
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 7 (2012) 074206

111ÌÌÌ×××£££ÈÈÈÅÅÅ{{{JJJ,,,���¦¦¦---111&&&DDD'''���nnnØØØ©©©ÛÛÛ*

ê2X1)2)4)‡ �Ð3)† ¾I=2) �cS2) �¶ì4) ÜQ2) �ïI2)

1) ( Üu�ÆÔn�zÆÆ�, ¤Ñ 610039 )

2) ( oA�Æ>f&EÆ�, ¤Ñ 610064 )

3) ( ¥Ió§ÔnïÄ�-1àCïÄ¥%, �� 621900 )

4) ( ÜS1Æ°�Å�ïÄ¤]�1ÆEâI[:¢�¿, ÜS 710119 )

( 2011 c 8 � 27 FÂ�; 2011 c 12 � 2 FÂ�?Uv )

3�m – ªÇ�¥, }òóÀ�ìv3��guË��D(¥, �Ù]�ªÇ�5©Ù, Äud, JÑæ^1Ì
×£ÈÅ��{5J,põÇ�¦-1XÚ�&D', ¿±{Ùp – ]ÛZ�¤��1Ì×£ÈÅì, éT{J,
&D'��J?1
�[�nØ©Û. æ^á�Fp�C��{, ïÄ
1Ì×£ÈÅìéguË��� (ASE) �
ÈÅ�J, ê�©ÛL², 3�mËÄ� −2 ps � 2 ps �m!1Ì×£ÈÅì�Ï�°Ý� 0.4 nm ^�e, T{U
ò�¦-1XÚ�&D'J, 2 �þ?, }ò&Ò1±�L 90%�ß1ÇÏL1Ì×£ÈÅì; ?é1Ì×£È
Å�ªU?�ÚJ,�¦-1&D'.

'�c: �¯-1Eâ, &D', 1Ì×£ÈÅ, á�Fp�C�{

PACS: 42.60.Rn, 42.65.Re

1 Ú ó

}òóÀ��EâÚ°�pOÃ0��Ñy,
ò�áóÀpõÇ-1C�ÑÑ�-1óÀ¸�
õÇd GW þ?×�í� TW, $� PW þ? [1−4],
�� EW þ?��p¸�õÇò?. �d�A, -
1óÀ�à�õÇ�Ý��×�Jp, �� 1019—
1020 W/cm2 þ?±þ [1]. 3r-1�Ô��p�
^�L§¥, �rÝ�� 1013 W/cm2 Y², =¦
´�m4á��¦óÀ, §�qá�p�^, ¬�
)�lfN; =¦-1óÀrÝ� 108 W/cm2 Y
², ���^�mv
�, �UwÍUCqá�5
� [5−7]. �kuÌóÀ���-1D(÷vþã
^��, §�Ô���p�^òK�$�»��
YÌóÀ�Ô��^��J. &D'Ï~�@�´
&Ò1�¸�rÝ�-1ýóÀ¸�rÝ�' [8],
Ïd�¦da-1XÚ�&D'�� 1011—1012

½±þ, é�põÇ�-1XÚó, Ù&D'�

¦�p.

y�ã, J,-1&D'EâÌ�k>1m
'Eâ!��5ÈÅEâ [9,10]!��ÚáÂN
Eâ [11]!�lfNºEâ [12]!�/n��E
â [13]!5\r��'«fóÀ�Eâ [14]!V}
òóÀ��Eâ [15]!1ëþ}ò&Ò1��E
â [16−21] �. �c, �áóÀpõÇ-1C��&
D'Y²��� 107—1010 Y²; ,	, ù
Eâ�
�3�
X=��ÇØp!�3��5�A½
½5��":.

ÈÅEâ´Jp&D'�~^Ãã, Ï~ó,
ÈÅì�¥%ªÇ´�½�, ÙÏ�°Ý�Ä, K
ÈÅ�J�Ð. é}ò-1óÀó, Ù�°é
°, Ï�°ÝLÄ�ÈÅì, K}ò&Ò1ßLÇ
$; Ï�°ÝL°�ÈÅì, K�D�Jé�.

3 � m – ª Ç � ¥, } ò & Ò 1 � � µ D
( (Ì��Ä ASE) ìv, �ÙªÇ��5©Ù.
·�|^D(Ú}ò&Ò1�ù«�ª©ÙA
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:, ÄgJÑæ^1Ì×£ÈÅ{5J,-1&D
'. 1Ì×£ÈÅì�¥%ªÇ��mCz, �Ù
¥%ªÇ�}ò&Ò1�¥%ªÇ��, Ïd, 3
ÈÅì×£�L§¥, ¦}ò&Ò1p�ÇÏL,
ò�Ü© ASE ÈK, l��J,-1&D'
�8�.

