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ÄuàÜÔ|  (polymer scaffolding) /m��E�¬/àÜÔß�1», XÚïÄ
1»�1Æ��É5. 3
ù«/m�1»S, �¬Ø´±�%�/��3uL�¬«, âdïá
�A1»�{z�., ,�3��É5Í
ÜÅnØµeeïÄ
1»�û�A5. �¦�û��Ç¢��ÚO��'�, éÐ)º
�¬/àÜÔ1»�1Æ
��É5, �y¢
�¬©f��÷X1»¥þü�.

'�c: �EàÜÔ©Ñ�¬, ��É51»

PACS: 42.40. Pa, 42.25. Fx, 42.70. Df

1 Ú ó

�E�¬/àÜÔ1»��{ü, ¤�$í, ä
kû��Ç>|�N�`:, ®²�y¢3 �N
�ì [1], ²�w« [2], ©Ù�"-1ì [3] �+�
kX2��A^cµ. ��ó, �¬/àÜÔß�
1»¥yér�1Æ��É5 [4,5−7], p 1û��
Ç  �pu s 1û��Ç, ù« ��655
u�¬©f3L�¬«�½�kSü�. �
'
u�¬/àÜÔ1»û�5�½ö�©lL§�ï
Ä [8,9]   �Ñ
ù�:,Ã{�Ñéu1»SÜ
(���\n).

I	k ' � ¬/à ÜÔ1 » � � É 5 � ï
Ä [10−12] Ñ´Äu�¬�%/m�1» [4,13−15],

ù
ïÄ��ké1»S�¬�%/G, ��±9
�¬©f3�¬¥�©Ù�¹?1Ünb�, ,�
ò¤k�¬�%���ÚOb�, 2ÏL��É5
ÍÜÅnØ½þ)º3Ù.�� � p 1Ú s 1û
��Ç, ¤�(Jy¢
ù«/m1»S�¬�%
²þ����u÷X1»¥þ. �Ù¥�3X�

¯K, Äk�
Ú¢�êâÎÜ, �¬�%/GÚ
��, �¬©f3�%¥�©Ù�¹9�%��Ú

O�ÑÏL[Üëê�Ñ, ùÒ�O�L§�5é
õØ(½�, ù
[Üëê  �·��(n)1
»SÜ(��5(J. Ùg´ù
ïÄ¥éu1»
5��L�  �½3T1»Ù.�� �ÿþ
û��Ç [10,11], 1»Ù.��NC�¢��±9
�nØ��'�vk�Ñ, ùÒÃ{üØ�U�3
� �LN�y� [16] ½ö´¤ïÄ�1»Ø3Ù
.�1»« (�
ïÄ [10] ¥1» Q Ïf=3 1 �
m, ��ØU^ÍÜÅnØ5)º) �5��Ø, 4
<énØ½ö�.��(5�)~¦. ��ù
ï
Ä¥'uû��Ç�O�¿vk�Ä�1»S�
¬�Æéu1�Ñ��^, Ñ�éu�¬/àÜÔ
1»û�A5�K���´Ø��Ñ�. IS��
k'�¬/àÜÔ1»1Æ��É5���.

2002 c Vardanyan �<��
 [5] �«Ø�3
�¬�%�1», ù«1»SàÜÔ�ÚàÜÔ
��m�3�
�é�àÜÔó, �¬©fK±
þ!��3uù
�G(�¥, �¡�àÜÔ|
  (polymer scaffolding) /m1». �©ïÄB´Ä
uù«/m�1», Ïd3O��.¥ØI��\
é�%/G, ��, ±9�¬3�%¥©Ù�b�,

Ø¬ÑyÃ{4<&Ñ�[Ü�.©¥|^3�¬
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��:±þ1»û��Ç, m�¼��¬31»¥
�©Ù�¹, ,�b�~§e�¬©f÷X1»¥
þü�, |^��É5ÍÜÅnØO�
~§e p

13Ù.��9ÙNC�û��ÇÚ s 13Ù.
���û��Ç. O��Ú¢��Ä��Î, y¢
L�¬«�¬©f÷X1»¥þü�, ��Ñ
�
¬/àÜÔ1»1Æ��É5�äN)º.

