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Äk��
ØÓ±Ï�/��,�E�¬/àÜÔ1»¿?1-1Ä$¢�, ��
-1ì�N��, (½

-1ì3 574 nm � 685 nm �Ì�pþ�±¢y-1ÑÑ, =-1ìäk 110 nm �m��N���. ��, ÏL§
�¤���¬�§Ý, é±Ï� 610 nm �/��,�E�¬/àÜÔ1»?1-1Ä$, &ÿØÓ§Ýe�ÑÑ-
11Ì, *	��X§Ýd 20 ◦C ,p� 65 ◦C, -1ì�¥%Å�d 627.9 nm ~�� 623 nm, �)
 4.9 nm �Å
�7£.
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1 Ú ó

� E � ¬/à Ü Ô (holographic polymer dis-

persed liquid Crystal) 1»´�«|^�EÍ1�
�{���dL�¬��LàÜÔ��O©Ù/
¤�±Ï5(�, §òàÜÔ`û�ó²A5Ú
�¬á�1Æ5��>/9N�A5�{�(Ü3
�å, Ïdg 1993 cd Sutherland �<��� [1]

��´ISïÄ�9:. �'u���±Ï5(
� [2−5], ù«3V1å�Z�1|¥Í1/¤�1
»äk���{{´!¤�$!´�.z±9`
û�>/9N�A5�`³, Ïd38¤1Æ, �N
�ßº, 1ÏÕ±9²�w«�+�kX2,�A
^cµ [6−13].

Cc5, Nõ�ïó�öm©�åuò�E
�¬/àÜÔ1»A^u©Ù�"ª (DFB) �N
�-1ì+�, ¿���
�
�¤J. 2003

c Jakubiak �<Çkl�k/��Î� 485 ��

¬/àÜÔ��ª1»¥*	�
-1y� [14], �
� Lucchetta �|�éÄu�E�¬/àÜÔ��ª
1»� DFB -1u�?1
�'ïÄ [15]. 2005

c, Hsiao �<�\ïÄ
�\/�Dl`A 580

(pyrromethene 580) ��¬/àÜÔß�ª1»3?
1-1Ä$�Ñy�-1y�, ��
 5 nm �-
1�°Ú 0.3 mJ �-1K�, ¿ïÄ
31»þ
�\ØÓ�	\>|�, -1rÝ�Cz [16]. �
�, 4ó��<��
Äu�E�¬/àÜÔ1»�
$K�!Ä�°-1ì, K�Uþ� 120 µJ, �°
� 1.8 nm, ¿ïÄ
-1rÝ�X§Ý�Cz [17].

3IS, �ïÄ|�éÄu�E�¬/àÜÔ1»
� DFB -1ì�ïÄ(J?1
��, -1�°
� 1.4nm!K�Uþ�� 17.3 µJ, ��cI	�
���', K�Uþk
é�ÌÝ�ü$ [18]. ,
, 8cÿ�k��éÄu�E�¬/àÜÔ1»
� DFB -1ì�Å�N�A5?1ïÄ.
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��[��ïÄ. ÄkÀ^ 4-(��æ`Ä)-2- `
Ä -6-(4- �`RÄ�¯LÄ)-4H- Dì (DCM) �
�-1/�, ��
ØÓ±Ï� DCM �,�E�
¬/àÜÔ1»¿?1-1Ä$¢�, ÏLÿÁ��
�¬�ÑÑ-11Ì, ��-1ì�N��, (
½
-1ì�Å��N���, ¿é¢�(J?1

nØ©Û. ��ÏL§�ì���¬�§Ý, ÿ
Á3ØÓ§ÝeÑÑ-1�1Ì, ÐÚïÄ
Äu
�E�¬/àÜÔ1»� DFB -1ì�Å�9N�
A5, ¿é¢�(J?1[��©Û.

2 ¢ �

2.1 ///������,,,���¬¬¬/àààÜÜÜÔÔÔ111»»»���������

���E�¬/àÜÔ1»�á�NX��
¬/üN�·NX: ýàÔüNÀJd�®À�æ
�|zó�Ek�úi)��V(UÝ���
�`��[U�ZL�| (PDDA, ¿§eò�Ç
� nm = 1.55) Úd Aldrich úi)��Ê(UÝ�
�GÑoUàÄÊZL�| (DPHPA, ¿§eò�
Ç� nm = 1.49), üö±�þ©ê' 1:1 ·Ü; �¬
á�À^�[B[)u��¬k�úi)���
���¬ TEB30A(no = 1.522, ∆n = 0.170, ��
:� 61.2 ◦C), �¬ÚýàÔüNU�þ©ê' 3:7

·Ü; Ó�V\�þ�1ÚuJp4ù (RB)!�Ú
uJ N- �Ä[R� (NPG)!�éJ N- ¯LÄD
l�Ñ (NVP), ±9 1 wt%�-1/� DCM. ò·
Üá�3 40 ◦C e�� 24 h, ¦Ùþ!·Ü.

