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Development of TiN Thin Film Using Dip Coating Technique
and TiAION Composite Material
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SUMMARY

[. TiTle

Development of TiN thin film using dip coating technique and

TiAlON composite materials

T. Objective and significance of study

Various ceramic products has been made by sol-gel method. In the
sol-gel film forming process, solution precursors are deposited on a
substrate by dipping or spinning. In recent years, much attention has
been paid to the studies of film forming process, film
synthesize, surface characterization, structure of film and
mul ti-component coating,

TiN film is very stable compound having excellent hardness, chemical
inertness, high melting point(2950 °C) and low bulk resistivity(22 u .2
cm)., Thus TiN film was used as a conducting film and a diffusion
barrier in semiconductor thechnology. TiN was also used as a sufface
hardening and wear-resistant application due to its good mechanical
properties,

In this study, TiOz thin film was prepared using sol solution which
was produced by hydrolysis and condensation of titanium alkoxide.

Then homogeneous TiN thin film was fabricated under NHs atmosphere at

1100°C.



TiAlON composite was made with TiN-TiO2-AIN-Al203 mixtures by hot
pressing under N2 atmosphere. It is well known ceramics for
applications such as electronic substrate at high frequency, optical

window, crucible, cutting tool. Another object of this research is to

study the properties of TiAlON composite.

Il. Contents and scope of study

The study of TiN coating on substrate by CVD, sputtering was being
applied but the study of TiN coating using metal alkoxide as a source

of Ti after hydrolysis and condensation and then used NHs gas was

limited. Although the study of dip coating by metal alkoxide having
acid catalyst was being announced there are many problems of

introducing of impurities, necessity of 1long reaction time for

synthesis of sol solution and unstability of sol. In this study, DEA
as dehydrolysis agent was used in sol for TiO2 coating. compositions
of sol ,which is good for the producing homogeneous and dense TiN
film, was determined. Thickness of TiN film can be increased by the
multi-coating technique, TiAlON composite was fabricated with
TiN-Ti0O2-AIN-Al203 mixtures by hot pressing under Nz atmosphere. Their

properties and the distribution of phases was examined.



N. Conclusion

1. Homogeneous and non-crack TiN thin film was fabricated by
dip-coating technique using metal alkoxide and DEA as source of Ti
and dehydrolysis agent, respectiviely.

2. Thickness of TiN film can be increased by multi-coating method
using sol above mentioned,

3. Golden colored TiAlON composite having high melting point and

hardness,  good +wear resistance was fabricated with
TiN-Ti0O2-AIN-Al203 mixtures by hot pressing at 1800 ©oC, 2h under N3

atmosphere,
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Table 1, Advantages of sol-gel process.

1. Better homogeneity from raw materials.

2. Better purity from raw malterials.

Lower temperature of preparation:

Save energy:

Minimize evaporation losses;

Minimize air poliution;

No reacuons with comainers, thus purity;

Bypass phase separation;

. Bypass crystallization.

New noncrystalline solids outside the range of normal glass formation.
New crystalline phases from new noncrystalline sohids.
Better giass products from special properties of gel.
Special products such as films.

S

"m0 oan o

Now e

Table 2. Disadvantages of sol-gel process.

i. High cost of raw materials.

2. Large shrinkage during processing.
3. Residual fine pores.

4. Residual hydroxyl.

5. Residual carbon.

6. Health hazards of organic solutions.
.

. Long processing times.
W
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Table 3. Applications of sol-gel process.

POWDERS

Uranium dioxide for nuclear fuel
Oxide ceramics for special electronic and refractory components
Ferroelectric, optoelectronic, and magnetic ceramics

Varistors
Carbide powders for wear and corrosion-resistance coatings

Premium quality diphasic abrasives
Superconducting compounds

FIBERS

Metal oxide fibers that are 50% stronger than equivalent fibers
Continuous silicon carbide fibers

Optical fiber preforms

Composite firewalls

Blanket insulation

Radome remnforcement

High temperature gaskets and seats

Ceramic reinforcement

Flame curtains

COATINGS

Antireflection coatings for laser components, camera lenses, binoculars,
Instruments

Reflection coatings for beam splitters
Reflective and low-E coatings for architectural and automotive glass

