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é����¬/���N�-1ì?1
1ÆA5ïÄ. ± 650 nm �¥%Å��O
 SiO2 Ú TiO2 õ��
���1f¬N, ±-1/������¬�·ÜÔ��OÃ0��, ��
Å��N�-1ì. ^ Nd: YAG �
ªóÀ-1ìÑÑ� 532 nm -1Ä$¤���-1ì�¬�ÑXe1ÆA5: -1u�Å��§ÝN���
� 605.5—639.8 nm, �� 34.3 nm, �>ØN���� 634.5—619.5 nm, �� 15 nm. u�-1zóÀ�K�Uþ
� 12.3 µJ, -1�°�u 1 nm.

'�c: �N�-1ì, ����¬, /�

PACS: 42.70.Df, 42.55.Mv

1 Ú ó

�¬�N�-1ì�Ù¦DÚ���-1ì
�', äklCb	�Cù	�°ÅãN���,
¿�Ù��º��!�°ÄÚ1Æ�Çp, ù¦Ù
3ü�¡¢�¿!�Æ�ä!�Ç�Æ�+�ä
k­��A^cµ [1].

gl 1998 c Kopp � [2] ¢�y²
/��,
ÿQ��¬(�¥�-1u���, éõ�Æ[m
©?1ù�¡�ïÄ, y®¤�ISïÄ�9��
Æ��. 2001 c Kopp � [3] ?�Ú�Ñ
-1u
�����Ä$1\����Ã'�o´3²1
Ú^¶���(Ø. Araoka � [4] uy�±l/�
=zó4Ý�kSÝ¥��u��Ç. Petriashvilil
� [5] 3ü�ÿQ��¬�¥mY/��[h·Ü
Ô, ?1
-1ìïÄ. Lin � [6] ïÄ
¹k1�
É�á���1ÞØÚ1�\�ÿQ��¬�N
�-1ì�u�A5.

ïÄöõ´|^ÿQ��¬���1f¬N
A5, 3ÿQ��¬¥�\-1/�, ?1-1u
�9N�A5ïÄ. 3N��ÿQ��¬��¬ò
�Ç��òC�, ��B�°ÝC�Ú���ÝØ


, K�-1u�. �éù�¯K, �©æ^/��
,����¬���õ�0��|Ü, 3u�-1
N��Ø=Ø¬u)B�°ÝÚ���Ý�Cz,
Ó�äkB�°Ý°Ú���Ý$�A:. Ozaki
� [7] éd(�-1u��>N�A5?1
ïÄ,
�?�ÚïÄ
äkàÜÔF1u������
�¬-1ì�>N�A5 [8], IS��d�¡�ï
Ä��. �©X­ïÄ/��,����¬���
�1f¬N"����N�-1ì(�, ±éÐ/
¢y§ÝÚ>|N�A5.
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2.1 ---111ììì���¬¬¬������

-1ì�¬�Ä�À^þÝ� 1.1 mm �Ûk
�z�â (ITO) �>���Àæ, 3Ä�� ITO ý
�OÛ� 8 é SiO2 Ú TiO2 õ��. Ù¥ SiO2 �
ò�Ç n1 = 1.46, þÝ d1 = 111 nm, TiO2 �ò�
Ç n2 = 2.35, þÝ d2 = 69 nm, ü�0��1Æ
þÝ��, = n1d1 = n2d2 = λ0/4, λ0 �¥%Å�,
� λ0 = 650 nm. 3Ä��õ��ýþ!^æþà
zæX (PI) ���, ?1�Þ��?n�, òüÄ
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���Þ��¥�²1ü���Ñ�¬�Ý, |^
�=Ôé�¬�þ?1��.

À^�[B[)u��¬k�úiJø�.
Ò� TEB30A �����¬, ~§eÅ�3 589.3
nm ?�Ï~1ò�Ç no = 1.522, �Ï~1ò�
Ç n e = 1.692, ��:§Ý� 61.2 ◦C. -1/�À
^{I Exciton úiJø� 4- ��Äæ`Ä -2- `
Ä -6-(4- �`ÄRÄ�¯LÄ) -4H- Dì (DCM) .
/�. ò�¬�-1/�U­þ' 100 : 1 ·Ü�
?1¿©��, þ!�5\����¬�Ý¥, /
¤-1ì¢��¬.

