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|^æÈ - 9KÜó², òû^à`ÄZL�`|$�Ñ1n±8�æÈ��ªü�3g1�O��ä¥, �
�1ÆàÜÔ1n¡�ý���, éý��?1��!©�, ïÄ
�«����º�1n¡��#Eâ. ©�¡
��¬�þÝ 2 mm, ���» 500 µm, o��ê 59052, é�º�<½Ô��äkéÐ�D4Uå. |^TEâ�
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1 Ú ó

1n¡�´�þÝ�uî�¡��Gã�D
4��, dNõ�1nU�½�5Kü��, ²L
\9KÜ/¤. 1nüàU��éA�'X;�ü
�, ¦z�1�n�Ñ\ÚÑÑà3AÛþ��é
A, z��1�n�D4���:, l
å��D
���^. z�1n��»3���ê���þ?,

éã�kép�D4�Ç, �ÆCé�. 1n¡�
äk81�Up!D1�Çp!D�ý¢�A:,

|^1n¡�\ó¤��«­¡�Ñ\!ÑÑI
¿�>f1Æ�Ü�Ø��, U¼����!p©
EÇ��. ?mÍÜ^1n¡��~�1��, �
U�±p©EÇ [1].

�¬©�¶�ÿ!Ë�$!!U!!��m,

x¡­½!�ß, É�2�^r�UO. Ïdæ^
�¬w«ü�|¤�w«p, m©��1��í2
ÚA^. �3�¬©�¶���L§¥, du©�
ü�ý¡kyf�>´�üÙ, �Ã{��±�¬
¡�p��>©�, Ùo±7Lk�½��Ká�
{	, /¤
é²w�©�¿, K�
�¬©�¶
�w«�J. |^1n¡�D�¿äk�½���

Ç�A:, ��¬¡�é�3�å, �±¢y�¬
��¶4�p�Ã¿w«. DÚ�1n¡�´d
Àæ½�=á���, ��º�'��, �2�^
u CCD ÍÜì�!ã�=�ì!��ÅK�+�
1>¤�XÚ. yk�EEâ´rê�� 5—6 µm

�Àæ1n5Kü��\§!\ØLÜ, ó²�
©E,, ¤¬Ç$. ¤±ISþp�þ1n¡��
¬d��©[B, �^¡�I	é·Iµ£!B
ñ. duÀæ��Ý�, �/�y, e^u�E�º
��1n¡�, \óó²JÝ�, 
���SC¦
^�54��ØB. 2000 c{I Nanoptics úi3
5Optics Letter6,�þuL
^FÝò�ÇàÜ
Ô1n���p©EÇìC.��1n (GIPOF)

D�1n¡��Ø© [2]. {I Nanoptics úi)�
àÜÔ1npà�¬, �{I��Jø^±�E�
.Þ»w«¶!Úl¤Oº� [3]. ,	�k{I
� Berkshire Photonics úi)��«p?�àÜÔ
D�1nì�, ��Æ½º!�¯�aDaìJø
'�Eâ [4]. 2009 c 3 �, {I Arradiance úi\
Ù “®²ï�Ñ­.þ1�����Ï��, Ì�
^u�m�Æ!I[S��¥!�ÀEâ±9)
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ÔEâÚ©Û¤ì”[5].

8c�º�àÜÔ1n¡��5�z��E
âïÄ�����. ��K|Ccmu
äk�þ
�!R5Ð!´�­!Ø´äj!¦^Æ·�!
�Ed�$�àÜÔD�1n [6−10]. �©[3d
ó��Ä:þ, ±û¬z�» 500 µm $�Ñà`
ÄZL�`| (PMMA) 1n�å©��, /��(
�1ný���Eó², &¢ï��º�1n¡�
�5�z���{, ¿©Ûï��àÜÔ1n¡�
�D�A�ëê. |^TEâ����º�1n¡
�^u�¶4�¬w«¶��oÚw«¶©�¿
��Ø, äkéÐ�½|A^cµ.

