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æ^U?�zÆí��È{Úí���·Ü�,Eâ����»�Q�=1ný��, ±d��kn��
�
n��»� 90 µm ��QV��1f¬N1n, n�|©�Q¾���. V��1f¬N1n��|¡È
� 1330 µm2, n�ê��» 0.065, ��ê��» 0.5. Äg¢y
I��Q1f¬N1n�põÇp�Ç-1ÑÑ,

1 m ��1f¬N1n-1ì¢y 102 W -1ÑÑ, �Ç�Ç 76%.

'�c: �QV��, 1f¬N1n, �|¡È, 1n-1ì

PACS: 42.55.Wd, 42.81.Bm

1 Ú ó

QäkU?(�{ü!-u�e�F1Æ·
�!Ä$Å��-1ìó�Å�m�þf"�
��`³, �=Ä��1näk4p��úK
�, ¤±�Q�=1n�2�^u���«põ
Ç�1n-1ìÚ��ì. �, ó�3 1.0 µm
� 1.1 µm Å���S�ëYÚóÀ�Q1n-
1ìÚ��ìäk4��¢^5Ú2,�A^c
µ, �)á�\ó!-1Éì!)Ô1ÆÚ�Æ
� [1−4]. �XõÇ�Øä�,, du��5�A!
Ñ9!-1�ú�¯K, DÚ1n-1ìÚ��ì
õÇ�?�ÚJ,É���. �Q1n�1f¬N
1n (photonic crystal fiber, PCF) �O�(ÜU;
�ù
¯K, �U´?�ÚJ,õÇ��k��å
». PCF �DÚ1n���`³3uÙ(��O
�(¹5, ÏLén�±��í�º�9ü��ª
��O, �¢y��5!ÚÑ!Vò��A5��
� [5−7], �5U´u8¤z.

�í����|¡È PCF ´ÏL3��¥Ú
\���í�, �¢y1n��ê��»pu 0.6,
lâ»ÊÏ1n¥��ê��»��� 0.46 �

��, �æ^�í���	��k|u-1ìÑ9,
;�
$ò�ÇàÜÔá��p§�ú. ÏLn�
±���í��»!��í�må��O¢y1
n���|¡È!ü�Ã��!���»�A
5. ù«(���O4�/O\
1n�ÍÜ�Ç,
k�/~�
1n���Ñ, ü$
1n¥��
�5�A. �í����|¡È PCF ��O��Q
n�(Ü, 4�/J,
�Q1n��O(¹5.
IS�mÐ
�Q1f¬N1n£�-1ì�¢
�ïÄ [8], �ÙØ%á� —— �Q PCF �6u?
�1n, ÏdïÄ�?ÐÚ�\É�
�����.

¢��O��
V����|¡È�Q PCF.
ÏL�5��n(���ï, Äg¢y
I��
Q PCF �põÇ!p�Ç-1ÑÑ, Ù�Ç�Çp
� 76%. (Ü¢�(J©Û
 PCF ¥�í�"�
é��Å��K�±9n��,'~éÄ�k�
�|¡È�K�.

2 1f¬N1n��O

æ^��·Üc>/!:�n�/ü��k
��{(Ü�{���é PCF ?1�[ [9−11]. 1
n�AÛ(�Xã 1 ¤«: �í��»� 2 µm, �
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í��»��í�må�'9Ó�'� 0.15. Ø�
Ä0��ÚÑA5, �=ò�Ç nsilica � 1.45; n�
ò�ÇOþ ∆n � 0.0013, ���/�,; �í�
ò�Ç nair � 1.

� � � �� � � � � �
� � �
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� � �

� � � � � � � � �� � �� � �� � �� � �� � �
ã 1 1f¬N1n�[AÛ(�ã

éuò�Ç� n �0�ó, l Maxwell �§
Ñu, ��¥þÅÄ�§:

∇× (∇× E) − k2
0n

2E = 0, (1)

ª¥, E �>|rÝ¥þ, k0 �ý�¥�Åê,
k0 = 2π/λ.