�©�3JÑJ,�¦-1&D'�#E
â —– 1Ì×£ÈÅ{, ïáÙÔn�., (Ü×
£ÈÅì, ?1ê�©Û. 3-1�Ô��p�^
L§¥, óÀ¸�c÷ 10 ns � 10 ps �D(´Ù'
��K�Ï�, Ù¥, ASE ´D(�Ì��¤¤©.
3}òóÀ��XÚ¥, 3Ø �ã, ~~¦^1
»é��Ø ì, du1»é���°�� 40 nm,
§òå�ÈÅ��^. Ïd, �©Ì�©Û�´
1Ì×£ÈÅ{é1Ì��� 780 nm � 820 nm
(}ò&Ò1�¥%Å�� 800 nm)!¨ 10 ns �
¨ 10 ps � ASE �ÈÅ(J.

2 1Ì×£ÈÅ{�Ôn�.

3}òóÀ��XÚ¥, 5guv����¦
óÀ²L1»éÐ°�, }ò&Ò1�

Es0(t) = As0 exp

[
− 1 + jC

2

( t

T

)2
]

× exp(−jω0t) + c.c. (1)

ª¥ As0 ´&Ò1��Ì, t ��/�m, ω0 �&
Ò1�¥%�ªÇ, C �}òXê, T ´óÀ�°
Ý (31r¸�� 1/e ?), c.c. L«E�Ý.

ã 1 ×£ÈÅ{J,�¦-1&D'�«¿ã

ã 1 ´1Ì×£ÈÅ{J,�¦-1&D
'�«¿ã, }ò&Ò1Cq�5©Ùu�m -
ª Ì � S, 3 Ù ± �, � Å © Ù X � Y � m �
�!ªÌ ���2�D(, Ù]�ªÇ�L«
� ωs(t) = −∂φs/∂t = ω0 + Ct/T 2. �O�«Ä

�1ÌÈÅì, TÈÅì�¥%ªÇ ωf(t) �}ò
&Ò1�ªÇ ωs(t) ��, = ωf(t) = ωs(t); TÄ
�ÈÅì�òkÏ��½3ÈÅìÏ�°Ý�	
� ASE D(ÈK, ¦}ò&Ò1p�ÇÏL, l
¢y1Ì×£ÈÅ. 3×£ÈÅì�×£�m��
S, Ù×£Ç Cf = ∆λc/τ , ∆λc � τ ©O�&Ò1
�1Ì����Y�m.

��}ò&Ò1 Es(t) ?\×£ÈÅì� ASE
rÝ� [22,23]

IASE(λ) ∝ G(λ), (2)

ª¥ G(λ) ´XÚ���OÃ. b�OÃ0��O
Ã�.�pd.¼ê, =

g(λ) = g(λ0) exp

[
−

(
λ − λ0

∆λ

)2
]
, (3)

g(λ0) �¥%Å�éA�OÃXê, ∆λ ´0��O
Ã�°.

ASE 3��S�L«�

EASE(t) =
1
2π

∫ +∞

0

EASE(ω) exp[jφASE(ω)]

× exp(jωt)dω (4)

ª¥ EASE(ω) Ú φASE(ω) ©O� ASE �1Ì�Ì
Ú� , Ù¥ � φASE(ω) ∈ (−π,π], ��Å¼ê.

Dt

ωs(t↽

ω

ωf(t↽

1 u

ã 2 &Ò1Ú×£ÈÅì�ªÇ;,Ú×£´»«¿ã

æ^á�Fp�C�5©Û ASE ��ª©Ù.

EASE(ω, t′) =
∫
R

EASE(t)ga(t − t′) e−jωtdt, (5)

á�Fp�C���üúª

EASE(t) =
1
2π

∫
R

∫
R

ga(t − t′)

× EASE(ω, t′) ejωtdt′dω. (6)

�©Àpd.I�¼ê ga(t) �

ga(t − t′) =
1

2
√

πa
exp

{
− (t − t′)2

4a

}
, (7)
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ª¥ a L�I�¼ê�°Ý.
ã 2 �Ñ
3�m – ªÇ�IX¥&Ò1ª

Ç;,Ú×£ÈÅì×£´», Ù¥J��}ò&
Ò1�ªÇ;,, ¢��×£ÈÅì�×£´»,
�Ä�3¢S�×£ÈÅL§¥, ×£ÈÅì�&

Ò1�m3�mþ�ØÓÚ, ^ ∆t L«üö�m
� “å©�m” ØÓ, =�mËÄ.

