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1 Ú ó

B7áB�âfÏ~ÑäkAÏ�1Æ5
� [1], ù¦�§�3)Ô!zÆDaì, L¡O
r1ÌEâ±9�¸�o [2,3] ��¡äkX2,
�A^cµ, Xn�/ÕB�âf�A^uÛ�
L¡�l-��� (localized surface plasmon reso-

nance, LSPR) Daì [1] &Ò�uÿ. �´, ü�B
�âf�)�&Ò�~�f, 3A^þÏ~æ�
õ�âf��N�A, <��A/JÑ
Nõ�
�ù«B�âf��{, ±9-ù
B�âfU
�½5Kü�¤��B�
���{, X>få
1� (electron-beam lithography, EBL)[4,5]!K<�
�â (photolithography)[6]!B�¥�¡ (nanosphere

lithography, NSL)[7−9] �. �'
ó, B�¥�¡¤
�$, ��±�¡È/��B�:
(�.

3B�¥�¡¥~æ^9�u�È/¤��

B7áB�:
(�, �´duB7á�Ä.  
Ï¤©!¬N(��ØÓ�3��.¡�, NXå
'��, N´øá, l
K�
Ù5UÚ2�A^.

�d, ²~3Ä.þÛ��LÞ� [10] 5UõÙ¦
^5U. ����~¦^��«LÞ�, ��
�
½��J. �õê©z��´ò�LÞ���Û3
Ä.þ, vc[ïÄ§é�YB�¥g|C�K�,

±9B7áB��â�(��Cz.

,��¡, 39�uÛ�L§¥, ����È
âf���Ï~� 10—100 nm[11,12], ù
âf3
¤�L§¥�Ä.Y�ØÓ, �È�Ä.��ÝÚ
��ØÓ, ?
E¤3Ó����þ¼�Õ��/
m�(��ØÓ, �ªòK�¤�����B�:

(�, ±9§�� LSPRA�.

�é±þ¯K, �©A^>{9�u��ª?
1B�¥�¡, |^à�¯Lü������37
Ä.þ����ÕB�:
. Ä¡æ��ó��^
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=ÚR�í�
�½Ø=ü«Û��ª, ïÄ
�
È�Ýé����ÕB�:
(���5�K�.

ÏLUC¤Û��� �, ¢�uy���LÞ�
�¬JpÕB��âÚ7Ä¡�NXå, §3 PS

¥þ�k|u��(���!/G5K���Õ
B�:
. Ó�, Ä¡v^=, æ^R�Û��ª�
N´��(���!(ÜO�!�¡È��!�
Ükb���ÕB�:
.

2 ¢�L§

2.1 ¢¢¢���ááá���

¢�¥à�¯Lü��´d	g�²�B�
)Ô�Ek�úi�à�¯LB�¥ (PS ¥, �
» 360 nm±10 nm) g|C [13] ¼�; ���u
, Cr

Ú Ag �XÝþ� 99.95 , 	gu�²û���Û
�á�k�úi. �.� n- .7¡, (100) ¬¡, &
E��Ü>f1 46 ¤)�. Û�æ^¤ÑÜ»�
k�úi)�� C-Vac ZZ300 .>{9�uÛ�
¤, 3ý�Ý� 5 × 10−4 Pa e�Û Cr Ú Ag.

2.2 ÄÄÄ¡¡¡???nnn

1) ò7¡�¤� 1 cm × 1 cm ���/, 3Z
Ñ¥�(�W 10 min, �X3ÃY¯U¥�(�
W 10 min, �Ñ�^�þ�lfYÀW, 2^�í
NZ.

2) ò ù 
 7 ¡ � \ ß 1 � (98%) � V �
Y (30%) �·Ü� (NÈ'� 3:1) ¥, 3 80 ◦C ð
§e\9 1 h, �Ñ�^�þ�lfYÀWZÀ¿
^�íNZ.

