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1 Ú ó

1ÆªÇÎ [1] äk´L�°�1Ì!�þ�
-1p�, ´ûÐ�&EÚUþ1N. é1ÆªÇ
Î?11Ì�/´-1+���ïÄ����,

8cØ=®2�A^��¯-1��ìOÃÄz
³� [2]!ÚÑÿþ�Ö� [3] ��¡, Ó��r?

1ÌÆ [4]!1Ï& [5]!�Å1fÆ [6] �+��
ïÄÚuÐ. �âFp�C�'X, ªÇ�Ì��
CzéA���Å/Cz, ÏLéª�Ì��°�
���ò�±¼����?¿Å/, =1Æ?¿Å
/��) [7]. ��#,Æ�, ùò¬31Æ&E?
n!-1X�ÚDa�+�äk2,A^cµ. d
d��, p°Ý1Ì�/�¢yéu®k�'Æ�
��\uÐÚ#,Æ���)r?, Ñäk��
ïÄ¿Â.

3-1�1Ì�/L§¥, I�kòÙ1ÌS
ØÓÅ�?1�m©l, ©O?\ØÓ�1N�ì
ü�?1rÝÚ� N�, 2ÏL&ÿÑÑ�1Ì

?1�"��, ¼�¤I��1Ìa.. duÉ�
uN�ì (X�¬) ��ü��º�±9�mÚÑ
��k��1Ì©lUå, Ï~��1ÌN�ü�
S�¹õ^-1Ì�, ¦�1Ì�/°Ý�$; Ó
�du-1Å��ËÄ, 13N�ìü�m�¤
£�ò¬���/�ÑÑ1Ì�/GØäCz, ü
$1Ì�/°ÝÚ½5. 1ÆªÇÎ3ª�äk
��1Æ�°!4Ð�½5, ´ûÐ�1Ì�/
1, ¿�|^#.-1OÃ0� [8] Ú��5C
� [9] �±?1Å�*Ð, 2?11óÀEªÇ�
Jp [10], �±¦ÙCXÅã´L!p�m��, 3
1Ì�/XÚ¥u�ÌÄë��^. ~^�1Ì�
/XÚ, �¹é\�1?1�mÌ©l�ÚÑ(�
Ú�¬N�ìü�Ü©, Ù¥�¬ü���1N�
ì�N�Ø%�� [11] �^´¢yé©l�1Ì?
1¿1N�, �mÚÑ(�û½
\�1�Ì
���U§Ý, =û½
1Ì�/°Ý. XJé1
Îü�Î¸?1rÝÚ� �N�, ÒI�ÚÑX
Úäkv
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ÚµdÒ�'�. 8c$°Ý1Ì�/�A^®
��2�, p°Ý1Ì�/�ïÄ�?uåÚ�
ã, Ó���
�½�?Ð. ©z��®²�æ^
ü?ÚÑXÚé1Î� 100 �Î¸©O?1rÝ
Ú� �N� [12], ½ÏLo?�mÚÑ(���
¢yp��mÚÑ1Ì©l [13], l¢�þ¢y

A½Å�eÄ�°1Ì�p°Ý�1Ì�/. �

ÿÐ1Ì�/XÚ�Å�·^��ÚJp1Ì�
/°Ý, I�ÊH·^�nØ5©ÛÚ£ãXÚ¥
�mÚÑ(��1Ì©lUå, �'�ïÄ��
��.

�©æ^1�J,{é1Ì�/XÚ�A«
�mÚÑ(�?1
�[©Û, éü1»!²11
»é!ü1»ßºC�Ú�²11»éßºC�
��mÚÑUåïá�.¿©O?1O�!©Û
Úµd, éÊH���p°Ý1Ì�/XÚäk�
�¿Â.

2 nØ�.