æ^{Ùp – ]ÛZ�¤��1Ì×£ÈÅ
ì, ÙßLÇ¥%Å� λf ��\�>Øk'. �â
©z [24,25], ÙDÑ¼ê�L«�

filter(ω, t) =
1(

1 +
(2F

π

)2

sin2
[
π

ω − ωf(t)
∆ωFSR

])1/2
exp{−jφf(ω)}, (8a)

φf(ω) = [ω − ωf(t)]
∆

c
+ a tan

{
R sin

(
2[ω − ωf(t)]∆/c

)
1 − R cos

(
2[ω − ωf (t)]∆/c

)}
, (8b)

ª ¥ F � ° [ Ý, ∆ωFSR � g d 1 Ì � �, ∆

�F–Pn�1§, c �ý�¥�1�. ßL¥%�
ªÇ ωf(t) �L«�

ωf(t) = ωs(t) + δω(∆t) +
pC

T 2
t, (9)

ª¥, δω 5u�mËÄ ∆t, �k ∆t = T 2δω/C;
ë þ p L « × £ È Å ì � } ò & Ò 1 � } ò
Ç � �. l T ª � �, × £ È Å ì � × £ Ç
� (1 + p)C/T 2.

}ò&Ò1�5©Ù3�m – 1Ì�S, Ïd,
²L×£ÈÅì�, }ò&Ò1�L«�

Es(t) = Es0(t)filter(ω, t), (10)

�A}ò&Ò1�

|Es(t)| =As0 exp

[
− 1

2

( t

T

)2
]

× 1{
1 +

(2F

π

)2

sin2
[
π

ω − ωf(t)
∆ωFSR

]}1/2
,

(11a)

φ(ω) =φs(ω) + φf(ω)

= − C

2

( t

T

)2

− [ω − ωf(t)]
∆

c

− a tan

{
R sin

(
2[ω − ωf(t)]∆/c

)
1 − R cos

(
2[ω − ωf(t)]∆/c

)}
.

(11b)

l (11b) ª��, 3 ω−ωf(t) 6= 0 �, =Ñ\ F–P n
�&Ò1��ªÇ�Ù���ªÇ�É�, ò¬�
5��N\� �ò´, TN\� �Cz�U¬

é&Ò1�Ø E¤K�, XÛòN\ �¦þ~
�, �I�?�ÚïÄ.

�A}ò&Ò1�rÝ�

Is(t) =A2
s0 exp

[
−

( t

T

)2
]

× 1

1 +
(2F

π

)2

sin2
[
π

ω − ωf(t)
∆ωFSR

] . (12)

�²L×£ÈÅì�ßLÇ�

η =

∫ τ/2

−τ/2

|Es(t)|2dt∫ τ/2

−τ/2

|Es0(t)|2dt

, (13)

ª¥, τ �}ò&Ò1��Y�m.

é ASE ó, I���Ù�ª&E, l�
�ÙÈÅ�J, ©Û×£ÈÅé&D'�J,U
å, æ^Fp�Cz�U��ª�½��&E,
éT¯K�?n�3�½�(J, ·�òæ^á�
Fp�C�é ASE ?1?n, ��Ù�ªÌã, 3
�m¨ªÇ�SéÙ?1×£ÈÅ, ©Û×£ÈÅ
é ASE �ÈÅ�J, ©ÛÙJ,&D'��J.

3 1Ì×£ÈÅ&D'J,�J�ê
�©Û

3ê�©ÛÜ©, �'ëêXe: }ò&Ò
1 λ0 = 800 nm!v���° ∆λ = 200 nm!}
ò&Ò1�1Ì�� ∆λc = 40 nm, óÀ�Y�
m τ = 1 ns, ×£ÈÅì�}òÇ Cf = ∆λc/τ =
0.4 nm/10 ps.
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e¡, ©Û1Ì×£ÈÅé ASE �×£ÈÅ�
J, D( ASE 1Ì��� 780 nm � 820 nm, �m
«m3ÌóÀ�ÌóÀc 12 ns �m, ©ÛXÚ�
&D'�J,ÇÚ}ò&Ò1�ß1Ç.