3) ò§��\�lfY!V�Y (30%) ÚR
Y (28%) �·Ü� (NÈ'� 5:1:1) ¥, 3 80 ◦C ð
§e\9 1 h, �Ñ^�þ�lfYÀWZÀ, ¿�
�3�lfY¥ (Ø�L 3U), ¦^�^�íNZ.

2.3 BBB���¥¥¥���¡¡¡

Äkò 10 wt% � PS ¥]Z�^�lfY
Dº� 3 wt%, ,��(þ!z�^. ¢�¥7
Ä¡©n|. ã 1(a) �1�| (Ã��) Û�«
¿ã, ��|^%æ{ (drop-coating)[14] 37Ä¡
þ��Ñü��ü� PS ¥��; �X, 3�Ð
� PS ¥��þ|^>{9�u�{�È��

� 120 nm þ�Õ� (ý�Ý� 5.0 × 10−4 Pa, �u
>6� 65 A).ã 1(b)�1�| (Cr 3.�) Û�«
¿ã, 3'À�7Ä¡þk^>{9�u�{�È
��� 10 nm þ��� (ý�Ý� 5.0 × 10−4 Pa,

�u>6� 100 A), 2^%æ{3��þg|C�
� PS ¥, ��3 PS ¥þ�È��� 120 nm þ�
Õ�. ã 1(c)�1n| (Cr 3¥m�) Û�«¿ã,

37Ä¡þ��Ñ PS ¥���, 3��þk�È
��� 10 nm þ���, ,��È��� 120 nm

þ�Õ�.

ã 1 ØÓÛ�L§«¿ã (a)Ã��, PS ¥3Ä.þ
ü����ÛÕ�; (b) ��3.�, =k3Ä.þÛ�
�, 2ü� PS ¥, ��ÛÕ�; (c) ��3¥m�, =k3
Ä.þü� PS ¥, 2Ûþ��, ��ÛÕ�

ã 2 Û�¤(�97á�È��«¿ã (a) 9�uÛ
�¤(�«¿ã; (b) R��È; (c) �Y��È
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±þn|�¬����Û3Xã 2(a) ¤«�
Û�¤¥?1. 3�ÈÕ�L§¥, z|©Oæ
^Ä¡R�u�u
ØÄÚÄ¡�ó��=Ä
ü«Û��ª, Ù¥, �u
�ó���R�å
l� 16.0 cm, �ó���¥%�ål� 3.7 cm.

ã 2(b)�Ä¡R�u�u
ØÄÛ��, 7áâf
��È��� PS ¥m�n�/�YR�. ã 2(c)

�Ä¡�ó��=Ä�Û�L§, ó��±§�¥
%��{�^=, =�� 16.5 r/min. d�, 7áâ
f��È��� PS ¥m�n�/�Y�3XY
�, =�u
�È���ó��¶��Y�, TY
�3 0◦—24.8◦ �m��Cz (Xã 6(a)).

�ÈÕ���7Ä¡3¯UM�¥�( 2—

3 s, £� PS ¥, ��5Kü��ÕB�:
(�.

2.4 (((���LLL���ÚÚÚ111ÌÌÌÿÿÿþþþ

¢�¥A^ Nano-ZS90 âÝ - > ©Û¤ÿ
½ PS ¥�â», æ^ Veeco Dektak 3��¤ÿþ�

��þÝ, |^ LEO-1530 ×£>º (SEM) L��
¬�L¡/mÚ(�, ¿|^ Varian Cary 5000 b
	 - �� - ù	©11ÝOÿþ�¬�áÂ1Ì.

