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±�lfL¡¹5J F127 ���, �7�¯|�7
, 3�5^�eÜ¤�NÏLMJ�up�g|C��
ª��
ü���, ²Ríý?nÚp§ú�Ø���J���0��z7��. |^ÓÚË�Ð\� X ��û
�!�íáøNÚß�>fw�ºïÄ
���0*(�, uy��SÜ¥ykS�<.��(�, �8áuN%
á�ü�. ÏLb	-��1Ì¤Úý ¤ïÄ
���1Æ5�, 3 1053 nm Å�?1Æß�Ç�� 99.9%±þ,

ò�Ç�� F127/Si ��'
C. æ^�fåw�ºïÄ
���L¡5�, ��L¡²�, ²þo÷Ý=� 1.2 nm.

¦^ 1053 nm -1ÿÁ���-1�úK�, ¤k�¬K�þ�u 25 J·cm−2 (ó°� 1 ns). T�����{k"¤
��«��»~�����#�{.

'�c: kS0�, �z7, ~���, -1�úK�

PACS: 68.55.–a, 78.20.–e, 68.35.Ct

1 Ú ó

3põÇ-1XÚ¥, 1Æ~������1
Æ�����­�|¤Ü©, 3-1A^¥u��
5�­���^ [1−5]. ± Stöber �A [6] �Ä:�
M�v��z7��Ø=äk�$�ò�Ç, 
�
|-1�úK��p, ·^u�¡ÈÛ�, Ïd�
É'5¿��A^ [7−9]. �T��dü©Ñ SiO2

�âæÈ
¤, (�Õt, �â�m"��å�^,
��NXåØ
r, �~N´��Þøá, �½§
Ýþ¦���ö�5UÉ���. �)ûd¯K,
·�}Á±kS0��z7��O�Äu Stöber
�A���. kS0��z7��Øäk~5M�
v�{�����`:	, �äkp
�N��Y
Ç±9�$0>~ê!ûÐ�åÆ5UÚ9­½
5 [10−15], ¿�duÙkSü����(�, Bu
-1Uþ�»�D4, k"JpÙ|-1�úK�.

Ïdk7�&¢Ù���«#.~���^up
õÇ-1XÚ��U5.

2 ¢ �

2.1 kkkSSS000������������������

�7�¯| (�ìpúi, ßÝ� 98%)!ÃY
¯U (þ°�,zó��, `?X)!�½þí�Ú
�lfY·Üþ!�, 3 60 ◦C ��^�eµ4\
9 90 min, Ê�\9e%�¿§�2\\L¡¹
5J F127 (Simga úi, ©fþ� 12600)!ÃY¯
UÚí��·ÜM�, ¿¦��ªM�¥�7�¯
|!ÃY¯U!�lfY!L¡¹5J F127!í
����'� 1 : 30 : 6 : x : 0.015, x �L¡¹5
J F127 ��¹þ. UY�� 10 h �M�Pz 5—
10 d �^. u¿§ 25 ◦C �é�Ý 40%e3'À�
�=Ä.þJ.Û�, �Ó§�Ý^�eZH��
��^Rí?n 20 min, ��3 600 ◦C �í�¸
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¥�� 2 h Ø�L¡¹5J. �âL¡¹5J F127
Ú7
�'Ç x = 0.006, 0.008, 0.010, ò¤��P
� C1, C2, C3.

2.2 ���������LLL���

|^ÓÚË�Ð\� X ��û� (GIXRD)
5©Û���kS(�, ÿÁ3þ°1
 (SSRF)
BL141 û�Õ Huber5021 8�û�¤þ�¤, X �
�Å� 0.124 nm, Ð\�� αi = 0.16◦. �íá
N-øN�§�d TriStar3000 .gÄÔnáN¤
ÿ½. æ^ JEM-2010FEF .p©Eß�>fw�
º (HRTEM) *	0������(�. ^ Lamda-
900 .b	-��©11ÝOÿþ��1Æß�Ç.
^ XE-100 .�fåw�º (AFM) *	��L¡
/m¿ÿ½���L¡o÷Ý Ra. ���ò�Ç
ÚþÝæ^\ù	N�� SE850 .1Ì×£ªý
� �¤ÿ½, 1Ì�� 300—1700 nm. ����
úK�3¥Ió§ÔnïÄ�-1àCïÄ¥%
�¤, æ^ 1053 nm -1 “R-ON-1” �ªÿÁ, ¿|
^��1Æw�º (E600W Nikon) *	��3-
1Ëì���ú/m.