��/��,�E�¬/àÜÔ1»�, òýà
ÔüN5\�d ITO �>Àæ�¤��¬Ý¥, �
uV1åZ�1|¥?1Í1. Z�1ÀJÑ
ÑÅ�� 532 nm � Nd:YAG ëY-1ì, Í1�
m 10 min, üå1õÇ 3.7 mW/cm2. 3üå�Z1
/¤�Z�1|¥, ýàÔüN3Z��«u)½
�1àÜ�A, l�)LàÜÔ«ÚL�¬«�
G�Oü��±Ï5(�. �¬Ý�þÝ� 9 µm,

d�=Ô��. 1»«���� 8 mm × 8 mm.

2.2 ---111ÄÄÄ$$$999ÿÿÿÁÁÁ111´́́

-1Ä$¢��C�«¿ãXã 1 ¤«: Ä$
1ÀJÑÑÅ�� 532 nm � Nd:YAG �ªóÀ
-1ì, óÀ°Ý� 8 ns, EªÇ� 10 Hz, l-

1ì¥Ñ��-11å²L©åcº BS �©¤1
r���üå1, Ù¥�å1²LÎ¡ºà�/¤
��dÄ�^G1�, 1�º���°� 0.5 mm!
�� 10 mm. ò��Ð�/��,�¬/àÜÔ1
»��3Î¡º�:?��¬eþ, �-11�à
��/��,1»þ�, -1/� DCM áÂ�U
þ�)guË�, uÑF11Ì, DCM �F1u�
Ì3�¬/àÜÔ1»��^e?1Àª!�"�
�, �ª�)©Ù�"ª-1ÑÑ. �â©Ù�"
ª-1ì�ó��n, �)�©Ù�"ª-1A�
÷X1»¥þ��, Ïdò1Ì¤�1n&ÞéO
1»¥þ����±é�)�©Ù�"ª-1?
1¢�&ÿ, ÿþÙ1ÌA5.

3?19N�¢��, I�r�¬��3A�
�\9�þ. \9�d9>ó\9¿d§�¤��
\9�þ�§Ý. �
�y¢�äk�p�°Ý,

3zgUC�¬�§Ý�, I��� 10—20 min �
�\9�þCq��9²ï, ù�¢��¬�§Ý
U
¦�U�§�¤�½�§Ý�±��.

ã 1 -1Ä$¢�99N�¢��C�«¿ã

3 (J9©Û

3.1 ���NNN������������ÿÿÿ½½½

�âV1åZ��n, Z�^«må�dú
ª d =

λ

2 sin(θ/2)
O���. Ù¥ λ L«Z�1�

Å�, θ L«üåZ�1�Y�. 3ß�ª�E�
¬/àÜÔ1»���L§¥, A�Ø¬ÑyàÜÔ
Â éß�1»±Ï�K� [19], Ïd1»±ÏC
q�uZ�^«�må. ù�, ·��±ÏL��
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VåZ�1�Y���Ñ�«ØÓ±Ï��E�
¬/àÜÔ1».

�
ÿ½-1ì�Å��N���, ·�Ï
LN�üåZ�1�Y�©O��
1»±Ï
� 550 nm, 560 nm, 586 nm, 610 nm, 630 nm, 680 nm

Ú 690 nm ��E�¬/àÜÔ1»¿?1
-1
Ä$¢�. |^1Ì¤éÑÑ-1�1Ì?1&
ÿ, ÿ��1ÌãXã 2 ¤«. Ù¥, ±Ï� 550 nm

Ú 690 nm � DCM �,�E�¬/àÜÔ1»3-
1Ä$L§¥vk*	�-1Ñ�. lã 2 ¥�
±wÑ: ��ØÓ±Ï� DCM �,�E�¬/àÜ
Ô1»3Ä$L§¥�)�©Ù�"ª-1ÑÑ
©Ù3 574 nm � 685 nm �°�1Ì��S, =Ä
u DCM �,�E�¬/àÜÔ1»� DFB -1ì
¥yÑ
�~°��N���, �k 110 nm �m.