3 (J�?Ø

ã 3(a)�1�|�¬¤^��, =��37Ä
¡þ|^%æ{g|C� PS ¥��. Ä¡þ PS ¥
3�Ü©«�¥ü�8�;�ü�, Ù�ü¡È�
��� 100 µm ×100 µm, �3Ü©«�Ó��3
XNõ� Ú �. ù´Ï�3 PS ¥g|CL§
¥, ¥�¥�m�páÚ�f[+�^å�°Ä�
K�, �duÜ©«�Ä¡L¡Ø
1w!½'À
ÝØ
, ½ PS ¥�»�Øþ! (CV = 2.80%), �
�%æ� PS ¥�mL¡ÜåØv±�ÑÄ.��
ÞåÚ¥N�m��^å, PS ¥Ã{�pà , E
¤� Ú ��Ñy, »�
 PS ¥ü����5,

±��Y¤ÛÕB�(�Ø��¿Ñy"�.

ã 3 PS ¥�� SEMã (a) 7Ä.þ��%æ/¤� PS ¥��; (b) 7Ä.þ�Û���ü� PS ¥¤/¤���

ã 3(b) éA1�|�¬¤^��, =37Ä¡
þkÛ��, 2%æ PS ¥�g|C� PS ¥��.

PS ¥3Ä¡þ�o���/ìà3�å, �o"
Ñ/©Ù, éJé��¡È�ü�8�;�ü��
(�. ù´du¤Û���L¡'�o÷, p$å
ÏØ², Ø|u PS ¥�þ!©Ñü�, ¤± PS ¥
ü�'�ÑÏ, �Ñyìày�, éJ/¤���
ü�8�;�ü�(�.

1n|�¬ PS ¥���/m(��ã 3(a) a
q. LÞ�����Û3 PS ¥��/¤��, §Ø
K� PS ¥�g|CL§.

ã 4(a), (b)�vk���, R��ÛÕ�, ,�
�(�K PS ¥�7Ä¡� SEMã. Õ�8�B�
:
(�'���, "��'��, �´�È/¤
�Õn�/>�'��w, �Ø
kb, Ø|uÙ
3Daìþ�A^. ù´du>{9�u/¤��
ÈâfUþ��, �§Ý�p, ��¡3$Ä�Ä
.?u)-E(Ü�, ���Ü©ÄU, ØU?�
Ú�±�*Ñ, ¿�duÓ��mSk�õ��È
âf�� PS ¥L¡9Ä.L¡, ù¦�ü���
Èâf3Ä.L¡vk¿v��mÕg$Ä, N´
�Ù¦�Èâfu)-E¿LÜ3�å. �X�m
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í£, Õ��§Ýü$, XÚ�Uþ~�, 3XÚd
pUþG��$UþG�=C�L§¥, Õn�/
n��?u)�%Â ±ü$Uþ, E¤�?'�
�w; ,��¡, du�Èâf§Ý�p, 3�� PS

¥L¡�Úå PS ¥�%Â C/, ¿�duÛÕ
�m�� (� 50 s), kc�� PS ¥þ��Èâfe
%v��, ¬CXÜ©n�/�Y [15], l
E¤ PS

¥�m�YÅìÛ­��/�É, �Y��Èâf
?\�/�É�È, �ª/¤�Ü�w�ÕB�n

�/8�:
.

ã 4(c), (d)�R��Û���ü� PS ¥, �X
3 PS ¥þR��ÛÕ�, ,��(�K PS ¥�7
Ä¡� SEMã. 33Ä¡þ�ÕØ
"Ñ�:Ú
Ø5K�¡G	, A�vk;�ü��8�:
(
�, ù´du��ÄkÛ37Ä.þ, ��L¡'
�o÷, �ÞåO�, PS ¥J±/¤�5K���
8�ü�(� (�ã 3(b)), ¤ÛÕÃ{/¤8�;
�ü�.