3.1 111ÌÌÌ×××£££ÈÈÈÅÅÅééé ASE ���ÈÈÈÅÅÅ���JJJ©©©ÛÛÛ

3?Ø×£ÈÅJ,&D'�L§¥, b½Ñ
\� ASE rÝ� 1, �â (2), (3) Ú (4) ª, ¥%Å
�� 800 nm, ∆λ = 200 nm, φASE(ω) ∈ (−π,π] �
þ!©Ù��Å¼ê, �� ASE �8�z�1Ì
ÚÅ/ã, Xã 3 ¤«. lã 3 ��, ASE �1Ìr
Ý©Ù3¥%Å� 800 nm, rÝ©Ù3Ù�Y��
mS´�ÅÑy�, 3±eê�©ÛL§¥, eÃ
AOJ9, Ñ\ ASE òØ2w«.

ã 4 �Ñ�´�mËÄ ∆t é×£ÈÅ�J�
K�, Ù¥ F–P �gd1Ì�� ∆λFSR = 10 nm,
° [ Ý F = 25, � A � × £ È Å ì � Ï � °
Ý� 0.4 nm(= ∆λFSR/F ); �mËÄþ ∆t ©O
� −100 ps, 0 Ú 100 ps. lã¥��, ASE ²×
£ÈÅ�, Ù©Ùkü�²w�A:. Ù�, 3Ø
Ó�mËÄþ ∆t �¹e, ASE rÝd 0 dB ü$
� −20 dB, ASE �rÝeü�ü�þ?, &D'²
×£ÈÅ�J,þ��ü�þ?; Ù�, &D'�
Cz��mËÄþCz'XØ�, =×£ÈÅ�
� ASE rÝ�q. ��, 3�g×£ÈÅ��¹e,

é³�XÚ� ASE ó, �m3�½��S�Ë
Äé&D'�J,�K�.

ã 3 ASE 3ª�Ú��¥�©Ù (a) ASE 1Ì©Ù; (b) ASE
rÝ©Ù
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ã 4 �mËÄ ∆t é ASE rÝ©Ù�K� (a) ∆t = −100 ps; (b) ∆t = 0; (c) ∆t = 100 ps

(b)
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ã 5 ×£´» p é ASE rÝ©Ù�K� (a) p = −0.1; (b) p = 0; (c) p = 0.1
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ã 5 �Ñ�´×£ÈÅì�°� ∆λFSR =
10 nm, gd1Ì�� F = 25, �mËÄ ∆t � 0, ×
£´»ëþ p ©O� −0.1, 0 Ú 0.1 ^�e�×£
ÈÅ�J. lã 5 ¥�±w�, ×£ÈÅUò ASE
rÝd 0 dB eü� −20 dB, =3T«�¹e, ×£
ÈÅUò&D'J,ü�þ?. ,	, ×£´»�
&Ò1�Ç��Ø��¹e, §�A�k�Ó�&
D'J,Ç.

3 × £ È Å L § ¥, � m Ó Ú ° Ý � 0,
= ∆t = 0, ã 6 � Ñ � ´ F–P � ° [ Ý F é
×£ÈÅ�K�, gd1Ì�� ∆λFSR = 1 nm,
° [ Ý F = 10, = × £ � ° � 0.1 nm, Ù &
D ' J , Ç � ü � þ ? (� ã 4). � ° [ Ý ?
�ÚJp� 100 � 1000, �A�×£�°©O
� 0.01 nm Ú 0.001 nm, Ù & D ' J , Ç © O
� 40 dB Ú 60 dB, =×£�°�Ä, K ASE ü
$��$, &D'J,Ç�p.

ã 6 °[Ý F é ASE ©Ù�K�

ã 7 ?é×£ÈÅ{J,&D'��J

?éÈÅ´&Ò�XÚ¥~^5J,&D'
�k��{, �!é?é×£ÈÅJ,&D'?

1©Û. ã 7 �Ñ
ØÓ^�e?éÈÅ��J
ã, Ù¥, ωf(t) = ωs(t), ×£ÈÅì�gd1Ì�
� ∆λFSR = 5 nm!°[Ý F = 25. lã¥��,
�g×£UòXÚ&D'J, 2 �þ?, é�
g?éÚng?é×£�J, &D'J,Ç©O
� 10 dB � 5 dB, du1�gÚ1ngÈÅ�Ü©
�Ó, Ïd×£ÈÅ��J�5�$.

