
z �� � z � o Vol��� No��

���� � � M ��� � ACTA METALLURGICA SINICA Jan� ���� pp����

����������	
������ �

J B ���� HKE ���� FIC �� JDG ��

�� ��c���D���I��� ������

�� l���I����I�������d ���� ������ ������

�� Department of Electrical and Computer Engineering� University of Utah�

Salt Lake City� UT 	����� USA

� � R���j����n��t��Uy��	W�p�sXj�	
cPDV�Y�
	Z��� �TEM� ��T��

�SEM� �z���E�� X �	�� �XRD� �V�Y�	c	w
	�
�	BP���j�	
cPDV�Yte

�F
f
w�	V��RFtV�YGzy�t ����� b
��YmRd�tcP��PLI�
RBP���	v�

cPDt�Y����e��O�c�l�e��l�RySTN��I���tha�X�yS����t����nh	e

��lt��
�
cPDV�Ye�ytP��HB�YD���L��I�L���cLtL�


��� V�Y�
cPL�e��c	w


A����� TG���
 	 ��� ! A �"#� �������������������������

MICROSTRUCTURES AND FATIGUE DAMAGE OF

SUBMICRON THICK COPPER FILMS

ZHANG Bin����� SUN Kaihong����� LIU Yongdong��� ZHANG Guangping��

�� School of Materials � Metallurgy � Northeastern University� Shenyang ������
�� Shenyang National Laboratory for Materials Science� The Institute of Metal Research� The Chinese Academy of

Sciences� Shenyang ������
�� Department of Electrical and Computer Engineering� University of Utah� Salt Lake City� UT 	����� USA

Correspondent� ZHANG Guangping� professor� Tel� ������������	� E�mail� gpzhang�imr�ac�cn
Supported by� One Hundred Talents Plan � of the Chinese Academy of Science� National Nat�

ural Science Foundation of China �No�
�����	�� and National Basic Research and
Development Programme of China �No�����CB�������

Manuscript received ���
��
���� in revised form ���
��	���

ABSTRACT Submicrons thick Cu 	lms were deposited on polyimide substrates with high elasticity
and mechanical stability by a magnetron sputtering system� Microstructures of the Cu 	lms were
characterized by TEM
 electron backscatter imaging of SEM as well as XRD technique� Fatigue damage
behaviors of the submicron thick Cu 	lms were investigated under constant load amplitude control� It
was found that there exists a large number of micro�nanoscale twins in the annealed 	lms and ����
texture formed in the 	lms� Fatigue extrusions and cracking in the Cu 	lms were suppressed under
constant load amplitude control� The fatigue cracks dominantly initiate at the interfaces
 where exist
strong dislocation interaction at twin boundaries and deformation incompatibility near the interfaces�
The enhance of fatigue strength of the submicron thick Cu 	lms results from the constraints of three
scales of 	lm thickness
 grain size and twin size�
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