ã 4 Ä¡Ã^=, R�Û����3ØÓ ��)�ÕB�:
/m (a), (b)Ã��, ÕB�:
ØÓ���ê� SEMã¡;

(c), (d) �3.�, ÕB�:
ØÓ���ê� SEMã¡; (e), (f) �3¥m�, ÕB�:
ØÓ���ê� SEMã¡

ã 4(e), (f) ��3¥m�, =7Ä¡þkü
� PS ¥��, ,�R��Û��2R��ÛÕÄ
¡� SEMã. ÕB�
:�n�//G�\��,

�'�kb, 8�ü�:
(��þ!, "��, ¡
È�. Ï�3Äk?1�Û�L§¥, du��f

�7�m��Üå��, §´u�z, �7L¡/
¤zÆ�,Ó� Cr � Ag p*Ñ, (ÜûÐ, Or

Õ��Ä.�m�NXå [16]. ��â�7�ã [17],

Cr � Si 3 1610 ◦C �m�±/¤zÜÔ CrSi2. Cr

�L:´ 2180 ◦C �m, �p§���uâf��
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7Ä.�, ×��Ä.�A, )¤ CrSi2, CrSi2 Ué
Ð/ÁÐ3Ä.þ, �Y���Èâf�����
NX3¤.�� Si2 þ/¤äk'�kb��n
�//m. du�Û�má, ��D�, Û�L§é
n�/�Y�CX�^é�, 2?1ÛÕ�, Õ�
Èâf?\�Y��(Ü, ü«7á±7á�(Ü,

Ïd Ag 3��þéÐ/*ÑÁÐm, /¤n��
Ñ'�kb�ÕB�n�/, ?�Ú�¤(���
�8�B�:
.

�
ïÄÄ¡=ÄÚå��È�ÝCzéB
�:
�K�, ¢�?�Úæ^Ä¡�ó��=Ä
��ªÛ�. ã 5 �3Ä¡�ó��=Ä�^�
en|7Ä¡ÛÕ��� SEM ã¡. ã 5(a), (b)

éA1�|�¬, Ä¡þEk�¡È�8�ü��

:
ã/, �:
�âvk5K�AÛã/, �3
z�:
�â�±�Ñ©ÙXNõ[��7áâ
f. ã 5(c), (d) éA1�|�¬, Ä¡þ�U*	
�A�'����8�ü��:
ã/, 3ù:

�â�±�Ó�©ÙXNõ[��7áâf, §�
²wäkn�/A�. �ã 4(c), (d) aq, ùk�
¡È�8�ü��:
ã/Ó�
u����^
�� PS ¥Ã{�f[+�^å�°Ä/¤;�ü
�. ã 5(e), (f) éA1n|�¬, Ä¡þ�3�¡È
�8�ü��n�/ÕB�:
, (�w����,

��ã 4(e), (f) �', T�¬n�/�n��ÜÑ
'��w, B�:
¥�Õ�â©Ñ, vk;�æ
È�ª³.

ã 5 Ä¡^=, kY�Û����ØÓ �¤��ÕB�:
/m (a), (b)Ã��, ÕB�:
ØÓ���ê� SEMã¡;

(c), (d) �3.�, ÕB�:
ØÓ���ê� SEMã¡; (e), (f) �3¥m�, ÕB�:
ØÓ���ê� SEMã¡
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±þ(�A��Ä¡^=�7áâf��È
�Ý!±9âf��Ä¡�k�^S���'.

ã 6(a) �Ä¡^=�, 3��^=±ÏS7á�
È���Ä¡¶��Y�«¿ã. �X^=, �È
âf¬3 0◦—24.8◦ ��ÝS?\�n�/�Y«
�.ã 6(b)���^=±ÏS�Èâf��Ä¡�
k�^S. �ÈâfÄk?\ (1) «�, §��>�
Ä¡�Uþü$, à8��å, 7áv�. �XÄ¡
=Ä, �Èâf�g?\ (2),(3) «�, du=Ä�
�^, #��Èâf¬�X�lkc�Èâf��

$Ä, E¤7áÃ{(Ü��¬; Ó��Ä¡$Ä
��l�u
� ��,§Ý�$, �Èâfv�,

�Y����ÈâfNX3þ¡, Ø´u)*Ñ,

éJòkc/¤�Õá7á�âë�å5, �Uæ
È¤ü�Õá��7á�â. ù�éõÕá�7á
�ÈâfÃ{KÜ3�å, 
´�g3���«�
��S/¤v��â, �ª/¤éõ©Ñ[��7
áB��â. Ïd, �é
ó, Ä¡R�í�
�½
Ø=Û���N´¼�(���!(Ü�O�!
�¡È��!�Ükb���ÕB�:
.

