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Äu×£ÈÅ�n, JÑ
�«#�^±J,}òóÀ-1&D' (signal-to-noise, SNR) �1Æ×£ÈÅ�{.

�éS�>1¬N� Fabry-Perot IOä�×£ÈÅ�Y, ½þ©Û
Ù×£ÈÅÌA5, �[?Ø
 Fabry-Perot

IOä²1²��º¡��ÇÚS�>1¬Na.éÑÑóÀ&D'�K�, ¿?�Ú&?
��>ØCzé
&D'J,�J�K�. (JL², ×£ÈÅì�ß�I��°�Ä, &D'�J,�J�Ð; �
�yÑÑ�J,

Fabry-Perot IOä²1²���ÇA�u 0.9; éuS��g>1¬N���a¬N� Fabry-Perot IOä×£ÈÅ
�Y, Ù	\>Ø�S�ÊÏ�5>1¬N��Y�$, ��´u��; ���a¬N�¤|©�ØÓéÈÅì�
J�K�¿Ø�, ��>ØÚ&Ò1}òÇ�CzK¬éÈÅ�J�)��K�.

'�c: }òóÀ-1, &D', ×£ÈÅ, F-P IOä

PACS: 42.79.ci, 42.60.−v, 42.65.Re

1 Ú ó

gþV 90 c�±5, põÇ�áóÀ-1
Eâ��
×��uÐ. }òóÀ��Eâ (chirp
pulse amplification,CPA)[1] ®¦��¦-1�óÀ
ÑÑ¸�õÇ��û�þ? [2], dd¼��êz
��u�fS>|rÝ�1|rÝ�<aé��
.?1�Æ&¢Jø
rkå�Ãã. l-1
Eâ�Ýó, &D' (signal-to-noise, SNR) ´�
�oN5�Eâ�I, §òK��põÇ CPA -
1XÚ�oNEâ�Y [3]. 3¢Só�¥, XÛ
k�/J,XÚÑÑóÀ&D', ��´põÇ
�áóÀXÚïÄó��:ÚJ:�� [4−6].
8c, ^uJp�áóÀ&D'�EâÌ�k�
�ÚáÂN{ [7]!��5ÈÅ{ [8−10]!1ëþ
}òóÀ�� (optical parametric chirp pulse ampli-
fication, OPCPA) { [11−13] �, þã�{�k`"
:. ��ÚáÂN{¬��1å�mÓ+C/; �
�5ÈÅ{�,�±wÍ³�B¦��S2)�

�ì�)�ýóÀ, �Ù=��ÇØ
p; 1ëþ
}òóÀ���±éÐ�³�Ä$óÀ�mI�
	�D(, éI�S�D(%ÃU�å. ��
�a (KTa1−xNbxO3, KTN) ¬N´8c®��ä
k���g>1�A�¬N, Ù�g>1Xê�
� 10−14 m2/V2 þ? [14]. �©JÑ
�«|^S
� KTN ¬N Fabry-Perot(F-P) IOä�×£ÈÅA
55Jp}òóÀ&D'��{, |^ KTN ¬N
��g>1�A, ÏLN�>1¬Nüà�>Ø,
¦ F-P IOä�ÑÑßLÌ�}òóÀ&Ò1�
}òÇ��, =ÈÅì�ÑÑßLÌ¥%ªÇ��
mCz, �CzÇ�}òóÀ&Ò1�}òÇ��
�, l4�/ÈØKD(, ¦}ò&ÒóÀp
�ÇÏL, ±��Jp}òóÀ&D'�8�.

2 nØ�.

2.1 ×××£££ÈÈÈÅÅÅ���nnn

×£ÈÅ�nXã 1 ¤«. 3�m - ªÌ�S,
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}òóÀ�]�ªÇ��mCz, 3Ù±�©
ÙXªÌ���°!�Y�m���D(. �O
�«Ä�1ÌÈÅì, ¦ÙßLÌ�¥%ªÇ��
�}ò&Ò1�]�ªÇ�Ó, lUp�Ç/Ï
L}òóÀ, Ì�u��guË� (amplified
spontaneous emission, ASE) �D(, ÙªÌ©Ù�
°!�Y�m��, Ïd, �|^×£ÈÅìòk
Ï��½3ÈÅìÏ�°Ý�	� ASE D(ÈK,
l�|^×£ÈÅ�{¢y}òóÀ�&D'
J,.

