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1 Ú ó

duÉ-Ùp�Ñ� (SBS) äk� �ÝA
5, U
�Ø1DÑL§¥�� ÆC, Jp1
å�þ, Ïdõc5 SBS � �ÝÉ�2�ï
Ä [1−6]. �þïÄL², 0�1ÆÂBy�é SBS
A5ké��K�, Jp0�1ÆÂBK�´ SBS
� �Ýº3põÇ-1XÚ¥A^�­�cJ
^�. Ø
0����zÆA5�	, ,��â´
K�Ù1ÆÂBK��­�Ï�. e�N SBS 0�
¥�3��?,��â�, 3\�1�0��p�
^«�S, 0�á��(�"�½,�á9¤�9
�È�Ì�Ï�. Ï~, ,��â�0�á���
äkØÓ�9D�Xê, �Ä$1ì��, ,��
âáÂ1Uþ, §Ý×�,p, ¿ÏL9D��o
±Ñ9. e9È\�^ru9*Ñ�^, UþØä
�È, �7,��â±�/¤p§pØ�9ì, �
%§Ý��,��.��, B¬±>l½�� (�
�â�»�½ðz) �ªº�õ{9þ [7], =u)

1ÆÂBy�, ?
K� SBS � �Ýº�� �
ýÝ9Uþ��Ç�5U [8−12].

�©ïá
 SBS 0�¥9�^»��Ôn�
., ¿ê��[
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�», 0�¤¹�â�º�3d�»NC�, 0�
�N´u)1ÆÂBy�, Ù1ÆÂBK��$.
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óÀm��mS, Ëì�m4á, �±�Ñ0�9
Ô5ëê��m�Cz. �áóÀ-1ËìÔN�,
du�^�má, 9*ÑºÝ'-1Ëì�»��
õ, î�9D��±�Ñ, áóÀ-1��Nq�
�p�^L§�±^��9D�nØ5?n [13].
Äuþãb�L§, �±é9�ú�)�L§ï�
�[.

^ I L«Ä$1r, ω L«Ä$1ªÇ, K L
«9�Ç, ρ �0��Ý, C L«'9N, d9åÆ
�'�£��, 0��9*ÑXê χ Ú1ÆáÂX
ê α ÷vXe'X:

χ = K
ρC ,

α =
−12nCωz

c · Im
(

n2

ε + n2

) ,
(1)

ª¥, n �ò�Ç, ε �0>~ê, c �ý�¥1�.
òÄ$óÀ�Ëì�ãÚËì��9*Ñ�ã�
å?1?Ø, �±�� SBS � �Ýº¥0��9
D��§ [14]:

∂T1

∂t
= χ1∇2T1

=
K1

ρ1C1

1
z2

∂

∂z

(
z2 ∂T1

∂z

)
z > r, t > 0, (2)

ª¥, z �,��â�»��Ý, r �,��â
��». b�,��â�0���.?§Ý�

� T 1 = T 2 (eI 1 �L0�, eI 2 �L,��
â), þ^ T L«, �@�0�Ð©§Ý T 0 �	.
�¸§Ý�Ó, ¦)�:

T (z, t) = T0 +
2rT ′

zπ1/2

×
∫ ∞

0

{
1 − exp

[
− t

τ

(
1 − β2

µ2

)]}
× exp(−µ2)dµ. (3)

|^>.^� z = r, �\��:

T1(r, t) = T0 + T ′ [1 − exp (−t/τ1)] , (4)

T2(r, t) = T0 + T ′ [1 − exp (−t/τ2)] , (5)

Ù¥ β = (z−r)
√

4tχ1, τ1 =
r2ρ1C1

3K1
, τ2 =

r2ρ2C2

3K1
,

T ′ =
αrI

4K1
.

e�� SBS 0�9,��â��'ëê (X
L 1 ¤«), B��� SBS L§¥Ä$Ëì�^
e0��9È\�¹. ©O±~^� SBS �N0
� FC-72 Ú�N0�K�=Àæ�~, Ù¥ FC-
72 ¥�,�õ�µCL§¥�2�, 
K�=À
æ (SiO2) ¥�~��,�� Ti lf, õ±�zÔ
/ª�3, = TiO2. ,��â�º�þ3 nm ?O,
�� 300 nm. b�-1óÀ°Ý� 8 ns, Uþ�
Ý 8 J/cm2, K1r� 1 GW/cm2. �âL 1 ¥¤�
Ñ�êâ�, ã 1 �[Ñ,�§Ý�X,�âf�
»Cz�'X.

