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nØÚ¢�ïÄL², B�þÝ±ÏN��«f (DU)/Au õ��á�äkp��-1 X ��=��Ç. æ^

�O^�í���B�þÝ� DU/Au ²¡õ�±Ï(�, ÏLx1Z�¤!×£>fw�º!X ��1>fUÌ

é DU/Au õ���AÛëê!L¡/m!¤©±9.¡/m?1L�. ¢�(JL²: 8 nm � Au ëY¤��þ

ÝK�, (ÜnØO��`z�f�', À� DU �þÝ� 30 nm!Au �þÝ� 8 nm �N�±Ï(�; ¢ÿ±Ïþ

Ý� 37 nm; ×£>fw�ºì¡w« DU/Au ©�²w; X ��1>fUÌ�Ý�¡©ÛL² DU/Au .¡?�3

*Ñ, DU, Au, O nö�f'� 73 : 26 : 1; duìq�A, Au �f 4f >f(ÜU�pUà£Ä, vk*	� DU �

A�>f(ÜU£Äy�.

'�c: «f/Au õ��, -1 X ��=��Ç, �f', ìq�A

PACS: 81.15.Cd, 68.35.–p, 73.21.–b

1 Ú ó

-1.5�åàC (ICF) ïÄ¥, rpU-1
Ú\p Z 7áçn, ÏLçnr-1=��þ!
^ X ��Ë�|, ]m°ÄeÈ��q�u)à
C, �Ñã�Uþ [1,2]. ICF ïÄ¥, çn X ��
Ë�A5 (ZÀ5!þ!5) Ú-1 X ��UþÍ
Ü�Ç´�Øçn�ü�'��I. X ��U|
�ZÀ5Úþ!5K�q�ý9!Ø Øé¡5
�, 'X:»¤}; p�-1 X ��UþÍÜ�Ç
�±ü$-1ì:»UþK�, �±-13$U
þe$1, éü$àC:»ºx!ò�-1ì9
1Æ��Æ·¿Â­� [3]. -1 X ��=�L§
¥, Uþ±�«/ªlçn<ºÑ�, ISþÌ�
l`zçnAÛ(� [4] Úçn=�á�ü�¡5
Jpçn�UþÍÜ�Ç. du Au äk�p�=
��Ç!­½�zÆ5��A:, Ïd3 ICF c
ÏïÄ¥~æ^ Au çn, Ù��ó²®¤Ù. �
#�nØÚ¢�ïÄþL², duUþ�O�A,

3 Au çn¥\\,	�«½õ«p Z 7á��

±4�/Jpçnn9Ë��Øß²Ý, ~�Uþ
�� [5−8]. ê��[(JL², ù
p Z 7á7
Ø��/�¹«f (DU)[9]. Ó�, DU �\\��
��ü$M X ��°�, Uõ Au çnË�|�Z
À5. ,
, DU �zÆ5�4¹¸, � Au Ø´/
¤���MN. �
¢yüö�þ!�,, <�J
ÑN� DU/Au B�õ�(�, �O�È DU Ú Au

ü«��B�þÝ��, ÏLþÝ5N!ü«��
��f' [10], ÏL�G�±Ï(�, ü$ O, H �
�f3 DU �¥�*Ñ�Ç, Jp DU �|@¡U
å [3]. &¢B�þÝ DU/Au õ�����9L�
´ï�p�:»çn�7²å». Ó�, DU ´�
«­��Øá�, qäk�~AÏ�ÔnzÆ5�,

<�éB�þÝ DU ����9Ù3B�ºÝe
�AÏ5��~a,� [11−13]. ISþu 2005 c
m©ÅÚ&¢B�þÝ DU/Au õ��çn���
�L�Eâ [14], �´duÙ��EâJÝ9¤¬
Ç�¯K [3], DU/Au õ��çn�U��í2. 3
IS, duõ��á�äkAÏ�åÆ!^Æ!1
Æ�A5, B�(�õ������L�¤�Æö
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�ïÄ���9: [15−17], �´du DU äkzÆ
¹5Ú��5�A5, IS3CücâÝº$ O ¹
þ7á DU ��í��ÈEâ [18], ¹ DU B�þ
Ýõ����������, �©Ì�ïÄ DU/Au

B�þÝõ�����9ÙA5.