2 ¢ �

2.1 111»»»������

�¬�|©�'91»��1´�©z [17]

�Ó, �¬Ì�d����¬ TEB30A (n0 = 1.522,

∆n = 0.1703, TN−I = 61.2 ◦C d�[B[)u�
�¬k�úiJø) Úü«üN PDDA(���`�
�[U�ZL�|, d�®À�æ�|zó�Ek
�úiJø), DPHPA(�GÑoUàÄÊZL�|,

d Aldrich úiJø) |¤, �þ� NVP (N - ¯LÄ
Dl�Ñ, d Aldrich úiJø) \\��MJÚ�
éJ, 1ÚuJ RB(rose bengal, d Aldrich úiJ
ø) Ú�ÚuJ NPG (N - �Ä[R�, d Aldrich ú
iJø) 3��1Í1e�)gdÄ, lÚuà
Ü�A. �¬3V¿�� 12 h �þ!�, ,�5\
�Ýþ� 7.9 µm IOÝ (d��ç¬w«k�ú
iJø) ¥. |^ 532 nm Nd:YAG -1ì����
1, ²L©åcº©¤üå1, üå1õÇ�Ý
� 3.75 mW/cm2, ©O±��¬Ý{�¤ θ = 30◦

é¡\�. Í1�m3 5 min �m, ���.�, 3
pØþ�e�z 5 min, �?n� RB A�Ú���
�. �¤�1»��1», duàÜÔÂ éß�
1»±ÏvkK� [18], ¤±1»±Ï�±dZ�
^«úª Λ =

λ532

2 sin θ
°(£ã,� 532 nm. 633 nm

\�1eT1» Q Ïf� 72 À 1, 1»�Ù.�
1», �±^ÍÜÅnØ5)º.

2.2 ûûû������ÇÇÇÿÿÿÁÁÁ

û��ÇÿÁ«¿ãdã 1 �Ñ, &ÿ1
kÑ�Å�� 633 nm � He-Ne -1ì, 532 nm

� Nd-YAG -1ìÚ 785 nm ���N-1ì, |
^ �¡5N�\�1� ��, �¬��½3\
9�þ, \9�¥%ß1, ,�ò\9��½3°
�^=�þ¡, 5N�\��, �
O(ÿþû�

�Ç, ¢�¥Ø=P¹
 0 ?1Ú 1 ?1�rÝ,

�P¹
\�11rÚÀæ���1�rÝ. ¢�
ÿþ
Ó��¬ü«ØÓ^�e�û��Ç, Äk
´± He-Ne�&ÿ1, �½\���Ù.��, |
^�§ì°(���¬§Ý, P¹Ùû��Ç�X
§ÝCz. Ùg´|^n«1��&ÿ1, �½
ÿÁ§Ý� 20 ◦C, ÿÁ s 1Ú p 131»Ù.�
�9ÙNC�û�5�.

ã 1 1»û��ÇÿÁ«¿ã

2.3 ÑÑÑ���ÿÿÿþþþ

du�¬/àÜÔ1»¥�3Å�º��Ñ�
�Æ, ù
�Æé&ÿ1kér�Ñ��^ [19],

�Ñ��1UØAT�\û��ÇO�¥, �

½þL�Ñ� [20], ·�|^b	��1Ì¤
ÿÁ
�¬�ß��, é'1´¥\\
/k
X TEB30A �¬��¬Ý5�OÀæ����, d
u�¬ò�ÇÚ�¬/àÜÔ���ò�Ç�C, �
X�¬é1vkÑ�, |^ù«�{�±½þÿÁ
�¬/àÜÔ1»Ñ�.