ã 1 ×£ÈÅ�n«¿ã

b�&Ò1��5}òpdóÀ, Ù��1|
L�ª� [15]

A(t) = A0 exp
[
− 1 + jC

2

(
t − tc
T0

)2]
, (1)

ª¥, C �}òXê, A0 �>|rÝ, tc �&Òó
À¥%��, T0 �}òóÀ� 1/e ÌÝ�°, Ùª
Ì©ÙL«�

ω(t) = ω0 +
Ct

T 2
0

. (2)

du��L§¥�guË��A (ASE)!1Ì
Äz!OÃ�Ú!��5�A�õ«Ï���3,
Ø�;�/�3Xõ«/ªD(�K�, l��
�áóÀXÚÑÑ-1óÀ&D'²weü [16].

éu ASE �Ï�����µD(, ÙD(��
L�ª�L«��ÅåÏ��µD(/ª [17]:

Enoise(t) =
1
2π

∫ +∞

−∞
Enoise(ω) exp[jφnoise(ω)]

× exp(jωt)dω, (3)

ª¥, Enoise(ω) ´D(ªÌÌÝ, φnoise(ω) �D(
ªÌþ [0, 2π] ��Å©Ù� .

éuýóÀ/ª�D(, 1óÀrÝ��L�
ª�L«� [18]

I(t) = I1 exp(−t2/a) + I2 exp[−(t + T )2/b], (4)

ª¥, I1 Ú I2 ©OL«ÌóÀÚD(óÀ�¸�
õÇ, a Ú b �ü�óÀ��m°Ýk', T �ü�
óÀ�m��mm�.

�©æ^�&D'½Â�&ÒrÝÈ©�D
(rÝÈ©�' [19], =

SNR =

∫
Isignaldt∫
Inoisedt

, (5)

ª¥, Isignal ���þ&ÒrÝ, Inoise �D(rÝ.

�&ÒÚD(�åÏLÈÅì�, �ÏLUC
ÈÅìß�Ì��ª, ¦�ÈÅ¼ê��m�Cz
�Ç�}ò&ÒóÀ]�ªÇ�Cz�Ç��¿
�üöÓÚ, D(�]�ªÇCz�ÈÅ¼ê�
ßLÇCzØ��, Ïd, &Ò1�±p�ÇÏL,
D(%3é�§Ýþ�±ÈØ, l�å�Jp
}òóÀ&D'��^.

2.2 F-P IIIOOOäääSSS���>>>111¬¬¬NNN���×××£££ÈÈÈÅÅÅ
���YYY

æ^ØÓ�ÈÅ�Y, ���ØÓ�ÈÅ¼ê,
�ª�ÈÅ�J�Òké��É. �âþã×£È
Å�n��, ×£ÈÅì�ÈÅ¼êß�Ì°Ý�
Ä, �k|u}òóÀ&D'�J,. �d, ·�J
Ñ
�«3 F-P IOäpS�>1¬N�×£È
Å�Y, Ù(�Xã 2 ¤«.

