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Characterizations of Ti-Al-V-N Films Deposited by DC and RF
Reactive Magnetron Sputtering
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Abstract The Ti-Al-V-N films have been deposited on various substrates by d.c and r.f reactive magnetron sputter-
ing from a Ti-6Al-4V alloy target in mixed Ar-N, discharges. The films were investigated by means of XRD, AES,
SEM/EDX, microhardness, TG and scratch test. The XRD and SEM results indicated that the films were of single B7
NaCl phase having dense columnar structure with the (111) preferred orientation. The composition of Ti-Al-V-N film
was the Ti-7.1Al-4.3V-N(wt%) films. Adhesion and microhardness of Ti-Al-V-N films deposited by r.f magnetron sput-
tering method were better than those deposited by d.c magnetron sputtering method. The anti-oxidation properties of
Ti-Al-V-N films were also superior to that of Ti-N film deposited by the same deposition conditions.
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Table 1. Chemical composition of high speed steel (SKH
51)

Composition C Cr w Mo Fe

wt% 1.0 4.0 6.0 2.5 |balance
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Fig. 1. X-ray diffraction patterns for Ti-Al-V-N films depo-
sited on high speed steel(A) and Si(100)(B) substrates by
d.c and rf reactive magnetron sputtering for 90 min from a
Ti-6Al-4V alloy target. The deposition conditions are d.c
power 300W(500V-0.6A), r.f power 200W, total pressure
6 x 10°mbar, substrate temperature 350°C, and nitrogen
partial pressure [N/(Ar+N,] 0.15, respectively.
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Fig. 2. AES spectra (A) and depth profiles (B) of the Ti-
Al-V-N films deposited on Si(100) wafer by d.c reactive
magnetron sputtering at Ts = 350°C.
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Fig. 3. RBS spectra from Ti-Al-V films (A & B) and Ti-Al-V-N films (C & D) deposited on Si (100) wafer by d.c reactive

magnetron sputtering at 78 = 350°C, respectively.
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Fig. 4. SEM micrographs taken for the surface (A) and
the cross-sectional fracture (B) of Ti-Al-V-N film deposited
on high speed steel, and the cross-sectional fracture (C)
on Si wafer by d.c reactive magnetron sputtering at 73 =
350°C, respectively.
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Fig. 5. Point-by-point cross-sectional EDS depth profiles
of Ti-Al-V-N film deposited on high speed steel by d.c
reactive magnetron sputtering at 73 = 350°C. The point-
by-point distance is 0.25 um.
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Fig. 6. TG(A) and DTG(B) curves showing the oxidation
behavior of Ti-N and Ti-Al-V-N films deposited on poly-
crystal-ALO; substrate by d.c reactive magnetron sputtering,
respectively.
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Table 2. Comparison results of PVD methods, coating materials, thickness, microhardness and scratch test for various

head punch.
Sample PVD method | Coating material | Thickness (um) | Hardness (kg.fmm'z) Scratch test (N)

Domestic company (A) Ion plating TiNX 3-5 = 2,000 =5
Domestic company (B) ? TINX 2 =~ 1,900 =5
Domestic company (C) Ion plating TiNX 3-5 = 2,100 =60
Japan company (A) Ton plating TICXNY 2-3 = 2,500 =60
Japan company (B) ? TiICXNY 2-3 =2,500 =60
In this study dc Ti-Al-V-N 2-3 = 2,200 =60
In this study r.f Ti-Al-V-N 2-3 = 2,500 ~65
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Fig. 7. SEM micrographs taken for the cross-sectional
areas of various head punch manufactured by various
companies. (A) Domestic company [B Co.] (B) Japan
company [A Co.] (C) In this study (cf sputtering method)
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