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æ^�ª^�í��{, ©O3X Ar Ú Ar, He ·Üí¨e��
õ�ØÓN�±Ï� Cu/W B�õ��. |
^Or�f�Ñ� (EPBS)!×£>fw�º (SEM)!X ��û� (XRD) ©Oé Cu/W õ��¥ He ¹þ!�¡/
mÚ�(�?1
©Û. (JL²: õ���.¡­½5´F±�ú�cJÚ�y. 3·��N�±Ïe, B�õ�
�Uk³�±�¤Ø9���Uå.
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1 Ú ó

3ØU+�¥, ÃØ´¯¥fæ(�á�, �
´àCæ1�9C`á�, ±9�aÑ�á�,
± (He) lf�ËìÚ'ß�úÑ´ØN�À�y
¢¯K [1,2]. AO´¤^�7áá��õ�3Ï He
*Ñ��yz, E¤á�Ñ¸�Ueü [3,4].

é He 3á�¥1��ïÄ©uþ­V 60 c
�¥Ï. 9� 70 c�, É�9Ø�A�ïÄ?Ðí
Ä
àCæá��ïÄ, ��r?
ù�+��u
Ð [5]. ïÄuy [6], 39²ï^�e, ±ØMu�
õê7á. � He ?\á�±�, 4´�á�¥�
�Ç!¬.! ��"�áÂ, /¤ He-V (� )
é, ¿?
à8¤� He �. cÙ3�p§Ýe, He
�´3¬.!�.9 ��"�? àÛÑ, ¦á
�åÆ5U:ìeü [7]. ��5`Øá�õÀ^
Ü7á�, �Øá�Ñ¸�¸E,��, @¡!Ë
ì±9Aå�õÏ����^, ü��á���w
,Ã{÷võ«�¦ [8]. Ïd, é(�á�?1L
¡U5, ´JpÙFlfËìÚ'ßUå�k�å
». ~X,���±Ëì�±�)���³, õÀ�
�Ýp�M�7áá�, X W, Mo[9] �. �k<À

� Al2O3
[10], TiN[11], SiC[12] �>bá�����

oæ�, He 3ù
á�¥*ÑÉ{, Ø´E¤á�
Å�5U�ü$, ò�
á��Ñ¸Æ· [13]. �3
É9�¸e, ù
á�yzy��,î­,He �)
��´3¬.?ÛÑ, ��÷¬ä� [14].

�þãïÄØÓ, C5, Misra �< [15] JÑ|
^õ��.¡O\á�F He 'ßÚËì�5U.
Ù�{´��õ���, Áã|^�þ�.¡"
�NBáÂ He, l
��³� He ¤ì���8
�. ?�Ú�ïÄ�´L² [16], N�±Ï���
õ��Ùá He Uåq��r. dd��, )ûá
�¥ He ¯K, ïÄ He 3á�"�¥�*Ñ1�
´'�.

,
��5¿�´, ¦+kõ�ïÄL².¡
U�Ð/NBáÂ He[17], �ïÄöéuõ��á
Â He ��­½5%�èØ�, AO´é He \O
�ú�.¡­½5�¡�ïÄÿá¾�. ¢Sþ,
3Ø�¸¥Ñ¸�á�éu­½59Ñ¸Æ·Ñ
kX�p��¦ [18]. Ïd, �©|^^�í��
� Cu/W B�õ��, ÏL\�PzÁ�, =<�/
3õ��NX¥Ú\�Jþ He (¹þ�� 19.25%),
¿ÏLò»\� He �*ÑÚ\È�ú, ïÄØÓ
N�±Ïõ��.¡é He *Ñ��AÅ�Ú­½
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5, ±9 He ��¤ØÚ���¹.

2 ¢��{

2.1 ������������

Cu/W B�õ����æ^ QX-500 �pý
��A^�í���, Ä.� n .ü¬ Si (100)
¡. qá�7á W q (XÝ 99.95%) Ú7á Cu
q (XÝ 99.995%). Ä¡²Ë°E�!ZÑ�(�
W 15 min!Ë°2g�W¿óZ�, 3ý�¿?

1 15 min �í�W. �í Ø� 800 V, íØ 2.0 Pa.
�.ý�� 1.0×10−4 Pa. ¤�����X�©�
o|: A |�ü� W �, B |Ú C |©O�N�
±Ï� 50 nm Ú 25 nm �õ���¬, D |�N
�±Ï 5 nm � Cu/W õ���¬. ¤k�¬í
�� Ar 6þþ�±� 30 sccm (I¹eÎ,z©
¨), ÏLN! He6þCz��·Üí¨¥ Ar/He
'~. �¬äN?Ò9ó²ëê��L 1. �ï
Ä He Ú\��*Ñ1�, Ü©·Üí¨í��¬,
3 200 ◦C e� ý�ò» 30 min, ò»�ý�Ý�
±3 1×10−3 Pa.

