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A Study on the Phase Transformations of (TiAl)N Films
Deposited by TFT Sputtering System
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Abstract Titanium aluminium nitride ((TIAI)N) film is anticipated as an advanced coating film with wear resis-
tance used for drills, bites etc. and with corrosion resistance at a high temperature. In this study, (TIADN thin films
were deposited both at room temperature and at elevated substrate temperatures of 573 to 773 K by using a two-
facing-targets type DC sputtering system in a mixture Ar and N, gases. Atomic compositions of the binary Ti-Al
alloy target is Al-rich (25Ti-75Al (atm%)). Process parameters such as precursor volume %, substrate tempera-
ture and Ar/N, gas ratio were optimized. The crystallization processes and phase transformations of (TIAIN thin
films were investigated by X-ray diffraction, field-emission scanning electron microscopy. The microhardness of
(TIADN thin films were measured by a dynamic hardness tester. The films obtained with Ar/N, gas ratio of 1: 3
and at 673 K substrate temperature showed the highest microhardness of H, 810. The crystallized and phase
transformations of (TIAI)N thin films were Ti,AIN + AIN — TiN + AIN for Ar/N, gas ratio of 1: 3, Ti,AIN + AIN —
TiN+AIN — Ti,AIN + TiN+AIN for Ar/N, gas ratio of 1 : 1 and TiN + AIN — Ti,AIN + TiN + AIN — Ti,AIN + AIN —
Ti,AIN + TiN + AIN for Ar/N, gas ratio of 3 : 1. The above results are discussed in terms of crystallized phases
and microhardness.

(Received August 11, 2005; accepted September 27, 2005)
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Fig. 1. Schematic drawing of a Two-Facing-Target-Type
DC sputtering apparatus.

Table 1. Conditions for TFT DC sputtering system

Composite Target 25 atm% Ti+75 atm % Al
P g (Purity 99.9%)
Substrate Corning glass

Substrate Temperature  R.T. & 573 — 773K /100K
D.C.700V

120 mA

Lower than 8.0x10™° Pa
Ar/N,=1:3,1:1,3:1

0.2 Pa

Target Voltage
Sputtering Current
Initial Pressure
Gas ratio

Total gas Pressure
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Fig. 2. XRD profiles of 25Ti75A1-N films deposited at (A) room temperature, (B) 573K substrate temperature, (C)
673K substrate temperature and (D) 773K substrate temperature ; (a) At/N,=1:3, (b) At/N,=1:1 and (c) Ar/

N, = 3:1, respectively.
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Fig. 3. XRD profiles of 25Ti75A1-N films deposited at

various gas ratio (A) AN, =1:3, (B) AvN,=1:1

and (C) Ar/N, = 3:1 ; substrate temperatures are (a)

room temperature, (b) 573 K, (¢) 673 K and (d) 773 K,
respectively.
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Table 2. Phase transformation of 25Ti75A1-N films as a function of deposition substrate temperatures and gas ratio

Gas ratio Deposition Substrate Temperature
(Ar/N,) R.T 573K 673K 773K
1:3 Ti,AIN + AIN TiN + AIN TiN + AIN TiN + AIN
1:1 TiL,AIN + AIN TLAIN + AIN TiN + AIN TLAIN + TiN + AIN
3:1 TiN + AIN TLAIN + TiN + AIN Ti,AIN + AIN Ti,AIN + TiN + AIN
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Fig. 4. Dynamic hardness changes of 25Ti75AI-N films

as a function of deposition (a) temperatures, (b) gas
ratios.
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Fig. 5. FE-SEM photographs of surface morphology
and cross-section of 25T175A1-N thin films (Ar/N,=1:3)
;A T=RT B T=673K () T=773 K, (@, (b
and (c) are their corresponding cross-sectional images.
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