ã 2 1»ß��

1»ß��dã 2 �Ñ, �±wÑù«1»
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Ñ�'�$, éuÅ� 600 nm ±þ\�1, Ñ�
3 1%±e, �X\�1ªÇ,p, Ñ�k¤O\,

3��1Åã, Ñ���3 5%±e. d��±Ö
Ñ, 3 532 nm ?, Ñ�' σ � 3.0%, 3 633 nm ?,

Ñ�' σ� 1.0%, 3 785 nm ?, Ñ�' σ� 0.5%,

òù
Ñ��Ä3S, �¡¤k¢�ÿþ�û��
Ç�½Â� η =

I1

Iin − Ire − σIin
. Ù¥ I1��?û

�1r, Iin�\�1r, Ire�\�1�Àæ��1
r, σ�Ñ���'.

3 ��É5ÍÜÅnØ9O��.

�©¦^��IXdã 3(a) �Ñ, x�1»¥
þ��, z�ÀæÝ{���, ��É51»�é0
>Xê�±L«�

εx = εave + ε1 cos
(2πx

Λ

)
, (1)

Ù¥ εave�²þ�é0>XêÜþ, ε1��é0>
XêN�Üþ, Λ ´1»±Ï. 1997 c Montemez-

zani Ú Zgonik[21] ?�
��Ó5Ù.�1»ÍÜ
Å [22] nØ, ¦�·^u��É5Ù.�1», 3Ù
.��NC��É51»�û��ÇL«�

η =
sin2(ν2 + ξ2)1/2

1 + ξ2/ν2
, (2)

Ù¥ ν =
πd

λ0

e0ε1e1

2nave cos θ cos δ
, ´L�ÍÜrÝ�Ô

nþ, Tª¥ d �LÝþ, λ0 ´&ÿ13ý�¥�
Å�, e0 Ú e1 ©O´ 0 ?1Ú 1 ?1 ����
ü ¥þ, nave �1»²þò�Ç, T��X\�
�ØÓkX[��Cz, θ � 1 ?û�1UþDÂ

��Ú�¬Ý{� (z ¶) ¤�Y�, du==�Ä
31»3Ù.��NC�û�5�, T���1»
�Ù.��, δ � 1 ?û�1UþDÂ��ÚÅ¥
����Ý�, du�¬/àÜÔ1»��É5'�
f, T�é�, cos δ Cq�u 1.

3�©¢�Ü©¥, ==�Ä
�1»^�,

L�1»5��²þ�é0>XêÜþÚ�é0
>XêN�ÜþÑ´é�
, ©OL«Xe:

εave =


ε0

xx 0 0

0 ε0
yy 0

0 0 ε0
zz

 ,

ε1 =


ε1

xx 0 0

0 ε1
yy 0

0 0 ε1
zz

 . (3)

d ã 3(a) � ± w Ñ é u \ �� s 1, e0 Ú e1

� (0 1 0). é u \ �� p 1, e0 Ú e1 © O
� (cos θ 0 − sin θ), (cos θ 0 sin θ). �ª s

1Ú p 1ÍÜrÝL�ª� νs =
πd

λ0

ε1
yy

2nave cos θ

9 νp =
πd

λ0

(cos2 θε1
xx − sin2 θε1

zz)
2nave cos θ

.

û � � Ç ú ª ¥ ξ =
∆kd

2
´ L � 3 \ �

�   l Ù . � � � ÿ 1 » � � � Ï f, ∆k =

k0 − k1 − Kg, dã 3(b) �±wÑ, Å¥ x ��
÷vÅð^� kox = k1x + Kg, Ïd ∆k �ýé
� ∆k = k0z − k1z , 3\�� lÙ.��é��
ÿ, k ∆k = n0k0 sin(θ − θb).

