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1 Ú ó

3	>|�-ueB7áB�(�¥�>f
òu)É½�Ä, �\�1�ªÇ�B�(�¥>
f�Ä��kªÇ���, Ò¬u)L¡�lfN
�� (surface plasmon resonance), l�)���
1y� [1]. Ó�, L¡�lfN��¬37áB�
(�L¡/¤Û�Or>|, ù
Or>|´L¡
Or.ùÑ� (surface enhanced Raman scattering)
�����Ôn)º [2−4]. duL¡Or.ù
Ñ�&Ò�rÝ�'uL¡Or>|rÝ�og
� [5,6], �3B�(�L¡¼��¡È�Or>|
´JpL¡Or.ùÑ�&ÒrÝ��å». B
�(��L¡�lfN��r�/�6uB�(
��/m!º�!�¤!B�(��ü��ª9
\�-u1�éuB�(�� ��� [7−13]. �
'u¥N!ý¥N!��N9�ÎN�~5/G
�B�(�, Ù¦äk�õ�áÚ�õ]?�B�
(�¬�)�r�L¡-u>|, B�(��E,
/G�¬¦�L¡>|©Ùr�/�6u\�1
� ��� [14].

8c, B��
�®²�2�/A^uL¡O

r.ùÑ��., ¿Jø
ér�.ù&ÒOrÏ
f [15−17]. ,	, ÙL¡Or.ùÑ�&Òr�/
�6u\�1� ��� [17,18]. \�1� ��
�R�uB����.ùÑ�&Òru\�1�
 ���²1uB����.ùÑ�&Ò. ê�O
�L²�\�1� ���R�uB���, Or
>|Ì�©Ù3B���ýL¡ [14], �OrB�
�ýL¡>|òk|uJpB��
�Or.ù
Ñ��5U. ,	, �
~�L¡Or.ùÑ�&
Òé\�1 �����65Ú¿©|^\�-
u1, �©JÑ
�^uL¡Or.ùÑ��.�
�i/B�(�. du�i/B�(�¥��àå
m�ÍÜ�^, 3�i/B�(�L¡�U¬-u
Ñ�r�Or>|. d	, du�i/(��o
^=é¡5, T(�òU
~�\�1 ���é
L¡Or.ùÑ�&Ò�K�. �©A^lÑó4
fCq (discrete dipole approximation) �{O�

�i/ÕB�(���11Ì9ÙC|>|rÝ
©Ù. (Juy, 3�i/B�(��ýL¡-u
Ñ
r��Or>|. ,	, ·��ïÄ
�i/
B�(��/mëêéÙL¡�lfN��¸�
K�, ±N!ÙL¡�lfN��¸� �, l
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÷vÙ3L¡Or.ùÑ�¥�A^. d	, ïÄ
L²�\�1� ���UC�, 3�i/B�(
��ýL¡oUÍÜÑr��Or>|.

2 lÑó4fCqO�

lÑó4fCq�{ [19,20] ´�«p�/)û
E,/Gâf>^Ñ��>^áÂ��{. T�{
Vg{ü, �X©)B�(��ó4fê8�O\,
T�{U
O�ÑO(�(J. �©A^lÑó
4fCq�{ïÄ
�i/ÕB�(���1X
ê Qext 9ÙC|>|rÝ©Ù γ. �1Xê Qext

�±L«� Qext = Cext/πa2
eff , Ù¥ aeff ´B�(

��k��»; Cext ´B�(���1�¡. >|
rÝ©Ù γ �±L«� γ = |E|2/|E0|2, Ù¥ |E0|
´\�>|rÝ���; |E| ´B�(�±�-u
>|rÝ���.

ã 1 �i/ÕB�(�«¿ã9\�1� ���

ã 1 ¤«��©ïÄ��i/ÕB�(�. �
i/B�(���� L, °� D, þÝ (R�uã 1
¤«²¡) �½� 10 nm. Xã 1 ¤«, \�1÷R
�u�i²¡���DÂ, Ù>| ���3 xy

²¡S. ��«�i/ÕB�(�L¡�lfN�
��¡�5��\�1 ����m�'X, ·�
ïÄ
�i/ÕB�(�3ØÓ ��Ý (=ã
¬¥>| ���� x ¶�m�Y� ϕ) ���
11Ì9ÙC|>|rÝ©Ù. d	, ���n)
/mëêé�i/ÕB�(�L¡�lfN��
�ª�K�, �©XÚ�UC
Ù/mëê. 3¤
k�lÑó4fCqO�¥, ©�B�(���

f (lattice spacing) �� d � 1 nm, dº�÷vlÑ
ó4fCqO�Âñ�I�. Õ�0>~ê�gu
¢�(J [21], ¿�Ä
B�(�º�éÙK� [22].

