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�
³���»1Æ��¥�É- Brillouin Ñ��A, ¿÷v�qL§¥å!w��¦, 8cpU-1°Äì
�Ñæ^
�u� N�óÀ. ,, ùaóÀ3E,-1XÚ¥DÑ�, ¬Ñy²w�Nª - NÌ (FM-to-AM) �
A. ïÄù«�A�5, éJ,-1XÚ��NÑÑ5U�'�. éE,-1XÚ¥���<�¤�À�²�
1Æ���5� FM-to-AM �A?1
nØïÄÚê��[. ê��[(JL², ÏL²�1Æ���gê�õN
��Ý��, ¥�54Oª³, �ÏLgê� 10 g�, N��Ýp� 22.2%; ¿�²�1Æ��é�Ì��LÈ��
Ø�Ó, �càÀ^�¥%Å�� 1054 nm�, ²�1Æé�Ì��LÈ�^�~�. JÑÏLUC¥%Å�5~
� FM-to-AM �A, ùéuE,-1XÚ��Oäk����¿Â.

'�c: Nª - NÌ�A, � N�, fIOä�A

PACS: 42.60.Jf, 42.25.Bs

1 Ú ó

3.5�åàC (inertial confinement fusion, {
P� ICF)[1,2] �põÇ-1°Äì¥,�
³�p
U-13��»1Æ��¥DÂ�ÏÉ- Brillouin

Ñ� (stimulated Brillouin scattering, {P� SBS) �
5�»� [3], ±9��1ÌÚÑ!w (smoothing by

spectral dispersion, {P� SSD) �8� [4,5], I�é
°Äìcà�)�üp�«fóÀ?1� N�,

±¼�°��ªÌ [6]. n��¹e, ²L� N�
�óÀ3DÂL§¥Ø¬ÑyrÝ�Cz, �du
-1XÚ¥1Æ��éªÌØþ!�LÈ�^,¦
�N���óÀÑy�Ì½� �Øþ!DÑ, l
��rÝN�, �=Nª - NÌ (frequency mod-

ulation to amplitude modulation, FM-to-AM) �A [7].

ù¦��53��þ²w�óÀÅ/ÑyºÜN
�, ´óÀÅ/u)ÆC�Ì�Ï�, $�¬K�
-1XÚ�½$1±9�q�1åUþ�þï
5. ÏdïÄXÛ�� FM-to-AM �A´ù
E,
-1XÚ��'5�¯K.

8c, �IéuE,-1XÚ¥ FM-to-AM �
A�ïÄffåÚ. Rothenberg � [8] 3é NIF ¥
� FM-to-AM �AïÄL², ÚÑ±9OÃÄz
´�)�ÌN��Ì��Ï. 2004 c, Peter � [9]

��
 NIF càæ��³� FM-to-AM �A��
{, ¿��
��Ð��J. 2008 c, Hocquet � [10]

3 LMJ C�þé FM-to-AM �A?1
XÚïÄ,

Ù¥ïÄ�:´XÚ¥�n�ª�!. IS�
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é FM-to-AM �A�ïÄÌ�8¥ué+�ÝÚ
Ñ (GVD)[11]!OÃÄz [12] Ú>��ï [13] �K
��ïÄ, éE,-1XÚ¥Ï²�1Æ�� (Å
¡! �¡�) �fIOä�A�5� FM-to-AM

�AïÄ$�. -1óÀ3E,-1XÚDÑ�
�L§¥�ÏL�þ�²�1Æ��, Ï�~k
7�ïÄ§�5�K�. ¦+�C Xu � [14] ��

²�1Æ���fIOä�A�5�K�éî
, �©¥vkJÑ~���{.

