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Äu��� N���mßº�¢y°(��g� N�, �´§31óÀØ +��A^É�
Ä$1ó
À�¸�õÇLp���. éT¸�õÇ�L�ª?1
í�,JÑ¦^�k�ÚÑ�DÑ0�5¢yÑÑãÚÑ,

l
ü$
Ä$1óÀ�¸�õÇ. ¿?�Ú�Ñ, �±òÄu��� N���mßºA^u 4f XÚ, 5¢y1
óÀØ , l
�k�/ü$
Ä$1óÀ�¸�õÇ.í�
TXÚ�Ä$1óÀ�¸�õÇÚ©EÇ�L�ª,

¿?1
1óÀØ ��ý©Û. ïÄ(JL², 3Äu��� N�� 4f XÚ¥, �±|^¸�õÇ�$�Ä$
1óÀ�)�¦þ?�á1óÀ; �XØ Xê�Jp, ÑÑ1óÀ�óÀ°ÝÌ�É� 4f XÚ©EÇ���, ¿
é 4f XÚ©EÇ�Jp?1
?Ø.

'�c: 1óÀØ , �mßº, ��� N�, 4f XÚ

PACS: 42.30.−d, 42.30.Lr, 42.65.−k, 42.65.Re

1 Ú ó

p­EªÇ!�á1óÀ��)´��­�
�ïÄ�K, �á1óÀUA^3�p�æ� [1]!
ªÌuÿ [2] Ú)ÔK� [3] �+�¥. 8c�Ä£
�´�)�¦þ?�á1óÀ�Ì��{, Ù­E
ªÇd��n�Ýû½, Ïd­EªÇN!5��;

,	, ��n�ÝéN´É�	.�¸�K�, l

��­EªÇu)UC. �mßº�±é1óÀ
?1ÌÄØ  [4], �)�¦þ?�á1óÀ, ¿�
äk�Ð�­EªÇN!5Ú­½5 [5,6]. �mß
º��^�é�¶1åN\���g� , aq/,

�mßº´�«é1óÀ?1�g� N��1
ì� [7,8]. ÏL|^�u�ª&Ò5°Ä>1� 
N�ì, �¢y�mßº. �´du�U¢yCq
��g� N�, ÏdÄu>1� N��1óÀ
Ø XÚ�ÑÑ1óÀ�þ��, ÑÑ1óÀ��
.Ú���kD( [9]; ¿�, dÙ�)�1óÀ°
Ý��3 1 ps ±þ, �k�|^�mßº� [6]!Ú

Ñì~1n [10] ½ö�fgª£�A [11] �5|¤
(�E,�1óÀØ XÚ�âU�)�¦þ?
�á1óÀ, ùn«1óÀØ XÚ�)�1óÀ
���óÀ°Ý©O� 516 fs, 200 fs Ú 200 fs. Ø
d�	, |^ü��mßº5|¤ 4f XÚ�´�«
ékcµ�1óÀØ XÚ, ,
duÄu>1�
 N���mßºØU¢y°(��g� N�,

��
 4f XÚ�¢y [12].

| ^ � � �   N � (cross phase modulation,

XPM) ��±¢y�mßº [13−19]. �'>1�
 N�, Äu XPM ��mßº�¢y°(��g
� N� [13]. 8c, Äu XPM ��mßº�Ì�
A^�é1óÀ?1ª�����=�, ~X��
1Fp�C� [14]!�mËÄ�Ø [15] ±9�5Æ
CÖ� [16] �. �´du1óÀØ é� N�Ì
Ý��¦�p, ��ÙÄ$1óÀ�¸�õÇLp,

4�/��
1óÀØ �¢y [18−20].

�©éÄu XPM ��mßº31óÀØ +
��A^?1
ïÄ, ©Û
ü$Ä$1óÀ�¸
�õÇ��{. Äkí�
Äu XPM ��mßº
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�¸�õÇ�L�ª,JÑ
¦^�k�ÚÑ�D
Ñ0�5¢yÑÑãÚÑ, l
ü$
Ä$1óÀ
�¸�õÇ. �X?�Ú�Ñ, �âÄu XPM ��
mßº�¢y°(�g� N��A:, �±òÄ
u XPM ��mßºA^u 4f XÚ, 5¢y1óÀ
Ø , l
�k�/ü$Ä$1óÀ�¸�õÇ,

¿¼�
ép�©EÇ.í�
TXÚ�Ä$1ó
À�¸�õÇÚ©EÇ�L�ª, ?1
1óÀØ
 ��ý©Û, |^¸�õÇ�$�Ä$1óÀ,

�)
óÀ°Ý� 649 fs �1óÀ. �XØ Xê
�Jp, ÑÑ1óÀ�óÀ°ÝÌ�É� 4f XÚ
©EÇ���, ¿é 4f XÚ©EÇ�Jp?1
?
Ø.