ã 2 ×£ÈÅì(�«¿ã

ò>1¬N�u F-P IOä�ü²1²��
m�¤ÈÅì, |^>1¬N�>1�A, ÏL3
>1¬Nþ\1>Ø, �±¢yéÙò�ÇUC�
��, ?¢yéÈÅìÈÅ¼ê���. �>1
¬N\1�>Ø��mC�, ÈÅìÈÅ¼ê�
��mC, l�¢yé&Ò�×£ÈÅ.
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S � > 1 ¬ N � F-P I O ä � ß L Ç Ì
¼ê�

T =
1

1 +
4r

(1 − r)2
sin2

(ϕ

2

) , (6)

ª¥, r � F-P IOä²1²����Ç, ϕ � F-P
IOä��üß�1å�� �, �L«�

ϕ =
2π

λ
[2(L − d) + 2(n0d + ∆nd)] +

φ

π
, (7)

ª¥, ∆n �>�ò�ÇCz, φ ´���C, L

� F-P ü²1²�må, d �>1¬N�Ý.
æ^ØÓ�S�>1¬N, ¤�)�>�ò�

ÇCzÒ¬ØÓ. éuÊÏ��5>1¬N, 3>
1¬Nþ�\>|�, ÙÌò�ÇCz�

∆n =
1
2
n3

0r63E =
1
2
n3

0r63
U

d
, (8)

ª¥, n0 ��\>| E ��ò�Ç, r63 �>1X
ê, U �\1>Ø.

éu�g>1¬N, 3>1¬Nþ\1>|�,
ÙÌò�ÇCz�

∆n = −1
2
n3

0s11E
2 = −1

2
n3

0

s11

d

U2

d
, (9)

ª¥, s11 ��g>1Xê, �L«�

s11 = g11ε
2
0(εr − 1)2, (10)

ª¥, ε0, εr ©O�ý�0>~êÚ¬N�é0>
~ê, g11 �¬N4z1ÆXê, =�\�1Å�k
', Ø�§ÝÚ0>~êCz.

�&Ò1Å� λ(t) ��m t }òCz�, �

�yÈÅìé&Ò1�ßLÇ T v
p (T ≈1), K
�¦\1u>1¬Nþ���>Ø�±�&Ò1
}òÇ�����Ç��mCz. u´, éuÊ
Ï�5>1¬N, \13>1¬Nþ���>Ø�
�mCz�L�ª�

U =
k · λ(t) − 2(L − d) − 2n0d

n3
0γ63

. (11)

éu�g>1¬N, \13>1¬Nþ���
>Ø��mCz�L�ª�

U =

√√√√√−kλ − 2(L − d) − 2n0d

n3
0s11

d

. (12)

©Û (6)—(12) ª��, \1u>1¬N���
>Ø¬K�� F-P IOä��üÑ�1�� �,
?K�Ùß�Ç. �&Ò1ÚD(�å\��È

Åì�, du&Ò1´¥}òCz�, éu,��
��A½Å�, þ�3���Z��>Ø���é
A¦�ÈÅìßLÇ�C 1, Ïd, ÏL��>Ø�
UC, ��¦ÈÅìé&Ò1�ßLÇ�Å�Cz
�£Ä�Ç�}ò&Ò1�ªÇ��m�Cz�
Ç��, l¦&Ò1p�ÇÏL, D(KÏÙ
´�Å©Ù�ÈÅì3é�§ÝþÈØK, l
¢y}òóÀ&D'�k�J,.

?�Ú'� (8) Ú (9) ª��, � γ63 � s11/d

ê���Ø��, éu	\�Ó�>Ø^�e, æ
^S�äk�g>1�A�>1¬N'æ^ÊÏ
�5>1¬N¤���>1¬Nò�ÇUC��
�õ, �=´`, éu�Ó�ò�ÇCz, æ^�g
>1¬N'æ^ÊÏ�5>1¬Né>Ø���
I¦�$�õ, Ï�´u¢yÚ��.

3 ê��[�©Û

KTN ´8c®��äk���g>1�A�
¬N, �u�g>1¬N�Y�ÊÏ�5>1¬N
�Y�'äk��>Ø$!´u���A:, �©
:±3ªÌþ�Å©Ù��µD(�.�~, é
S� KTN ¬N�×£ÈÅ�Y?1©ÛÚ?Ø.