L 1 �¬?Ò9��ó²ëê

�¬?Ò í¨ (Ar/He) ó�íØ/Pa N�±Ï/nm oþÝ/nm

A 1 : 1 0.9 ü� W 300

B1\B2 X Ar\1:1 0.3\0.9 50 500

C1\C2\C3\C4 X Ar\3 : 1\1 : 1\3 : 5 0.3\0.5\0.9\1.3 25 700

D1\D2 X Ar\1:1 0.3\0.9 5 1000

2.2 ������LLL���

^F�nÆ D/Max-3A X ��û�¤ (XRD)
uÿ��¬N(� (Cu-Kα, 40 kV, 40 mA). ^|u
�×£>º (FESEM, �9 S-4800) ©Û��L¡
Ú�¡/m. ^Or�f�Ñ� (EPBS) ÿþ±¹
þ9©Ù. �Ñ�¤^\�ì� 2.5 MeV �f·>
\�ì. �f\�Uþ� 2.0 MeV, R�u�¬L¡
\�, Ñ��� 20◦, Ñ��� 160◦.

3 ¢�(J�?Ø

3.1 He ���ÚÚÚ\\\

ã 1�¹±X W ��9ØÓN�±Ï� Cu/W
õ��� EPBS ã. ã¥­�þ^©Û§S SIM-
NRA é?1[Ü©Û. (Juy, ¤k�¬þÑy

 He ¸, �¬ A, C3 Ú D2 ¤&ÿÑ� He þ©O
� 2.28×1017, 5.20×1017, 5.05×1017 atoms/cm2, é
A He 3��¥��fz©'¹þ©O� 19.25%,
12.98%, 13.69%. `²3�©¢�^�e, ÏL Ar,
He ·Üí¨í�, �k�/Ú\ He[19].

3.2 He ééé Cu/W õõõ���������(((������KKK���

ã 2�©O� C Ú D X��¬� XRD ãÌ.

lã 2(a) ¥�uy, �X Ar/He '~�ü$, = He
Ú\þ�O�, XRD Ì¥ Cu ½ W ¸Åì��. 3
ã 2(b) ¥, X Ar í¨e����¬ XRD Ì¥þ
k Cu Ú W �(¬¸Ñy, ·Üí¨e����
¬ D2 � XRD Ì¥%�� Cu ½ W ¸. ùL² He
�Ú\éõ���(�k��K�, õ���(
¬UåCf. He   Óâ¬��o¡N½l¡
NmY [20], ¬�áÂ He �u)¬ä, ¬�~ê
C�, XRD ¸u)���£ (Xã 2(a) ¤«). �
X He ¹þUYOõ, ��¬�C/Û­î­, {N

 Cu/W õ���(¬, ù� He 37áá�¥�
K�aq [21].

3.3 He ééé������...¡¡¡­­­½½½555���KKK���

3.3.1 He é W ��K�
ã 3 ´ü�X W ��·Üí¨�È�9ò»

���¡ SEM ã. lã¥�wÑ, �¬�È��¡
?®�3Ø��±��âå (��ã 3(a)). ��¬
²ò»�, He �²w�� (Xã 3(b) ¤«). �éÙ
¦7á, W ��àCæ1�9�ÿÀá�, Ù| He
âf�ú�UåA`u�õê7á, ��¥EÑy

²w� He �. ù�L²á�¥ He �ú��\È
�AÚ He �)�éá��úØN�À.
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ã 1 Cu/W õ��9X W ��� EBPS Ì (a) �¬ A; (b) �¬ C3; (c) �¬ D2

ã 2 (a) �¬ C X�N�±Ï 25 nm Cu/W õ��� XRD Ì; (b) �¬ D X�N� 5 nm Cu/W õ��� XRD Ì

3.3.2 He é Cu/W õ��)�9.¡­½
5�K�

ã 4 ¤«�ØÓX��¬��¡ SEM ã. Ï
LÓ±ÏØÓó²G���¬é'�uy (;.X
ã 4(e) Ú (f) ±9ã 4(h) Ú (i)), �¬þÝ3ò»c
�¥y²wCz, ò»��¬�þÝÑk¤~�.
ù´du He ØMu7á, 39�AíÄe, ¬3�
NS*Ñ½øl, Ùøl��"�3ò»�kØÓ
§Ý��Ü, �ª¬���¬�þÝk²w~�.

ù`² He éuõ���)�9Ù.¡­½5k�
�K�.

éuN�±Ï� 50 nm �õ��, Cu �¥ He
à8��²w, Cu �Ñy�É�"�, ò»�$�
� W �k
Nøl (Xã 4(b), (c) ¤«). � W �
�±�Ð, ùL² He �N´3 Cu ¥ à. ØLo
N5`, ���õ�(�Ä��C.