2 Äu�ÚÑ�1óÀØ �Y

��¤�XÚdÑ\ãÚÑ!�mßº!Ñ
ÑãÚÑ|¤, Ù¥�mßº´�«�±éÑ\
1&Ò?1�g� N��ì�.ÏL-Å/��
Ô�.�Ä$1óÀ�&Ò1óÀ3�ãp��
51n¥u) XPM �^, =�¢y�g� N�.

,
, 3¢S�¹¥¿Ø�3óÀ°ÝÃ¡��
Ä$1óÀ, ¯¢þÄ$1óÀ����äL�ª
� [18]

|A (τ)|2 =


−aτ2 + Pp, τ <

τa

2
,

0, τ > τa

2
,

(1)

ª¥ a = −(4l0γ0ϕ
′′
f )−1, l0 Ú γ0 ©O�p��5

1n��ÝÚ��5Xê, ϕ′′
f ��mßº�+�

òÚÑ (group-delay dispersion, GDD) �å [20], Pp

�Ä$1óÀ�¸�õÇ, τa �Äu XPM ��m
ßº��», ÙÔn¿Â�T�mßºUé&Ò1
óÀ?1N�����m��, ÙL�ª�

τa = 2
√

(Pp/a). (2)

�
÷v�»���, e¡ò±pdóÀ��&Ò
1óÀ�~éÙ?1©Û. �Ñ\1óÀ�óÀ°
Ý� T0, ²LÑ\ãÚÑ�ÚÑÐ°�, ÙóÀ°
Ý�

T ′
0 = T0

√
1 +

ϕ′′2
1

T 4
0

, (3)

ª¥ ϕ′′
1 �Ñ\ãÚÑ� GDD. �
�yé&Ò1

óÀ?1°(��g� N�, �âÄu>1� 
N���mßº��»�� [21], ·�éÄu XPM

��mßº��»��?1
í�. -T�mßº
��»�u&Ò1óÀ�õÇ�¸�õÇ� 1%�
�óÀ°Ý, ²O����ÑÄu XPM ��mß
º��»���

T ′
0 6 0.23τa = 0.93

√
−Ppl0γ0ϕ′′

f . (4)

�þ��ý(Jy², ��=�Ñ\Äu XPM �
�mßº�&Ò1óÀØ÷v (4) ª�, ��¤�
XÚ�ÑÑ&Ò1óÀm©u)ÆC.

édü�Äu XPM ��mßº|¤���¤
�XÚ5`, ÙXÚ¤�^��

1
ϕ′′

1

+
1
ϕ′′

2

=
1

ϕ′′
f

, (5)

Ù¥ ϕ′′
2 ©O�ÑÑãÚÑ� GDD. ��Xê�L

�ª�

M = −ϕ′′
2

ϕ′′
1

. (6)

d (3)—(6) ª��Ä$1óÀ�¸�õÇ÷v

Pp > 1.16
l0γ0

· M − 1
M

·
(

T 2
0

−ϕ′′
1

+
−ϕ′′

1

T 2
0

)
. (7)

²L�ýO���, Ä$1óÀ�¸�õÇ�~p.

�Ä$1óÀõÇLp�, ��¤�XÚN´�)
oÅ·ª (FWM) �^, l
ü$XÚ�5U. �

~�Ä$1óÀ�¸�õÇ, é (7) ª?1
©Û.