O�¥^��ëê�: &Ò1óÀ�}òp
dóÀ, ¥%Å�� 800 nm, }òXê C = 2000,
ó°� 1 ns, ¸�rÝ� 4.5 × 109 W/cm2; D(�
�µD(/ªÚýóÀ/ª�D(, �µD(¥
%Å�� 790 nm, þ�rÝ� 1 × 10−2 W/cm2,
� � � 5 × 10−3 W/cm2, ý ó À D ( � & Ò �
mm� T = 10 ps; F-P IOä²1²���Ç
� 0.97; KTN ¬N�Ý� 0.5 mm[20], KTN ¬Nò
�Ç n0 � 2.2705, �g>1Xê s11 � −8.6 ×
10−15 m2/V2[21].

ã 3 �Ñ
ØÓëê^�e�×£ÈÅìÈ
ÅA5. lã 3(a) �±wÑ, � F-P IOä�ü²
1²���ÇØÓ, ¬ÚåÈÅìß�5Uu)
UC. �²1²���Ç r ���, ÈÅì�ß�
Ì�°, ,, �X��Ç�O�, ß�I��5�
Ä, ß�ÌC��5�kb, ù´d F-P IOä�
ß�Ì5�û½�. Ïd, �±ÏLN!S�>1
¬N�	\>Ø¦� F-P IOä�ß�¸fÐ�
&Ò1�Å� λ �éA, l¦&Ò1�±A�Ã
�Ñ/ÏL, D(ÏªÌ��é°3 F-P IO
äß�I��	�ý�Ü©þ¬�ÈØ, u´, ²
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×£ÈÅì�, }òóÀ&Ò1�&D'��
�
ÌÝJ,. ©Ûã 3(b) ��, �ÈÅì�ß�I�
�°�Ä�, }òóÀ�&D'J,�ê��. ù
´Ï�éuD(5`, ÈÅì�ß�I��Ä, K
UßLÈÅì�D(ªÌ¤©��, ÙrÝÈ©
�Ò��, &Ò1o´A�Ã�Ñ/ÏL�, Ï
ÈÅìÑÑ&D'Ò��, dd��, ÈÅì�
ß�Ì�kb, ß�I��°�Ä, K&D'�J
,�J�Ð. du KTN ¬N´�V�a (KNbO3,
KN) Ú��a (KTaO3, KT) ��LN·¬, Ù>1
5U¬�|©�ØÓk¤Cz. ã 3(c) Ú (d) L
², ÃØ´�Å©Ù��µD(/ª, �´ýóÀ
D(/ª, æ^ØÓ|©� KTN ¬N, �,Ù>1
Xê s11 k¤ØÓ, �3�Ó�Ñ\^�e, }òó
À�&D'%Ä��Ó, ù`² KTN ¬N�¤|
©�ØÓÚå>1Xê��ÉéÈÅì�J�K

�Ø�. d (9) ª��±wÑ, n3
0U/d ��� 107 �

mþ?,  s11/d ��� 10−11 þ?, �öê���
�~�, Ïd, s11 3���SUCÄ�Ø¬é ∆n

�)²wK�, l�A�Ø¬éÈÅìßLÇ
9�ª�ÈÅ�J�)²wK�. d	, lã 3(c)
Ú (d) ��±wÑ, �X F-P IOä�ü²1²�
��Ç�Jp, &D'J,�ê¬O�. ���Ç
�$ (r < 0.7) �, &D'J,�ê�O��~�
ú, �k���Ç�p (r > 0.9) �, ÑÑóÀ�&
D'â¬�ÌÝ��J,. ù´Ï� F-P IOä�
��Ç�p, �¦ F-P IOä�ß�ÌÑÑI��
Ä, éD(�ÈL�J�Ò�Ð.

�
'� F-P IOäS�ØÓ>1¬N�,
Ù � � > Ø � � É, ã 4 � Ñ 
 F-P I O ä S
�ØÓ>1¬N�, ��>Ø�&Ò1 Å��
Cz.