3.2 ×××£££ÈÈÈÅÅÅ������ÇÇÇ©©©ÛÛÛ

é×£ÈÅìó, &Ò1UßL×£ÈÅì
��Ç´é���I, l (11) ªÚ (12) ª�éÙ
?1O�. ã 8 �Ñ�´�mËÄ ∆t é×£ÈÅ
ßLÇ�K�, �mËÄ��Úgd1Ì���°,
KßLÇ�p¶3 ωf = ωs �^�e, ÙßLÇ�
� 100%.
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DλFSR=5 nm

DλFSR=10 nm

DλFSR=20 nm

ã 8 ØÓ1Ìgd��^�e, �mËÄéßLÇ�K�

4 (Ø�?Ø

�â}ò&Ò1� ASE 3�m – ªÇ�¥
�©ÙA:, ·�JÑæ^1Ì×£ÈÅ{5J
,�¦-1&D', ¿±{Ùp – ]ÛZ�¤�
�1Ì×£ÈÅì, ?1
nØ©ÛÚê��[.
æ^á�Fp�C��{3�m – ªÇ�S©
Û
��5×£ÈÅé ASE Ú}ò&Ò1?1

nØ©Û. 3�mËÄ ∆t ∈ [−2ps, 2ps], ×£
ÈÅ�Ç p ∈ [−0.1, 0.1], ×£ÈÅì�Ï�°Ý
� 0.4 nm, = ∆λFSR/F = Cf×10 ps, 1Ì×£ÈÅ
{Uò&D'J,ü�þ?, �±ßLÇ�L 90%.
eæ^?é×£ÈÅ�ª?1&D'J,, �?�
ÚòJ,�¦-1�&D'. XÛò÷v×£Å�
�>Ø¯���\3>1¬Nþ!±9k�ü$
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�mËÄ ∆t!?�Ú³�N\3&Ò1|� �,
´æ^1Ì×£ÈÅ{J,�¦-1&D'3¢
�þ¡��Ì�]Ô.

Ù¦&D'J,EâÏ~´3óÀ?uØ 
�ã?1�, 1Ì×£ÈÅ{J,&D'��
{3óÀ?u}òG�, =��À��«��S
� “C|” J,Eâ�{. 3Ñ\-1� F–P n�
�ªÇ���^�e, òØ�5N\� , é�Y
�ã�óÀØ K�é�, ,	, 1Ì×£ÈÅ{
�äkü�ã��`³: Ù�, ��»>1¬N\
óEâ'�¤Ù, ÏTEâ�±·^u��»p
Uþ!p¸�õÇXÚ¶Ù�, ×£ÈÅEâ�±
?é¦^, ��±�p��Ç, Ïd�±Jp×£
ÈÅXÚ�(¹5.

�©����Ñ�«¢y×£ÈÅ&D'J
,��Y, §UéÐ/Ny1Ì×£ÈÅ{�Ä�
`³, Xã 9 ¤«.

V

∆n    L ∆n↼t↽   L

1 2 3 4

ã 9 Vò�¬N×£ÈÅ{«¿ã

ã 9 �Ñ�´>1Vò�ÈÅì×£ÈÅ�
�¤«¿ã, TÈÅìd��� �ì (1 Ú 4) Ú
�uÙm�UÅ¡����þ�pVò�¬N (2)
9>1¬N (3) �¤. Ùó��n´µpVò�¬
N 2 Ú>1¬N 3 �¤�|ÜÅ¡3·���U
¦,��Å� (}òóÀ���Å�) �D(1Ï
L �ì 4, l³�ý�Ü©D(. �}òóÀ�
5�, �>1¬N 3 \�5�Å>Ø¦|ÜÅ¡�
��þÝu)�5Cz, Ù�ÅÅ����5UC,
eÙUC�Ç�}òóÀ�}òÇ��, K}òó
À��ÜßL �ì 4, �¤×£ÈÅ.
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Abstract

A scanning spectral filter method to improve the signal-noise-ratio in the femtosecond chains is proposed by using the character-

istic that the instantaneous frequency varies with the time approximately linearly for the chirped pulse in the time-frequency domain.

The scanning spectral filtering for reduing the amplification of spontaneous emission (ASE) intensity is analyzed in the time-frequency

domain by using the Short-Time Fourier Transform method. The results show that the pulse contrast can be improved by two orders,

and the transmission efficiency of the chirped pulse can exceed 90% when the synchronizing time jitter ranges from −2ps to 2ps and

the chirp rate p from 0.9C/T 2 to 1.10C/T 2. Adopting the cascaded scanning filter to improve the pulse contrast is investigated too,

which can improve the pulse contrast effectively. The great advantage of this novel nonlinear spectral filter technology is high energy

and high peak intensity femtosecond chains for it filters out the ASE in the near field in temporal domain.

Keywords: ultrafast optics, ultrafast technology, spectral scanning filtering, short time fourier transform
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