Ïd|^ DCM �,�E�¬/àÜÔ1»éN´
��Ñ°Å�N�����N�-1ì. I��Ñ
�´: du¢y°Ý���, ¢S��N����
U'¢�¥���(JÑ°�
. 3¢�L§¥,

du¢�^�k�, �����/��,1»�±
Ïm���, Ïdéu1»±ÏÑ�u 560 nm ½
öÑ�u 680 nm � DCM �,�E�¬/àÜÔ1
», �´k�UÑy-1u��.

ã 2 ÄuØÓ±Ï� DCM �,�¬/àÜÔ1»�-11
Ìã

Äu/��,�E�¬/àÜÔ1»�-1ì
äkXd°��N���, ´dá��°�áÂ
ÌÚ°�F1u�Ìû½�. /��, DCM ��
¬/àÜÔ1»�áÂÌ�F1u�ÌXã 3 ¤«,

J��á��áÂÌ, ¢��F1u�Ì. áÂÌ
dF� SHIMADZU úi)�� UV-3101 .b	 -

�� - Cù	©11ÝOÿþ, F1u�ÌdF

� HITACHI úi)�� F-4500 F1©11ÝOÿ
þ. lã¥�±wÑ, �, DCM ��¬/àÜÔ1
»3b	1Ì«±9 600 nm ±e���1Ì«k
�°�áÂ�, á��F1u�� u 520 nm

� 700 nm �m���1Ì«�, äk 180 nm ��
°, ù«°�F1u�A5�´/�-1ì�±¢
y�N�ÑÑ���. 3 520 nm � 574 nm �m
�1Ì«�S, �, DCM ��¬/àÜÔ1»�á
Â��F1u���3X²w��U. 3�U«�
p, �)�F1ò¬�á�#áÂ, Ïd-13
d«�S´éJ�)-1�; 3�L 685 nm �1
Ì«�S, duá��F1u�Ì4Ù�f, 3d
«�S�éJÑy-1. ùÒ´1»±Ï� 550 nm

Ú 690 nm � DCM �,�E�¬/àÜÔ1»3-
1Ä$L§¥vk*	�-1Ñ�����Ï. 
3 574 nm � 685 nm �m�1Ì«�p, á��á
Â�~�f (A��±�ÑØO), Ó�F1u�Ì
�é'�r, �±��v
r�OÃ. Ïd�ù�
ÅãéA�±Ï� 560 nm, 586 nm, 610 nm, 630 nm,

680 nm � DCM �,�E�¬/àÜÔ1»²LÄ
$¢�þUuÿ�ÑÑ-11Ì.

ã 3 DCM �,�E�¬/àÜÔ1»�áÂÌ�F1u�Ì

ÏL���þ1»±Ï3 560 nm � 680 nm

�m��E�¬/àÜÔ1», ¿ÿ½ØÓ±Ï�E
�¬/àÜÔ1»3Ä$L§¥�)�ÑÑ-1�
Å��rÝ, �±£±ÑÄu DCM �,��E�
¬/àÜÔ1»��N��, Xã 4 ¤«. lã¥
�±wÑ: 3ÑÑÅ�l 574 nm � 610 nm �Cz
L§¥, ÑÑ-1�rÝÅìCr��3ÑÑÅ�
� 610 nm ?����. ���XÑÑÅ��O\
~�, ù�y�´duá��áÂÚF1u��
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m�3��p¿�Úå�. 3 574 nm � 610 nm �
m, á��áÂÅì~f, F1u�²{�ã�m
�Or�k�N~f (Xã 3), Ïdá��þf�
Ç¥yO\�ª³¿3 610 nm Ñ����; ��
�XÅ��O\, á�áÂ�~fC��~�ú,

F1u�¯�~f, á��þf�Ç�XÅ��
O\Åì~�. ù�ÒÑy
ÑÑ-1�rÝ�X
-1¥%Å��O\kÅìOr��~f�Cz
ª³.

ã 4 Äu DCM �,�¬/àÜÔ1»� DFB -1ì��N
��

3.2 ---111ÅÅÅ���NNN���AAA555���ïïïÄÄÄ

du�¬á��ò�Çäk`û�>/9N
�A5, ÏdÄu�E�¬/àÜÔ1»�ì�3
>|, 9�	Üe-eéN´¢yN�5U, Ä
u DCM �,�¬/àÜÔ1»� DFB -1ì�Ø
~	.