3N�±Ï 25 nm � Cu/W õ��¥, é'�
¬ C3 ò»c���¡/m (��ã 4(e), (f)): ò
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ã 3 ¹ He X W ���¡ SEM /m (a) �È�; (b) ò»�

ã 4 ØÓX� Cu/W õ���¬�¡ SEM /m (a) �¬ B1; (b) �¬ B2; (c) �¬ B2 ò»�; (d) �¬ C1; (e) �¬ C3; (f) �
¬ C3 ò»�; (g) �¬ D1; (h) �¬ D2; (i) �¬ D2 ò»�

»c Cu �=©Ù�þëY� He �, W �K"(
/©ÙX He �. �3ò»��¬¥� He �©Ù
�
ª�þ!z, He �Ø���²w��, $�k

 He �º��
k¤~�. dd��, He �´u
÷ Cu-W .¡*Ñ, ù«î��*Ñk|u³� He
à8¤�. 3DÚá�� He¯K¥, á�¥� He
âf3É9��¬�)*Ñ, 3� !¬.! �

�"�?�áN, X�� (Ü/¤ He-V é, �ª
*Ñ)¤ He �, ��÷*þá�Å�5Uþ��
z. ØL��5¿�´, knØ�[ [22] y²: � 
�3��õ, = He/V '�$, He-� ì�J±)
�� He �. Ïd3õ��¥, du.¡êþõ, �
3�þ�� �"�, �áÚ� He þ�õ, ¿�U
ò He ��)�³�3 He-V ì��ã, J±/¤�
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� He � [23]. $�3ò»��, He *Ñ���Ù¦
�{�� (Ü, �k� He ��
C�, da5�
w,´DÚá�J±ä��. Ïd, XÛÀJ·�
�N�±Ï, �±.¡�­½5, ´òõ��A^
uØ�¸¤7L)û�¯K.

��ØÓ�´, N�±Ï� 5 nm ��¬3�
È��®¥y.¡�Ø­½5, ò»��.¡�ú
��²w (Xã 4(i) ¤«). `²¦+.¡UéÐ/
áÂ He, �´õ��N�±Ï¿����Ð, .¡
­½5Ó�´�~'��Ï�. eN�±ÏL�,
��õ��.¡mÔnmåLá, ù¢Sþé He
�à8����k|.

3Ø�¸¥Ñ¸�á�, éu5U­½5��
¦Ã¦´1� �. XÛÀ�Ü·���±Ï, 3
áÂ He �Ó�, ;� He *Ñ�¤¡øò, �±.
¡Úá��­½, ´õ��3Ø�¸¥Ñ¸�cJ.
õ����M�A¦ÙrÝpuDÚá�, ù�:
®��þA^ [24]. e(Üõ��Å�5U`�5
Ú3F He �ú, ³� He �)��`:, Ù3ØU
+�þ�A^òk���uÐ.

4 ( Ø

�©3 Ø Ó í ¨ e � � Cu/W õ � �, Ï
L XRD, EPBS, SEM �êâ©Û, ��ÑXe(Ø:
1) 3·Üí¨e�����U
éÐ/Ú\ He,
¿E¤�ú; 2) ÏLé'X W ��Ú Cu/W õ�
�ò»c� He ��)��¹, L² Cu/W õ��
äk�½�F He �ú�Uå. ò»� Cu/W õ�
�� He *Ñk÷�.©Ù, � Cu �¥à8�ª
³, 
¿�3 W ¥à8)�, ù3�½§Ýþk�
/�)
 He �ë¡*Ñ, ü$
á�5U� He �
ú; 3) ÏLØÓN�±Ïe Cu/W õ���êâé
', uyN�±Ï 5 nm � Cu/W õ��.¡­½
5Øv, �¬ò»� He �)��úî­. 
 25 nm
Cu/W ò»��, .¡�é'��ß, He ��ò»
�c�
~�, F He âf�ú�5U�r. `²õ
��¿�±Ï�.¡õ, ÙF He �úUåÒ�Ð,
õ��.¡�­½5´F He �úUå�cJÚ�
y. ÀJ·��N�±ÏÚá�´'�.
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Abstract
In this paper, Cu/W nanomultilayers with different modulation periods are prepared in pure Ar and mixing atmosphere (He and

Ar) by radio frequency magnetron sputtering method. The helium content, cross-section morphology and phase structure of Cu/W
nanomultilayer are characterized by EPBS, SEM and XRD, repectively. The results show that the stable interface of the nanomultilayer
is the prerequisite for resisting and the guarantee against the damage of helium. The nanomultilayer can suppress the growth of helium
bubbles under the appropriate modulation.
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