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|^�¦-13LK�=0�¥DÑ�)Uþ�êÎ�!Å���CX 400—900 nm �1Ì©Ù��þ!�
�ëYx1, ¢�L§¥òLK�=0�l���±;��ÂB. ïÄ
\�-1Uþ±90�l�ålé�ëY
x1A5�K�. (JL²æ^pUþ�\�-1óÀl�Ä$0���{U
k�;�0�ÂB�ú¿Jp�
ëYx1óÀ�UþÑÑ.
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�á-1óÀ3ß²0�¥�)�ëYx1
�y�®¤���51Æ�9:ïÄ¯K�� [1].
1970 c Alfano �<^�¦óÀ13Àæ¥�)

�ëYx1, ¿^g� N�nØ (SPM) éTy�
?1
)º [2], ��<��JÑ
>lOrg�
 N�, É-.ùÑ�, gÍ��AÚoÅ·ª�
L§5)º�á-13ß²và�ÚíN0�¥
�)��ëYx1y� [1,3]. 
8cÊH@��á
óÀ-130�¥�)�ëYx1�Ì�Ån´
õ1f>l�)��lfNOrg� N� [4−6].
Brodeur Ú Chin uy�ëY��)��NU?�
�Yk', �k��NU?�Y�u 4.7 eV �â
¬Ñy²w��ëYy� [4]. ® �¢��L²
\�-1õÇ�k�Lgà�K��âU
30

�¥�)�ëYx1 [1,2]. �ëYË��1Ì�
�CX
lb	 [1] �¥ù	 [2] Åã, äk2��
A^d�, ~X^�ëYx1�áÂÚ-u1Ì
ïÄ)Ô!zÆÚÔnþ��¯L§ [1], ��±
^u�p©EÇÉ-u��Ñw�â (STED) �
¤�1
 [8], U©Oþ�ªÇIO [9], ±9-1
X� [10] �.
�
¼�pUþÚ1ÌÐ°þ!��ëYx

1-1, Chin �<JÑOr\�-11r3°�Y
���0�½p>l³�íNS�)õ1jDÑ
��Y [4,11]. Varela �<Äud�Y3�íÚ�í
¥�)Î�?��ëYx1 [12], Ó� Zhavoronkov
�38Íz1íN¥�)z��!1ÌÐ°þ!
��ëYx1 [13]. �¦-13�N0�¥�)�
�ëYx1äk1Ì©Ù2!1��é¡5!þ
!5Ð�`: [1,14]. �´du�N0��ÂB�ú
K��$ [15,16], 3±c�¢�¥Ï~�^AzB

* I[g,�ÆÄ7 (1OÒ: 10734130, 60978031, 10925421) ]Ï��K.

† E-mail: luxin@iphy.ac.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

174206-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 174206

��A�����á-1óÀ\���=��N
0�¥*ÿ�ëYx1��) [1,4−7]. ù3�½§
Ýþ��
3ß²�N0�¥x1-1óÀUþ
�Jp.
�
3�N0�¥¼��pUþ��ëYx

1, �©±LK�=0��~, 3Jp\�-1U
þ�Ó�, ò·�þÝ�0���3�:c¦-1
Ø��à�30�SÜ, ;�
0��1ÆÂB¿
��pUþ��ëYx1ÑÑ. ¢�¥·�ÿþ

-1BL�=Àæ��)�ëYx1�UþÚ1
Ì, ïÄ
3ØÓ�ßºà�ÚØÓ�\�Uþe,
-1BLäk�½l�þ��=��)�ëYx
1¥��1¤© (Å�� 400—740 nm) �UþÚ
1Ì. ¢�¥·�¤õ/3�=�N0�¥¼�1
�þ!!rÝp!Ð°���¿�1Ì©Ù��
þ!��ëYx1.

2 ¢�C�

¢�3¥I�Æ�ÔnïÄ¤41�Ò (XL-
II)[17] �v7�� (Ti: sapphire) �á�r-1C

�þ?1. ¢�ÙÛXã 1(a), -1�¥%Å�
� 790 nm, 1Ì°Ý� 20 nm, óÀ°Ý� 60 fs
(FWHM), Ð©1å�»� 30 mm. \��¦-1
²ØÓ�å�ßº (170 mm Ú 300 mm) à��B
LþÝ� 3 mm �LK�=5�)�ëYx1. ·
�ÏL°�²£�N!LK�=¥%ÚAÛ�:
�ål (Z), *	ØÓl�þ Z e�)��ëY
�UþÚ1Ì�ÔnA5. �ëYx1²LO�
�^,��ßºÂ8�1n1Ì¤¥, T1n1
Ì¤ (Ocean Optics HR4000CG-UV-NIR) �æ81
Ì��� 200—1100 nm. Uþdäk��©E�
UþO (�A1Ì��� 0.19—12 µm) &ÿ. �

ïÄ�ëY1Ì���1Ü© (400—740 nm) �
UþÚ1Ì,·�3O�ßº�V\���� 45◦

� 800 nm ��º��K\�1Å�NC�1Ì¤
©. T��º���Ç­�ãXã 1(b), 1Ì��
��� 740—950 nm 
��u 740 nm �1Ì��
ÇÑ3 0.1 ±e, º¡þÝ� 1 mm, éußL��
�1¤©�UþÚ1Ì�K�'��. ¿�¢�¥
�UþÚ1Ì�êâÑ´­E 10 u&ÿ�Ù²þ
�, ~�¢�¥ÿþØ�.

