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|^1Æ��Äª-1�úÿÁ²�, ÏL¢�ÿÁ�Ó^�e K9 ÚL�=üa~^1Æ���Ð©�úK
�!�úO�K�Ú�úO�5Æ, é'ïÄ
üa1Æ���Äª-1�úA5. (JL², K9 ÚL�=1Æ�
��Ð©�úK�Ä��Ó, �ú¡ÈO�Ñ�Ì�ê5O�5Æ, �ú�Ý¤�5O�. �üö�úO�A5E
ké���O, �L�=�', K9 -1�úO�K��$, ¿��ÓÏþe�-1�úO���×�, ÏLüa1Æ
á�|Ø5U�ã��ÉéÐ/)º
ù�y�. TïÄ(JéISpõÇ-1C��ß�1Æá�ó§A^k
�~­��ë�d�.
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1 Ú ó

�.põÇ-1C�, X{I�I[:»C
� (NIF)[1,2], {I�î��-1C� (LMJ)[3] Ú¥
I� 1X�C� [4,5], 1Æ��Æ·´Ù�O
ÚïE�­�ó§ëê. põÇ-1C�¥A^
�1Æ��Ì�´�³uÄª (1064 nm) Ún�
ª (355 nm) -1Ëìe, ¿3�Cu1Æ���ú
K��Ïþe$1. 1Æ����N�A½ö´ó
,ug�pÏþÑÑÑ�U��1Æ��-1Ð
©�ú [6,7], �X�Uug-1�Ëì, �ú¯�
O�, �L�.º�ò¬��1Æ��¤«5��
} [8,9]. 1Æ��¦^Æ·Ì��6u1Æ���
Ð©�úK�Ú­EËìe�O��Ç, ÏdïÄ
1Æ����úA5épõÇ-1C���~$
1´�~k¿Â�.

duL�=1Æá��`ûA5, I	�.p
õÇ-1C��ß�á�Ä�ÑÀ^L�=á�,

IS�.põÇ-1C��
ü$ïEd�, Ä
ª1ß�á��Ü©¦^ K9, n�ªß�á�¦

^L�=. ��X-1ìÑÑÏþ�Jp, du K9
���5ò�ÇXê�p, Ø|upõÇ-1X
Ú B È©��� [10], Ü© upÏþÄª1 �
�ß�á�U�L�=. I	'uL�=1Æá�
-1�úA5�ïÄkéõ [6−9,11−13], ¿���

é­��(J,¦�1Æá��|�ú5UÅÚ
Jp, ±÷v NIF pÏþ$1��¦. IS�'ï
Ä�Y²�IS�k�����å, CAcÌ�X
­un�ª-1�úA5ïÄ [14−16], éuL�=
Ú K9 á��Äª-1�úA5ïÄ��. �©Ï
L K9 ÚL�=1Æ���Ð©�úK�!�úO
�K�Ú�úO�¢�ÿÁ,¢�ïÄ¿'�
ü
«põÇß�á���úA5, ïÄ(Jò�põ
Ç-1C�ß�1Æá��À�Jø­��Eâ
]�.
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� spitlight 600 -1ì, §�ÑÑÅ�� 1064 nm!
ÑÑó°� 7 ns,ÑÑ1å� Φ6 mm �²ºpd1
å, ��ÑÑUþ� 600 mJ. Äª1�úA5ÿÁ
1´«¿ãXã 1«, 3��ÑÜ©1^uUþÿ
Á, ßº®àÌ-1, �úÿÁ �3�cC��
 �?, ¡È�� 0.85 mm2, ÿÁ �1|©Ù�
Cpd©Ù. du�¬��L¡�N´�ú, ��
¢�Ñ´ïÄ�L¡�úA5. �ÿ�¬�^1Æ
w�ºé-1�^:G�?1¢�iÿ, ¿ÿÁî
�ºÝ��úO�, ^ HeNe -1ìlý¡\�ý
¡�1��¬, ÏL CCD ¤�XÚÿÁp�ºÝ
��úO�. �
;�\ó�1Ú\"�é1Æá
��úE¤K�, ¤^�¬�\ó�1ÑÀ^Ó�
�[.

ã 1 Äª-1�úA5¢�ïÄ«¿1´ã

3 ¢�(J

3.1 ÐÐÐ©©©���úúúKKK���

du1Æ�����Øþ!5Ú1åDÑA
5�åÏ, �úu)äk�½VÇ, �©é�úK
��½Â´U
¦1Æ���ú���Uþ�Ý
�. ^ N : 1 ÿÁ�ª?1-1�Ð©�úK�ÿ
Á, z�«�ÿÁ 10 �:, �
;��OÏ��K
�, ·�éz�«��Ð©�úK�?1²þ, (
JXL 1.K9 ÚL�=1Æ���L¡�Äª-1
Ð©�úK�Ä��Ó.

L 1 K9 ÚL�=�Ð©�úK�Ú�úO�K�

K9 L�=

Ð©�úK�/ (J/cm2) 25.23 25.29

�úO�K�/ (J/cm2) 4.3 6.3

3.2 ���úúúOOO���KKK���

1Æá�u)�ú�, �XóÀê8�O\,
�ú¡ÈòØäO�. �úO�K�´�1Æ��
u)�úO���$Uþ�Ý.