Äk, ��=� ϕ′′
1 = −T 2

0 �, ¸�õÇk���

Pp min =
2.32
l0γ0

· M − 1
M

. (8)

Ùg, p��51n���5Xê γ0 ���É�

8c1n)�Eâ���,Ó��Xp��51n
��Ý l0 �O\, p��51n¥�ÚÑòé�g
� N��)K�, Ïd�UÏLN!��Xê M

���5ü$¸�õÇ Pp. � γ0 = 0.02 W−1m−1,

l0 = 200 m, ¸�õÇ Pp min ���Xê M �Cz
Xã 1 ¤«.

dã 1 �±wÑ, � 0 < M < 1 �, �'
� −1 < M<0 �Ä$1óÀ�¸�õÇ Pp �
�, AO´� M ªCu 1 �Ä$1óÀ�¸�õ
Ç Pp ªCu 0, ÏdU3�½§Ýþü$Ä$1
óÀ�¸�õÇ. � M > 1 ½ M < −1 �, Ä$1
óÀ�¸�õÇ Pp þ��, þ·^ué1óÀÐ
°. 38c���¤�XÚ¥, Ñ\ãÚÑÚÑÑ
ãÚÑ�õ�K�, d (6) ª�� M < 0. �
�
� 0 < M<1, �-ÑÑãÚÑ���, ~X1n1
»½öÚÑÖ�1nþ�¢y, T��¤�XÚ�
(�Xã 2 ¤«.
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ã 1 ¸�õÇ Pp min ���Xê M �Cz

ã 2 ÑÑãÚÑ������¤�XÚ(�«¿ã

nþ¤ã,í�Ñ
Ä$1óÀ�¸�õÇ�
L�ª, �Ñ
ÏL|^�ÚÑ�DÑ0�5¢y
ÑÑãÚÑ, �3�½§Ýþk�/ü$Ä$1ó
À�¸�õÇ.

3 Äu 4f XÚ�1óÀØ �Y

3.1 nnnØØØ©©©ÛÛÛ

|^ü��mßº5|¤ 4f XÚ´�«ék
cµ�1óÀØ XÚ, ,
, duÄu>1� 
N���mßºØU¢y°(��g� N�, Ï
d²LügCq�g� N��, ÑÑ1óÀòu
)î­ÆC, ��
 4f XÚ�¢y. �'>1� 
N�, Äu XPM ��mßº�¢y°(��g�
 N�, Ïd�©�Ñ
�±|^Äu XPM ��
mßº5¢y 4f XÚ, Ø=�k�/ü$Ä$1ó

À�¸�õÇ, ��±¼�ép�©EÇ, l
�
)�¦þ?�á1óÀ.

4f XÚdü� 2f XÚ|¤, Ù(�Xã 3 ¤
«. 2f XÚdÑ\ãÚÑ!�mßºÚÑÑãÚ
Ñ|¤, Ù¥Ñ\ãÚÑÚÑÑãÚÑ� GDD þ
�u�mßº� GDD �å. 2f XÚ�ÑÑ1&Ò
�ªÌ�Ñ\1&Ò����ä/G��, Ó�
ÑÑ1&Ò����ä�Ñ\1&Ò�ªÌ/G
��. �ü� 2f XÚ¥�mßº� GDD �å©O
� ϕ′′

f1 Ú ϕ′′
f2, Ñ\1&Ò����ä� A (0, τ),

ªÌ� Λ (0, ω), K 4f XÚ�ÑÑ1&Ò����
äÚªÌL�ª�

A (4f, τ) = A

(
0,−

ϕ′′
f1

ϕ′′
f2

τ

)
,

Λ (4f, ω) = Λ

(
0,−

ϕ′′
f2

ϕ′′
f1

ω

)
.

(9)
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ã 3 4f XÚ(�«¿ã

d (9) ª��, ÑÑ1&Ò����äÚªÌL�
ª©O�Ñ\1&Ò/G��, �´�
��Ø 
Xê, ÙL�ª�

C = −
ϕ′′

f1

ϕ′′
f2

. (10)

d (9) Ú (10) ª��, 4f XÚ�éÑ\1&Ò?1
óÀØ .

|^Äu XPM ��mßº?11óÀØ �
Ì�(J�Ä$1óÀ�¸�õÇLp, Ïde¡
é 4f XÚ¥Ä$1óÀ�¸�õÇ?1
nØ©
Û, ¿í�
Ù©EÇ. ±Ñ\pdóÀ�~, �Ñ
\1óÀ�óÀ°Ý� T1, ²LÑ\ãÚÑ�ÚÑ
Ð°�, �\�»�� (4) ª, ���1�� 2f X
Ú¥Ä$1óÀ�¸�õÇL�ª�

Pp1 > 1.16
l1γ1

·

(
T 2

1

−ϕ′′
f1

+
−ϕ′′

f1

T 2
1

)
. (11)