2 �¬��

æ^�pý�^�í�Û�Å�� DU/Au õ
��. Û�Åäkü���í�Ò4, ÏL�Oí
�¢yõ�����, DU �Ú Au �ü�þÝÏ
Ló²��. �.ý�Ý`u 5×10−6 Pa. ¢�æ
^$ C, O °õ DU qá, qá²Å�ï�!���
¡�ØL¡�z�, ²�lfYWÀ�×�C\^
�í�Ò4. Ä¡æ^ (100) ¡�1 Si ¡. ó�í
N� 99.9999%��pX Ar í.

3 (J9?Ø

3.1 ëëëYYY������þþþÝÝÝKKK���(((½½½

��3)�L§¥, �þÝ�O\d�G/¤
ëY��. ��çnn9á�, �¦ DU, Au ü�¦
þ�, ±¦§�3-1\9n9�éu3çn9¥
DÂ�9Ë�Å (Marshak Å, Å��� 0.3 µm) ´
þ!� [9]; Ó�q�¦ DU � Au ëY¤�, k�
{N O, H ��f3 DU �¥*Ñ [3], Jpõ��
|@¡Uå; ,	, �ÏLþÝéü«����f
'?1��. Ïd, ïÄëY��þÝK�äk­
�¿Â. �(½ëY Au �þÝK�, 3 Si Ä.þ
�È8IþÝ� 3, 6, 8, 10 nm � Au �, ^×£>
fw�º (SEM) *	ØÓþÝ����L¡/m.

Xã 1 ¤«, Au ���G (Volver-Weber) )��ª.

�þÝ� 3 nm �, í� Au �;.��G©Ù, �
���m�3²w���; þÝ�� 6 nm �, �?
�Úë�, ��C�Ø²w, Ä�þ®/¤ëY�
�, �´�3éõ�Y; �þÝ�� 8 nm �, /¤

��ëY��, ��dØÓ����âë�
¤;

�þÝ� 10 nm �, �â��, L¡Co. �d��,

�þÝ�u 8 nm �, =���ëY� Au ��.

3.2 BBB���þþþÝÝÝ DU/Au õõõ������������

nØO�L², DU Ú Au ü����f'
� 75 : 25 �äk���Ë�Øß²Ý [9]. b�
�È���äkN�Ý, ÏL����, DU �þ
Ý�� Au �þÝ� 3.7 �. �âé Au �)�L
§�ïÄ, �ÏLþÝ� 8 nm � Au �Ú 30 nm

� DU ��O��ý��f', Ó�¼��m�ß
� DU/Au õ�(�. ÏLó²��ü�þÝ, �O
�È DU �� Au �, 8I±Ïê� 20. Ï� DU

�zÆ5�4¹¸, ¤kÿÁ©ÛÃ{� ?1,

�3 DU/Au õ�(��þeL¡ÛþÝ� 450 nm

� Au�o�.

3.3 BBB���þþþÝÝÝ DU/Au õõõ������LLL���

æ^x1Z�¤ÿþ��oþÝÚL¡o÷
Ý, ¤�(JXã 2 ¤«. ��oþÝ� 1612 nm,

3 � Ó ó ² ^ � e � � ü � Au � o �, þ Ý
� 445 nm, O��� DU/Au ±ÏþÝ� 37 nm,

�8IþÝ 38 nm (DU �þ� 30 nm, Au �þ
� 8 nm) �~�C. L¡o÷Ýÿþ(JXã 3

«. 3 950 µm °Ý��S, o÷Ý��â²þ
�� 3.99 nm, ¸��� 35.12 nm, þ��o÷Ý
� 5 nm, L²��L¡�~1'.