ã 1 ¢���ã (a) �)�ëY�¢�1´Ù�«¿ã; (b) ¢�¥¤^� 800 nm ��º���Ç­�ã

3 ¢�(J�©Û

¢�¥Äkæ^Uþ� 6.34 mJ �-1 (¸�
õÇ�� 10 GW) ²�å� 300 mm �ßºà��
BL�=Àæ�)�ëYx1. -1�\�õÇ

���u 790 nm -13�=0�¥�gà�K
� (2.3 MW)[18]. du-1óÀ�N�Ø­½5, ù
opõÇ��¦-1òéN´30�S�)�l
fNõ1j [19]. ,
3ù��-1ì�eLK�
=��úK�rÝ�� Ith = 3.2× 1013 W/cm2[16].
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XJò\�-1óÀ��à�3LK�=SÜò
¬��LK�=[È�ú. 3¢�¥·�æ�-1
3à��cÒBLLK�=0���Y±;�0
��ÂB, ²L�� 6.34 mJ �-1² 300 mm �å
ßºà����3ål�: 6—7 mm � �Ù1
rÒ¬��LK�=��úK�rÝ.

ã 2 (a) Uþ� 6.34 mJ �\�-1² 300 mm �å�ßºà
��BL�=Àæ�ÑÑ��ëY-1Uþ (�¬:) Ú��
1¤©3ÑÑUþ¥¤Ó'Ç (�:) �l�þ Z �Czã; (b)
ØÓl�þ Z e-1�)��ëY1Ì

ã 2 ´ 6.34 mJ �-1² 300 mm �å�ßº
à��l�Ä$�=Àæ�)��ëYx1Uþ
Ú1Ì. ã 2(a) ¥��¬:Ú�:©OL«�ëY
x1ÑÑoUþÚ��1¤© (400—740 nm) �U
þ3���ëYÌ¥¤Ó�'Ç�l�þ Z �'
X. ã 2(b) �Ñ3ØÓl�þ Z � (Z = 15.0, 12.0,
9.0, 7.0 Ú 4.0 mm) e�)��ëYx11Ì. lã
¥ 2(a) �±uy�X0��C�:, �r�>l�
^��)�Ñ�õ�-1Uþ, ��ÑÑ�-1U
þÅìeü, 
��1�ëY¤©3ÑÑUþ¤Ó
'Ç�
O\. 3ã 2(b) ¥��±wÑ�ëYx
1�� Stock ¤©1r�X0��C�:
ÅìO
\, 
 Stock ¤©�1rCzé�. du�áóÀ-
13�N0�¥�)�ëYx1�Ì�Ån´õ

1f>l�)��lfNOrg� N� [5,6]:

∆ω (t) =
−d∆φ

dt
∼ ω0z

c

1
2n0ρc

∂ρ (r, t)
∂t

.

ã 3 3ØÓ\�-1UþÚØÓ�à�ßºe, �ëY��
1Ü© (400—740 nm) �Uþ�0��l�þ�'X

�áóÀ-1¤jDÑL§¥�lfNò3��
óÀ°ÝSâ,O\ (∂ρ/∂t > 0), :ìþ,�>f
�Ýò¬Or1Ì�áÅ�¤© (� Stock ¤©),

3-1�^Ïm>fÄ�5Ø9EÜ, Ïd>l
�^éu�Å����1ÌÐ°A�vk�z, ¤
±/¤Øé¡�1ÌÐ° [20] (Xã 2(b)). 
\�
-1�1r�0��C�:�r, ùò30�S�
)�p��lfN�Ý
¦�1Ì�áÅ��ò
� [21], OráÅ�¤©�rÝ. 3ã 2(b) ¥�±w
Ñ�Xl�þ Z ��C�, �ëY1Ì���Å
�l 470 nm òÐ� 400 nm, 
�Å Stock ¤©�
1ÌCzé�. ùÌ�´du-130�SDÑ
�¤jÚå-1rÝb��A��
1r��m
�Cz�ÌÝ, ¦�-13ØÓl�þ��=Àæ

S�g� N� ∆ω (t) ∼ −ω0zn2

c

∂I (r, t)
∂t

[4] Ä�
þ�Ó. ,
��1¤©¤Ó�'­¿Ø¬�Xl
�þ Z �C���O�, 3ã 2(a) ¥� Z = 6 mm
���1¤©�Uþ3���ëY1Ì¥¤Ó'
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Ç����� 15.27 ± 1.62%, lã 2(b) ¥�uy
� Z = 9 mm �ÑÑ�ëYx1�1ÌrÝ©Ù�
�þ!, d�ÑÑoUþ� 3.5 mJ, ��0�2?
�Ú�C�:���1Uþ¤Ó'ÇÒâ,eü.
(Üc¡-1�LK�=�ú©Û, ù�=��Ç
�eü�±`²�=Àæ®�ÂB, ��-1Uþ
��þáÂ. 3¢�¥0�SÜ�uy®²Ñy-
1Y��è,.
�
�\�\/ïÄ-13l��LK�=