ã 6 Ä¡^=, kY�Û�«¿ã (a) ��^=±ÏS7á�È���Ä¡¶��Y�«¿ã; (b) ��^=±ÏS7á�È
âf��Ä¡�k�^S

ã 7 Ä¡Ã^=^�en|ÕB��â
��áÂ1Ì

�?�ÚïÄ�LÞ�éB�7á
�(�
�K�,·�A^ Varian Cary 5000 b	 - �� - ù
	©11ÝOÿþÙ1Æ5U. duÃ^=^�
e���B�
�(��k^=�\��, ·�
ÀJÃ^=^�e�n|�¬ÿþÙáÂ1Ì, X
ã 7 ¤«. � Cr ��¥m��, �±wÑ3 399 nm

Ú 460 nm ?Ñyü�²w�áÂ¸. 399 nm �
áÂ¸éAn�/ÕB��â¡	ó4Ý��
¸, 460 nm �áÂ¸éAn�/ÕB��â¡S

o4Ý��¸ [18]. �vk Cr ��LÞ��, Ag

A���¸��p°C�, 399 nm �áÂ¸Cf,

� 460 nmáÂ¸ù£� 472 nm. �Ï´: ��¡,

Ã���¬�ÕB��âº�C�, B��ââ»
©Ùþ!5�, E¤�p°C°; ,��¡, ��â
º�C��, Ï�â¥?uØÓ ��>f¤«É
�-u1�� k¤�É, ��	>|3���â
þ©ÙØ2þ!, d� Ag �â�LyÑo4f½
l4f�p?�ª��lfN��, l
��¸ 
u)ù£, ��p°O�. � Cr 3.��, duL
¡(�éØ��, éJÑy�����n�/B�
:
, ¤±vkÑyáÂ¸. dd��, Cr 3¥m�
U�Ð/Uõn�/B��â�â»©Ù, ¦n�
/(�/m�\��,áÂ1Ì�\é¡Ú²w.

4 ( Ø

3¦^B�¥�¡{����ÕB�:
�
L§¥, �LÞ��Û3 PS ¥��þ�ØÓ �,

��
ØÓ/m���ÕB�:
(�. �vk�
LÞ��', �LÞ��O\Õ�Ä.�(Üå.
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Ù¥, �LÞ� u PS ¥þ, ,��ÈÕ�, �k
|uÕ�Ä.�(Ü, ���/m���!�ü¡
È�����ÕB�:
(�. Ó��È�ÝØÓ
¬�)ØÓ/m(����ÕB�:
. ×£>º

¢�Úb	 - ��áÂ1ÌL², R��u
�È,

��Ñ���ÕB�:
/m�\��, n�/�
Ü�\kb, (�"���, �áÂ1Ì�\é¡
Ú²w.
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Abstract

Ag nanoparticles with two-dimensional (2D) array structure are fabricated via nanosphere lithography. The influences of Cr

interlayer position and metal deposition direction on array structure are systematically studied. It is found that the structure of the 2D

Ag nanoparticle array with Cr interlayer is better than that without interlayers. When the Cr interlayer is deposited on the PS mask,

the tips of the acquired triangle nanoparticles are much sharper, and the area of the nanoparticle array is much larger than that in the

other case. Moreover, the achieved nanoparticle array has a better uniformity and compactness in structure, and a higher binding ability

to the substrate when Cr and Ag deposition direction are perpendicular to the surface of the substrate. Further absorption spectrum

experiment proves the improvement of the structure and feature of the 2D Ag nanoparticle array. All these results are very crucial to

the future modification and fabrication of biochemical sensors with the 2D Ag nanoparticle array.
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