�Ä�1näkp�²£ØC5, E ��L
ã� E = E (x, y) exp (−iβz), E (x, y) �1nî�
¡�|©þ, β �DÂ~ê. æ^�·Üc>/!
:�n�/ü�é1n�à¡?1lÑz, ù«
ü��±°(/�[�/�í���>., k�
/;��). ÏLà¡lÑ¿�\ (1) ª¼���
��§: (

[A] − k2
0n

2
eff [B]

)
{E} = 0, (2)

ª¥, [A] Ú [B] �k��Ý
, {E} ��ª�lÑ
z>|rÝ, neff ��ª�k�ò�Ç.

ù�¥þÅÄ�§C¤IO����¯K, Ï
Lê�¦), ��1n��|©Ù9�A�k�ò
�Ç, ?é1n�5U?1�[©Û. �
�\
�CO�«�qØK�O�(J, ò��É5�
{���A^uO�«��	Ü>..

k��|¡ÈO�úª�

Aeff =
(
∫∫

S
|E|2dxdy)2∫∫

S
|E|4dxdy

, (3)

ª¥, E �1nî�¡þ>|¥þ, S L«1n�
��î�¡.

ã 2 ¥w«�´ PCF kn��gO� 1
�!7 �!19 �!37 �!61 ��í��1n(�
éA�Ä�k��|¡ÈÚ��5Xê [12]. lã
¥�±wÑ, O\kn�O���í��ê�±
wÍ/O�Ä��k��|¡È, ü$��5Xê.
�Ä�k��|¡ÈO���½§Ý�, éü$
��5Xê�JØ²w. Ïdæ�O� 37 ��í
��(�����|k PCF.

� � � � � � ��� � � �� � � �� � � �� ��� ����� 	
� �� � � ����
ã 2 O��í��êé1nÄ�k��|¡ÈÚ��5Xê
�K�

3 �Q1f¬N1n���

æ^U?�zÆí��Èó² (conventional
modified chemical vapor deposition, MCVD) Úí�
��·Ü�,Eâ����»�Q�=1ný
�� [13,14],  �í¨� 1 : 10 �Åí : �í·
Üí¨. n�|©�¾Q���, �,ßÝ©O
� 0.45 mol%, 0.12 mol%, 0.2 mol%, QÏL���
,�ªÚ\, M�� 1 : 10 �¯U : í�·Ü�.
¾!�ÏLí��ÈL§Ú\. k1ný���
��.�, ?1°�Å�\ó, ¢y�,«�¡È
Óoý���¡¡È� 60%, = 60%���'��
�, ����/. PCF æ^æ.{��. f[+æÈ
�.�, ^��O�¥%9n�f[+, � 37 �f
[+. ��²@��!.j!æC, ��¤V��
k PCF[15]. .j�Ý� 7 m/min.

4 1nÿÁ9(J©Û

ÏL1n©Û¤ EXFO NR-9200 Ã�uÿ1
ný���»�ò�Ç¿¡©Ù. EXFO NR-9200
�ò�Ç©EÇ� 10−4, ÿþØ(½Ý� 0.001.
ÿÁ3~§e?1. ÏLF�Fáúi×£>f
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w�º X-650 uÿ1nà¡/G. X-650 �©EÇ
� 60 Å. ÿÁ3~§e?1.

� � � � � � � � � ��� � � � �� � � � �
� 	 	

ã 3 1ný���ò�Ç¿¡ã

1f¬N1n-1ìæ^�{ü��5��
n(��ï. O�à�æ^ 1 : 1 ¤�XÚ, ßº�
»� 40 mm, �å 72.87 cm, Û 976 nm pß 1064 nm
p��. 1nà¡R���, 1n�àà¡ 4% Fres-
nel ��Ú1n,�àp���Úº�¤��n.
æ^üàà¡Ä$�ª, "� Nlight úi���
N-1ì, ��õÇ 400 W, ó�Å� 976 nm, ÑÑ
1n�»� 200 µm, ê��»� 0.22. æ^YeC
�, ��-1ìó�§Ý� 18 ◦C.

4.1 òòò���ÇÇÇ¿¿¿¡¡¡©©©ÛÛÛ

ã 3 �Ñ
�Q1ný���»�ò�Ç¿
¡©Ù. ~51ný���k�,«��»�

� 1.2 mm. �����»1ný��, æ^õ4�
È��ª, ¢yk�,«���»� 3 mm. ÏL
°(��í��,L§¥\9§ÝÚíN6þé
¾Ú��,ßÝ?1��, N!ò�Ç©Ù/G.