Absorption coatings _
Dielectric and antistatic coatings for electronic and semiconductor

components

Electromagnetic coatings

Elecirodes for flexible flat hquid-crystal displays and touch panels
Electromagnetic interference/radio frequency shielding matenals

Waveguide elements

Optical switches

Corrosion and abrasion resistant films on gas turbine ceramic components

Porous coatings on metal or ceramic substrates

MONOLITHS

Bone implants

Semiconductor photomasks

Space mirrors

Ultra micro and fine filters for biotechnology, electronics, and food

processing o |
Ultralow dielectric constant films for MOS and thin film devices

Insulation for thermal windows(silica aerogel)
Piezoceramic acoustical devices
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Table 4. Applications of sol-gel coating in the semiconductor and
electronic industry.

. Category

--------------------

Insulators

SemiconductLors
Optoelectronics

Ferroelectrics

Ferrites

Materials

am we B oy e ope mr o wr W g W W WE NE Wy A B W A R G A aw ah Ew mE Ay A

Tantalum oxide,
silica

Vanaium pentoxide

Oxides of indium,
tin, and cadmium

Barium titanate,
PLZT, potassium
tantalate, lead
zirconium tantalate
Lithium zinec,
manganese Zzinc,
and nickel zinc
ferrites, yttrium
iron garnet

Devices

a =k un W W BN W Wy i gk A B W mp am g W sk AR 4 N A w o oam B W g W O o =

Precision capacitors
Passivation in MOS
technology

Passivation of solar cells
Passivation of compound
with poor native oxide

Specialty semiconductors

Transparent electrodes,
displays, shutters,
windows, switches,
and conductive coatings

Magnetic and magneto-
optics

Magnetic and magneto-
optics
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DIP COATING
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Fig. 2. Schematic representation of dip-coating method,
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Fig. 3. Schematic representation of spin coating method.
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2-1. Coating Solution
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olu} Mete slat Ewe] OH groupe] &3] 7t4Ed HEE st Wi 4

l‘-lﬂi
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o] WgE XHFY 4 v HMAE YLEEAN FestA © Aot of
FA st HAHE 718742 polymeric species®] &7 & hydroxyl} ester
groupoll 2] % oxide networko]T}(11).

= Ti - OH + RO - Ti — = Ti - 0 -Ti = + ROH

H} 2 o] terminal groupo] 2}3} polymeric species’7} 7}84& ZA HH
HE JAEHE AU o] species7t FHUEF O AFFA HE FAEIA H
E Zojtt. AF W& & &4v|ste 7h MY BF FETH A o
A Astes ECBT ZEV He S Y0l ASB T EFU vt
3o T U & B4 @A He Holrh

Ti(0-iC3H7) - Hz0 - EtOH - HC1A 8] 7§ HClo] 3jaA2 HIIE o E=
ol Uzt A& Yol AL YRSt 2&E 3t Ti(0-iC3Hr)s - H20
- iPrOH - DEAA®] 7 folx DEAV} 4t3tE HA AAAR ZHEUCE &
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7t 7t B EE BERE A EY ol w3 UHSA HR sl
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solution& ARE¥ Zlo] 10 » Fx W& A%E IFE 7IAA Hches Ao
ch. ol@¥ o] §F Ti0z®] WEEA titanium butoxideRT} titanium

ethoxidel} titanium isopropoxide?7} A}-& X = Aolr}.
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Fig. 5. Relationship between the thickness of thin film and
coating rate,
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T|O2 on Quartz & SL Glass
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Fig. 6. Relationship between the reflective index and temperature
of various substrates,
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2-3. TiOz ¥iule] Z 3

TiO27} NH3 &} 4HE-3ted TiNE Bdste & &2 tidd Zol &4 3
t}.