2.2 ---111ÄÄÄ$$$¢¢¢���

-1Ä$¢�1´«¿ãXã 1 ¤«. Ä$1
À^Å�� 532 nm �óÀ-1, �;� DCM /�
�n­�|«�A, -1óÀ°Ý=� 8 ns, æ^�
®Y�1>úiJø� Dawa-100 Nd: YAG �ªó
À-1ì, ­EªÇ� 10 Hz, Ä$-1²P~¡�
�¬àßºà��¢��¬þ. ¢�¥�
Bu1
Ì¤1n&Þ�Â�u�1
Ø�Ä$1K�, �
¬L¡{��Ä$1¥� 15◦ �, 1�¡È�� 2
mm2. �1n&Þ�Â�u�1Ìl1Ì¤¥�\
O�Å?1?n.

ã 1 -1Ä$¢�1´«¿ã

¢�¥�úO\Ä$-1õÇ, -1ì�¬¥
�-1/�3Ä$1�ì�eu�F11Ì, �Ä
$-1õÇ�LzóÀ 12.3 µJ �, 3R��¬L
¡�)-1. -1ì�¬¥��¬3É�§Ý½>
|����, �¬�k�ò�Çu)�A�Cz,
��-1ì��n�n�Cz, Ñyu�-1�Å
�£Ä.

2.3 ááá������áááÂÂÂÌÌÌ!!!FFF111uuu���ÌÌÌ999---111uuu
���ÌÌÌ

ò����¬�/� DCM �­þ'� 100 : 1
�·ÜÔ, 5\�vkÛõ���ÀæÄ��Ý
¥, ¦^F� SHIMADZU úi)�� UV-3101 .
b	 - �� - Cù	©11ÝOÚF� HITACHI

úi)�� F-4500 .F1©11ÝO©Oé�¬
�áÂA5ÚF1u�A5?1
ÿþ, ÿþ(
JXã 2 ¤«, �
Bu3Ó��IXeL«, F
1u�ÌrÝ�� 10 �. Ó���
�¬�þÝ
� 4 µm �Ûkõ����¬Ý, æ^ã 1 �Ä$
1´, éÙ?1-1u��ïÄ, (J�Xã 2 ¤
«. �±wÑ, 3 628.3 nm ?k�u�1, �°� 1
nm.

ã 2 á��áÂÌ!F1u�Ì9ì��u�Ì

lã 2 �áÂÌ�±wÑ, ¤^/�é 532 nm
Ä$1áÂ�r, �C 80%, 1|^Ç'�p, Ïd
ÀJdÅ�Ä$��n�. áÂ­�3Å�O\�
P~�é¯, Å�O\� 560 nm �áÂ~��¸�
� 10%, `²�Å�áÂ��. lã 2 �F1u�
Ì�±wÑ, F1u�1Ì���� 550—675 nm
(UF1u�¸� 10% ��), °Ý� 120 nm, `²
d/�'�·Ü^u°N���.

3 ¢�(J�©Û

3.1 ---111ììì���§§§ÝÝÝNNN���AAA555

��
Ýþ� 4 µm �/�-1ì�¬, |
^§�C�é�¬?1§Ý��, ïÄ
u�1
�§Ý�Cz, Xã 3 ¤«. lã 3(a) �±wÑ,
3 25.5 ◦C e, u�¸Ñy3 625 nm NC, �X§
Ý�,p, u�¸Å�ëY�áÅ��£Ä, ù´
Ï�§Ý,p, �¬�k�ò�Ç~�, l
Úå

��n1§~�. �� 28.5 ◦C �O\
#�
�Åu�¸, ù´Ï�d�O\
,�?g�u
�¸. ���X§Ý�?�Ú,p, üÅ�Ó��
áÅ��£Ä, ���áÅ�u�Å��, ��­
#Ñy�Åu�¸. ±þL§�§Ý�,p­E
u), �����¬���:§Ý. Ó��±wÑ,
ØÓ§Ý��u�1rÝ�ØÓ, ù´dOÃ­
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�û½�. ã 3(b) �ØÓ§Ýe�u�Å���
°, lã¥�±wÑ, 3zgÑy�Åu�¸�c,
u�Å��§ÝCq¥�5Cz, ¿�N���
� 605.5—639.8 nm, �� 34.3 nm, u�¸��°þ
$u 1 nm.

ã 3 ØÓ§Ý��u�1 (a) u�11r; (b) u�1�Å�
��°

3.2 ---111ììì���>>>NNN���AAA555

Ó���
�¬�þÝ� 4 µm �/�-1ì
�¬, é�¬�>N�A5?1
ÿþ, ¢�(J
Xã 4 ¤«, Ù¥S�ã�u�Å��>Ø�Cz.
dã 4 �±wÑ, �X>Ø�O\, u�Å��á
Å��£Ä, 3>ØN��� 0—2.86 V S, Å�N
���� 634.5—619.5 nm, °Ý�� 15 nm.