ã 3 ×£ÈÅì�ÈÅA5 (a) ØÓ²1²���Çe�ÈÅìß�Ì©Ù; (b) �µD(�.e, ØÓß�I��°e�&
D'J,�ê; (c) �µD(�.e, ØÓ>1Xê��&D'J,�ê�²1²���Ç�Cz; (d) ýóÀD(�.e, ØÓ
>1Xê��&D'J,�ê�²1²���Ç�Cz
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lã 4 �±wÑ, éuäk�½�°�}òó
À&Ò1, \1u>1¬Nþ��Z��>Ø�&
Ò1Å� λ C, Å���, K¤I�\1���
>Ø�Ò�p. du����a (KDP) ¬NÚ��
��a (KD*P) ¬Nþ��5>1¬N, Ù��>
ØCzÌÝþ'�g>1 KTN ¬N���>Øp
�õ, �CzÇ���õ, Ï3¢SA^¥�\
J±¢yÚ��. æ^ KTN ¬N� F-P IOä
¢y×£ÈÅK�I��$���>Ø, ��´u
��. Ù�Ï3u: d (8) Ú (9) ª��, �g>1
¬N�)� ∆n �Ù��>Ø U �²�k'¤�
', ÊÏ�5>1¬N�)� ∆n �Ù��>Ø
¥�5'X. � γ63 � s11/d ê���Ø��, e�
�)�Ó� ∆n, K�g>1¬N¤I���>Ø
��5>1¬N�$. ù��´S� KTN ¬N F-P
IOä�Y�âÑ`³.

ã 4 S�ØÓ>1¬N���>Ø�Å��Cz

� KTN >1¬N���>Ø�3>ØËÄ½
��>Ø�3�½ò�, ¬éÈÅì�5U�)K
�. ã 5 �Ñ
��>ØCzéÈÅ�J�K�.

lã 5(a) �±wÑ, �X��>ØËÄ ∆U �
O�, ÈÅì�ßLÇÚ-1óÀ&D'J,�ê
þ¥¯�eü�ª³, ËÄ>Ø��, ßLÇÚ&
D'J,�êeü�¯, E¤&Ò1�Uþ���
�x³. �ËÄ>Ø� 0 �, -1óÀ&D'�J
p 122 � (&D'Jp
 2 �þ?), �}ò&Ò1
�ßL�Ç��p� 95%±þ. ,, �ËÄ>Ø
�L 0.4 V �, ÈÅì�ßLÇ®�~$, d�, &
Ò1�ý�Ü©Ñ��ÑK, ÈÅìÑÑ}òóÀ
&D'�J,�ê¬É�é�K�. ©Ûã 5(b) �
�, ���>Ø�3ò� ∆t, ¬E¤��>Ø�&
Ò1�}òCzØ��, �X>Øò��O\, È

Åì�ßLÇÚ}òóÀ&D'J,�êþeü
é¯, >Øò���, ßLÇÚ&D'J,�êK
eü�x³. dd��, �©JÑ�×£ÈÅ�Y
é��>ØCz��(¯. ù´Ï� F-P IOä�
ß�Ìéb, XJÑy�½§Ý�>ØËÄ, &Ò
1�ßLÇB¬ l�A�ß�¸, ÙßLÇ²w
C�, ?���ª�&D'J,�J�Ìeü.
Ïd, 3¢Só�¥, é��^���¦'�p, �
ykEâ^�´�±¦���>Ø�ËÄÚò´
��¤I��¦ [22], T�Y3Eâþäk�Æ5
Ú�15. �Ä�¢S���>1¬Né>Ø��
AÏ~�3æB¦þ?��mò´ [23], Ïd, �±
3��&Ò1�\ò�ì, ±(�>1¬Né}ò
óÀÚ>Ø�ÓÚ�A.