ã 3 (a) 1»«¿ã, x�1»¥þ��, z �ÀæÝ{���, Λ�1»±Ï; (b) û�«¿ã, Ù¥ K0 � 0 ?1Å¥, K1

� 1 ?1Å¥, θ0 � 0 ?1� z ¶¤¤Y�, θ1 � 1 ?1� z ¶¤¤Y�, Kg �1»~ê, ∆k�Ø��� 
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dû��Çúª�±wÑ, ��¼�1»²þ
�é0>XêÜþ±9�é0>XêN�Üþ, Ò
�±�[Ñ1»3 s 1½ö p 1\�e�û�5
�. ùü�Üþ�ûu�¬31»±Ï(�¥�©
Ù9���¹. ÏL*	1»×£>º (SEM) ì¡
ã 4(a), ¤����¬/àÜÔ1»/m�©z [5,6]

�q, �¬Ø´±�%�/��3u1»L�¬«,

âdïá
±e1»�.ã 4(b): 1»���±Ï
(��±w¤d¡È���$ò�Ç«Úpò�
Ç«|¤, $ò�Ç«dàÜÔ|¤, Ù¥M)k

�þ�U�©lÑ���¬, ù
�¬©f?u·
Ï�, ���Øäk§Ý½ö>|�N5; pò�
Ç«dàÜÔ±9k�½���X�¬�|¤. 1
»²þ�é0>XêÜþÚ�é0>XêN�Ü
þÚùü«�²þ�é0>XêÜþkXeCq
'X:

εave =
1
2

+
(
εp + ε$

)
, (4)

ε1 =
1
2

(
εp − ε$

)
. (5)

ã 4 (a)�1» SEM ì¡; (b) O�¤^�., $ò�Ç«dàÜÔ|¤, pò�Ç«dàÜÔÚ�¬�|¤, ü�«�¤Ó�
¡È��

4 (JÚ?Ø

4.1 ���¬¬¬©©©ÙÙÙ���(((½½½

ã 5 w«�´1»û��Ç�XÖ�§Ý�
Cz�, �X§Ý,p, p 1û��Çeü, s 1û
��Çþ,, ùd�¬�¥�¬©fkSÝ�X§
Ýþ,eüE¤�. 45 ◦C�1»¥�¬ N-I �
C:, pud§Ý�¬?u��Ó5�, 1»��
�Ó51», d� s 1Ú p 1û��Ç�5u�
�Ó5�edu ���ØÓE¤�ÍÜXê
ØÓ. �±wÑ1»¥�¬ N-I �C: (45 ◦C) �$
uX TEB30A �¬��C: (61 ◦C), �Ï´�¬�
¥¬M)�þ�üN [11], du¹þé�, O��ÿ
�±�Ñ.

dup§e�¬�¥�¬©f?u·Ïü�,

1»���Ó51», d��±^ Kogelnik ���
Ó5ÍÜÅnØ5)º. b� c�àÜÔ¥M)�
�¬¤ÓNÈ', f �1»X�¬�Ópò�Ç«
�NÈ', $ò�Ç«²þò�Ç nb Úpò�Ç

«²þò�Ç na �±L«�

np(LC) = nb = cniso + (1 − c)np, (6)

na = fniso + (1 − f)nP(LC), (7)

Ù¥ niso ��¬?u��Ó5��ò�Ç, niso =√
1/3n2

e + 2/3n2
o = 1.58, np�XàÜÔò�Ç, Ï

LC�ò�Ç¤ÿþ�� 1.5252. �âp§û��
Ç, �±O�Ñp§e1»ò�ÇN�Ý n1:

(na − nb)/2 = n1 =
arcsin

√
ηsλ633 cos θB

πd
, (8)

Ù¥ θB �1»S�Ù.��, d�IOÝÝþ, n1

O��� 0.0051.

Ó�du�¬�'®�, ²þò�Ç��±O
�Ñ5:

(na + nb)/2 = nave = 0.72np(pure) + 0.28niso

= 1.541. (9)

ò (8), (9) ª�\� (6), (7) ª¥, �� c = 0.178,

f = 0.222. �Ò´`àÜÔ�¥M)k 17.8% ��
¬, T(J� PDLC ¥àÜÔ [23] ��M)k 20%

�m�¬aq, �¬�°ÝÓo±Ï� 11.1% ,

ù��Ú SEM (J�´���, O�(JÓ��

094208-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 9 (2012) 094208

L²
�Vk 40%��¬lýàÔ¥�©lÑ5.

lÏLL�p§e1»û��Ç,·�m�¼�

�¬31»¥�©Ù�¹,��e5O�~§e
1»û�A5�ÐO�.