2.1 ^̂̂���bbb���

1Ì�/XÚ¥�Ñ\ÚÑÑÑ�-11
ëê, ¥m��A���ÚÑ1»ÚC�ßº, ©
OéÙ�áCþ. ¢S�-113DÑL§¥
1�º�¬u)Cz, I�d q ëê�DÑÝ

5O�. �ü$O�E,5, ùp¦^O��p
d1å��\�-1, ò���»�� ω0, ¦^
�å� f �ßºà�, ���²¡-11��»
� ω′ = λf/πω

[14]
0 , Ù¥ λ �-1p�Å�, ßº�

�ßº.

b�-1¥%Å�� λ0, p�m�� ∆ν, 1�
î��»� ωx, p��»� ωy, 31»þ�\��
� γ, ¥%Å��û��� θ0, �¥%Å��û�
�� θ, 1»~ê� d, û�?g� m, -11»þ
\�:å�²¡½N�ì�ål� L, �²¡½N
�ìþ���Å��1�må� ∆L, �ßºÚN
�ì���¡R�u-1¥%Å��Ñ���, Ð
À�1�¥%må�u�uü1��»�Ú��
üÅ��¢y1Ì�m©l��â, = ∆L > 2ωx.

Äu±þb�, é�Å��1�´»?1J,,

���±eA«�mÚÑ(���mÚÑUå
£ã.

2.2 111���JJJ,,,

2.2.1 �ßºC�1»(�
1»�'ucº�á�äk���1ÌÚÑ

Uå, ¦^Xã 1 (a) ¤«�ü�1»Ò�±¦°
Ì\�1�)����mÚÑ, d1»�û��
§ sin γ + sin θ = mλ/d �, ÓÅ��-1÷Ó�û
��Ñ�, 1���ØC; ØÓ�Å��û���
d�§¦�©�:

∆θ =
m∆λ

d cos θ
− cos γ

cos θ
∆γ, (1)

Ù¥ ∆γ �-1Ð©�ÚÑ. ÀJ¥%Å��{²
¡��ë�¡, K1åDÂål L �ü��Å��
1�¥%å�

∆L = L · tan(∆θ), (2)

Ó�, ���»� ω0 �-131»þ�î�ÝK
� ωgx = ω0/ cos γ, ²Lû��3¥%Å�{²¡
þ�î�ÝK�Ý�

ωx = ω0 cos θ/ cos γ, (3)

ù�Ò¼�
ü1»�mÚÑ��1�¥%m
å ∆L �1��» ωx �L�ª, ÏLO�'� ∆L

� 2ωx �ê�¿�â�â��ü��Å���U
§Ý.

γ γ

γ−θ

θ θ L
Lx

ã 1 �ßºC�ÚÑ(� (a) ü1»; (b) ²11»é

ü1»��)�mÚÑ, J,�{{ü, Ñ�
1%´uÑ1, Ø|u-1Å�31N�ìS�Í
Ü�N�. eæ^2�A^3�áóÀ-1��Ð
°ìÚØ ì(�¥ [15] �²11»é(��òÑ
Ñ1?1O�, Xã 1(b) ¤«. d�-13²L²

11»é� £þ� Lx =
L

cos θ
sin(γ − θ), Ù¥ L

�²11»émå, ��Ñ�¡þü��1Å��
1�¥%må�

∆L = L′
x · ∆λ = L cos γ · ∆θ/ cos2 θ, (4)
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²L²11»é��1��»K�Óu�\�
1��», =

ωx = ω0. (5)

ùÒ��
��²11»é��mÚÑ©Û
�Ä�ëê. du²11»é�^u-1��m
ÚÑ´�5�, ¤±zgÑ��-1²LÓ��ù
«²11»éò�)�þ��mÚÑ, ¤±ü��
Å�²L n éÓ��²11»é��1�¥%m
åK´:

∆Ln = n · ∆L. (6)

2.2.2 ßºC�ü1»(�
�'uc¡�ü«(�, ü1»ßºà�C�

��ª, = 2f XÚ, 3ü��Å�C����¡�
L§¥vkUC1�må, %4�/ �
1�º
�, k|u1Ì©l¿¦�(�;n. �âã 2, d
AÛ1Æ'X���²¡�ü��Å��1�¥
%må�

∆L = f · tan(∆θ), (7)

Ù¥ ∆θ d (1) ª��. �âà�úª, ����²
¡�1��»�

ωx = λf cos γ/πω0 cos θ. (8)

���²¡1�¥%må�c¡ü«(��'v
kUC, �1��»k
�ÌÝ� �.

