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~ 1  /023456 Ta-N/Zr/Si1 XRD~� 

Fig.1  XRD patterns of Ta-N/Zr/Si samples deposited at various  

temperatures 

 

 

 

 

 

 

 

 

 

~ 2  Cu/ Ta-N/Zr /Si��1yJ,H�qr451�' 

Fig.2  Sheet resistance variation of Cu/ Ta-N/Zr /Si samples as a  

function of annealing temperature 
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~ 3  /0qr456 Cu/ Ta-N/Zr /Si��1 XRD~� 

Fig.3  XRD patterns of the Cu/ Ta-N/Zr /Si samples after  

annealed at different temperature 
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~ 4  Cu/ Ta-N/Zr /Si��1Y�t� 

Fig.4  Surface morphologies of Cu/Ta-N/Zr/Si sample: (a) 

as-deposited, (b) annealed at 700 �, and (c) annealed at 

800 � for 1 h 
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� 5  Cu/ Ta-N/Zr/Si ����� XPS �� 

Fig.5  XPS spectrum of sample annealing at 800 ��for 1 h�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  Cu/ Ta-N/Zr /Si���AES�� 

Fig.6  AES depth profiles of Cu/ Ta-N/Zr /Si as-deposited (a) and  

annealed at 800 � (b) 

�������	
�Ta-N/Zr �
���
���

���� XRD�FPP� SEM��������� AES

� !"#$%&�'()*+,�-.��/0�


�! O�123�23� O4�5�
��67�

89 Cu :;�<=>?�O :;@ABCDEFG

H)*IJ!�KL O:;� 

��������

1) Ta-N/Zr�
�!�Ta-NMNO�P6Q�R� 

2) Zr�STU.Ta-N�VWX��Y800 Z[\

��]^�_Cu�<=`a[bc.+)*[�
�

�Side�fgh�� 

3) �
�i�j�Cukl�(111)mn��om

n�Cuk�pq�rhst�u� 

 

�����

��

���

����

�� References  

[1] Lloyd J R et al.  Mater Sci Eng[J], 1997, R19: 87 

[2] Qu X P et al. Microelectronic Engineering[J], 2006, 83: 236 

[3] Wang Y et al. Microelectronic Engineering[J], 2004, 71(1)): 69 

[4] Wang Y et al. Microelectronics Journal[J], 2007, 38(8~9): 910 

[5] Wang Y et al. Applied Surface Science[J], 2007, 253(22): 8858 

[6] Song S X et al. Thin Solid Films[J], 2005, 476: 142 

[7] Letendu F et al. Thin Solid Films[J], 2006, 513: 118 

[8] Song Zhongxiao(���) et al. Rare Metal Materials and 

Engineering(������	
�)[J], 2005, 34(3): 459 

[9] Wang Y et al. Applied Physics Letters[J], 2008, 92: 032 108 

[10] Wang Y et al. Electrochemical and Solid-State Letters[J], 

2007, 10: H299 

[11] Abe K et al. J Vac Sci Technol B[J], 1999, 17: 1464 

 

Effect of Thin Zr Layer Insertion on the Ta-N Diffusion Barrier Performance  

in Cu Metallization 

 

Ding Minghui , Zhang Lili , Gai Dengyu , Wang Ying  

(Harbin Engineering University, Harbin 150001, China) 

 

Abstract: Ta-N/Zr diffusion barrier was grown on the Si (100) substrates under various substrate temperatures in a RF magnetron 

sputtering system. Investigated the effect of thin Zr layer insertion on the Ta-N diffusion barrier performance of Ta-N film in Cu 

metallization has been investigated. The results reveal that the microstructure of Ta-N films is amorphous phase at different substrate 

temperatures with a higher barrier breakdown temperature of about 100 � than Ta-N film, which can effectively prevent the diffusion of 

Cu after annealing at 800 � due to the production of Zr-Si layer after annealing at high temperatures. 

Key words: Ta-N/Zr film; diffusion barrier; Cu metallization; RF magnetron sputtering  
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