ã 5 û��Ç�Ö�§Ý�Cz, ¥ �L p 1û��Ç, • �
L s 1û��Ç

4.2 ~~~§§§eee���ééé000>>>XXXêêêNNN���ÜÜÜþþþ

~§e, duàÜÔ���Ó50�, $ò�
Ç«²þ�é0>Xê ε$ = n2

b = 2.3589, pò
�Ç«du�¬�3�½ü�, ¤±²þ�é0>
XêI�^ÜþL«. �
½þïÄ�¬©f�ü
�,·�k�â©z [5] JÑ��., b�~§e�
¬©f÷X1»¥þ, =¤À�� x ¶��ü�,

�kSÝ� 1, ÏLé'ù�b���nØ��¢
Sÿþ�, 5�yTb�´Ä¤á. ���¬ü�
÷X x ¶, pò�Ç«�²þ�é0>Xê�±L
«�

εp = fεLC + (1 − f) = εp(LC)

=


2.4703 0 0

0 2.3496 0

0 0 2.3496

 . (10)

�â (4), (5) ª, 1»~§e²þ�é0>XêÜþ
Ú�é0>XêN�Üþ�

εave =


2.4146 0 0

0 2.3543 0

0 0 2.3543

 , (11)

ε1 =


0.05568 0 0

0 0.0047 0

0 0 0.0047

 . (12)

4.3 ÙÙÙ...������   ���ûûû������ÇÇÇ¢¢¢������ÚÚÚOOO���
���'''���

��ó, 1»²þò�Ç nave �X\��
½ö\�1 ���ØÓkX[���O, du
ù���Ø�, �O�(JéT�Ø¯a, nave

�� 1.554. n Ø O � � ÿ ¦ ^ � Ù . � � �
d sin θB =

λin

2naveΛ
�Ñ, Ù¥±Ï Λ �1»±

ÏnØ�. �
üØ1»/¤L§¥üNàÜÂ
 �^éß�1»±Ï�K�, y¢O�¥¦^
�Ù.���´�*Ün�, L 1 ��Ñ
Ù
.���¢��. Ù.����ÿÁ���í¥
\�1Ú�¬Ý{�¤¤Y�, 1»SÜ¢��
d sin θB =

sin θair

nave
�Ñ, �±wÑ�nØ�ÎÜ�

éÐ. ��ò 4.2. ¤���é0>XêN�Üþ�
\� (2) ª¥, Ù.�� �û��ÇO�(J±
9¢�(JdL 1 �Ñ. ÏdO��.¦^~§e
�¬©f÷X1»¥þ���b�, éÐ)º
ù
«�¬/àÜÔ1» p 1û��Ç�Û��pu s

1û��Ç.

4.4 p 111333ÙÙÙ...������NNNCCCûûû������ÇÇÇ¢¢¢������
ÚÚÚOOO������'''���

�
?�Ú�y�.��(5, üØ�
�U
¬�5�Ø(J�Ï�, 'X1»?uLN�G�
½ö¤ïÄ�1»Ø´���N1»,·�?�Ú
�'�
n«&ÿ1e, p 13Ù.��NC�û
�5� (s 1û��Çé$, ¤±'�Ù3Ù.��
NC�û��Ç¿ÂØ�). ã¥�Ñ
O��Ú
¢�êâ�'�, duÚÑ�^Ù.�� ��O
��Ú¢���3[���É,�
��*O(�
`²¯K, ±ã�·�òO���Ù.�� �
���²£�¢�ÿ��Ù.�� �. n«&ÿ
1e�¢��ÚO��Ä�¥y�Óª³, 3Ù
.����ý, O��Ú¢��ÎÜ��~Ð, 
3�Ù.��,�ý, ¢��ÚO��Ñ�3
�½� l, Ñy¢�êâØ�âÙ.��é¡�
�ÏÚZL�|üNàÜÅ�k'X. 3ZL�|
üNÏL1Úu�gdÄ�¥%u)àÜ�A�
ÿ, ùaüN�v�:Ñy�é@, $�3üN=
z�ÇØ� 5%[24] �Ò¬u), ��Ñyv�, �
YüNV��=zÚå�Â å¬��=£�à
ÜÔþ¡, l éL� ¬��� ¬E¤ @ Ø, �¬
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L 1 Ù.��9ØÓ �13Ù.�� �û��Ç¢��ÚO���'�

&ÿÅ� ηp/% ηs/% θB/(◦)

/nm

¢�� O�� ¢�� O�� ¢�� O��

633 34.6 35.0 1.0 0.4 22.44 22.50

532 52.8 49.8 2.5 0.6 18.65 18.77

785 22.5 22.0 2.0 0.3 28.65 28.34

ã 6 633 nm &ÿe, Ù.��NC p 1û��ÇO��Ú
¢��

ã 7 532 nm &ÿe, Ù.��NC p 1û��ÇO��Ú
¢��

©fÃ{��÷X1»¥þü�, é�U�1»¥
þ�3��é����, ù���Ò¬E¤û��
Ç��Øé¡, ù«1»1Æ5��Øé¡5
3 Sutherland �|k'��1» [25] �ïÄ¥�k
J�. �kduÚÑ�K�, 532 nm Ú 785 nm O�
�Úÿþ�Ø����:. oNó, û��ÇO
��Ú¢��3Ù.��NCÄ�ÎÜ, `²3
~§e, L�¬«�¬©fÄ�Ñ÷X1»¥þü
�, �N���1»¥þ��=�3��é���

��.

����`²�´,·���|^p§e�Ñ
��¬©Ùêâ5)º~§e1»�û�A5, ¿
vk�Ä§Ýé�¬ò�Ç�K�. ù´Ï�àÜ
Ôò�Ç�X§Ý�Czª³�����Ó, ùÒ
��~f
§ÝéTO�(J�K¡K�, ù:�
�±lã 5 1»û��Ç3 45 ◦C ±þÄ�vkC
zíÿÑ. ¤±=¦vk�[�Ä§ÝÏ�, O�
�,�*O(£ã
�¬/àÜÔ1»SÜ(�9
Ùû�A5.

ã 8 785 nm &ÿe, Ù.��NC p 1û��ÇO��
Ú¢��

5 ( Ø

�©À�àÜÔ| /m�ß�1»�ïÄ
é�, ù«/m�1»SØ�3�¬�%, ù�3
O��ÿÒØI��\'u�¬�%º�, /G±
9�¬©f3�%¥©Ù�¹�b�. |^p§e
�¬/àÜÔ1»���Ó51»�5�Ú�A1
»{z�., ÏLp§eû��Çm�¼��¬3
1»S�©Ù. ��b�~§eL�¬«�¬©f
÷X1»¥þü�, �Ñ1»�é0>XêN�Ü
þ, |^TÜþO�Ñ~§e s 1Ú p 13Ù.�
� �9Ù.��NC3n«&ÿ1e�û�5
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Abstract

In this paper, we study the anisotropic diffraction properties of transmission grating based on scaffolding morphology holographic

dispersed liquid crystal. Due to the absence of liquid crystal droplet formation within the grating, a simple model is proposed and com-

bined with the anisotropic coupled-wave theory to investigate the diffractive properties. The detailed comparison between experiment

and theory indicates that the alignment of liquid crystal molecules in the LC-rich region is along the grating vector.
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PACS: 42.40.Pa, 42.25.Fx, 42.70.Df

* Project supported by the National Natural Science Foundation (Grant Nos. 60277033, 50473040, 19974046, 59973020), and the Science Foun-

dation of Jilin Province (Grant No. 20020603).

† E-mail: xuanli@ciomp.ac.cn

094208-8