2 1ÆàÜÔ1n¡���E

2.1 ààà ÜÜÜ ÔÔÔ DDD ��� 111 nnn ¡¡¡ ��� ýýý ��� ��� ��� äää
������OOO

·�áÂf[+æÈ{�E�(�1nó
² [11] ��?, |^æÈKÜ��{, òû^$�
Ñ PMMA 1nUì�½5K, æÈ3·�g1�
O��ä¥, ,�\9KÜ, 5�E PMMA/Í�
�D�1n¡�ý��. ã 1 � PMMA æÈ�ä
«¿ã, î�¡X�ã¤«, Ù¥�ä�	�»
� 60 mm, SÜ8>/��»� 40 mm, �ä�Ý
� 50 cm. b�8>/�äS1n�m;�ü�, K
8>/�ä¥1nNþ n �O��{X (1) ª¤
«:

n = 2 × (n0 + n0 + 1 + n0 + 2 + · · · + n0 + n0 − 2)

+2n0 − 1

= 2 × [n0 × (n0 − 1) + Σn0−2
1 i]

+2n0 − 1, (1)

Ù¥ n0 �÷X8>/ý��>��	��1n�
�ê8, n0 ���d�äSÜ>�Ú1n���»
O���.

²O�, ���»� 500 µm � PMMA 1n3
8>/�ä¥�	��ü�ê8 n0 � 41, ò n0 �
\ (1) ª¥, ��8>/�ä�1nNþ n � 4921.

�äSÜî�¡�O¤8>/, ¦1n±8�
æÈü�3�å, ù���¡�±¦1n�m±�
;���ªü�, kér�(�­½5, '�uo
�ü�, ü ¡Èþò¬k�õ���ê; ,��

¡, ¡�ý���8>/à¡òé��(�­½5
Ð��º�©�¡�k|.

ã 1 PMMA æÈ�ä«¿ã (ü  mm)

2.2 àààÜÜÜÔÔÔDDD���111nnnýýý���������������

àÜÔD�1ný�����6§Xã 2 ¤
«.

ã 2 àÜÔD�1ný����6§ã

�
�y3�ä¥|C�üà¡1n3AÛ
þk��éA�'X, Äk�rû^ PMMA 1n
?1.�, ±;�du1n�­
������
 y�u), ü$<�Ï�éD��þ�K�. .
�3·�¢�¿;��O¿ïE�1n.jÅþ
?1, .jÅp 12 m, ´IS8c5����1n
.jÅ. ã 3 �·�g1�O�.jÅ�«¿ã.

31n.��c, ké\9¬S?1�.��×,

�±¬S'À, ,�ò¬S§Ý�½� 70 ◦C, \
9 1 h, ¦¬S�.ZH, ±~�\9L§¥Y�í
é1n�À/. 1n.���§Ý�½d1ná�
�5Uû½ [12]. �©ò§Ý�½� 120 ◦C, ÏL
*	j»¤�»�Cz, ±91n.���¹, Ø
ä/N!§ÝÚVÚ�Ý, ¦1nj»þ!Ø�­.

}�C��VÚ�mÏL�">´�'é, VÚ�
Cz&E�"u}�C�, ¦�}�C��}��
Ç�A/u)Cz, l
��¤I�1n�Ý (50

± 1 cm). .��1n²·>�ØC��Ø·>�,
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d�ÂC�gÄ�Â.

ã 3 .jÅ�Ì�Ü�«¿ã 1 PMMA 1n; 2 �½C�
Ó; 3 >{\9¬; 4 1n; 5 ~�ì (��Ó); 6 �½C�Ó; 7 -
1j»¤; 8 }�C�; 9 ·>�ØC�; 10 1n�Â

¦+?1
·>�Ø?n, ��L§¥�)�
�Ü©��9Ù¦[��,��´Ø�;�/Ê
(31nþ, ¿��3¦}½ö}�L¯
E¤1
n�ÝØþ!y�, Ï
I�?1çÀ!Ø�?n.

çÀ!Ø�L§3�À�¢�¿S?1, ó�<

7L5¿�<9�¸�¥), �X'À�ó�Ñ,

�'À�Ã@, ��Ãþ�hÀ��á31nL¡,

¿���í����½öY�íáN31nL¡.

òçÀ!Ø���1n�à/ü�3ã 1 ¤
«��ä¥, ü���5¿1nüà�éA'X,

Ø�ÑyäjÚÛ��y�. ò1nÅÚW÷�ä,

�������/�\�ä¥, ��ØU2ò1n
�?�ä��, ±¦1n�m;��>, ��L§
�´3�À¢�¿¥?1. |CÐ��ä�3X
ã 4 ¤«��½C�þ.