�éXÛ~� FM-to-AM �A, Hocquet � [15]

JÑ
æ^��u� N���{, ñ��� [16]

JÑÏLÅ/ÿþ5Ú�1Ì�/�Ö��{,

Cao � [17] �é 1 II XÚ�n�ªL§, ê��
[
Ö� FM-to-AM �A�1»ÚÑ{, Séastien

� [18] ÏL¢�y²
�±ÏL�5ýÖ��{
5Ö�ÏªÇ=�L§�5���5D4¼ê. ù

�{�,ÑU�½§Ý/~� FM-to-AM �A,

�¢yå5��(J. �©ÄklnØ�ÝïÄ

� N���²�1Æ��¥� FM-to-AM �A,

,��âISþ�ïÄÅ�é ICF -1°Äìc
àÅ��ÀJ, À^ØÓÅ��üp�«fóÀ,

é²�1Æ��¥fIOä�A�)� FM-to-AM

�A�
ê��[, ¿©Û
�)ù«y���Ï.

©¥�é²�1Æ��fIOä�A� FM-to-AM

�AJÑ�~��{, éE,-1XÚ�Oäk�
�¿Â, ¿�ù«�{�éu±c��{�~{ü.

2 � N�� FM-to-AM �A

b�°ÄìcàÑÑ�üp�-1óÀ�>
|rÝ�

ec(t) = Ac cos(ωct + ϕc), (1)

ª¥, Ac ��Ì, ωc ��ªÇ, ϕc �� �. � 
N�Ò´þª¥�� � ϕc �N�&Ò±ÏCz
Cz,�N�&Ò�m cos ωmt, Ù¥ m�N�X
ê, ²N���>|�

e(t) = Ac cos(ωct + m cos ωmt + ϕc), (2)

òþªU Bessel ¼êÐm, ��

e(t) = AcJ0(m) cos(ωct + ϕc)

+Ac

∞∑
n=1

Jn(m)[cos(ωc + nωm)t

+ϕc + (−1)n cos(ωc − nωm)t + ϕc]. (3)

�â-1°Äì�¢�I¦,·�À^N�ª
Ç� 2 GHz, N��Ý� 22 �� N�ìé¥%Å
�� 1053 nm �üp�óÀ?1� N�, N��
�ªÌXã 1 ¤«.

ã 1 � N�c��ªÌ (¥%Å� 1053 nm)

dã 1 ��, �üp��óÀ²�uÅN��,

ÙªÌòd�¥%ªÇ�3§ü>¥é¡©Ù�
>ª¤|¤, ªÌ¥%Ü �rÝé�, é¡>ª
�rÝ'u¥%ªÇoNþ¥kO��~��ª
³, ¿3�éu¥%� ± 0.15 nm �����. ²
� N���üp��13ª�þÐm�°�ª
Ì, ù��óÀ3E,1ÆXÚ¥DÂ�, du1
Æ���éØÓÌ��ØÓÈÅ�^,¦���ª
Ì�rÝ²LXÚ�~�Ø��, ùÒ»�
�5
�� 'X, �2òª�&ÒC�����, 1r
3�mþ�Å/òÑyºÜN�, �Ò�)
 FM-

to-AM �A. ù«�A���½§Ý¬��1Æ�
�, ¿K���-1XÚ��ª�mÑÑÅ/.

3 f I O ä � A � 5 � FM-to-

AM�A

-1óÀ3²LÅ¡! �¡�²�1Æ
���, duùa��üL¡²1��3�½�
��Ç, ¦�1ÅØä3²�S��Úß�, l
3²�üýu)õ1åZ�, /¤fIOä�
A. �â Airy úª��ß�1r�\�1r�
'X [19]�

It =
1

1 + F sin2 (ϕ/2)
Ii, (4)
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Ù ¥, ϕ =
4π

λ
nd, F =

4R

(1 − R)2
, R ���

Ç, d �þ Ý, λ �\�- 1 Å �. (4) ª¥
�

1
1 + F sin2 (ϕ/2)

�1ÌD4¼ê, §�Å�C

z3
[

1
1 + F

, 1
]

�mCz. b�²� N��

�óÀ n gÏL²�1Æ��, éuªÇ� f �
-1, §�1ÌD4¼ê©O� H1(f), H2(f), · · · ,

Hn(f), Ko�1ÌD4¼ê�

H(f) =
∏

i

Hi(f)

= I1(f) × I2(f)

× · · · × In(f), (5)

Ï L n � ² � 1 Æ � � � � 1 r� Iout(f) =

Iin(f) × H(f), ÙÔnL§Xã 2 ¤«.