3 ¢�(J�?Ø

3.1 ���������kkkSSS000���(((���

�ïÄæ^�up�g|C{ (EISA) ��0
���, =3�5�UNX¥µ4\97
u)�
½�Y) à�^/¤�$�é§Ý�ýàN, \
\L¡¹5J��, ýàN3L¡¹5J±�UY
)�, Û��MJ�u¦L¡¹5J���.�å
ßÝ, ¿�±�å�¥%3ÄNþu)7ýàN�
g|C, �ªÃÅÔ�z/¤0*(�, ²p§?
nøØL¡¹5J©f��ÚÙ¦kÅ���0
���.

ã 1 � � � � ¬ � GIXRD Ì ã, � ¬ C1
3 0.4◦—1.5◦ �mÑy
ü��ß�E�û�
¸, 3 1.2◦—2.5◦ �mÑy
 6 �f¸, ù
¸
¡må��ê�'÷v 1 : 21/2 : 31/2 : 41/2 : 51/2 :
61/2 : 71/2 : 91/2, ���@�N%á�� (�m
+ Im3̄m) (110), (200), (211), (220), (310), (222),
(321) Ú (330) û�¸ [16], d Brag úª�±O�
Ñ0� d110 �� 9.6 nm. �¬ C2 Ú C3 þ�Ñ
y (110) Ú (200) ü��E�û�¸, û�¸êþ

~�, Ì¸C°, �érÝ~f, `²���¬�k
S5eü. C3 �ü�û�¸î­°z, `²��k
S5��. lã 1 ��±wÑ, �XL¡¹5J¹
þ�O\, ¸ Ñ��m£Ä, ù�U´Ï�O\
L¡¹5J¹þ�, �åêþOõ, ÅÝO�, Ó
�^�eg|C¤��L§¥, �åu)�½§
Ý�æUÚ@Ø, l
¦kS0*(�º�Ñ�
~�.

ã 1 ���¬� GIXRD Ìã

ã 2 ����¬��íáN-øN­�, w«
n��¬þ¥²w�1.�§�, `²��¥0�
��3. éu�¬ C1, �§�Ñy��� H2 .´
¢�, øN­�3�éØå P/P0 � 0.4—0.6 �Í
,eü, ù´;.�<.��A� [16]. ã 2(b) ¥
�� C2 �áN-øN�§�E,Ñy H2 .´¢
�, �CÄ
�
, `²�½§ÝO\L¡¹5J
�ßÝ, 0���E,U�±<.��(�, ��
nC�
. ã 2(c) ¥�¬ C3 �áN-øN�§�
� C1, C2 �'�É��, H2 .´¢�C/, 3�é
Øå P/P0 � 0.4—0.7 ?¥y
²1G� H1 .´
¢�(�A�, `²kaq�ÎG��(���3.
ùÌ�´Ï�7
ßÝØC�O\L¡¹5J¹
þ, �åêþOõ, ���Yà EO Äì�m�p�
C, <.��<�p�C, ­U«�O�, l
¦�
�(�¥<�m�Ï�Co, ���m�ëÏ5O
r, ¤±Ñy
aq�ÎG��(�A�, �ã 3.
���¬�íNáN¢ÿ�»º��L 1, n��
¬�»Åì~�, ù� GIXRD ¥û�¸m£(J
��.