0�¥�)�ëYx1�5�, ¢�¥ïÄ
ØÓ
ßº�åÚØÓ\�-1Uþe�)��ëY�
�1Ü© (400—740 nm) �UþÚl�þ Z �m�
'X. ¢�¥©Oæ^
�å� 170 mm Ú 300 mm
�ü«ßºé-1?1à�. ã 3(a) Ð«
à
�ßº�å� 170 mm �¹e\�Uþ� 5.0 mJ,
6.83 mJ Ú 11.0 mJ ��¦-1�)��ëY�
�1�Uþ�l�þ Z �'X. 
ã 3(b) ��
å 300 mm �ßºà�e\�-1Uþ� 6.34 mJ
Ú 10.4 mJ �ÑÑ��ëY��1Uþ�0�l�
þ�Cz. lã 3 ¥�±wÑ3�� 6.5 mJ �\

�-1Uþe, æ^ 300 mm �å��¹' 170 mm
�å3�Ó Z �e�)�p��ëY��1U
þ. ù´du����å3�Ó�l�þ Z �e
éA�\�1r�r, l
�)�p��lfN
�Ý [21], ¦��ëYx1�=��\¿©. 3ã 3
¥��±w�, �ëY��1��pÑÑUþÌ
��ûu\�-1�Uþ, 
�à�ßº��å'
XØ� (6.5 mJ \�UþNCéA��ëY��1
�pÑÑUþ� 400 µJ �m, 10.5 mJ NCéA�
ëY��1�pÑÑUþ� 600 µJ �m), ÙÌ�
ÔnÅn´-1�¤jØ­½5¦��Ó�\�
õÇ�-130�¥DÑ�ò�)ê8�C�1
j [3], 
1jS�1r���Ú�BØ2O\, ù
�=¦3ØÓ�Ð©à�^�e, E,¬30�¥
�)Ä��Ó��ëYx1¸�Uþ [11]. �,É
�0�ÂB�úK����,·�E,�±¼�p
� 0.6 mJ ±þ��ëY��1Uþ�ÑÑ.

ØUþëê±	, �ëYx1�1Ì��°
Ú1ÌrÝ©Ù�´ïþÙ1Ì�þ�ë��
â. ã 4 '�
Uþ� 6.5 mJ �-13ØÓßº

ã 4 Uþ� 6.5 mJ �-13ØÓßº�å (170 mm Ú 300 mm �å) �à�^�eÚØÓ0�l�þe�)��ëY��
11Ì (400—740 nm)
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�å (170 mm Ú 300 mm) e�)��ëYË�¥
��1¤©�1ÌÚl�þ Z (11.0 mm, 9.0 mm,
7.0 mm Ú 5.0 mm) �'X. lã¥�±wÑ-1B
Ll�þ©O� Z = 7 mm (f = 170 mm) Ú Z =
9 mm (f = 300 mm) �0���)���1�ëY
�1Ì©Ù�\þ!, ÙÌ��Ï´du�0��
\�C�:�, �)�lfN�Ý�Or����
11Ì�áÅ�Ü©UþO��¯. Ó�du�Ó
�l�þ Z �e, ��à��ßº30�\�?¬
/¤���1�Ú�p�1r, ÏdªÌ7£uÐ
���×� [22], ¦��)��ëY��11Ì�
@����þ!�©Ù.

4 ( Ø

¢�þïÄ
\�Uþ� 5—11 mJ ��¦-
1óÀ²Lßºà��BL�=Àæ�)�ëY
Ë��5�,�
;�0�ÂB
æ^
0�l�
-u��Y. ¢�uyÏLé0�l�þ�N!�
±�)Uþ��êÎ�¿�1Ì©Ù��þ!�
�ëYx1, Ó�éØÓ\�UþÚØÓ�å�ß
ºà�e�)���1x1�UþÚ1Ì?1

*ÿ. �©�¢�(JL²|^�¦-1l�Ä$
LK�=0�U
k�Jp�ëYx1-1ÑÑ
Uþ, �)1Ì���°Ú©Ùþ!��ëYx1.
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Abstract

We report on the generation of millijoules supercontinuum, which covers waveband from ∼ 400 nm to ∼ 900 nm wavelength, by

intense femtosecond laser pulse propagating in 3 mm thick fused silica. The fused silica is placed in front of the geometric focus of

incident laser pulse to prevent the breakdown. The dependences of supercontinuum spectrum on incident pulse energy and off-focus

distance of medium are investigated in detail. Our work demonstrates that strong supercontinuum can be generated using off-focus

pump of solid transparent medium with energetic incident pulses.

Keywords: supercontinuum, femtosecond laser pulses, fused silica, white light continuum
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