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ABSTRACT

Tih—ALN films were successfully deposited on high speed steel and silicon wafer by plasma-assisted chemical
vapor deposition using a TiCl/AICL/No/Ar/H; gas mixture. Plasma process enabled N, gas to nitride AICL;,
which is not pessible in sense of thermodynamics, XPS analyses revealed that the deposited layer contained
Al-N bond as well as Ti-N bond. Ti;_ ALN films were polycrystalline and had single phase, B1-NaCl structure
of TiN. Interplanar distance, doy, of (200) crystal plane of Ti, ALN was, however, decreased with Al content,
x. Al incorporation into TiN caused the grain size to be finer and changed strong (200) preferred orientation
of TiN to random oriented microstructure. Those microstructural changes with Al addition resulted in the
increase of micro-hardness of Ti;_ ALN film up to 2800 Kg/mm® compared with 1400 Kg/mm?® of TiN.
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1. mass flow controller, 2. three way valve

3. TiClsa bubbler, 4. ice and water box

5. pressure gauge, 6. fine metering valve

7. AlCis evaporator, 8. band heater, 9, mixing
gas inlet, 10. cathode, 11. anode, 12, heater
13. throttle valve, 14, alkari trap, 15. rotary
pump, 16. matching network, 17, R.F. generator
18, temperature controller

Fig, 1. Schematic diagram of PACVLD} apparatus for
Ti—,AlLN coatings
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Fig. 2. Gibbs free energy changes of two different rea-
ctions as a function of temperature:
2AICLE(Z)+ Na(g)+ 3Ha(g) — 2AIN(s)+6HCKg)
AlCL(g)+ NHa(g) — AIN{s)+3HCKe)
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Table 1. Deposition Conditions of TiALN Films by 3 Eo- =
PACVD. 2 B2z
= ZEZ3 =
Deposition Temperaiure 500C 2 =k= E'—"
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Deposition Pressure 1 torr i {
Total Flow Rate 100 scem e ! h {Jk ¥ = 0,64
I . I I
AICIy/TiCl; input ratio 0--80 b | .
Ne/Ha/Ax i i ‘;‘ % ¥ = 0.39
Gas input amounts 10(~40)/40(~10)/50 E ] ‘[\
sccm E [ i =03z
Deposition Time 90 min. I y.
| X = 0.00
i
I | L
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Diffraction angle, 28(degree)
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Fig. 3. Knoop micro-hardness of ThALN films as a
function of Al fraction, x
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Fig. 5. Interplanar distance dap of Ti_ALN films as
a function of Al fraction, x
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Fig. 6. Transmission electron microscope micrographs
and electron diffraction patterns of TiN film (a,
b) and TiuggA]g»lgN film (C, d)
a, ¢) bright field images and b, d) electron diff-
raction patterns

woh & ZAE TiN =2 Ti vacancyel 7121% Ti %
Z¢] H|kE =g e U4 9 qlgdeh Fig Tael A
3033 Vel 4] viehbe & FlzE A4Sl TiN 2348
813 9l N s #Ake] gt oA S vpebich Wie]
397.8 Vo] v &2 o) g]| 2HE sl== Ti vacancy &
alsl) Ti-N hond7} 43| A ==] b2 N 1s A=} A
Juixglz £ 5 ded 2 oolf= N T4 Ti vaca-
ncys] EAR e TiER® Ne| AFHE A4 ¥
w7t $5ar] ool N 1s AAE w7} $15ke] of
=& JiAE 22 EF] dFe]ok Fig The Al 2p9
Axl AR 2 Al w54 TiN dhete2 =z
Al H37} A&7 geko)h Fig 7c: Ti 2p9] binding
energyell ol &k spectrum ZFo)r). Fig 7as) vlarlA =
457.1 €V, 454.7 eV2) binding energy 3 7= 70 &
29 spectrum®] WA, 457.1eVY A=
FaEe TiN #A§E &x 9= TiZ%e v Aola,
4547 eVe] 22 oz ghs 714 = spectrum T va-
cancy.® gls) HAE Aoz B ¢ gl g Fof
e Tidch Afzioz Nei =ols] Abefe]r] o
FHAE EIE gle Airl &5 =i, A
Tie olsl 24298 7 T3] BerAlem Ti 2p
Az2 a7} ol'E e sivhke #H& el Fig
7ast To& 9)7s] Bl EelEl 7 spectrum®] of 1474
7L MR E =] olcke RE A 4 v Fig