æ^ SEM *	Û Au �o�� DU/Au õ��
L¡, ¤�(JXã 4(a) ¤«. lã 4(a) �±wÑ,

��dþ!�âü�
¤, �ââ»�u 100 nm,

�âü�;�, ��"���É, L² Au �o�
��/�o
 DU �. æ^ SEM *	 DU/Au õ�
�ä¡, ¤�(JXã 4(b) ¤«. ¼� DU/Au õ
��#mä¡�á=x\ SEM ©Û¿, du DU

4¹¸, ¦+�³�í�m4á, E¬3ä¡?/
¤���z�, »�ä¡ý¢/m, �3�¬�\
ý�©Û¿�é�¬ä¡?1 Ar lfåñÂ, �
Ø3�í�¸¥/¤��z�. lã 4(b) �±w
Ñ, õ��ä¡äk�ß�±Ï©�/m, ±Ïê
� 20, ¦+ DU Ú Au �ü�þÝþ3 10 nm þ?,

�´ DU �Ú Au �þ!
²", üö¿Ø?u�
�·Ü�.
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ã 1 ØÓþÝ Au �� SEM ì¡ (a) þÝ� 3 nm; (b) þÝ� 6 nm; (c) þÝ� 8 nm; (d) þÝ� 10 nm

ã 2 Û Au �o�� DU/Au õ��þÝÿþ(J

æ ^ ESCALAB 250 . X � � 1 > f U
Ì (XPS) ¤é DU/Au õ���f'?1
�Ý©
Û. Ar lf�¡�\�>Ø� 3 kV, å6� 1.8 µA,

×£��� 2 mm×2 mm, X ��©Û���»
� 500 µm. du Ar lfåéØÓá�$�Ó�á
�ØÓG�e��¡�Ç�Oé�, Ïd, é�Ó
ó²^�e����®�þÝ� DU �Ú Au �

?1í��ÇI½, �âI½��Çrí��m
=���¬þÝ, Ì�ïÄ DU, Au, O ����Ý
�Cz'X, ÿÁ(JXã 5 ¤«. 3ÿÁ��S,

DU � Au �f'��Ý¥y±Ï5Cz, DU, Au,

O ����f'�� 73 : 26 : 1. O ���f¹þ
�p� 2.7%, ²þ��u 1%, DU ¹þÑ$u8I
¹þ (75%). ¤©©Û(Jw«, �,�3 DU/Au
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ã 3 Û Au �o�� DU/Au õ��L¡o÷Ýÿþ(J

ã 4 Û Au �o�� DU/Au õ�� SEM ì¡ (a) L¡; (b) ä¡

ã 5 Û Au �o�� DU/Au õ�� XPS �Ý©Û

±Ï(�, �´ DU �f�¹þ©ªpu Au �f
�¹þ. �Ïk±eü�¡: ��¡, �¬��3
.¡?�3*Ñ, ½ö.¡?B�þ?�åÏ��

·Ü���J. ,��¡, X ��©Ûå��»
� 500 µm, 3Xd����S, Ar lf�¡ØU
��n�z/é�¬¢yÅ��f�l, =¦¢y


Å��l, �ØU�y�¬����¡?Ý��
��R�; ,	, ¦+ XPS ¼��´�¬L�&E,

�Ù©Û�Ý�3L�eZB�, éu±ÏþÝ
= = � 8 nm � Au �, � U � � � ´ · Ü �
�ÿþ(J.

é Au 4f Ú U 4f >fUÌ?1Ä«×£¿�
��?þÝ� DU �ÿÁ(J'�, Xã 6, ã 7

¤«. ÏLÌ¸�mU\'���: �o�¥ Au

4f7/2 �(ÜU� 83.6 eV, ±Ï(�¥ Au 4f7/2 �
¸ �pUà£Ä
� 0.6 eV; ±Ï(�� DU �
��?þÝ U 4f7/2 Ì¸3¸/Ú¸ þÃ²w«
O, U 4f7/2 (ÜU� 377 eV, L² DU �7á�; U

4f ¸¥yÑér��é¡5, Ùp(ÜUà�ö�
´du1>lL§¥d�>f�[� Fermi U?
±þ��ÓâU?½U�, u)a�-õ>f-u

E¤�1>fUþ��. zÆG��UC¬Úå
�f>f(��UC, =>f(ÜUzÆ £, ,
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ã 6 ØÓþÝ� Au � Au 4f >f� XPS Ì�

ã 7 ØÓþÝ� U � U 4f >f� XPS Ì�


, DU � Au Ø/¤zÜ�. Ø
zÆ £±	, �
f¤?Ôn�¸�¬K��f>f(ÜU�UC.