ã 4 �ä�½C�«¿ã 1 Ïí+; 2 T .ºX; 3 ØCg
+; 4 ý���ä; 5 T ..�

�½C����|¤���mæ^Å��ª
;�ë�, ¦ý���ä+SäkûÐ�í�5,

~�
�ä	Ü�¸é1n�K�. 3dÏí+ 1

5\��í��oe, ò�½C��\\9¬¥,

135 ◦C e\9 12 h, g,e%�, /¤D�1n¡
�ý��. ã 5 �Ñ
3g,e%�������
Ý� 33 cm, �» 4 cm PMMA/Í���(�D�
1n¡�ý���ì¡.

ã 5 PMMA/Í���(�D�1ný�� (33.5 cm, �» 40 mm) (a) 8�(�; (b) lý���à�,�à�D��J;

(c) ý����Ý

054216-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 5 (2012) 054216

2.3 ���ººº���111ÆÆÆàààÜÜÜÔÔÔ111nnn¡¡¡������������{{{
ïïïÄÄÄ

�
&¢�º�àÜÔ1n¡�����{,

·�/��¬�¶4©���{, ò8>/�ü�

¡�ÏL©�Êë3�å, ���¡È�1n¡�.

duý��à¡´8>/, ·��±|^8>/�
5K/G, ÏLk8����©�5�E5K��
º�¡�. ã 6 �|^1n¡�ý��?�Ú��
�º�1n¡��6§«¿ã.

ã 6 �º�1ÆàÜÔ1n¡���L§

Äk, ò1ný��?1°���, ��þÝ
� 2 mm �8>/�ü�¡�. ,�, d���º
�1n¡��/G, é�ü�1n¡�/G9|¤
?1©Û, ¿é����ü�1n¡�?1�g�
�, l¥çÀÑ·�����ü�¡�. ����
L§3�ïÄ¤�1Æ°�\óó�¥?1, �±
é8>/�ü�1n¡��þÝ?1î���, þ
Ý����3 (2 ± 0.01) mm. òçÀÑ��ü�¡
���!�1��, ?1©�!Ê(?n. ©�!
Ê(?n3·��O�7µS?1, 7µ�SÜ¡
È�8I�º�1n¡�¡È�éA, �7µo�
>�mæ^¹Äë�, �
�, 7µ��3ö�²
�þ, .ÜÁkÍ����, ±B3Ê(¤.�ò
¤.�1n¡�<e. 3��ü�¡��m��
>¡þ, æþ¯��z.��ä��ÅJ, 60 ◦C �
z 15 min �, �º��1n¡�=�¤.. ã 7 �
æ^d�{��� 59052 ��©�1n¡��¬
�ÛÜì¡ (ã 7(a)) Ú 59052 ��©�1n¡�
�¬�ì¡ (ã 7(b)).

3 àÜÔ1n¡���Ì�A�ëê

3.1 êêê������»»»

ê��» (numerical aperture, NA) ´L«1n
¡�815U���­�ëê, û½X\��¡�
à¡þ1��\�����. �k�\�31nà

¡þ�1��\���u�½�Ý θm �, 1�â
U÷vS���^�, d1n��àD�,�à.

½Âù��Ý��u��ê��» NA,

NA = n0 · sin θm, (2)

|^ò�½nÚ��½Æ, í�Ñê��»���
1n¡����1ná��m��p'X�

NA = n0 · sin θm =
√

n2
1 − n2

2, (3)

ª¥ n1 Ú n2 ©O�1n�Ú���ò�Ç. ��,

n�Ú����éò�Ç���, NA Ò��, 1n
¡��815U�Ð. �¢�¥æ^�û^ PMMA

1n, n�Ú��©O� PMMA ÚÍ��, ò�Ç
©O� 1.49 Ú 1.36. dd�O�ÑT1n¡��ê
��»� 0.61, θm � 37.6◦, �Ò´`3 37.6◦ �S
�1�ÑU�1n¡��Â, ùéu1n¡���
¬¶;��>�1ÆXÚ, Ä��±÷vEâ�¦.