L 1 �'0��Ônëê [15]

ò�Ç �Ý/kg·m−3 áÂXê/cm−1 0>~ê '9N/kJ·kg−1·K−1 9D�Xê/W·m−1·K−1

FC-72 1.25 1680 10−5 1.75 1.1 0.057

SiO2 1.46 2210 10−4 3.75 0.89 1.380

TiO2 1.33 4260 0.036 180 0.711 1.809

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

ã 1 ,��â§Ý�Ù�»�Cz­�

�
¼�ÊHA^¿Â�nØ(J, ·�}Á
^,��â���A5�L«Ù��9�^�».
ò�§ (5) �mü>Ó�é�» r ¦�:

dT2(r, t)
dr

=
αI

4K1

[
1 −

(
1 +

8Dt

r2

)
× exp

(
−4Dt/r2

)]
, (6)

b� D =
3K1

4ρ2C2
, x = 4Dt/r2, K�§ (6) �{z�

dT2

dr
=

αI

4K1

[
1 − (1 + 2x) e−x

]
. (7)

d�§ (7) ��äkÊH¿Â���9�^�
». ã 2 �Ñ
0�á������9�^�»,
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� � �� � �� � �� � � �� � � ��� � � 	 
 �
� � 
 � � � � � � �

ã 2 0�á��§Ý�Ù,��â�»�Cz

=é�½�ó°, ,�k���N´�\9�º�,
�3 r/2

√
Dt = 0.9 ?. ­�3 r = 2

√
Dt c×�

þ,, 
��Åìeü. l÷*9D4L§5ù, �
»���,��,éN´�\9, �9D�é¯,
Ø´È\-1Uþ¦§Ý,p; 
�»���½�
���, 9D��±�Ñ, �»��, 9D�¡È�

�, DÑ�Ý�¯, Ó�,�,§I��9þ�õ,
§Ý,p�Ø²w. ¤± r/2

√
Dt > 1 �, ,�§

Ý²wü$.

3 ¢�ïÄ

¢�C�Xã 3 ¤«. Continuum Nd: YAG «
f5\-1ì�)� s  �1ÏL 1/2 Å¡C� p
 �1, p  �1² 1/4 Å¡�C¤� �1, ²
L©åº (BS) �\�� SBS XÚ¥. SBS XÚ
d SBS ³Úßº|¤, \�1Äk�ßºà��
��³¥�) SBS �^, ¿�) Stokes 1. �)
� Stokes 1ÏL 1/4 Å¡�C� s  �1, ¿�
 �¡ P ��.  �¡ P Ú 1/4 Å¡|¤�lì,
���� Stokes 1?\ YAG -1ì. ¢��ké
©åº©1'?1I½, ,�ÏL 1/2 Å¡N!
\�1Uþ, ^UþO MIN-E1000 Ó�iÿ\�
1!Stokes 1Úß�1�Uþ.� � �� �� � � � � � � 	 
� 	� 
 � � � 
 � � �� � �� � � � � �

ã 3 ¢�C�«¿ã

¢��Ä$1ëêÅ�� 1064 nm, ­EªÇ
� 2 Hz, óÀ°Ý� 7.6 ns, uÑ�� 1.29 mrad, ß
º�å� 15 cm, SBS ³�� 40 cm. �©æ^ He-
Ne -1ß�11�Cz5�ä´Äu)1ÆÂB
y�. ^ He-Ne 1R�ì� SBS 0�³ý¡�:
?, ^ CCD uÿß�11�Cz, ¿�â1�Cz
5�ä0�¥´Äu)
1ÆÂBy�, Xã 3 ¤
«. He-Ne -1ì�©1� (=��� SBS 0�³
�c�1�) ´��Cq�/1�, Xã 4(a) ¤«;
�0��u)1ÆÂBy��, ßL SBS 0�³
��� He-Ne 11�ØÑy^«Gy� (du SBS
0�³����Î/(�, Ïdlý¡ßL�1�
�»�.�, ¥yÑ
ý�/), Xã 4(b) ¤«; ,

�0�u)1ÆÂB�, ßL SBS 0�³��

� He-Ne 11�Ñy²w�^«Gy�, X 4(c) ¤
«, ù�U´u)1ÆÂBy��0�¥¬ÑyÅ
Ä¤���. T�{äk�B!O(�A:, ¿�
±¢y¢�iÿ, �±ÚSú*ÿ{(Ü¦^.

8c5UûÐ� SBS 0�´�Í%Ú�Í
à�X�zÜÔ, �©À^zÆ(�ØÓ� FC-
3283, GF-180 Ú HFE-7100 n«0�?1
ïÄ.
FC-3283 ´ � Í X, Ù © f ª � (C3F7)3N; GF-
180 ´ � Í à �, Ù © f ª � CF3-[(O-CF-CF3-
CF2)n-(O-CF2)m]-O-CF3, Ù¥ n, m L«©fó
� Ý � g , ê; HFE-7100 ´ Ü © Í � � �, Ù
© f ª � C4F9OCH3, L 1 � Ñ 
 Ù � ' Ô n
ë ê [16−20]. ^ M J L È ì (� » © O � 0.1,
0.2, 0.45, 0.65 Ú 0.8 µm)[10] ©Oé FC-3283, GF-
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180 Ú HFE-7100 n«0�?1LÈ, ,�ÿ½

 Ù 1 Æ Â B K � (½ Â � 0 � S Ø Ñ y 1

ÆÂBy����p\�1õÇ�Ý�Ñy1Æ
ÂBy����$\�1õÇ�Ý�²þ�).

