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Microstructure and Mechanical Properties of (Ti,Al)N Films
Deposited by lon Beam Sputtering

Y.G.Oh, C.H.Baeg, J.W.Hong, M.Y.Wey and H.J.Kang*
Department of Materials Engineering, Department of Physics™
Chungbuk National University, Cheongju 361-763, Korea

Abstract Microstructure and mechanical properties of (Ti,  AlIx)N films, produced by the the lon Beam Sputter-
ing(IBS) method, were studied by changing the Ti, Al contents. The compositions of films determined by RBS
were (Tiy 758l 25)N, (TiggiAly3)N and (Tig Al )N, and XPS binding energies of Ti2p, Al2p and N1s shifted to
higher energies than those of pure Ti, Al and N, which indicated that nitrides were formed. XRD results indicated
that the NaCl structure for x£0.39 changed into amorphous structure at x=0.5. For fims with x<0.39, the lattice
parameter decreased in proportion to the Al content. Nancindentation hardness value were above HV=3300 at Al
content up to x=0.39. However, the hardness of films with x=0.5 abruptly decreased to HV=1800, and this lower
hardness values were attributed to different crystal structure. Critical load(Lc) in scratch test showed 23N at x=
0.25, 22N at x= 0.39 and 22N at x=0.5, which indicated that films with different Al contents showed similar adhe-
sion behavior.

(Received October 16, 2003)

Key words: (Ti1-XAIX)N, IBS, XPS, RBS, Nanoindentation, Scratch test.

1M B

& AE, vE AEFY, A5A REAE 5
I 2L YRAS FEA de] o8y e =
gajoll= TiN, TiC, Ti(CN), CrN ¥ TiAIN o]
ek TiNgtke: o A 253 Wolw A A4
58 Zea glon), 500°C AR we AEA|
2 o] WEAs2AY AE AY3 th
Knotek 5{11 Munz 52l o8 d757] A=
H (TLADN Htehe Ax[3, 4], WitsAdFI5]0]
TIN BHof| vl&] <t 148 FabgollA
TiNgl=he] i) g2 zb @ Qo)

(TLADN BFhe Al ko] sl we) A7z
2 7IAIA BAdo] ZA Wil AoE dEA
¢}, Hasegawa$[4]2 NaCld T 2E 1A+
Xy=06 oJ3le] ZAHE B AEE FAs}

wurtzite2 7327} HolHe X, =0.7 o[olr= 74
57F §43] 7HAagitia st} Takahashis[6}
X,$0.58Y W= NaCl¥e) #3225 71|11, X,=0.7
Hollxe F FEE 7Y, 0.83<X oM
078 wurtzite® 9] T2E o] "y s
S Al 3] F718PA Ukl Z1E ),
dgolde] Al ZANME vt F43] aE, 2
72T} Holele ARGE oA xe] Xjoly} By
I Qe Z2eEE FEAp] b} % HEr) /4
e ARAS 7HE "ot oo

£ d7e ol E Yo m 28 399 Al
g Wizl wE (TLADN dhebe] my 22 &
7IAA B3st ol 7o) Q). oflen] &~
HElFRS ol2Rle] W3k, ol2oux] & AjYe
9] EYAY 2Ho] yhstu g, uhute] Z3k50) i
< WA A dYsle "t AzA AFg 2



330 ST A - 373} g - S

Aojgde] ssirial | o], o] 27E HiEtA|zo]
883t skl

2. AlEeHy

2.1, AjHEH] ¥ dot=Sat

B 280 0|83 2Al= Qs FeR d
g o]&51 Y STD61 o2 FedE
Table 13} &},

EAE 1020°CAAM 1A7E T 22F FEAE

Table 1. Chemical composition of STD61
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Fig. 1. Compositions and thickness of (Ti; xAly)N thin films by RBS spectrometer.
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Fig. 3. XRD patterns of (Til-XAIX)N with composition
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Fig. 2. XPS spectra of (Ti, yAl,)N with composition change.
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Fig. 4. AFM surface morphology of (Ti, xAly)N with composition change.

(C) XA1=O.5

gt
3.3. 7|HX s4Yt

3.3.1. Bfte] Ax

viako] Am24-9 913k nanoindentation A1E%H
ANE Fig. 59 YeRAUTE. NaCl-type 72& %
T Xy=025 Aol wEhe] Ho AxEAe
40GPa(Hv3139)°|210H SSio] Zold4s =gt
2 ZHadhs AEE Bol|al Utk o sijie] Ao
A Azt w2 2aje] a3} veRbediA 718
ste d@doez AZdEn X,=03994= Hul
37GPa (Hv3300)2 %2 7%4ke Holt} 20GPa
ojglZ ZrAE L QJth. o] e wEte] A7} 0.96
umzA Al g3t A Uepddla 71Q1€)
ok 279 59 AW E vy, £ 29 B
U Aro) AxXE Belvky Aztdd, 3 2

-~

45

40k Oq‘“s%%zm (@) X,=0.25, 3un ]
M %%m TR0

o % "
301} [ee}

. -

LY S S, 1) X,=0.39, 0.96m
e
Az

35 |-

Hardness, GPa

%
A
20 b R ]
L

ST SOXRXEX
e S S i S Rz
3;(;: Ry
Netee

R
15r O (Tiy, Al N

074 .
S (T AN (©) X,=0.5, 1.3%m

!
VFE o O (T, AN .

0 50 100 150 200 250 300
indentation Depth, nm
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Fig. 6. Acoustic emission and frictional force signals of (Ti, yAly)N.
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Fig. 7. Optical micrographs of scratch test.
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