—B13—



+393.3
*397.8

Binding Energy/ev

410 408 406 404 402 400 398 396 464 392 390

4100
4050

4000
3950

82 81 80 79 78 77 76 75 74 73 72

Binding Energy./ev

27
26
25
24
23
22
21
204
19
18
17
16
15
144
13

Intensity/Counts % 1000

-457,1

<4547

464 462 460 458 456 454 452 450 448 446 444

Binding Energy/ev
Fig. 7. XPS spectra of PACVD-TIiN film:

a) N 1s peak, b) Al 2p peak and ¢) Ti 2p
peak

. n]Aji

10 64
10 44
10.24

104

© o
o @

Intensity/Counts % 1000
[+ w ©
@ © N

m ®®
N oM

8 z

Binding Energy/ev

-396 3
-398.4

s

T T A T
410 408 406 404 402 400 398 396 394 392 390

7500
7000
6500
6000
3 5500
S
E§5000
E 4500
£ 4000
3500
3000
2500
2000

+74.5

B2 80 78 78 74 72
Bmding Energy/ev

70 68 66 64

10.1
10.05}\

10

9,95

8.9

©
Lo
w &

[4=]
|
o1

Intensrty/Counts % 1000
@ ©

o P @

o Do =4

w
4]

©
=
o

w
I
oL I il

9,35 r

-456.9

Binding Energy/ev

464 462 460 458 456 454 452 450 443 446 444

Fig. 8. XP5 specira of PACVD-TigeAly N film:
al N 1s peak, b) Al 2p peak and c) Ti 2p

peak

—8l4—

S5



TiCly/ALCL/No/Ar/H, 5415
8a'tt TipseAly N Hbta] XPS #4 dijza] N 1s At
2] AL <uAE Iebdich Fig 828 #e)9 %=
rum?| binding energy &2 charging effect® 78]
Blo] 3896.3 eV, 399.4 eV2] hinding energy 32 vlehd
t}. 3963 eVH binding energy kel S|3= spect-
rum2 Ti-N "] 2% #=0]n], 3996V spect-

specl-

rum AN el 24 s|=2 medalt)h Nel Tish
2%E AeErl AlF ditEeld o 23us= 2 =}e]

FEr} A2 EE N 1s9 A28 doul7] 934 o
& oyRlZE Faw 87 ofelch Fig 8bel Al 2p
AALe] hinding energyel] s2=EE spectrums 2HE
Ale] §f% Ti-ALN ub=relg o 4 gich Fig 8ce
Ti 2p #=}9] binding energy® }ehB spectrum
Felch Fig. 7c9] XPS Aolels ] le] spectrum

ghe] o= o)f= Al¥] &7} Tif] vacancy & &

AR, Fee) Y And EAZ) A2l g7 g
=2 g7,
4 A 2

PACVD o] sja] defajde] Baelae drbsa
TICL/AICN/ /A WA S Abgate] Th ALN
F49 4 d9n 9eR e B 9L 4
slsieh.

L Eebzel %9749 Ti AN Z=%e] XPS &
Hozie TIN 9 AN Z@& 24 4 g

2, Th-, AlN 2#Z=2 2R F 2= TiNg NaCKFCC)
T2 7Hler, Ale] Botdo] el dw @el Thae
ek T ALN & Ti 2ol Ale] #8349 @l

k.o
g

AE o 7 Aleh
3. Alel A7pel Tu- ALN #3253 TN e
e (2000%-41 sl (111)F°] 414l random®

vl EEAl S Kglew, Pure TiNe v)s grain sizer}
&

TiN wlute] vl %t 1400 Kg/mm? A5 S
io}%cﬂ Hhale], Al dl2Fo] 12% A= =27 Ti_ALN
webe] v4 AL 2800 Kg/mm?# = Z7)eldch

HA2) =

A= 1994 B Etatel Al AL Y
T, B E © 941-0800-025-1) 28] e w ¢] o]

4& g meush

L A
£l o

A 325 A 7 5.(1995)

AHgale Eehmebaiaaable) 9% ThoARN wehe Fapa

10.

11,

12,

13.

14,

—815—

. H. Ichmura and A. Kawang,

. F.HM Sanders and G. Verspui,

. J. Lamer and H. S$tori,

. I. Lamer and H. Storn,

wl,
e
o

REFERENCES

W. Schintlmeister, W. Wallgram and J. Kanz, "Proper-
ties, application and manufacture of wear-resistant
hard material coatings for tools,” Thin Solid Films,
107, 117-27 (1983).

. H, Holleck, “Material selection for hard coatings,” J,

Vac. Sei Technol, A4(B), 2661-0 (1988).