�¢�3Ð©�úK��Ä:þ, ?1
�ú
O�K�ÿÁ, z�ÿÁ
 10 �:, �
;��O
Ï��K�, ·�éz�«���úO�K�?1
²þ, (JXL 1. K9 �Äª-1�úO�K�é
$, � 4.3 J/cm2, L�=�Äª-1�úO�K�
' K9 p, � 6.3 J/cm2.

3.3 ���úúúOOO���

�
k�µd1Æ���¦^Æ·, 1Æ��
��ú¡ÈO�Xê´���~­��µdÏf.
©z(JL² [17]: �ú¡È�º��ug�O\
¥�ê5ÆO�, L = L0eαN , L0 ��úÐ©¡È,
N �ug, α ��úO�Xê. ·�©Oé K9 ÚL
�=1Æ��?1
�ÓÏþe�ú¡È�ug
Cz�¢�, ïÄÄª-1Ëìeü«1Æá��
�ú¡ÈO�A5,¢�(JXã 2. ã¥IP:�
¢�êâ, Ù¥¢%IP� K9 á�, �%IP�L
�=á� (eÓ), ­�´|^úª L = L0eαN �â
¢�êâ[Ú���. �±wÑ, �ê5Æ�[Ú
­��·��¢�(JÎÜ���Ð, �âTúª
�±��z�Uþe�ú¡È�O�Xê.

é u � ' � � Ó � Ï þêâ ^ � Ó � Î
ÒIP, Xã 2 ¥�¢%� (7.22 J/cm2) Ú�%
� (7.35 J/cm2)!¢%n� (9.71 J/cm2) Ú�%n
� (9.61 J/cm2)!¢%�n� (12.19 J/cm2) Ú�%
�n� (12.67 J/cm2)!¢%Ê( (16.37 J/cm2) Ú�
%Ê( (16.1 J/cm2), ©O�Äª-1ÏþÄ��
Ó��¹eü«á���ú¡ÈO��¹, '��
� K9 á��Äª-1�ú¡ÈO��puL�=
á�. K9 ÚL�=1Æá��Äª-1�úO�
Xê�ÏþCz�'X­�Xã 3, �ÓÏþe K9
á��úO�Xê�puL�=á�, Ó�ü«1
Æá���úO�XêÑ�XÏþ�O\¥�5
O�, K9 á���úO�XêO\��¯.

�g¢��¼�
��Ïþe�ú�Ý�u
gCz�êâ, ïÄÄª-1Ëìeü«1Æá�
��ú�ÝO�A5. ã 4 �ØÓÏþ�Äª-1
Ëìe K9 ÚL�=á��ú�Ý�Ëìug�C
z�¹, dã��, Äª-1Ëìe K9 ÚL�=á
��ú�ÝÑÄ��Ëìug¤�5O�, Ó�Ï
þe K9 �ú�ÝO�Ñ¯. lã¥�±wÑ�ú
�ÝO��Çk²w�=ò:, �ú¡ÈO��Ó
�kù�=ò:, ¿�p�éA, Xã 5 Úã 6, ©
O�ÓÏþ-1Ëìe K9 ÚL�=á��ú¡È
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Ú�ú�Ý�O�. T=ò:c�ú¡ÈO��Ì
�ê5O�5Æ, �ú�Ý±�½��ÇO�; =
ò:���ú¡ÈO�C�, 1��ãm©, 3­
½�Ïþe�ú�Ýò±­½��ÇO�. du�
k=ò:c��ú¡ÈO�ÎÜ�ê5O�5Æ,
ã 2 ��ú¡ÈO�êâ¿Ø´·�¢�¥��
Üêâ, 
´=ò:c�êâ.

ã 2 ØÓÏþ�Äª-1Ëìe K9 ÚL�=1Æá��ú
¡È�Ëìug�Cz�¹

ã 3 K9 ÚL�=1Æá��Äª-1�úO�Xê�Ïþ
�Cz

ã 4 ØÓÏþ�Äª-1Ëìe K9 ÚL�=á��ú�Ý
�Ëìug�Cz�¹

4 ©Û?Ø

lþ¡©Û�±wÑ, K9 ÚL�=1Æ��
�Ð©�úK�Ä�´���, 
üö��úO�
K�Ú�úO�A5�O%é�. Ð©�úK��
�,´Ï�üa1Æ��À^�Ó�L¡�1Eâ,
ÏdÚ\Óa�\ó"�, ù
"��U¬��
1Æ���úK�ü$�ê©��$�ê�©�
� [18−20], ´pu-1�ú�Ì�Ï�, Ïd¦+
á�ØÓ, Ð©�úK����.