Ù¥ l1 Ú γ1 ©O�u) XPM �p��51n�
�ÝÚ��5Xê. ò1�� 2f XÚ�ÑÑ1ó
À��Ñ\1óÀ5\�1�� 2f XÚ¥, ²LÑ
\ãÚÑÐ°�, 2g�\�»�� (4) ª��1
�� 2f XÚÄ$1óÀ�¸�õÇL�ª�

Pp2 > 1.16
l2γ2

·

(
ϕ′′2

f1

−ϕ′′
f2T

2
1

+
−ϕ′′

f2T
2
1

ϕ′′2
f1

)
, (12)

Ù¥ l2 Ú γ2 ©O�u) XPM �p��51n�
�ÝÚ��5Xê. ÏLé' (7) ª� (11), (12) ª

��,
M − 1

M
����, ùò¿�XÄ$1óÀ�

¸�õÇò��/ü$. duÉ��»Ú� N�
ÌÝ���, z�� 2f XÚþ�3��©EÇ, �
âÄu>1� N���mßº�©EÇúª [21],

�í�ÑÙ©EÇL�ª©O�

τ1 = 0.7

√
−ϕ′′

f1

l1γ1Pp1
,

τ2 = 0.7

√
−ϕ′′

f2

l2γ2Pp2
,

(13)

Ù¥ l2 Ú γ2 ©O�u) XPM �p��51n�
�ÝÚ��5Xê.

3.2 ���ýýý©©©ÛÛÛ

ü��Äu XPM ��mßº�1óÀØ X
Ú®²3©z [19] ¥?1
�[��ý©Û, 3d
Ä:þ, édü�Äu XPM ��mßº|¤� 4f

XÚ?1
�ý©Û. 3�ý¥, pd&Ò1óÀ
��p�°Ý ({P� FWHM) � 10 ps, Ù¥%
Å�� 1560 nm, �Ô�/Ä$1óÀ�¥%Å�
� 1540 nm, üãp��51næ^�Ó�ëê, =
3 1550 nm ?��ÚÑXê β2 = 0 ps2/km, n�
ÚÑXê β3 = 2 × 10−4 ps2/km, ��5Xê γ1 =

γ2 = 0.02 W−1m−1, �Ý l1 = l2 = 200 m [15−18].

ÏLUCü� 2f XÚ� GDD �å, �¼�Ø
Ó�Ø Xê. �
k�ü$Ä$1óÀ�¸�õ
Ç, 3�ý¥-ü� 2f XÚ¥�Ä$1óÀ�¸
�õÇ�Ó, l
±�$�õÇ¼����Ø X
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ê. �Ø Xê�Cz, 4f XÚÑÑ1óÀ�Å/
Xã 4 ¤«. dã 4 �±wÑ, &Ò1óÀ�k�
/Ø , �XØ Xê�O�, ÑÑ1óÀ�óÀ
°Ý~�; Ó�, ÑÑ1óÀ�Å/�Ñ\1óÀ
�Å/��, vkÑy�.Ú���D(, �y

|^Äu XPM ��mßº�¢y�°(��g�
 N�.
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z

�XØ Xê�Cz, 4f XÚÑÑ1óÀ�ó
À°ÝXã 5 ¤«. dã 5 �±wÑ, �Ø Xê
O���½§Ý�, 4f XÚÑÑ1óÀ�óÀ°
ÝØ2�X×�~�. ²L©Û��, ÑÑ1óÀ
�óÀ°ÝÉ�
�mßº�©EÇ���, �
XØ Xê�O�, �±��ü� 2f XÚ¥��
mßº�©EÇXã 6 ¤«. nÜã 5 Úã 6 �
±wÑ, �XØ Xê�O�, 4f XÚÑÑ1óÀ
�óÀ°ÝÌ�É��mßº©EÇ�K�. l
ã 5 Úã 6 ��±wÑ, �Ø XêO���½§
Ý�, ÑÑ1óÀ�uü� 2f XÚ�©EÇ¥�

���, ~X� C = 40 �, ÑÑ1óÀ� FWHM

� 649 fs, dã 6 �±wÑ, � C = 40 �, ü� 2f

XÚ�©EÇ¥����� 603 fs, �nØ©Û�
~�C. Ä$1óÀ�¸�õÇ�Ø Xê�'X
Xã 7 ¤«, � C = 40 �, =ÑÑ1óÀ� FWHM