4.2 111fff¬¬¬NNN111nnn///mmm©©©ÛÛÛ

ã 4 �Ñ
�í����|¡È�Q PCF �
×£>ºÿÁ(J. ÏL×£>ºì¡meà�
'~º��±O�Ñ PCF �äNëê: n��
»�� 90 µm, �í��»�� 2 µm, Ó�'�
� 0.15; S���»� 300 µm; �í�xê� 76
�, x°�� 630 nm, x��� 28.5 µm; 	��
�»� 500 µm. (Üò�Ç©ÙÿÁ(J, �[
¼� PCF ��|¡È�� 1330 µm2, n�ê��
» 0.065, ��ê��» 0.5. PCF ��|¡È�u
�O�[(J, ù´duý��\ó��'�u 1.
Ä�k��|¡È���'�O\¥�ê.O�,
Xã 5 ¤«. Ïd\ó�p��'~���, òk
|u1n¢y���k��|¡È.

4.3 ---111555UUU©©©ÛÛÛ

ã 6 �d�í����|�Q PCF �ï�-
1ìXÚ�Ç�Çã. Ä$õÇ� 10 cm �á1n
I½�\nõÇ, -1õÇ� 1.08 µm Å�?�-
1õÇ. -1ì�p¢y 102 W -1ÑÑ, �Ç�
Ç� 76%. lã 6 ¥�±wÑ, 3�cz�?õÇ
ÑÑ��¹e, �*ÿ��Ç�Ç�ü$. Ïd?
�ÚO�Ä$õÇ, 1n-1ì�±¢y�põÇ
�-1ÑÑ.

800 5.0 kV 10.4 mmT150 SE(M) 300 mm 800 5.0 kV 10.4 mmT3.00 k SE(M) 10.0 mm

(a) (b)

ã 4 (a) 1f¬N1nî�¡×£>ºã; (b) �í��×£>ºã
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� � � � � � � �� � �� � � �� � � �� �	
 � �  � � �� � �� � �� � �� � � ��� ��� � �� �����
ã 5 n�¥�,«�¤Ó'~é1nÄ�k��|¡ÈÚ�
�5Xê�K�

ã 7 ��Q1f¬N1n-1ì-11å�
rÝ©Ù, lã¥�±wÑ-1ì�õ�. éu"
� 37 ��1n(�, vkÃ��ü�A5 [16,17],
�=B´n���,�^�e�¢y1nü�

DÑ, Òy3���ó²ó��~(J. ÏdI
�æ���7½Ù¦�ª��Eâ, Jp-1ì
1å�þ.

� � � � � � � � ��� �� �� �� �� � ��� 	 

� � � 

ã 6 põÇ�Q1f¬N1n�-1A5
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ã 7 (a) -11å31¶þ�1�üCã; (b) -11åî�¡rÝ©Ù

5 ( Ø

�©��
V����|¡È�Q PCF, ¿Ï
L�5��n(���ï, Äg3IS¢yV��
�Q1f¬N1n-1ì, T-1ìäkp��Ç
�ÇÚÑÑõÇ. (Ü¢�(J©Û
\ó1ný
����'é PCF Ä��|¡È�K�, p°Ý\

ó�����'k|uO� PCF ��|¡È. ��
�|¡È¿�X1n�¢y�p�-1õÇÑÑ.
,ù«(���O���
1å�þ��z, I
æ^�ª��Eâ`z1n-1ì�1å�þ.

a�þ°1Å¤ÚU9�Æ�¯¢�¿3�'ÿÁ�

¡��Ï.
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Abstract

The Yb3+ doped double clad photonic crystal fiber (PCF) with a large core of around 90 µm in diameter is prepared from SiO2-

Al2O3-P2O5 core glass of an optical fiber preform through a conventional modified chemical-vapor deposition technique, solution

doping and gas doping. The double clad PCF has a mode area of about 1330 µm2. The core and inner cladding have numerical

apertures of about 0.065 and 0.5, respectively. 1 m long photonic crystal fiber laser generates up to 102 W output power with a slope

efficiency of 76%. Such lasers are potentially scalable to high power.

Keywords: Yb3+ doped double clad, photonic crystal fiber, mode area, fiber laser
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