�â Kogelnik 'u©Ù�"ª-1ì�ÍÜ
ÅnØ [20], DFB -1�¥%Å�÷vúª

λlas =
2neffΛ

m
, (1)

Ù¥, λlas L«Ñ�-1�¥%Å�, Λ L«�
¬/àÜÔ1»�±Ï, m L«Ù.�û�?g (�
¢�¥, m � 3), neff L«0��²þò�Ç. d (1)

ª�±wÑ, DFB -1ì�¥%Å��á��²þ
ò�Ç¤�'. ��¬�½öàÜÔ��ò�Çu
)Cz�, á��²þò�Ç��u)Cz, -1
¥%Å���A�7£½öù£. Ïd, �±æ^
\9��{UC�¬�ò�Ç±9àÜÔ�ò�
Ç, l¢y-1¥%Å��9N�.

¢�¥, À�1»±Ï� 610 nm � DCM �

,�E�¬/àÜÔ1»���¬?1-19N�
A5�ïÄ. |^§�¤N!�¬�§Ý, 3ØÓ
§Ýeé�¬?1-1Ä$¢�, Ä$1Uþþ
� 70 µJ, ¿^1Ì¤&ÿÑÑ-1�1Ì, ���
(JXã 5 ¤«.

ã 5 3ØÓ§ÝeÄ$ DCM �,�¬/àÜÔ1»¤ÿ��
-11Ì

l ã 5 ¥ � ± w Ñ, 3 § Ý l 20 ◦C þ ,
� 65 ◦C �L§¥, ÑÑ-1�Å�l 627.9 nm

~�� 623 nm, �)
 4.9 nm �7£. �)ù�y
���Ï´\9¦�á�NX�²þò�Ç~�.

��¡, �X§Ý�,p, �¬�²þò�Ç��
Åì~� [21], ¿�3��: 62 ◦C ?u)�C, d
���=C���Ó5�, �¬�ò�Çò?�Ú
~�. ,��¡, éuàÜÔá��ò�Ç5`, �
X§Ý�,p�¬¥yÑ�A�~�ª³ [22], ù
���á�NX�²þò�Ç7ò�X§Ý�,
p~�. �â (1) ª�±��, -1¥%Å��á
�NX�ò�Ç¤�', Ïd�X§Ý�,p, -
1¥%Å��ò~�, =¢�¥¤*	��-1¥
%Å��7£.

4 ( Ø

À^ DCM ��-1/�, ò DCM �ýà
Ôá�þ!·Ü, æ^V1åZ�Í1��{�
� DCM �,�E�¬/àÜÔ1». Äk��
Ø
Ó±Ï�/��,�E�¬/àÜÔ1»¿?1-
1Ä$¢�, (½
-1ì3 574 nm � 685 nm �
Ì�pþ�±¢y-1ÑÑ, =-1ìäk 110 nm

�m��N���, ¿���
-1ì�N��
±9-1Ñ�rÝ�-1¥%Å��Cz'X. �
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�, ÏL§�¤���¬�§Ý, é±Ï� 610 nm

�/��,�E�¬/àÜÔ1»?1-1Ä$,

& ÿ Ø Ó § Ý e � Ñ Ñ - 1 1 Ì, * 	 � � X
§Ýd 20 ◦C ,p� 65 ◦C, -1ì�¥%Å�
d 627.9 nm ~�� 623 nm, �)
 4.9 nm �Å�

7£, ¿©Û
¥%Å��7£´d§Ý,pL§
¥á�NXò�Ç�ü$Úå�. ù«#.�.
-1ì��{´!N´¢y�N�ÑÑ, 3-1ÿ
å!²�w«±91ÏÕ�+�kX2,�A^
cµ.
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Abstract

In this paper, we study the wavelength tunable properties for distributed-feedback lasing from 4-(dicyanomethylene)-2-methyl-6-

(4-dimethylaminostyryl)-4H-pyran (DCM) dye-doped holographic polymer dispersed liquid crystal grating. By preparing and pumping

the DCM-doped HPDLC gratings with various grating spacings, we depict the tuning curve of the distributed-feedback lasing and

confirm that only in a range from 574 nm to 685 nm, the lasing action can be observed. Then, we adjust the temperature of the sample

and measure the lasing spectrum from the DCM-doped holographic polymer dispersed liquid crystal grating with a grating period of

610nm. There is an obvious 4.9 nm blueshift from 627.9 nm to 623 nm for the lasing wavelength with the temperature increasing from

20 ◦C to 65 ◦C.

Keywords: holographic polymer dispersed liquid crystal grating, distributed-feedback laser, tuning curve, wave-
length tunable properties
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