�©¥�²1ü���¬0��-1ìu�
Å��±d©Ùª�"-1ìu�Å�úª��:

λk =
2neff(θ)L

k
, (1)

neff(θ) =
none(

n2
o cos2(θ) + n2

e sin2(θ)
)1/2

, (2)

Ù¥ k ���ê, éuØÓ� k �/¤ØÓ�-1
p�, neff(θ) ��¬�k�ò�Ç, no Ú ne þ´§

Ý�>Ø�¼ê'Xª. θ ��¬©f�ÀæÄ�
�Y�, L �-1ì��nn�, ��u�¬��
þÝ. du-1/��,�'~��, d?�Ñ

-1/�é�¬á�ò�Ç�K�.

�â (1) ª?�Úk

1
λk+1

− 1
λk

=
1

2neffL
, (3)

Ù¥ λk+1, λk � k + 1 � k ?u�Å�, 3§Ý
Ú>ØN��L§¥, XJu�¸÷v (3) ª�ü
Å�þ3OÃ­�S, =�Uu)V­�u�, X
ã 3(a).

ã 4 ØÓ>Øe�u�Å��u�rÝ�'X

3.3 ---111ììì���uuu���KKK���

ã 5 �¢�ÿ��-1ÑÑóÀUþ�Ä$
1óÀUþ�'X. lã 5 �±wÑ, u�-1�
K�Uþ�zóÀ 12.3 µJ, �Ä$1Uþ�LK�
Uþ�-1ÑÑóÀUþ�Ä$1UþCz:ì
O\, O\��zóÀ 120 µJ �, u�rÝ���
Ú. K�Uþ'©z [9] ¥���ÿQ��¬�N
�-1ì�K�Ñ$.

ã 5 u�1rÝ�üóÀÄ$1r�Cz
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4 ( Ø

± DCM /��,����¬��OÃ0�,
�O
 SiO2 Ú TiO2 õ����1f¬N(���
N�-1ì, |^ 532 nm ÑÑÅ��óÀ-1�

�Ä$1, ¼��-1zóÀK�Uþ� 12.3 µJ,
�°$u 1 nm. u�Å��X§Ý,p�áÅ�
�£Ä, 3§ÝCz��� 25.5—48 ◦C �, u�Å
�N���� 605.5—639.8 nm, �� 34.3 nm, >
Ø3 0—2.86 V �mCz�, u�Å�N���
� 634.5—619.5 nm, �� 15 nm.

[1] Alison D F, Stephen M M, Harry J C 2006 Materialstoday 9 36
[2] Kopp V I, Fan B, Vithana H K M, Genack A Z 1998 Opt. Lett. 23

1707
[3] Kopp V I, Zhang Z Q, Genack A 2001 Phys. Rev. Lett. 86 1753
[4] Araoka F, Shin K C, Takanishi Y, Ishikawa K, Takezoe H, Zhu Z,

Swager T M 2003 J. Appl. Phys. 94 279
[5] Petriashvili1 G, Matranga M A, De Santo M P, Chilaya G, Barberi

R 2009 Opt. Express 17 4553

[6] Lin S H, Shyu C Y, Liu J H, Yang P C, Mo T S, Huang S Y, Lee C
R 2010 Opt. Express 18 9496

[7] Ozaki R, Matsui T, Ozaki M, Yoshino K 2003 Appl. Phys. Lett.
82 3593

[8] Ozaki R, Matsuhisa Y, Ozaki M, Yoshino K 2004 Appl. Phys. Lett.
84 1844

[9] Jeong M Y, Choi H, Wu J W 2008 Appl. Phys. Lett. 92 051108

114211-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 114211

Investigation of the tunable laser of one-dimensional
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Abstract
We investigate the optical characteristics of the tunable laser of a one-dimensional photonic crystal (1D PC) containing Dye-doped

nematic liquid crystal (NLC). The dielectric multilayer consisting of an alternating stack of SiO2 and TiO2 layers is used as the 1D
PC whose defect layer is filled with the laser dye and NLC. The central wavelength of the stop band of the 1D PC is 650 nm. A
second-harmonic light of a Q-switched Nd: YAG laser has a wavelength of 532 nm, and is used for excitation. With the temperature
increasing from 25.5 ◦C to 48 ◦C, the emission wavelength of the tunable laser is continuously shifted from 605.5 to 639.8 nm, the total
wavelength shifts is 34.4 nm. With the external voltage increasing from 0 to 2.86 V, the emission wavelength of the tunable laser is
shifted from 634.5 to 619.5 nm, the total wavelength shifts are 15 nm. The lasing threshold was about 12.3 µJ/pulse, and the linewidth
of the emission peak was less than 1 nm.
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