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The microstructure and adhesive characteristics of Ti-Al-V-N films
prepared by reactive magnetron sputtering
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ABSTRACT The quaternary Ti-Al-V-N films have been grown on glass
substrates by reactive dc and rf magnetron sputter deposition from a Ti-6Al-4V target
in mixed Ar-N: discharges. The Ti-Al-V-N films were investigated by means of X-ray
diffraction(XRD), electron probe microanalysistEPMA) and scratch tester. Both XRD
and EPMA results indicated that the Ti-Al-V-N films were of single Bl NaCl phase
having columnar structure with the (111) preferred orientation. Scratch tester results
showed that the adhesion strength of Ti-Al-V-N films which treated with substrate
heating and vacuum annealing was superior to that of as-deposited film. The good
adhesion strength was also achieved in the double-layer structure of Ti-Al-V-N/Ti-Al-
V/Glass

Key Words : Ti-AI-V-N film,glass substrate, dc & rf magnetron sputter adhesion
strength, double-layer structure
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diamond tip radius R : 02 mm

scratching speed dx/dt : 10 mm/min

loading rate dL/dt : 100 N/min
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Fig. 1 X-ray diffraction patterns of Ti-Al-
V-N films coated by dc (a) and rf
(b) magnetron sputtering on glass
substrate for 180min. The deposition
conditions are dc power 300W(500V-
0.6A), rf power 200W, total pressure
6x103mbar, and nitrogen partial
pressure[Nz2/(Ar+Nz2)J]0.122,
respectively.
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Fig. 2 SEM micrographs taken for the
surface (a) and the fractured
cross-section (b) of Ti-Al-V-N film
coated by rf magnetron sputtering
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Table 1 The compositions of Ti-Al-V-N
film determined by EPMA : the
analysis were performed on two
different areas in the film, as
marked by “A” and “B” in Fig. 2

N A B
Ti 331 323
Ai 63 65
Vv 53 52
N 553 560
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Fig. 3 Acoustic emission (AE) vs load (L)
for Ti-Al-V-N fllms coated by dc
magnetron :sputtering on glass
substrate atroom’-temperature (a)
and 450C (b), respectively.
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Fig. 4 Acoustic emission (AE) vs load (L)
for Ti-Al-V-N films coated by dc
(a) and rf (b) magnetron
sputtering on glass substrate,
respectively.
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Fig. 5 Acoustic emission (AE) vs load (L)
for various structural films coated
by rf magnetron sputtering on glass
substrate.

(a) Ti-Al-V (b) Ti-Al-V-N
(¢c) TI-Al-V-N/Ti-Al-V
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Fig. 6 Acoustic emission (AE) vs load (L)
for monolithic Ti-Al-V-N (a) and
Ti-Al-V-N/Ti-Al1-V double-layer
films (b) annealed at 500C for
120min in vacuum (5x10® mbar).
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