3¬N¥, �f±�±Ï(���f³|E¤>f
�U?©�, �¬Nº�~��B�þ?�, ¬N
��§kS(��»�, �f±�����fê~

�, >fÉ±Ï³²�^~�, º��A²w. �±
Ï(�¥� Au �þÝ� 8 nm �, Ù¬â (ìq) º
��u 8 nm, Au ±��§kS(��»�, ìq�
ALy²w, ¦� Au 4f ¸ �pUà£Ä. 
é
u U �f, ìq�AØ²w, U �f�»��, 4f >
f?uÛ��, É±�±Ï5³²K�é�, ìq
�AØv±¦ U 4f >f(ÜUu)Cz. ¢Sþ,

ISþ��'5 U 4f >f�ïÄ. Gouder � [11,12]

3 U/Si, U/Pd, U/Pt, U/C, U/Mg NX¥ÿ�� U 4f

Ú U 5f >fÌ��éu7á� U k²wCz, U

�f3L¡CXÇ�$ (0.2 ��f�) ��¹e, U

4f5/2 Ì¸p(ÜUàÑy
du'é�^½-�
Úå��¸, U 4f Ì¸�é¡5²w\r¿�Ð°.

IS6#S� [19] ÏLC� XPS ïÄ DU ¬áL
¡ØÓ�Ý� U 4f Ì¸, �uy¸ k²wCz.

4 ( Ø

ïÄ
±Ï(�B�þÝ DU/Au ²¡õ��
���!¤©���L�. Au ����G)�,

8 nm �ëY Au ��þÝK�; ÏLþÝN��
f', æ^ DU �Ú Au �þÝ©O� 30 Ú 8 nm

�±Ï(�, ¢�ÿ��±ÏþÝ� 37 nm, ±
Ïê� 20. ¢�ÿ� DU, AU, O ����f'
� 73 : 26 : 1; ±Ï�¥ DU �7á�, O ¹þ$
u 1%. ä¡*	��ß±Ï5õ�(�, ¤©©Û
w« DU, Au �f'��Ý¥±Ï5Cz, �ü�
�©ª?u·Ü�. duìq�A, 8 nm þ� Au

�¥ Au 4f >f(ÜU�pUà£Ä� 0.6 eV, v
kuy DU �A�>f(ÜU £y�.
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Preparation and characteristic study of nanometer
thickness depleted uranium / Au multilayer

Yi Tai-Min† Xing Pi-Feng Du Kai Zheng Feng-Cheng Yang Meng-Sheng
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Abstract

Modeling and experimental results show that the depleted uranium (DU) and Au “cocktail” nanometer multilayer will improve

the X-ray conversion efficiency by reducing energy loss to penetration of the X-ray into the hohlraum wall. DU/Au multilayer plane

film is deposited by magnetron sputtering through alternately rotating substrate in front of separate DU and Au sources. The geometry

parameter, surface topography, atomic concentration and interface structure of DU/Au multilayer are characterized by white light

interferometer, scanning electronic microscope (SEM) and X-ray photoelectron spectroscopy (XPS). Au film becomes continuous

when its thickness reaches 8 nm. Combining with theoretical modeling results, 30 nm DU and 8 nm Au multilayer is chosen. The

periodic thickness of DU/Au is measured to be about 37 nm. Well-defined Du/Au interface is observed by SEM. Diffusion at DU/Au

interface is observed by XPS. The atomic concentration ratio of DU: Au: O is 73 : 26 : 1. The binding energy of Au 4f of 8 nm

thickness Au film shifts toward high-energy tail about by 0.6 eV. Similar phenomena are unfound in 30 nm thickness DU film.

Keywords: depleted uranium / Au multilayer, laser X-ray conversion efficiency, atomic concentration, cluster
effect
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