ã 5 ��>ØCzéÈÅ�J�K� (a) >ØËÄe�
ÈÅß�ÇÚ&D'J,�ê; (b) >Ø�òe�ÈÅß�
ÇÚ&D'J,�ê

3¢S��L§¥, &Ò1�}òÇ��U�
3�½Ø�, ã 6 �Ñ
&Ò1�}òÇØ�é&
D'J,�J�K�.

lã 6 �±wÑ, �X}òÇØ��O�, }
òóÀ�&D'J,�ê¬²w��. ù´Ï�&
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D'�J,´ÏLÈÅì�ßLÌ�X&Ò1ª
ÇÓÚ×Ä, ¦�&Ò1Up�Ç/ÏL, D(K
ÏÙªÇCz�ÈÅÌ�CzØ���ÈØK
5�±¢y�, ÈÅÌ�×Ä´ÏL	\>Ø�
UC5¢y�, �	\��>ØëêK´Äu®�
�&Ò1óÀëê(½�. e&Ò1�}òÇÑ
y��Ø�, K¬��¢S�\���>Ø�¤I
���Z>Ø�) �, l��&Ò1�ßLÇ
ü$, &D'J,�J�Ìeü. dd��, &Ò1
�}òÇ��Ø�é&D'J,�J��3�½
K�, 3¢Só�¥, �±ÏLN�Ð°ìò}ò
ÇØ���3Ün��±S.

ã 6 }òÇ���Ø�é&D'J,�J�K�

4 ( Ø

�©é|^×£ÈÅ�{Jp}òóÀ&
D'�Ä��n?1
©Û, JÑ
�«#�Ä
u KTN >1¬NÚ F-P IOä�×£ÈÅì�
Y. éT�Y�×£ÈÅA5?1
©Û, ¿�[
?Ø
 F-P IOä²1²���Ç!KTN ¬N>
1Xê!��>ØËÄÚò��Ï�é}òóÀ
&D'J,�êÚÈÅß�Ç�K�. ïÄ(J
L², ÈÅì�ß�Ì�kb, ß�I��°�Ä,
K&D'�J,�J�Ð; � F-P IOä²1²
���Ç���, ÈÅì&D'J,�J¿Ø²
w, ,, �X��Ç�Jp, ÈÅì�ß�Ì�
kb, &D'J,�ê²wO�, ��
�yÐ�
ÑÑ�J, ��ÇA�u 0.9; >1¬N��>ØÚ
&Ò1}òÇ�CzòéÈÅì�ÈÅ�J�)
��K�, 3¢Só�¥, 7L¦þ~���>Ø
�ËÄÚò�Ú&Ò1}òÇØ�; S� KTN ¬
N�ÈÅì¢y×£ÈÅ�I��$���>Ø,
� KTN ¬N�¤|©�ØÓÚå>1Xê��É
é×£ÈÅì�ÑÑ�J�K�Ø�. �©JÑ�
×£ÈÅ�Y·^uØÓ/G!ØÓ�°�Ñ\
&Ò1óÀ, �äk�n{ü!N´¢y�âÑ
`:, ��}òóÀ-1&D'�J,Jø�
ë�.
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Abstract

Based on the principle of scanning filtering, a new optical scanning filtering method for improving signal-to-noise ratio(SNR)

of the chirped pulse is proposed. For the scanning filtering scheme of Fabry-Perot (F-P) etalon including an electro-optic crystal, the

spectral characteristics of the scanning filter are analyzed quantitatively. Furthermore, the effects of the reflectivity of the parallel-plates

of F-P etalon and the types of the electro-optic crystals on the output SNR are discussed in detail, and the influence of the variation of

the controlling voltage applied to the electro-optic crystal on the filtering effect is also studied. The results show that the narrower the

bandwidth of scanning filter transmission window is, the better the improved SNR will be. In order to ensure the filtering effect, the

reflectivity of the parallel-plates of F-P etalon should be more than 0.9. Compared with the scheme of scanning filter built-in ordinary

linear electro-optic crystal, the scheme of F-P etalon including an secondary standard electro-optic crystal, i.e., KTa1−xNbxO3 crystal,

requires a low voltage, and it is easy to control. The differences of KTa1−xNbxO3 crystal components have little influence on the

filtering effect, whereas the variations of controlling voltage and chirp rate of the signal exhibit a greater influence on the filtering

effect.
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