÍÜ���n¥
�^|Úl��nüà��£5�^|�U\

¤, 3��n�¥m �/¤
�üà�r�^|
©Ù, ��k�õ�UþÍÜ�¥mÏ�. d±þ
©Û��, d(�UlØÓ��ÍÜÑÓÅã�1,

¢yÓÅã1�õ�DÑ, 31f8¤>´¥U

���«1©´ì. éu θ = 30◦, 45◦ Ú 90◦ ��
�n, aquã 5(a) ¤«�(�Ó��±¢y1�
©´õU.

d 	, · � ï Ä 
 � l � � n � � ­ � �
é SPPs D ÂA5 � K �, ò � l � � n Y ²
� = 180◦(Xã 6 ¥ �ã¤ «), ¿ � ± ( � ë
ê d = 50 nm, w = 10 nm, r = 200 nm ØC, ©
OO�
 θ = 30◦, 45◦, 60◦ Ú 90◦ ��ß�1Ì.

Xã 6 ¤«, ß�1Ì�ã 2 ¥���Ó, `²�
l��n��­��¿ØK�Ù���ª.

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

� �� ���� � � �
ã 6 �l��n�­���, θ = 30◦, 45◦, 60◦ Ú 90◦ �
�n�ß�1Ì, �ã��l��n����(�«¿ã

4 ( Ø

�©A^��k��©�{ê�ïÄ
��
Äu�l��n� MIM Å�ÈÅì�DÂA5.

(JL², ß�1Ì¥ß�¸´du SPPs 3�l
��n¥u)��¤��, z��ß�¸éAu�
�n¥��«�Ä�ª. ÏLXÚ/ïÄ�l��
n�(�ëê9�­��éÙDÂA5�K�, ·
�uy�Ä�ª=���n��Ýk'. d	, T
(���±���«1©´ì, ¢y
ÈÅ�©´
�V­õU.
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H 2005 Opt. Express 13 10795

[15] Hosseini A, Massoud Y 2007 Appl. Phys. Lett. 90 181102

[16] Tao J, Huang X G, Lin X S, Chen J H, Zhang Q, Jin X P 2010 J.

Opt. Soc. Am. B 27 323

[17] Zhang Z Y, Wang J D, Zhao Y N, Lu D, Xiong Z H 2011 Plas-

monics 6 773

[18] Yun B F, Hu G H, Cui Y P 2010 J. Phys. D: Appl. Phys. 43 35102

[19] Wang T B, Wen X W, Yin C P, Wang H Z 2009 Opt. Express 17
24096

[20] Guo Y H, Yan L S, Pan W, Luo B, Wen K H, Guo Z, Li H Y, Luo

X G 2011 Opt. Express 19 13831

[21] Kekatpure R D, Hryciw A C, Barnard E S, Brongersma M L 2009

Opt. Express 17 24112

[22] Liu J L, Fang G Y, Zhao H F, Zhang Y, Liu S T 2010 J. Phys. D:

Appl. Phys. 43 055103

[23] Gai H, Wang J, Tian Q 2007 Appl. Opt. 46 2229

[24] Kekatpure R D, Hryciw A C, Barnard E S, Brongersma M L 2009

Opt. Express 17 24112

187301-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 187301

Numerical investigation of the metal-insulator-metal
waveguide filter based on the arc-shaped resonator∗

Zhang Zhi-Dong1) Zhao Ya-Nan2) Lu Dong2) Xiong Zu-Hong2)

Zhang Zhong-Yue1)2)†

1) ( College of Physics and Information Technology, Shannxi Normal University, Xi’an 710062, China )

2) ( School of Physical Science and Technology, Southwest University, Chongqing 400715, China )

( Received 5 February 2012; revised manuscript received 14 March 2012 )

Abstract

A metal-insulator-metal waveguide with an arc-shaped resonator is designed, and the transmission properties are numerically

investigated by the finite-difference time-domain method. The results show that the transmission peaks in the transmission spectra

result from the resonance of the surface plasmon polaritons in the arc-shaped resonator. The effects of the structural parameters of the

arc-shape resonator on the transmission properties are also studied. In addition, this structure can also act as a splitter and achieve a

dual function of filter and splitter for subwavelength waveguide.

Keywords: surface plasmon polariton, subwavelength waveguide, filter, finite-difference time-domain method
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