3.2 ©©©EEEÇÇÇ999111nnn¡¡¡���DDD������JJJ

©EÇ´�1n¡�©Eã�[!�Uå, ©
EÇ�p, D4�J�Ð, ã���ß. 1Æn�¡
��©EÇÌ�d�¤¡��ü�1n��»û
½, æ^8>/ü��1n¡��©EÇúª�L
«�

Rhex =
1√
3d

, (4)

Rhex �8>/ü��1n¡��4�©EÇ, ü
 � lp/mm; d ��¤1n¡��1n�üj�»,
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ü � mm. �¢�¥æ^�û^��1n��»
� 0.50 mm, ²O���1n¡��nØ4�©E
Ç Rhex � 1.15 lp/mm.

ã 7 [^u LCD ©�¶� 59052 ��©�1n¡��¬ì
¡ (a) 59052 ��©�1n¡��¬ÛÜì¡; (b) 59052 ��
©�1n¡��¬ì¡; ���» 500 µm, þÝ 2 mm

1n¡��D��JXã 7 ¤«, l¥�±w
�x�þ�i2y31n¡�þ, �vk?ÛÆC,

D��JûÐ. �du¤æ^�û^1n��»E
,é�, ��¡��©EÇÉ���, éu�º�
ÔN�©EUå�f. �¢�¤���1n¡�Ì
�^u�¶4©�¶�w«þ, *¯3lw«¶�
��/�*ww«¶þ��Ìã�, 1.15 lp/mm �
©EÇ®²äkv
��ßÝ. ��K|ò±dg
&¢ïÄ�Ä:, ?�ÚU?)�ó²Ú�{, â
»5�z)���1n¡�!1I�D�1Æ�
��Eâ¶æ, ?�ÚJp1�¡��©EÇ, ÿ
ÐÙA^��.

4 I/1n¡��ï�

3�¬w«©�¶¥, Ï�k�¬w«ì�>

´�3, ©�¿Y��, K�ã��ëY5. ·��
ÐÚ}Á
Ñ�I/�EÜ1n¡���Eó².

^ 631 �1nü¤8�ý��, K¿�, ��¤á
�, ·�.��, 2ü�9L¿, \9.�, (J�
�
Xã 8 ¤«�äk��½ �ã��EÜ.
1n¡��¬. ù«I/�¡��·�/G��¬
¶|Ü, k�U�ØÏ©�¿�5�w«ã�Øë
Y¯K.

ã 8 23347 (631×37) �����(�1nIéã�� � (a)

��� (b) ���»�Þ� 125 µm, �Þ 75 µm

5 (Ø9A^Ð"

|^æÈ - 9KÜó², òû^ PMMA $�
Ñ1n±8�æÈ��ªü�3g1�O��
ä¥, ��
1ÆàÜÔ1n¡�ý��. æ^�
���º�1n¡��#Eâéý��?1.
�!��!©�, ��
��ê� 59052, ���»
� 500 µm, 4�©EÇ� 1.15 lp/mm �1n¡�
�¬. T�º�¡�éu�º�x¡äkûÐ�D
4Uå. du�¤1n¡��1nüj�»E,�
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�, ©EÇ�$, éu�º�ÔN�©EUåw�
Øv. |^TEâ����º�1n¡��^u�
¶4�¬w«¶��oÚw«¶©�¿��Ø. A

^cµ2,. �ïÄ�|òUY&¢�p©EÇà
ÜÔ1n¡� (�)I.¡�) �5�z�Eó²,

�EÑp5U!$¤��#��1n¡��¬.
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Abstract

Preliminary research on large-size optical polymer image transmitting fiber faceplate is carried out by the stacking-heated fusing

method with commercial low-loss optical PMMA fiber which is arranged in a home-made mold by hexagonal packing. A fiber faceplate

sample with 2 mm in thickness, 500 µm in pixel diameter and 59052 in pixel number, is manufactured by cutting and stitching the

preforms The fiber faceplate sample has a good image transmission capacity. The resulting large-size optical polymer fiber mosaic

faceplate screen has the role that cannot be replaced for large-screen LCD protection and elimination of display seam.

Keywords: large-size, polymer optical fiber faceplate, new manufacturing technology, LCD mosaic screen
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