3 (J�?Ø

ã 2 �Ñ
 L = 80 nm, D = 20 nm ��
i/ÕB�(�3\�>|÷ x ¶���, O
�����11Ì. Ø«m 0.35—0.39 µm 	, �
11Ì¥Ñy
ü�²w�L¡�lfN��
¸ (λTDM = 0.411 µm Ú λp = 0.681 µm). Ù¥,
λp = 0.681 µm ?��1Xê��, ·�¡��Ì
L¡�lfN��¸.

��'�, ·�O�
ü���NB����
11Ì. B����Ý� 80 nm!°Ý� 20 nm!
p Ý � 10 nm. \ � 1 ÷ B � � � � Ý � �
D Â, Ù   � � � ÷ B � � � ° Ý � �. O �
( J L ² Ù î � o ó 4 f � Ä � ª (transverse
quadruple mode) Ñyu λTQM = 0.370 µm; Ùî
�ó4f�Ä�ª (transverse dipole mode) Ñy
u λTDM = 0.411 µm[14]. 3î�oó4f�ªÅ
�\��, Or>|Ì�Ñy3B���ýL¡;
3î�ó4f�ªÅ�\��, �,3B���ý
L¡�k�r�>|©Ù, �´r>|Ì�Ñyu
B���üà.

ã 2 �i/ÕB�(���1Ì�

�ïÄ�i/ÕB�(��L¡�lfN�
�¸¤éA�>f�Ä�ª, ·�©OO�
3�
L¡�lfN��¸?�C|>|rÝ©Ù. Äk,
·�3«m 0.35—0.39 µm ���Å� 0.375 µm.
� λTQM = 0.375 µm �, Xã 3(a) ¤«, 3�i/
B�(��±��)
Or>|, Ù¥ç�àå
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ã 3 �i/ÕB�(�3ØÓL¡�lfN��¸?
�L¡>|rÝ©Ù (log10 γ)

L¡�>|rÝ�uY²àåL¡�>|rÝ. T
«m�Ù¦Å��kaq�>|©Ù. �T«m�
L¡�lfN��¸Ì�u>f3ç�àå¥
�î�oó4f�Ä�ª. � λTDM = 0.411 µm
�, Xã 3(b) ¤«, Or>|8¥3ç�àåÜ
©�ýL¡, ,	ç�àåkà±��>|AO
r, T¸Ì�u>f3ç�àå¥�î�ó4

f�Ä�ª. ã 3(c) �Ñ
ÌL¡�lfN��
¸ (λp = 0.681 µm) ?�C|>|rÝ©Ù, �¡
È�r>|©Ù3Y²àå�üà, T¸Ì�u
>f3Y²àåÜ©¥�p��Ä�ª. ,	, d
uç�àå�Y²âàåm�>|ÍÜ�^, 3ç
�àå�ýL¡�-uÑ
ér�ÛÜ>|. ��
i/B�(��'uü�B��, �·Ü��L¡
Or.ùÑ��., ^u)Ô©f&ÿ.

ã 4 (a) ØÓ L ���i/ÕB�(���11Ì; (b)
λp � L �'X

3±eÜ©·�ïÄ
�i/ÕB�(��
/mëêéÙL¡�lfN��¸�K�. �

ïÄ� L éÙ�11Ì�K�, ·��½° D

� 20 nm, �Ýl L = 50 nm O\� L = 100 nm,
m�� 10 nm. Xã 4(a) ¤«, ØÓ L ��i/Õ
B�(���11Ì�ã 2 aq. Øî�oó4f
Úî�ó4f�Ä�ª	, Ñk��ér�ÌL¡
�lfN��¸. �X L �O�, λTQM Ú λTDM

Ä�vku)£Ä, ù´du λTQM Ú λTDM ©
Ou>f3ç�àå¥�î�oó4fÚî�
ó4f�Ä,  L �O�¿vkÚå�i/B�
(�°Ý D �Cz. �´, λp l λp = 0.520 µm
(L = 50 nm) ù£� λp = 0.793 µm (L = 100 nm).
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ã 4(b) �Ñ
 λp � L �'X, ã¥¢���5[
Ü�(J. � L �O�ò�5O\>f�Ä´»�

k��Ý9>f�Ä´»�k�pî', l��

ã 4(b) ¥��¸��5ù£ [14].