ã 4 ����¬� HRTEM ì¡. lã 4 �±
wÑ, ¤k�¬��þ¥¥/, ä�<.�(�A
�. dã 4(a) ���¬ C1 äk�é5����(
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�, 0��»3 10 nm �m; ã 4(b) w«�¬ C2 �
0�ü�Ñy�½Û­, ���m�ëÏ5O\,
kS5eü; ã 4(c) KL²�� C3 3����S
0�ü�ÑyÛ­, ��m�m�Oõ, ëÏ5O
r¿�ªÑyaq�ÎG��. HRTEM (J`²,
37
¹þ�Ó��¹e, �XL¡¹5JßÝ�
O\, �»CzØ�, ����� “�á” �<.�

��mëÏ5ÅìO\, kS5eü. 
�O\L
¡¹5J�¹þ, ��O\
NX�ÅÝ, 3Û�
L§¥Ø|u0*(��ò�, (��¶�5�¬
C�. HRTEM ����»��íáøN(Jk�
É��ÏÌ�´Ï�p©E>ºÿþ���*�
<.�»��, 
�íáøNO�����»´Ä
u�.�.

ã 2 ���¬��íáN-øN­� (a) C1; (b) C2; (c) C3

ã 3 L¡¹5J¹þé��SÜ��(�K�«¿ã
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ã 4 ���¬� HRTEM ã¡ (a) C1; (b) C2; (c) C3

3.2 ���������111ÆÆÆ555UUU

���ò�Ç (1053 nm Å�?) ±9þÝ�
ëêdý� �¤ÿÁ��, äNê��L 1. �

'�ØÓ�3 1053 nm ¥%Å�e�ßLÇ, Û
��(�¤k���1ÆþÝ� 1/4 ¥%Å�. �
XL¡¹5J¹þ�O\, ���¬�ò�Çü$,
Ïd�þÝO\, ����YÇ�±ÏL Lorentz-

Lorenz 'XO�¼� [17]:

(n2
f − 1)/(n2

f +2) = (1−Vf)(n2
s − 1)/(n2

s +2), (1)

nf Ú ns ©O´��Ú�N��z7�ò�Ç, Vf

��YÇ, Ù¥ ns = 1.450. (JL², ��ò�Ç
�$, �YÇ��, �¬ C3 ò�Ç�$� 1.204, �
YÇ�p�� 51.5%.

L 1 0���ëê

�¬ �»/nm ò�Ç �þ/nm �YÇ/% o÷Ý/nm K�/J·cm−2 (1 ns)

C1 7.4 1.266 218 37.7 1.8 27.5

C2 6.3 1.226 222 46.6 1.3 30.5

C3 5.5 1.204 224 51.5 1.2 29.8

ã 5 ��=ÀæÄ.þ���¬�b	/�
�/Cù	ß�1Ì, �=Ä.3 300—1100 nm �
�Sß�Ç (R�\�) 3 92%—94%�m, ²þ
�� 93%. Xã 5 ¤«, ¤k���¬3 1053 nm
NCß�Çþ�� 99.4%±þ, ��=Ä.²þO

ã 5 0����¬�ß�1Ì (�=Ä.)

ß 6%±þ. Ù¥�¬ C2 3¥%Å�NCß�Ç�
L 99.9%, C3 �¬��pß�Ç�C 100%, �Ð/
÷v
1Æ~����éß�Ç��¦. ß�1Ì
�N�5Æ�ý ¤ÿÑ���ëêéA�1Æ
5U��.

3.3 ���������LLL¡¡¡ÚÚÚ...¡¡¡&&&EEE

0���«Ou®N0�á����A�´
ÙPk�L¡Ú.¡(�. ���0*(�Ð©/
¤u�ug|CL§¥�í-�Ú�-�.¡, 
�
kS(�û)���SÜ. 1Æ���L¡G¹é
13��¥�DÑk­�K�, AO´o÷L¡E
¤�1ûÑ��±K����ß15�. Ò~��

ó, ���o÷Ý��, é1�ûÑ��r, ��
�1ß5�$. Ïd, 1Æ~��Ñ�¦k�²�
�L¡. ã 6 ����¬� AFM (J. dã 6 ��,
�¬ C1 �L¡Õtõ�, k�õ��z7�â.
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àå, �åÏØ�, ²þo÷Ý Ra � 1.8 nm, 1Ñ
�é�; �¬ C2 L¡��²�, Ã���â.âå,
²þo÷Ý=� 1.3 nm, '~5Äu Stöber �{�
~���o÷Ý�éõ; C3 �¬L¡âå?�Ú

~�, ��L¡²�ÝO\, o÷Ý~�� 1.2 nm,
êâ�L 1. AFM (JL², ¤kn���o÷Ý
Ñé�, Ø¬K����ßLÇ, ù�b	��ß
�1Ì(J���.