6 TiOz + 8 NH3 — 6 TiN + 12 Hz0 + N2
o] ¥r-g9] Gibb's free energy W3 & AAts] Bw(14)

AG = 914,79 - 0.7267 T
whetA 2% T7F 1259K(986°C) oldolH qigo]l LEFHLE Y € o
t}h, gy, AA AgidAE o] xRt} W HoA TiNo] B4EHE 3
7t Jetvded olAE Tiowe FXo] wi A 4 Ut
Kanichi(14)Gol &3l A= Bl 217 Tioz ¥} gL s ity
o] A7l HbgolER TiOz e FZ7} porous¥ ¢ WF2E7F Yo}
A 4 gt welq $18 F U E T Zol Yol & 4 U oA
< NHzoll A E3lE Nzofl &3] A Fo] ol ¢RUol Exlejl &3
Ay A¥EE AL Yepdcl, o] R 1100°C7HA] Tioz & N2 & FH &
A|AHE TiNo| AX=x] U=t HAEB A Ao ZTAZ Aol ¢RLU o}
TN £d2xe] mE TiNY A A acd HYE Yeld RE
B ol 2oL} ¥eofE A TiNe Z=t 443t ¥rcl ZQtch(Fig. 9
HZ). olRolA TiNx Befo] u] 3t AME JYEHL ¢ 4 4

om TING A4 WgAe T ZTh(1s).
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0.424 TiN

O
0.42 700 800 900 1000 1100

QO
Heating temperature / C

Fig. 7. Relationship between the lattice constant and the reaction
temperature of TiN.
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1 3
NHg-——-> — N2 + — H»
2 2

TiO2 + (2-x)Hy — TiOx + (2-x)H20
aTiOx + bNH3 — cTiN + dH20

( 7} A TiOx+= Ti0, Tiz03 T8 Fej7} U}, )
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A 3 A Ti-Al1-0-N 232 A=

2] 2 oll+= Engineering material® ceramicsS A}&3}:= Ao tisira
e B P WAE ZUSHE AL Eqol Y A7 WYL 9
T}, Ti-Al-0-N system AIN, TiN, Al203, TiO2, Al2TiOs&} o] ojnm <«
Xl engineering ceramics& X IIC}, o] systemo] ZHEF A A A A7}
o}2] o] Fo]A]x] ¢l AjB-§ quaternary Ti-Al-0-N phase’} W HE x| ok
okc}. Si-Al1-0-N systemz} H|=3}A Ti-Al-0-N systemS square diagram®.
= EYY 4 Atk oAY EBo|AN AL gAHA sPe BE
element= 2 3& I} valency stateo] Z&z|3}L} TiNoJA & Tix= 3-valent
stateo] Q131 TiOz0] A= 4-valent stateo] Urli= Zojt}, H3A e} 43
o] BAEE 7IANFLE Uetles Aol F&= Yoy olF wfxol square
diagramo] A& =gt A o]AHAFEH HAFEooZ Ti-Al-0-N systemof Cl

3t 3] sub system2 A3 Bd c}&2 ol

1) TiN-TiO2 A
Titanium Suboxide (Ti30s5)7} Bt4o] 2j3] 3oz HUE 1200-1400
C olA] A3}x o] Titanium Oxynitride (TiO1.e9No.015-TiO1.66No.03)7t &

Zich(16-17).

2) TiN-AIN A
o] AlojA BA4 = AL Ti2AINZ} TizAlzNz 7} 1000-1300°C ol A

#HHc(18).
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3) AIN-Al203 A
AINZ} Al203 Z}Zlo] o AetgolBE o] A9 tisiy+= W 47t
M3lod A t} AAFI] oYU FLAL Oxynitride Spinel(19-20)z}

Polytypes(20-22) o]|c}.

4) Al203-TiO2 A
Z203% AMAle  Alupinium  Titanate(AlzTiOs)Qld] P EejrjdAdE
Orthorhombic Aluminium Titanate(Ti4*Al13+xTi3*2-x052-)ojlA xZto] 0.5¢)
X 28 F7}El3 FRE Monoclinic2 @ ulpx|qt A3} B9l 21§
o] A3 dojtA] U=ri(23). o] Subsystemo] Tt HA-ojlA U S}o
Ti-A1-0-N & A B EAE 8 stel= Ax7t F3fx|7] A 23T} Mocellin
2} Bayer(24)2] Al¥olrxE= 2 Ti0z / AINE 1400 C oA HIEAHA
Ti-A1-0-N ¢ AEEAE 8 stele AMEFEF UL olg AFZF
Pseudo brookite (PB) F+Z& 71A]+ Aluminium Titanate (Al2TiOs5) 7} &
o] & Sublattice?] 3o &3} Ti-A1-0-N & A EAS 7}A]= Aluminum
Titanium OxynitrideE {44 H A= 7544 & 47193 Tioz/AINg] v &
2:1, 1:2, 1.5:2 2 |3l ¢ 4 stact. BE ETHEY BT
1400°C 1A]Z ¥Hg3 F o= a-Al203 &} TiNo] B4 Fdon, 1:28 7
T o] ¥EER AINZ Hoy Tile BF AA =HAdon AL Spinelid2 A
ZVZ] Qdottt. E3] 1.5:2¢0 FHF Al2038} TiNo] A xjadrt. Al2038} TiNo]
B8H e AF2 Ti0z7} AINE AHAIA Al203%2 HASL ojuf A7
A EHA Titanium Suboxide?} BAFct £7F Ao} Reduced Titanium