� 649 fs �, Ä$1óÀ�¸�õÇ� 1.881 W, d
ã 1 �±wÑ, �|^ü��mßº5¢yØ X
ê C = 40 �1óÀØ �, Ä$1óÀ�¸�õ
Çp� 24 W, Ïd 4f XÚk�/ü$
Ä$1ó
À�¸�õÇ,Jø
|^Äu XPM ��mßº
5¢y1óÀØ ��U5.
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ã 7 Ä$1óÀ�¸�õÇ�Ø Xê�Cz

Ïd, ?�ÚØ 1óÀI�Jpü� 2f X
Ú�©EÇ. d (13) ª��,Jpü� 2f XÚ�©
EÇI�O�Ä$1óÀ�¸�õÇ. nÜã 6 Ú
ã 7 �±wÑ, �XØ Xê�O�, 4f XÚ�©
EÇJp,Ó�ÙÄ$1óÀ�¸�õÇ��XJ
p. ,
, �¸�õÇLp�, Ø�Ä$1óÀJ±
¼�, 
� 4f XÚ¥� FWM!ÚÑ�Ï��K�
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�ò�XJp. ~X� C = 40 �, ÑÑ1óÀ�Å
/Xã 8 ¤«, d��ÑÑ1óÀÑy
ÆC, T
ÆC´dp��51n¥�ÚÑ�ÇÚå�.

ã 8 � C = 40 �, ÑÑ1óÀ�Å/

nþ��, 4f XÚ�±¢y°(��g� N
�, �ØÑÑ1óÀ��.Ú��D(; Ùg, 4f X
Ú��ü$
1óÀØ XÚ�E,§Ý; ��, 4f

XÚ�k�/ü$Ä$1óÀ�¸�õÇ, ¿¼�
ép�©EÇ. 3�ý¥|^¸�õÇ� 1.881 W

�Ä$1óÀ�)
 FWHM � 649 fs �ÑÑ1ó
À; �XØ Xê�Jp, XÛ?�ÚJp 4f XÚ

�©EÇ´JpXÚ5U�'�.

4 ( Ø

�©ÏLéü$Ä$1óÀ�¸�õÇ�ï
Ä,Jø
|^Äu��� N��mßº¢y1
óÀØ ��U5, *Ð
Äu XPM ��mßº
�A^. ïÄL², |^�k�ÚÑ�DÑ0�5
¢yÑÑãÚÑ�3�½§Ýþü$Ä$1óÀ
�¸�õÇ. ?�Ú�ïÄL², |^ü��mß
º|¤ 4f XÚ5?11óÀØ , ��k�/ü
$Ä$1óÀ�¸�õÇ, ¿�¼�ép�©EÇ.

3�ý¥, |^¸�õÇ� 1.881 W �Ä$1óÀ
¢y
 FWHM � 649 fs �ÑÑ1óÀ. �'8cÄ
u�mßº�1óÀØ XÚ, T 4f XÚ�¢y�
�áóÀ°Ý�q, ,
duÙäk°(��g�
 N�, ¦TXÚ�ÑÑ1óÀD(��, Ó�Ù
XÚ(��\{ü. �XØ Xê�Jp, XÛ?
�ÚJp 4-f XÚ�©EÇ´JpXÚ5U�'�.

a��®�Ï�Æ�Æ>f&Eó§Æ�£Ô��Ç

Ú ¥��Ç�?Ø.
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Abstract

Time lens based on cross phase modulation can realize accurate quadratic phase modulation and large phase modulation ampli-

tude. However, its application in optical pulse compression is restricted by the pump pulse with a high peak power. The formula of

the peak power is deduced. It is proposed to use an output fiber with positive dispersion to lower the high peak power requirement for

the pump pulse. It is also proposed to use a 4-f system which consists of two time lenses to realize optical pulse compression, thereby

more effectively lowering the peak power of the pump pulse. The formulas of the peak power and the resolution of the 4-f system are

deduced. The optical pulse compression is simulated and analysed. The research results demonstrate that in a 4-f system based on

cross phase modulation, femtosecond pulses can be generated by using pump pulses with small peak power; With compression factor

increasing, the pulse width of the output pulse is restricted mainly limited by the solution of the 4-f system. The method of improving

the solution of the 4-f system is discussed.

Keywords: optical pulse compression, time lens, cross phase modulation, 4-f system
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