ã 6 ���¬� AFM ã (a) C1; (b) C2; (c) C3

3.4 ���������|||---111���úúú555UUU

� � � | - 1 � ú K � (laser-induced dam-
age threshold, LIDT) ÿÁêâ�L 1. (JL²,
3 1053 nm -1e, ó°� 1 ns, ¤k���¬
� LIDT þ�u 25 J·cm−2, � Stöber {���õ�
�z7��K��� [5]. � C1 �', C2 Pk�p
��K�, �U´Ï� C2 �YÇ�p, |uUþt
µ. C3 K��
q~�, ù�U´Ï��, C3 �
�YÇ��, �kS5��, Ø|uUþ�tµ, 

�L¡¹5J�O\¦�ª���YÇO\�Ó
�~�
�9�þÝ, Ø|u¦��äk�p�-
1�úK�.

ã 7 r-1�^e;.0��z7���¬��ú/m (�
� C2)

3r-1�Ëìe, ����úL§þLy�
3-1�ú:/¤�lfNð1, ¤k�¬þ�u
)Bß5�ú. ã 7 ��� C2 3r-1�^e�
�ú/mã¡. ��, ���¥%�ú�¥yC�
/«�, ��7�ú¥%k�/�, ù�U´Ëì
Uþ÷�¡DÂ�Úå�»��ú, �d�/Ø�
¤»�. ��¥%¥yLKG�, ¿vkÑyaq
"�½ö,�Úå��l�ú:, `²����þ
�p, �úATl���m©. Ù¦¤^�¬��
�þäkaq��ú/m, �´K�Ñk�É.

4 ( Ø

ÏLniã�àÔL¡¹5J F127 �ÃÅ7
Ô«�Ó�^�±/¤B�ºÝ��SpÝkS
�kÅ-ÃÅ,z��, Ø���J���ò�Ç
$!�YÇ�N�<.��(���á�. L¡¹
5J�7
�'~é����ª(�Ú5Uk�
�K�. �XL¡¹5J¹þO\, ���¬�k
S5C�, ��YÇO\, ò�Ç~�, ��Oþ,
ß�Ç Ð. �u<.0��z7��¤äk�$
ò�Ç!ûÐ1ß5!p-1�úK�±9±Ï
kS�´uN����(��A:, ¦Ta��3
pK�~��1Æ��á�¥�Ukd3�A^
d�.
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Abstract

Single-layer silica films are prepared via evaporation-induced-self-assembling process using triblock copolymer surfactant F127

as template and tetraethoxysiliane as precursor under acidic condition. After ammonia pretreatment, the as-deposited films undergo a

thermal decomposition process to remove the surfactant, and the mesopores are formed in film. Three techniques are used to character-

ize the mesoscopic structure of film, i.e., grazing-incidence X-ray diffraction, nitrogen adsorption/desorption and transmission electron

microscopy. The results indicate that the film has an ordered cage-like porous structure and can be indexed as the body-centered-cubic

arrangement. The optical properties of the films are investigated via ellipsometry and UV-VIS-NIR transmission spectrometer. The

transmitance can reach up to 99.9% at 1053 nm wavelength. The refractive index varies with the molar ratio of F127/Si. Atomic force

microscope is used to probe the surface morphology, and the surface roughness Ra is 1.2 nm. A 1053 nm laser is used to determine

the laser damage threshold of film and all the thresholds are higher than 25 J·cm−2 (1 ns). This method has a potential application in

the preparation of large-aperture antireflective films.

Keywords: ordered mesoporous, silica, antireflective films, laser-induced damage threshold
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