( )

ã 2 ü1»à�C���mÚÑ(�

2.2.3 ßºC��²11»é?é(�
¦^ü1»ÚÑ���m�ÚÑþ��k�,

õgÏL�²1���1»�±¼��p��m

�ÚÑ, Xã 3. �²11»é�é¡º¡R�u-
1¥%Å�DÂ��. 3���ÑÑ1»¦^à�
ºC��ªÇ�¡ò�����1�må, k|u
Ì�©l. 3¢�L§¥�
~�NÈ�À^�©
z [14] ¤ãaq�÷põg���ª.

ã 3 õ�²11»��mÚÑ(�

dã 3 �±wÑ, Ð©\��m�ÚÑ� 0, ²
L1��1»�ÚÑ�� ∆θ, ��1��1»�,

du\���áÅ��Ý�Å���'Xu)

�g�=, \�ÚÑ�C� −∆θ. ²8B�, ��
�õgÏL�²11»��ÚÑ�

∆θ0 = ∆γ = 0,

∆θn =
m∆λ

d cos θ
+ (−1)n cos γ

cos θ
|∆θn−1|, (9)

Ù¥ n �ÏL1»��ê. ²ßºà����ü�
�Å�¥%må�

∆L = f · tan(∆θn). (10)

�âÝK'X, �Ó����à��¥%Å�
1��»�

ωx =
λf

πω0
·

 cos γ/ cos θ, n�Ûê

1, n�óê
. (11)

ù�Ò��
õ�²11»�ÚÑL�ª. n
þ��, Äu1�J,, �±�Ñ±þo«ÚÑ(
���mÚÑL�ª, ÄuÌ�©l�â, �e5
�ÏLO�©OéùA«(��ÚÑUå?1©
ÛÚµd.
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3 (J�©Û

3.1 ëëëêêê���666'''XXX

31�«�ü1»��ÚÑ(�¥, Ñ�1�
¥%må�-1Å� λ, -1p�m� ∆ν, \�
� γ, 1»~ê d, û�?g m Ú-1Ñ��ål L

k'. l (1) Ú (2) ª�wÑ, Ñ�1�¥%må�
Xp�m� ∆ν Úål L �O��5O�, Ù¦ë
ê'X�de¡O��[.

�-1Å�� 800 nm, p�m�� 10 GHz, 1
»���Ý� 1500 �/mm, �?û�, -1Ñ�å
l� 10 m, U (1), (2), (3) ªO��, �\��O�,

1�º� 2wx C�¿�1�må ∆L C�, Ø|u
Ì©l, Xã 4 ¤«.
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0
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/(O)
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 2    x

/
m

m

w

ã 4 1»\���Ñ�1�º� (¢)!må (J) �'X

Ó�Uìþã-1ëê, ¦^|AÛ�\�,

\�1��Ñ�1�º�ØC; C�1»��ê,

�uy�X���Ý�O\, 1�må ∆L C�,

Xã 5. ��p�1»���Ý�k|uÌ©l.

eO\-1\�Å�, ���ÝÚ\��ØC,

K-11�måO�, Xã 6, k|uÌ�©l.

dd�wÑ, e�O\Ì�©lUå, I�¦
þO�-1Å�!-1p�må!1»���Ý
Ú-1DÂål, ~�1»\��Ú1���.