. R. Brown, M.N. Alias and R. Fontana, "Effect of com-

posthion and thickness on corrsion behavior of Tin
and ZrN thin films,” Swurface and Coatings Technol,
02, 467-473 (1993).

“High-temperature cxida-
tion of ion-plated Tin and TiAIN flms.” J. Mater. Res,
8(5), 1093-1100 (1993).

. M.R. Hilton, G.J. Vandentop, M. Salmeron and G.A.

“TiN Coatings on Mz Steel Produced hy
Thin

Somarjal,
Plasma-Assisted Chemucal Vapor Deposition,”
Sefid Frhms, 154, 377-386 (1987).

“Influence of Tempe-
rature on the Growth of TiN Films by Plasma-Assis-
ted Chemical Vapour Deposition,” Thin Solid Fifms,
161, L87-L90 (1988).

“Plasma-Assisted Chemical
Vapor Deposition of Titanium Nitride in a Capaciti-
vely Coupled Radio-Frequency Dischsarge,” [ Vaec
Sei. Technol, AT(5), 2952-2959 (1989),

“Titanium Nitride Deposited
by Plasma-Assisted Chemical Vapour Deposition,”
Thin Solid Films, 191, 77-89 (1990).

. O. Knotek, WID. Munz and T. Leyendecker, ~Indust-

rial deposition of binary, ternary and quaternary nitri-
des of titanium, zircommum and aluminum,” J. Vae Sci.
Technol.. AS{4), 2173-9 (1987).

H. Randhawa, P.C. Johnson and R. Cunningham, “De-
posttion and characterization of ternary nitrides.” [
Vac. Sci. Technol, A6(3), 2136-9 (1988).

I. Penttinen, I.M. Mclarius and A.S. Korhonen, “Stru-
cture and composition of ZrN and (Ti, AN coalings,”
I Vac Sc. Techmol. A6(4), 2158-61 (1988).

W.D. Mung, “Titanium aluminum nitride films: A new
alternative to TiN coatings,” [ Vac Sei. Technol, A4
(6), 2717-25 (19886).

D} Mclntyre, JE. Greene. G Hakansson, J.E. Sundg-
ren and W.D. Munz, "Oxidation of metastahle single-
phase polycrystalline TiAln films,” £ Appl Phys, 67
(3), 1542-53 (1990).

M. Zlatanavic, T, Gredic, A. Kunosic and N. Backavic,
“Substrate-induced changes ol TiN and (Ti, AN coa-
tingsdue to plasma nitriding,” Surface and Coatings
Technol, 63, 35-41 (1994).



15

16.

17.

18.

A4z

B.F. Coll, P. Sathrum, R, Foptana, JF. Pevre, D, Du-
chateau and M. Benmalek, “Optimization of arc eva-
porated (Ti, AN film composition for cutting tool
applications,” Surface and Coatings Technol, 52, 57-64
(1992).

T. Ikeda and H. Satoh, “Phase formation and charac-
terization of hard coatings in the Ti-Al-N systemn pre-
pared by the cathodic arc ion plating method,” Thin
Solid Films, 195, 99-110 {1991},

SH. Lee, HJ. Ryoo and J.J. Lee, “(Ti;-,Al)N coatings
by plasma-enhanced chemical vapor deposition,” [
Vae Ser. Technol, A)2(4), 1602-1607 (1994).

K.G. Nickel, R. Riedel and G. Petzow, “Thermodyna-
mic and experimental study of high-purity aluminum
nitride formation from aluminum chloride by chemical
vapor deposition,” [ Am, Ceram. Soc, T2(1G), 1804-10

eldx

19.

20.

3L

—816—

{1989).

U. Wahlsirom, L. Hultman and J.E. Green, “Crystal
growth and microstructure of polycrystalline Tii—«
ALN alioy films deposited by ultra-high vacuum dual-
target magnetron sputtering,” Thin Solid Fiims, 235,
62-70 (1993).

SB. Kim, S Chai, $.5. Chun and KH. Kim, “The
effects of chlorine content on the properties of tita-
nium carbopitride thin film deposited by plasma-assi-
sted chemical vapor deposition,” J. Vac Sei. Technol,
A%4), 21749 (1991).

KH. Kim and SH. Lee, “Comparative studies of TiN
and Ti;- ALN by plasma-assisted chemical vapor de-
position wsing a TiCL/AICL/Ny/Ar/H: gas mixture,”
Thin Solid Fims, submitted (1995).

2587