�ú��m©, �Uug��úÌ�û½u�
ú«é-1Uþ�áÂÚá��|p§pØUå.
du1Æ���ú«��N´ÍÜ-1Uþ, Ïd
�úO�K���$u1Æ���Ð©�úK�.
�Uug�5�,Äk´-1�ú«áÂ-1Uþ
/¤ÛÜp§, ���½§Ý�)�lfN, ù�
�m�A�� ps. d�´-1{óÀ��lfN
ÚÀÂÅ��^, é�L¡5`, du�lfNé
-1����^, 1Æ���L¡�È�UþO\,
Ó��lfNáÂ{óÀUþ)ä3�L¡Úå
�r�ØåÅ, �ª��1Æ���ú�¥�ê5
Æ¯�O�.

du K9 á�ÚL�=á��)äXê©O
� 7.6×10−6 K−1 Ú 5.5×10−7 K−1[21], ����

üa1Æá��|Ø5Ukã���É, �=À
æ�|ØrÝ� 3 GPa , |.rÝ� 0.5 GPa[22],

 K9 Àæ�|.rÝ�k 0.028 GPa, |ØrÝ�
k 0.69 GPa[23]. �´ù��É, �� K9 á��ú
O�K�'L�=�$, ¿��úO���×�.
�±ý�3ëYóÀ-1Ëìe, K9 1Æá��
Æ·��$uL�=á�, dupõÇ-1C�¥
�ú1Æ���O�I��þ��mÚ7a, ù�
U´I	�õÇ-1C�ØÀJ K9 ùa1Æá�
��Äª1ß�����Ï��.

dã 5 Úã 6 �±wÑ, üa1Æ����ú
O�Ñk��²w�=ò:, T:c�ú¡È¥�
ê5O�, T:��ú¡ÈO�¯�eü, �ú�
ÝO��Ç�C�ú. /¤ù�=ò:��Ï3u
¢�¤^-1äk�½�», ��ú«��L-1
�^«�, 1Æ����ú¡ÈO�òÅÚC�,
��Ê�, 
�ú�Ýò±ð½�ÇO�. épd
1å5`, A½Ïþ (U�ú1Æ��) �«���
ò�X¸�Ïþ�O�
O\, Ïd, ¸�ÏþO
\¬Úå�ú¡È�O\. du K9 á��ä�A
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å��, Ïd�Ó�õug-1Ëìe, K9 �ú�
¡È��uL�= (�ã 2 ¥�êâ).

ã 5 9.71 J/cm2 Äª-1Ëìe K9 á��ú¡ÈÚ�ú�
Ý�Ëìug�Cz�¹

ã 6 9.61 J/cm2 Äª-1ËìeL�=á��ú¡ÈÚ�ú
�Ý�Ëìug�Cz�¹

5 ( Ø

K9 ÚL�=üapõÇß�1Æ���úA
5�é'ïÄL², üa1Æ���Ð©�úK�
Ä��Ó (�� 25 J/cm2), �úO�K��O��,
K9 ÚL�=©O� 4.3 J/cm2 Ú 6.3 J/cm2. 3ÿÁ
-1�k�¡ÈS, üa1Æ����ú¡ÈÑ�
Ì�ê5O�5Æ, �ú�Ý¥�5O�, ��Ó
Ïþe K9 �-1�úO���×�, ·�ÏLü
a1Æá�|Ø5U��É)º
ù�y�. du
ÿÁ-1¡È�k�5, -1�ú¡È���½¡
È�òØ2O�, �úuÐL§òk��=ò, d
���úÌ�Ny3�ú�Ýþ, 3­½Ïþe�
ú�Ýò±�½�Ç­½O�.

dupõÇ-1C��DÑ1å��º��
²ºpd1å, �ú��º���u1å, Ïdò
:c�êâ��^uý�C�¥��»1Æ��
��úO�. �©�ïÄ(JL²��u)�ú,
3�UugóÀ-1Ëìe,K9 1Æ���Æ·�
�$uL�=á�, ù
êâòépõÇ-1C�
ß�1Æá��ó§A^kX­��ë�d�.

a�¥Ió§ÔnïÄ�-1àCïÄ¥%¨uÚ±
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Experimental comparison of damage performance
induced by nanosecond 1 ω laser between K9

and fused silica optics∗

Liu Hong-Jie Wang Feng-Rui Luo Qing Zhang Zhen Huang Jin Zhou Xin-Da
Jiang Xiao-Dong† Wu Wei-Dong Zheng Wan-Guo

( Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang 621900, China )

( Received 11 July 2011; revised manuscript received 19 August 2011 )

Abstract

The initial damage threshold, the damage growth threshold and the damage growth laws of K9 glass and fused silica glass

are tested respectively in the same experimental condition with 1ω nanosecond laser. The comparison of the laser induced damage

performance between the two glass materials is performed. The results show that the initial damage thresholds of the two glass

materials are the same, the damage area growths both obey the exponential increase rule and their damage depth growths obey the

linear increase rule. However, there is apparent difference in the rule of damage growth. For example, the damage growth threshold

is lower and the damage growth coefficient is higher for K9 glass. This can be explained by the difference in the material mechanical

strength between the two glass materials. The present research is very important for choosing transparent optical materials used in high

power laser.

Keywords: laser damage, fused silica glass, K9 glass, 1ω
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