Pseudobrookite (Al,Ti)2TiOs Ato] VIE}YUICIZ} 3-8 Annaling o] ¢olA
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Hela AP o F Al038 TiNo] Pt} Mocellin 3} Bayer(24)o] 2]}
A1203-TiN 434 kg (in situ Reaction)2 t}gz} Zr}.

A TiOz + 2 AIN = Al203 + A TiN + (1- A/2) N2 + (A- 3/2) 0z

( A =2o0r 1.5 dull N2 or 0z WA )

Joydeb Mukerji(25)% 2 in situ uh-§o] &3] A= H3A oA
TiN % H3 (60%0l A 66.6%)0] wWE WUE, ZAUZ=E, mdyd, =34
S8 AolE& AL dtgl=dl TiNo] F71 ¥4F L& of& UXE2Q 97%0] A
93. 7%= 74431 33 JJAHE& 3.3+0.3 MPa/m2 oA 4.74+0.5 MPa/m2 2.8
Ha st 7l AEE Fig 1l oA HRo] Frignt. ERFL F20A
1000°C7HA] AP ALz Mty @ A+ 8.78x10-6of ]

Neshpor (26)% o] 2|3} Hot Press " e 8 1580 ‘C oA TiN
Al203& HFH WFAIA 99.5 % 2] o]F WEE /A= EAS #/4d U
AA FE Aty A8 B oA dB(1-2um)E 7HX&= otd P 2
duf 32 ZE7l dojAl=d £74 Fol dFeol 7IAE 432 B3] A
¥| 22 (27) Hot Press H2E YUY BT vA 43 2& € 7 &
of A uighZ] Sici. Al2037F FESIHEA LI E v a7t F3EA
Ti03%} Z& 41315 o] TiN g2} FHo| UXA FH ojdl 43 Ao A
M7l Titanium OxideZ} Al2030f -8 ZA-$ Tid+2] WA} BtFo] A13+Rr}
ABE FA G43ko]l F718HA € Zoltt. wetA Az A4 FUhE
B3 Al2038} TiN Ato] 8 ubgo] deojtex ¢ 4 dded &4 2= 2000
C7HXl A= A4-318] HEI gl A2 Rol Al2038 TiNApolof RE-E-0
doj Uz &S & 4 UTH(28).

Heystek(29)-2 TiN, Al203, AINS] E3E& 3435l Vicker hardness7}

469 - 1564 DPN (diamond pyramid number), MOR (Modulus of rupture)Z}©]
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92-229 MPa, 3}z ¢lAo] 6.2-10.2 MPa/m2¢] EAL At B Ao
AH-&H TiNZ}F AINS] 72 9 580 tf3] doly 3 Al,032] E4do] tj3] ¢
o} B =}

1 600
~ 500
{0
o
z .
- 400 ' .
h
. ¢\
@ 300
@
= 200 A& 1:1 HOT PRESSURE
E O 1:1 SITERED
w 100 X 2:15 SINTERED
0 2 00 400 600 800 1000

~9 TEMP (°C)

Fig. 8. Relationship between the flexual strength of TiN and the
temperature,

5) TiN
TiNE A A 471 e LZHgo] yof gt o L£Zo] &

AR 2 F=AY oM E L£Ho] UL o] olE EHY ¢A du=xg EdA
AU 2 H|7} o] ZY/E EFolU FEHRUE A3 44 15 (£
EH oY FU-AA ol agt A odldx &g)o| 27| wjFo|rt.
adgol LHE BT 0.01un o318 ZnEE U] oYL walAy 2YE

