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Abstract: Zirconium diboride(ZrB,) thin films possess high melting point and low resistivity, and has a wide application
potential in Cu interconnection of silicon based devices. However, the deposited ZrB, films usually show crystal structure,
and its grain boundary provides a fast diffusion path for Cu atoms. Amorphous structure can be obtained by doping nonmetal-
lic elements (N or O atoms) to improve its diffusion barrier performance. In this paper, Zr-B-O-N films were deposited on
single crystal Si (100) substrates by reactive magnetron sputtering under different substrate bias voltages. The microstruc-
ture, electrical and diffusion barrier performance of the films were characterized by atomic force microscopy, X-ray diffrac-
tion, transmission electron microscopy, scanning electron microscopy and four point probe. The results show that the deposi-
ted Zr-B-O-N films are amorphous and have flat surface,

the roughness increases with the increase of substrate bias
voltage. When the substrate bias voltage is 150 V, the
formed amorphous Zr-B-O-N film with a thickness of 10 nm
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Fig. 1 AFM images of Zr-B-O-N films sputtered with different substrate bias voltages: (a) 0 V, (b) 50 V, (¢) 100 V, (d) 150 V
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Fig. 2 Roughness of Zr-B-O-N films sputtered with different substrate

bias voltages
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Fig.3 XRD patterns of Zr-B-O-N films sputtered with different sub-

strate bias voltages
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Fig.4  Cross-sectional TEM images of Zr-B-O-N films sputtered under the
substrate bias of 150 V; (a) bright field, (b) HR-TEM image
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Fig. 5 XRD patterns of the Cu/Zr-B-O-N/Si thin films as-deposited and

annealed at different temperatures
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Fig. 6 Sheet resistance of Cu/Zr-B-0-N/Si samples annealed at differ-

ent temperatures
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Fig. 7 SEM images of Cu/Zr-B-O-N thin films annealed at different
temperatures: (a) 600 C, (b) 650 C, (¢) 700 C, (d)
750 °C
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Table 1 Failure temperatures of barrier layers with different crystal
structures
Barrier Thickness Crystal Faliure
layers /nm structure temperature/ “C
7B, % 15 Nanocrystal 725
Zr-B-0["] 5 Amorphous 600
Zr-B-N[2] 5 Amorphous 650
7r-B-0-N 10 Amorphous 750
4 %
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