(a) (b) (c)

ã 4 He-Ne -1ì1�Cz«¿ã (a) He-Ne -1ì�©1�; (b) �u)1ÆÂB�ßL SBS 0�³���1�; (c) u)
1ÆÂB�ßL SBS 0�³���1�

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

ã 5 ØÓ0��1ÆÂBK��LÈ�»Cz�¢�­�

ã 5 ´±þn«0��1ÆÂBK��L
È � » C z � ¢ � ­ �. l ã � ± w Ñ, � X
LÈ�»�C�, 0�1ÆÂBK�ÅìJp.
Ù¥ FC-3283 0��1ÆÂBK�JpÌÝ�

�, d 70 GW/cm2 J p � 180 GW/cm2; GF-180
Ú HFE-7100 0��1ÆÂBK�JpÌÝCq,
Ñd 70 GW/cm2 Jp� 140 GW/cm2 �m.

ã 6 ´ FC-3283, GF-180 Ú HFE-7100 n«0
�3LÈ�cÚLÈ�� (�»� 0.1 µm) � SBS
Uþ��Ç�\�1UþCz�¢�­�, Ù SBS
ëêXL 2 ¤�. lã�wÑ, LÈ�c, �\�
1Uþ�u 100 mJ �, n«0�k�m©Ñy1
ÆÂBy�, �X\�1Uþ�O\, Uþ��
Çm©×�eü, �ÅÄ�é��, �pUþ�
�Ç=� 40%—60%. LÈ��, �\�1Uþ�
u 300 mJ �, GF-180 Ú HFE-7100 âm©Ñy1
ÆÂBy�, �X\�1Uþ�O\, Uþ��Ç
m©�úeü, �ÅÄ��, �pUþ��Ç��

 70%—80%; �\�1Uþ�u 450 mJ �, FC-
3283 âm©Ñy1ÆÂBy�.

L 2 0�� SBS ëê

0� ²þ©fþ £:/◦C $ÄÅÝ/cSt OÃXê/cm·GW−1 (fÆ·/ns ª£/MHz

FC-3283 521 128 0.75 4.2 0.6 1079

GF-180 680 174 2.6 2.9 0.14 1193

HFE-7100 250 61 0.38 9.5 1.5 1186

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

� � � � � � � 	 � � � � � � � ��� �� �� �
 �� � � � � � 	 � 
 	� � � � 
 �� � 
 � � � � ��� � � �
ã 6 ØÓ0��Uþ��Ç�\�1UþCz�¢�­� (a) LÈ�c; (b) LÈ��
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4 ( Ø

�©l0��,��â�9D��§, ïá

0�¥9�^»��Ôn�., ê��[
,��
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�â�3����9�^�», �,��âº�3
��9�^�»NC�, 0��N´Ñy1ÆÂB
y�, Ù1ÆÂBK��$. |^ØÓ�»�LÈ

�é FC-3283, GF-180 Ú HFE-7100 0�?1LÈ,
¿ïÄ
LÈc��1ÆÂBK�ÚUþ��Ç.
(JL², �XLÈ�»�C�, 0�1ÆÂBK
�ÅìJp, �LÈ��0��Uþ��Çk
²
w�Jp. ,	, �0�
�«|^ He-Ne -1ß
�11�Cz5�ä´Äu)1ÆÂBy���
{, T�{äk�B!O(�A:, �k�/~�
duSú*ÿÚå�Ø�.
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Research on the influence of impurity particles on the
optical breakdown threshold value of stimulated

Brillouin scattering medium∗
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Abstract
In this paper, we establish the physical model of hot damage to the stimulated Brillouin scattering (SBS) medium, and with

numerical simulation method the curve of the temperature of impurity particles versus the radius is investigated. The result indicates
that impurity particle has a maximal thermal effect radius and when the sizes of particles contained in the medium are near the radius,
the optical breakdown phenomenon is most likely to appear, and at this point the optical breakdown threshold is lowest. We use FC-
3283, GF-180 and HFE-7100 as the SBS medium in Continuum Nd: YAG laser system. The SBS medium passes through the filter with
different diameters. We study the optical breakdown thresholds and energy reflectivities before and after filtration. It is demonstrated
that with the filter diameter decreasing, the optical breakdown threshold increases gradually and the energy reflectivity is significantly
improved through filter. In addition, a method of using He-Ne laser transmission light spot size to judge whether optical breakdown
phenomenon happens, is also developed. This method is convenient and accurate, and can effectively reduce the error caused by naked
eye observation.

Keywords: stimulated Brillouin scattering, SBS medium, impurity particles, optical breakdown threshold value

PACS: 42.65.–k, 42.65.Es

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61138005, 21071035), the Program for New Century
Excellent Talents in University, China (Grant No. NCET-08-0173) and the Fundamental Research Funds for Central Universities, China (Grant
No. HIT.BRET2.20100/2).

† E-mail: hasiwuliji@sohu.com
‡ E-mail: zw lu@sohu.com

144207-6