¦^1�«�²11»é(�Ù¢´éü1
»(��O�, ¿vkO��mÚÑUå, XJ�
UYO\�mÚÑþ�±õgÏLù��²11
»é(�.

1n«�ü1»à�XÚ´1o«�²1õ
1»�A~. d (10) Ú (11) ª�±����, ßº

��åéà�1�º�Ú1�må��^´��
�, ¤±ØK�Ì�©lL§; �þ¡��à�X
Úaq, O�-1Å�!-1p�må!1»��
�Ý, ~�1»\��Ñ¬O\Ì��©l§Ý,

ØÓ�´O�\�1�¬¦�à���1�C�,

k|u1��©l. Ó�²LX1o«�õ��²
11»�, �¬�k|u1��©l.
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ã 5 1»���Ý�Ñ�1�må�'X
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ã 6 \�-1Å��Ñ�1�må�'X

± 800 nm � ¥ % Å �, 10 GHz ª Ç m �,

1500 �/mm 1»���Ý, 1��» 10 mm, �
å 1 m ßºà�, ØÓ\���, ²L1»gê
ØÓ�à�1�¥%måÚ1���'XXã 7

¤«.

lã 7 ¥�±wÑ, ±1»|AÛ� 36.87◦ \
��, 1�¥%må�ÏL1»gê�5O\, 1
����±ØC; �u|AÛ�\��, 1�¥%
må\�O\, 1��»��, ¿�XÏL1»g
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ê��; �u|AÛ�\��, 1�¥%må~�
O\, 1��»��, ��XÏL1»�gê��.

=�XÏL�²11»gêO\, �ØäO�-1
ÚÑ�Ú��1�¥%å, 1�º�CzØ�,

lk|uÌ�©l. ù��c¡J����\�
��k|uÌ�©l�?Ø�ÎÜ.

3.2 ���mmmÚÚÚÑÑÑUUUååå

é±þo«(�À��½�ëê?1O��
±��XL 1 ¥¤«(J. Ù¥ L 3ü1»¥é
A “DÂål”, ²11»é¥� “1»émå”, �
²1à�XÚ¥� “ßº�å”f .

ã 7 ÏL�²11»gê�Ñ� (a) 1�må; (b) 1�º��'X

L 1 �ânØ�ªÀ�Ü©¢Sëê���O�(J

ÚÑ(�a. λ/nm ∆ν/GHz (1/d)/ � · mm−1 γ/(◦) L, f/m ω0/mm §ê / g ∆L/mm 2ωx/mm

ü1»
800 1 1500 30 10 0.1 1 0.0448 0.2000

800 10 1500 30 10 0.1 1 0.4481 0.2000

1500 10 1200 60 10 0.1 1 2.5000 0.2000

²11»é
800 10 1500 30 10 0.1 1 é 0.7600 0.2000

1500 1 1200 60 1 1 5 é 4.9300 2.0000

�²11»à�

800 1 1500 30 1 1 1 0.0044 0.5093

800 10 1500 30 1 10 2 0.0739 0.0509

1500 10 1200 60 1 10 1 0.2519 0.0955

1500 10 1200 60 0.5 10 4 0.3600 0.0477

2000 1 900 60 0.5 10 5 0.0840 0.0637

dL 1 ¥êâ�±wÑ, p�må�J,éÑ
Ñ1�må�Jp�J�~wÍ; Å���, �N
´¢yÌ�©l, �Ó�¬Úåp�Ý1»þû�
L§���, d�I�ü$���Ý; \��ü$
Ú���Ý�O\Ñk|uÌ�©l; éuØæ^
à�C���¹, ål L ����Ð, ÄKÒ�O

\ÏLÚÑXÚ�gê, à��Ý f éà��¹
�©l(J¿Ø�; Ñ�1��»�\�1��»
3�à���¹e�Ó, ¤±1���, �N´¢
yÌ�©l, �¬ü$û��Ç, à��²11
»��¹KI���1�º�±|u�²¡�ª
Ç¤©©l; �à��¹e���ëê9º���
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u�²11»à����¦��.

