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Preparation and Characterization of (Ti, A)N Films by Ion Mixing and
Vapor Deposition Technique

Hitoshi Ucnma*, Masato Yamasarra *, Satoshi Hanakr * and Takeaki Ugra ™™

A few studies on the synthesis of titanium aluminum nitride (Ti, A)N films have attracted interests, in particular
as an alternative to the widely used TiN films, to obtain wear-protective hard coating with higher oxidation resistance
at elevated temperature. Here, the (Ti, Al)N films were prepared by depositing Ti and Al metal vapor under simulta-
neous irradiation of N ions, that is ion mixing and vapor deposition (IVD) technique. With an increase of evaporation
Al/Ti and/or transport ratio (77 + Al)/N, a single-phase of NaCl structure in the films transformed into that of wurtzite
structure through a two-phase mixture consisting of NaCl and wurtzite structure. Based on the revelation of two-
phase structure, therefore, the optimum preparation conditions for wear- and corrosion-resistive hard coating were
identified. The (Ti, AI)N films were also highly resistant against oxidation. Consequently, the results suggest that the
Al oxide layers formed on the top of (Ti, A)N films during elevated temperature oxidation tests protect the films from

further oxidation.

Key words : Titanium aluminum nitride, Ion mixing and vapor deposition (IVD), Phase transition, Hard
coating, Pinhole defect, Oxidation resistance
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Fig. 1. Conception of ion mixing and vapor deposition
technique.
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Table 1. Specific of ion mixing and vapor deposition
machine used.

Substrate holder Holder size: $50mm, heater: ~873K
Rotation speed: ~10rev/60s

Main pump Cryopump (2400dm3/s)
Ultimate pressure 7><10-5Pa or less
E/B evaporator 10KkW < 2 units (crucible: 10cm3)
Ion source Bucket type
<Mixing > Ion energy: 2~20keV, current: 30mA
<Assist> Ion energy: 0.2~2keV, current: 80mA
Process gas Independently 2 systems (Ar, N,)

)

(@)

Fig. 2. SEM micrographs showing (a, ¢) surface and
(b, d) cross-sectional views of ~1um-thick (Ti, ADN
films prepared under the conditions of (a, b) Al/Ti =
1, Ti+A)/N=2and (c,d) Al/Ti=3, (Ti + A)/N=A4.
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Fig. 3. XRD patterns of ~Imm-thick (Ti, AI)N films
prepared under the condition of (7% + Al)/N = 3, as
a function of evaporation ratio.

Table II. XRD results showing crystallographic structure
of (Ti, A)N films.

AllTi
1 2 3

2 NaCl NaCl NaCl

Zz |3 NaCl NaCl NaCl

s wurtzite | wurtzite
X 4 NaCl NaCl

& wurtzite | wurtzite
5 NaCl NaCl
wurtzite
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Fig. 4. Effect of evaporation ratio on binding energy of
(a) Ti-2ps/2 and (b) Al-2p obtained by XPS analysis
of ~lum-thick (Ti, A)N films, as a function of
transport ratio.
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Fig. 5. Effect of trasport ratio on Knoop hardness of ~

1um-thick (Ti, AN films, as a function of evaporation
ratio.
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Fig. 6. Effect of transport ratio on critical passivation
current density and area ratio of pinhole defect of
~1um-thick (Ti, AI)N films prepared under the
condition of Al/Ti =3.
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Fig. 7. AES depth profiles of (a) ~50nm- and (b) ~2um-
thick TiN films annealed at (a) 873K and (b) 1073K
for 0.9ks (Ti/N =3, Tsu = 573K).
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Fig. 8. AES depth profiles of (a) ~50nm- and (b) ~2um-
thick (Ti, AI)N films annealed at (a) 873K and (b)
1073K for 0.9ks (Al/Ti=2, (Ti+Al)/N=3).
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Fig. 9. SEM micrographs showing (a, ¢) surface and

(b, d) cross-sectional views of ~2um-thick (a, b)
TiN and (c, d) (Ti, AI)N films annealed at 1073K
for 0.9ks (Al/Ti =2, (Ti+Al)/N = 3).



986 WH (=, ITFIEA, fEK T, R

150 T T T 1 I T T T T I T T T T

=
Z

[y
S
<

Weight gain w (ug/cm?)

0 Wbk ARPSTRTY: R Y TN bt YL
600 800 1000 1200
Temperature T (K)

Fig. 10. Weight gain of ~2um-thick TiN and (Ti, A)N
films measured in air at the rate of 5K/min (Al/Ti =2,
(Ti+Al)/N=3).
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