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Effect of processing parameter on mechanical
property of TiAIN films deposited on Al alloy by
R.F magnetron sputtering

In-Su Jung

Dept. of Precision Mechanical Engineering,
Graduate School of Pukyoung National University

Abstract

Aluminum alloy is a very useful material in terms of light weight
and high relative strength compared to any other metallic materials.
However, low hardness of this material makes limitations in its
application.

We have been successfully developed TiAIN thin film of hard
coating on Alalloy as a promising alternative to hard and light
weight material for the application of high speed rotating mechanical
parts. In this application, the wear resistance of hard coating to base
material is one of the most important parameter. TiAIN coatings
were deposited by R.F magnetron sputtering method at various
nitrogen partial pressures of the coating process using Ti based
alloy cathode of which composition is 90wt%Ti, 6wt.26Al and
4Awt.%V. This material was chosen from a commercially available
engineering material and the affinity of Al element in target and
base material. The coating experiments were carried out at various
nitrogen flow rate from 125 to 1.75 sccm with constant Ar flow
rate of 35 sccm. In this report, the influence of nitrogen flow rate

on the wear properties of TiAIN coating was investigated. By using



this experiment, we found that the wear resistance and hardness of
TiAIN which was recognized through the micro-vickers test and

wear test is related to nitrogen to argon ratio.

Keywords : R.F. magnetron sputtering, hard thin film, TiAIN,

hardness
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2.1 Sputter Deposition
2.1.1 Basic aspects of sputtering
2.1.1.1 Sputtering 34
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Figure 2-1. Computer simulation of a portion of collision
sequence initiated by a single ion-bombardment event in

a solid lattice

2.1.1.2. Glow discharge
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2.1.1.3. Interactions on the target surface

g oo mAEHY FEIH FALA wiE, FA"”, XA BE,
B2 A oz A W& 283l target EHONA 1A YA 2 Fo] w
A8, targetoll = vl A AL o] 2T, IFE A, cascade LA, TFH
7tE, dATe] A E.

Z@zuts fAGEd Mg T 4L st AL oA Aot E=
ol el A o]z AAE F7HAQ o]23E dov|i EFTtzviel gokd Iid
9] color, intensity: target A2, gase F, ¥¥, excitation 59 5ALEF,
discharge M9 TALAES A= A 2d9EY AAF ZARE & F 3
o}

Backscattered
particles

Gas de
Modification of sorplicn

surface properties
Chernical surface .

N Amorphisat
reactions sakoen
Topography
changes

formation

impiantation

Figure 2-2. Synopsis of the interaction events occurring at and
near the target surface during the sputtering process (after

Weissmantel)

2.1.1.4. Sputtering yield
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2.1.1.5. Target consideration
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2.1.1.6. Process parameter effect
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Figure 2-3. Computer-simulated two-dimensional microstructures of
Ni films deposited with incident flux angle a=45° deposition rate
R=1 mm/s, and growth temperatures Ts of (a)350K, (b)420K, and
(c)450K. The deposition time, t, is shown.

@ 71 2 %9} negative biasd] W& %3

Figure 2-4. Revised structure zone model
illustrating the combined influences of substrate
bias voltage and substrate temperature(relative to
the melting temperature) for thick films



1) Zone I- A &A= open dendritic arrangement, ¥ 4k

2) T-zone - dense columnar formation, T-zoneA £2] T XM= o= AL
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3) Zone II- second dense columnar microstructure, <=7} ZolAHA 2F
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Figure 2-5. Structure-zone diagram showing schematic

microstructures of films deposited by cylindrical magnetron

sputtering as a function of growth temperature and Ar
pressure
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Figure 2-6. Schematic representation of processes leading to
three~-dimensional nucleation and film growth

Figure 2-7. Molecular-dynamic simulation of the structure
of a Ni film deposited at 0 k at various times t after
bombardment by a 100 eV Ar ion. Atomic displacements
(not trajectories) are indicated by straight line segments
with origins at the zero-time positions of the relocated

atoms.

2.1.2. Sputtering techniques
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2.1.2.2. Diode sputtering
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2.1.2.3. RF sputtering
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2.1.2.4. Triode sputtering
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Figure 2-9. Schematic drawing of hot-cathode assisted
discharge device(triode)
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Figure 2-10. Circular, planar magnetron cathode
schematic, illustrating the magnetic confinement and the

resulting electron trajectories.
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2.1.2.6. Unbalanced magnetron sputtering
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Figure 2-11. Unbalanced magnetron designs
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Figure 2-14. Results for a series of TiN films deposited at
300C under various substrate bias voltages(Vy). (a)
Growth rate vs. bias. (b) Ion current density vs. bias. (c¢)
Ion-to-Ti-atom ratio vs. bias. (d) Resputtering rate vs.