nÜ�ÄùA«ÚÑ(��(J�±��, 1
Ì�/XÚ¦^�²11»?1ÚÑ¿¦^ßº
?1à�C���ª�k|u¢yp°Ý1Ì©
l, 3��ëêÀJL§¥I��â1À�p�
��Ý�1»Ú��-1\��, ßºëê�ÀJ
�±�â�²¡1N�ì��ü��º�À�, X
JÏLO�uyE,J±¢yÌ©l, �±õgò
U1´ÏLÚÑXÚ¼����ÚÑþ.

Ó�æ^ù«(��é1Ì�/1JÑ�
½�¦, Ò´1Å�¦þ�, �Ð3 1 µm ±þ,

2 µm ±e, áÅ��ÚÑUå�f, L��Å
�7,�¦1»���Ýü$Ú\��O�, Ø
|u°�1Ì�/; 1�p�m�¦þ�, �Ð
3 1 GHz ±þ, $� 10 GHz; 3\��1Ì�/X
Ú�I�*�1�º�±¼���û�©EÇÚ

���²¡1�.

3.3 ���âââ���DDD(((

duTO��.�3�½�b�^�, ¤±¬
�¢S�¢��¹k¤ �. Xk��1�º�
3û�L§¥Ú\���, ßº����Ú��
¬Ú\�½�D(, �ù
�Ì1�rÝ�'Ñ
4��f, ��Ì��D(5u�âû½��m
ål, =ü��Å�1�©l�§ÝØÓ, �p�
U�1rÝ¬�5���rÝ�µ. Xã 8 ¤«,

�1�må�u1��»�, = ∆L = 2ωx, ��
XÚ��µ�UD.òÓâorÝ�C 50%, 
� ∆L = 3ωx �, �µ�U�� 10%, ¤±3äN
�¹¥I��âXÚ°Ý�¦(½�â, lÀJ
Ü·�1Ú1Ì�/��ëê.
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ã 8 ØÓ�â (a) ∆L = 2ωx; (b) ∆L = 3ωx éA��U'X

4 ( Ø

ÏL?11�J,, ©Û
A«�UA^up
°Ý1Ì�/��mÚÑ(��1Ì©lUå. Ï
LO�uy, |^�²11»ÚÑ(�¿|Üßº
C���{�k|u¢yp°Ý�1Ì�/; �

Jp1Ì�/XÚ�Ì�©lUå, ��¡I�1

�Å���, p�m��, 1�º��, ,��¡
�I�1Ì�/XÚ���1»���Ýp, -1
\���; ßºëê�ÀJK�Ø�; ëêÀ½�
XJE,J±¢yÌ©l, �±õgÏLÚÑ(�
O�Ì©lUå; 1Ì©l�â�ÀJ��§ÝK
�1ÌN�ì¥�Å���UD(.
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Spatial dispersion of pulse shaping system with high
resolution based on the frequency comb∗
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Abstract

High resolution pulse shaping based on the frequency comb has been widely used in microwave photonics, spectroscopy and

communication optics and so on. To describe and evaluate the resolution capability of such a pulse shaping system, the ray tracing

method is adopted to analyze the spatial dispersions of four schemes like single grating, parallel gratings, single grating with focus

and anti-parallel gratings with focus. The spot spacings and sizes of different wavelengths can be determined from the modeling.

As indicated by the calculation results, the latter two structures are advantageous to achieve high resolution pulse shaping; frequency

combs with long wavelength, large mode spacing and big spot size are favorable for space dispersion; high grating groove density,

small incident angle and multi passes in the dispersion system are conducible to the achievement of high resolution. The criterion for

resolution would bring on some spot overlap noise.

Keywords: optical frequency comb, pulse shaping, spatial dispersion, high resolution
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