ã 5 (a) ØÓ D ���i/ÕB�(���11Ì; (b) λp � D �'X

ã 6 ØÓ-u>| ����, �i/ÕB�(�L¡>|rÝ©Ù (log10 γ)

�
ïÄ°Ý D é�i/ÕB�(��11
Ì�K�, ·��½� L � 80 nm, D l D = 10 nm
O\� D = 25 nm, m�� 5 nm. ã 5(a) �Ø

Ó D �, �i/ÕB�(���11Ì. lã 5(a)
�±wÑ, �X D �O\, λp u)
²w�7£.
ã 5(b) ¥¢��A^���êP~¼ê[Ü�(
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J. ° D �O�òO\>f�Ä´»�k�°Ý,
>f�Ä�k�pî'~�, l����¸�7
£ [14]. ,	, �X D �O�, λTQM Ú λTDM u)

²w�ù£, ù´du D �O���
>fî�
�Ä�k�ål�O\ [14].

��\
)\�1 ���é�i/ÕB�
(�L¡�lfN���K�, ·�O�
ØÓ 
��Ý ϕ �, �i/ÕB�(���11Ì9Ù
C|>|rÝ©Ù. (Juy, ØÓ ��Ý ϕ �,
�11Ì�ã 2 aq, L¡�lfN��¸vk£
Ä, ¿���¸?��1Xê�vku)²w�C
z. ã 6 ©O�Ñ
�i/ÕB�(�3 ϕ � 30◦,
45◦, 60◦, 90◦ �, λp = 0.681 µm ?�C|>|rÝ
©Ù. � ϕ = 30◦ � (ã 6(a)), Or>|Ì�©Ù3
Y²àå (B � D) Úç�àå (A � C) �üà, Ù
¥Y²àå (B � D) üà�>|ruç�àå (A
� C) üà�>|. ,	, 3 A Ú D 9 B Ú C �m
kér�>|ÍÜ, ¿-uÑ
ér�Û�>|.
�X ϕ �O\, àå B Ú D kàNC�>|~f;
àå A Ú C kàNC�>|Or. � ϕ = 45◦ �,
Xã 6(b) ¤«, r>|é¡/©Ù3�i/B�(
�üý. ,�, �X ϕ �O\, àå A Ú C kàN
C�>|ruàå B Ú D kàNC�>| (ã 6(c)
�Ñ
 ϕ = 60◦ ��>|rÝ©Ù). � ϕ = 90◦

�, Xã 6(d) ¤«, ÙC|>|rÝ©Ù� ϕ = 0◦

��'^=
 90◦. d±þ>|rÝ©Ù��, \�
1�>| ���òUC�i/ÕB�(�L¡

Or>|rÝ�©Ù. �´, du�i/B�(�
��àåm�>|ÍÜ�^, 3?¿ ��Ýe�
i/B�(�L¡okér�Or>|, ¿�Or
>|Ì�©Ù3�i/B�(��ýL¡. éuB
��(�, 3p�-u>|��^e, Or>|Ì
�©Ù3B���üà; 3î�-u>|��^e,
Or>|âÌ�©Ù3B���ýL¡, �i/
B�(�3?¿ ��Ýe, 3ÙýL¡oU-u
Ñér�Or>|, ��'uB��(�, �i/
B�(��·Ü��L¡Or.ùÑ��., ±~
�L¡Or.ùÑ�&Òé\�1 �����
65.

4 ( Ø

�©A^lÑó4fCq�{O�
�i/
ÕB�(���11Ì9ÙC|>|rÝ©Ù. (
Juy, �ü�B���', �i/B�(��U

Jø��¡È�ýL¡>|. du��àåm
�>|ÍÜ�^, ØÓ ��Ý�, 3�i/B�
(�L¡oU-uÑOr>|. ��i/B�(
�'ü��B��(��·Ü��L¡Or.ù
Ñ��., ^u)Ô©f&ÿ. ,	, �±ÏLU
C�i/B�(��/mëê5N!ÙL¡�l
fN��¸� �, ±÷vÙ3L¡Or.ùÑ�
¥�A^.
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Plasmonic properties of silver cross-shape
nanostructure∗
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Abstract

The extinction spectra and the electric field distributions of the cross-shaped nanostructures are calculated by the discrete dipole

approximation method. Compared with the individual nanorod, the cross-shape nanostructure can generate high local electric fields

at the lateral surface. Because of the electric field couplings between adjacent protruding parts, much enhanced electric fields always

occur at the lateral surface of the cross-shape nanostructure, with the incident polarization direction varied. In addition, the effects of

the structural parameters of the cross-shape nanostructures on their plasmonic properties are also investigated. These results would

guide the preparation of the cross-shape nanostructures for their applications in surface enhanced Raman scattering.

Keywords: Ag cross-shaped nanostructure, surface plasmon resonance, polarization, discrete dipole approxima-
tion
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