bias
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Figure 2-15. Nitrogen partial pressure vs. reactive
gas flow in a mixed Ar-N: discharge under mass
flow control, at a target power of 10kW
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Figure 2-16. Deposition rate vs. flow hysteresis
behaviour for TiN, deposition at a target power of
10 kW in a mixed Ar-Nz discharge
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31 AldH

B a7 A4" AsE ATEHIL e Al 2024 ¢FvE FEe ARt
Fom, ANgH sty 24 9 o8 7B JIAH 54E0] Table 1 3%
Table 2 o Y25 {31t
ABH Y Al 2024 EFPlE FE8E AF30mm, FA 10mm<]
disk¥el2 718 dad §F vfRAge] 7M5dtes Agd Fdd A
E 5mm AES TE& Bk EAHQ :3Qo] o] Foix7] A AHA
o] ¥HL AU & HEA FE& HE £OF silicon carbide paper
2 o]83td #20007+A <vuH(polishing)dtAth. 283 Rt} HHF3
71e 2L FUE BEY A8 gA EFHG FeHE ol &8t dA
b 2 RAAARH Z& A oz 0.25m7A FEde] o] Foi.
Silicon carbide paper ¢ &Fuly 39t dnf RFo|A ZF @A A}
Abolols EHO BEES AATY At AFHES 42 H oHAE

Sol A e AAHY.
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Table 1 Chemical composition of Al 2024 specimen(wt, %)

Component

Al

Cr | Cu

Fe | Mg | Mn

Si | Ti | Zn

Wt. %

91.47

01 | 44

05|16 | 06

05 | 0.7 | 013

Table 2 Mechanical properties of Al 2024

Mechanical Properties
Hardness, Tensile Yield Modulus of . .
k . Poisson’s Ratio
Vickers Strength Elasticity
137 345 MPa 73.1 GPa 0.33
Fatigue . .
Shear Modulus |Shear Strength| Melting Point
Strength
138 MPa 28 GPa 283 MPa 502 - 638
Q
¢ 30
9
[ 2
&, -t
]
Figure 3-1. TiAIN =¥l A8 Al 2024 A EH
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Figure 3-2% TIiAIN #=¥o] o]Fojzl RF vlavEE TF FA o

th. 2golH B HEe} Zo| chamber WHE HFA77] A& IFF
9} Zetzwt A3t TIN Z®RE 9% ion source R AUE& FH=

power supply#2Z TA45o Ut

RF rlavEE & FXd 88 AFHFAE 600/min &FS] F
3 A4 rotary pump$} 6inch diffusion pumpE A X&8te] chamber W4
o] AFEE 10° torr7hA Wi717} 7bests AFEE convectron, ion
gauge® ZA3to AIFZAN %= AFAHE A& & JA AT
Zgzvul A3e TIN ZEE 8] F55HE Ar gas® No gas® 4&
o AletA F=4ds7] 98t 1-100scem(standard cubic centimeter per

minute)7}A Ao} 7} 7453 MFC(mass flow controller) & AF-8-3F 3t

t
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of o8 6x10° torr 744 FFe] o] FAAT AW W Ft= FY F F
82 28x107torr A 3.2x10 %torr AlelolM WslstATh AR A
A Alolo] Ay o I0mE YA3A FAHUATG. FHAAFTA A
g L= 200082 dAsA 21, DC. AYFAE ol &std
-80V 9] ujoloix Agto] AJFEH AZIHATE o|H AP ALEH
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Table. 3 Ti6A4V Bt A 348t4 =4
C N Fe | Al \ 02 | 001 | Ti
Ti6Al4V | 008 | 005 | 02 6 | 346 | 02 | 001 | Bal

Table 4. Parameters for the duplex TiN coating, TiN coating

Process pressure(Pa) 2.0x10™
Process time(min) 120
Deposition Power(W) 750
discharge current(A) 0.8
Temperature(C) 200
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Figure 4-1. A&7t~ §%F A3 o 750W 2 F28 TIAIN ¥
9A SEM AR (a) 0.03, (b) 0.04 and (c) 0.05
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9] H# RMS 109nm& F# RMS7F Z47F 9.34nm ¢+ 7.3nm¢l 0.03¢
00449} drete] FWrR o AAY
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(a) No/Ar=0.03

(¢) No/Ar=0.05

Figure 4-2. A27b2 % gl wa} 750W 2 FHE TIAIN %79 AFM
BA (a) 003, (b) 0.04 and (c) 0.05
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(a) Uncoated

(b) N2/Ar=0.03

(c) N2/Ar=0.04

(d) N2/Ar=0.05
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Figure 4-13. &3¢9 A3te} &7 ZHE TIAIN dtete] nfRg2E F
nt 2 E @ (a) uncoated (b) 450W (c) 600W (d) 750W (£ = 0.1 m/s,
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