ã 2 ²L²�1Æ���1ÌD4«¿ã

d (5)ª��, ß�1r�Å����', \�
Å�ØÓ�1�ß�rÝØÓ, �=²�1Æ��
éØÓªÇ�1�LÈ�^Ø¦�Ó. ÏdN��
�óÀ²L²�1Æ���, �Ð°1ÌrÝ�C
z��Ø�Ó, �=�)
 FM-to-AM �A.

4 fIOä�A�5� FM-to-AM �
A�ê��[

�
?Ø FM-to-AM �AéE,-1XÚÑ
Ñ5U�K�, �©Ò-1óÀÏL²�1Æ�
�?1
ê��[. äNëê�: �þ� 1 mm, L
¡��Ç� 0.005, ò�Ç� 1.45, � N��ªÇ
� 9.2 GHz, cà¥%Å� 1053 nm.

4.1 ������ÅÅÅ///NNN������ïïïÄÄÄ

-1óÀ3E,-1XÚ¥DÂ!��L§
¥, �²L�þ�²�1Æ��. ã 3(a)�²L²
�1Æ�����Å/�ê��[(J. � 1�
²L²�1Æ��c���Å/, � 2 Ú 3 ©O

�²LÊgÚ�g²�1Æ������Å/.

ã 3 (a) ÏL²�1Æ����Å/; (b) ÏL²�1Æ��
gêÚN��Ý�'X

dØÓ¥%Å����Å/�±�Ñ:��Å
/�N��Ý�²L²�1Æ���gê¤�',

²L�²�1Æ���õ, N��Ý��, ¥yÑ
C�5O\. �[(Jw«, �gÏL²�1Æ�
��, N��Ýp� 22.2%, ù�ÏL�Gé²�1
Æ���5�U\�Ak'. Ï3E,1ÆXÚ
��O¥, 3ØK�XÚ½$1��¹e, ¦þ
~�²�1Æ���ê8.

4.2 ØØØÓÓÓ¥¥¥%%%ÅÅÅ������KKK���

�â��ïÄÅ�é ICF -1°Äìcà
Å � � À J, ù p À ^ � - 1 ¥ % Å � © O
� 1047 nm (Mercury), 1053 nm (NIF Ú LMJ �),

1054 nm (Vulcan Ú PHELIX �), 1058 nm (Texas

Petawatt), 1060 nm (NOVA). � é ù 
 Å �  ?
1�ê��[(J©OXã 4— ã 8 ¤«. �ã
¥ (a)���Å/ã, (b)�ªÌã, � 1�²L²
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ã 4 ¥%Å�� 1047 nm � (a)��Å/; (b) ªÌã

ã 5 ¥%Å�� 1053 nm � (a)��Å/; (b) ªÌã

ã 6 ¥%Å�� 1054 nm � (a)��Å/; (b) ªÌã
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ã 7 ¥%Å�� 1058 nm � (a)��Å/; (b) ªÌã

ã 8 ¥%Å�� 1060 nm � (a)��Å/; (b) ªÌã

�1Æ��c���Å/ÚªÌã, � 2 Ú 3 ©
O�²LÊgÚ�g²�1Æ������Å/.

dØÓ¥%Å����Å/�±�Ñ: UC¥
%Å��A���Å/�¬u)Cz, �§��N
��Ývku)UC. ã 4(a) Úã 8(a), ã 5(a) Ú
ã 7(a) ���Å/Ä���, ù´Ï� (4)ª¥¹
k�Å�±ÏCz��. '��ªÌã�±uy:

²�1Æ��é,ªÇ�LÈ�^�²L§�g
ê¤�', �§éØÓªÇ�LÈ�^�Ø�Ó,

=éÐ°����ªÌ�LÈ´kÀJ5�. é¥
%Å�� 1053 nm Ú 1058 nm �-1óÀ, ²L²
�1Æ��c��ªÌþ'u¥%Å�¥é¡©
Ù, ¿�é�éu¥%Å�ål���Ì�LÈ�

~�, é�éu¥%Å�ål���Ì�LÈ�
~�. éu¥%Å�� 1047 nm Ú 1060 nm �-1
óÀ, §�²L²�1Æ���pªÜ©LÈ�,

$ªÜ©LÈ�, ªÌ�Ø2'u¥%Å�é¡.

éu¥%Å�� 1054 nm �óÀ, ²�1Æ��
éªÌ�pª¤©LÈ�~�, é$ª¤©LÈ�
'��, Ïd3E,1ÆXÚ¥À^dÅ�U²w
~�²�1Æ���5� FM-to-AM �A.

�)þãy���Ï�²�1Æ��éØÓ
Å��1äkØÓ�ßLÇk', d (4) Ú (5)ª�
�, ²� N��äk�½°Ý�ªÌ, ØÓÅ�
�1²²�1Æ���éA�rÝ�ßLÇØ�
�. Ïd,·�3�OE,-1XÚ�, �±À^Å
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��N��-1ì��cà«f1, ÏLUC«f
1�¥%Å�, ÀJéÐ°��ªÌLÈ��¥%
Å�5~�²�1Æ���5� FM-to-AM �A.

ù«�{�é± �Ö��{, Ø=ö�{ü, 
�;�
~5�{¥3\\Ö�C�����Ä
Ù�U�5�Ù¦�A�¯K.

5 ( Ø

²� N��-1óÀ3E,-1XÚDÑ
��L§¥, �²L�þGé�²�1Æ��, ±
c��{´æ^n�z?n, ¢Sþ�ÏL�

²�1Æ�����½�ê8�, Ò7L�Ä§�
�5�K�. �©�éE,-1XÚ¥²�1Æ�
��5� FM-to-AM �A?1
nØïÄÚê�
�[. ÏLê��[, ��²L� N���óÀ
ÏL²�1Æ��gê�õ, N��Ý��, ªÌ
�LÈ��î, ù´du²�1Æ��Gé��
ÈÅ�^¤�. �ÀJ¥%Å�� 1054 nm �, ª
Ì�LÈ�^²w~f. Ï·��±ÏLUC
cà�¥%Å�, À^éªÌLÈ�^�~��¥
%Å� (λ = 1054 nm) 5~f²�1Æ���5
� FM-to-AM �A.
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Abstract

At present, in most high-power laser drivers the phase modulation is used to suppress the effect of stimulated Brillouin scattering

and meet the requirement for target surface light intensity uniformity. However, the modulated pulses show intense FM-to-AM effect

after transmitted through a complex laser system. Analyzing the source of this effect is essential to the improvement of the output

performance of whole laser system. In this paper, the theoretical analysis and the numerical simulation of the FM-to-AM conversion of

the optical flat plates are investigated, which has been ignored by many researchers. The simulation results show that the more the laser

passes through the optical flat plates, the deeper the modulation will be (for example, the modulation depth will be as high as 22.2%

when transmitting ten times), and it follows a linearly increasing trend. What’s more, the different flat optical elements have different

spectral filtering effects. When the central wavelength of the front-end is chosen to be 1054 nm, the spectral filtering effect is very

weak. To our knowledge, the reduction of the FM-to-AM conversion by changing the central wavelength is presented for the first time.

Keywords: FM-to-AM effect, phase modulation, weak etalon effect

PACS: 42.60.Jf, 42.25.Bs
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