BBAZ A7 ojPch £ ZAE At dAdAY HAg FA 5
NG Ex ALY 22 ABAFA 4 Arh TiNE 8718 4171 T8 FzE
B83t= NaClg el w4 ¥ FAAE ol F1 Bulk AejollA Zal At4i=
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TiNp o¥wl  4.234A0|m o] WEJl 5 39g/cadoln] mi ATZL
2000kg/mm?, B-§H2 2949CEAN U3} 274 2z stuo|t}. Table 50)
TiN| &2|3 dFef o3l YUelulglct. R.A Andrievskii(31)e] 2]st® TiN
AA A4 WAh: donor H4& 7120 459} p-dbandto] E Y 25-45749)
BE 2go] WH Hch TiNZ Fig. 9o)A4 Ueld Rzt o] Ti/Ne uoj
et W2 24 el v HAuGEHA HYEL YA 2o wa

Table 5, Property of TiN,

TiN

Structure ' NaCl
Molecular Weight(g/M; 61.91
Density(g/cm?) 5.44
Lattice Parameter(ﬁ) 4.24
Melting Point(°C) 2930
Hardness (kg/mm?® ) 1,800-2,100
Young's Modulus(x106kg/cm*) 2.60

TEC(x10™0/°C) 8.0-9.35
Thermal conductivity(w/m.K) 23££$?§%BK)

ﬁHzgg(KC&l/M) -80.4
Specific Heat(cal/g°C) 0.24
Electrical Resistivity(uficm) 25

Color yellow
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A} AeE TA W Vb TiNo] 24 AEES dos: RE Tig
A4 HYEE ojB8u] 2424 AP 24-u]2
AW ol ZY T&-T&EZ Aol o3 HYGE

3
oliv}7] wjZoirh(32). Ay 5 vFS HAlXE T Holeo] Exf3to] 3d

I
N,
ek
oy
o
(T
L
S

9} 2p band?] ¥ Aol dojL}il, 2p band7} Fermi level B} o 22 oy
A& 7tA|¥, d band7} ZA¥F-2} 3t AU K2 vielo] AR Tig d bando]

Al A48 2p bandE o|FIEE F54 AXE7E dofdrh(33).

Atomic Percent Nitrogen

0 10 20 30 40 50
3500
3290 °c
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Fig. 9. Phase diagram of TiN.
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6) AIN

AINZ 2000C H-22] oA E AN, 12 2=} Hol U3z,
 dEdo] &2 A7 HAAR FE3cH(34). AN @ AELL o
phonon o] &3 Zojr}t. AING AF Y M R ERIIAY 7Y =
A Fdol AR T ZE WA A (hexagonal )ojtl. AINS] H A (Table 6)

Table 6. Properties of AIN.

a: 1.917a. b : 1.8854
a: 107.7° B : 110.5°
&M F/4d%

6. ZX : Knoop (k100)
“Moh's hardness
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rir
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= Al203 B} ytolx] 7}1F 317

i
o
I
>
o
o
ey
L
oY,
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O
iih)
9,
)
oif"

SHTH. AINUj o] R I 2% T

ZAA] AINZ} ¥E23}e] N siteo] X3 1825 o] AION(spinel)o]L} 27R
%3 Poly Types & B3t d AEEL 7|23 o Uxo el H3t=G
A WEZL H Fols MR &L Ao thsiAM = HEs] sty
Udzte] o AW AL Wl AINELY UHAE L 27204 9493
HoZ S4B A &, At} WU LA AHEFH £4 2
AZ H7IE Y2037} A4S FEsld J 4L Zo] IPHrt o] FHF oA
A4 T EeE0] A ZdE A dAY L& JAHAHA
4 AEES ¥ AUt B 3L EEo AT AIN AU A= A
T

3t S0 ¥ phonono| A2l E AR08 o A%

rir
(2,
b
N,
o\
N
3
=
&
LLI_,
.
F>
rd
4,

(35). 223 2% ¢ AEEY F7les 42748t 58 £2ZAE Hee 2%
3 A A AERTE olAYH L£ZAA A 2AFo|U Atk BB AAE
CIEES ¥ AAch AN d IAEE, J7] a4, 43 54, A
T4 FAY @9 Ag, =T FSEuUETA WHE7/I BN R, PoweritE A
8] heat sink, Laser diod, Hybrid IC 7|2}, A 7] vtdzal w7, Al |

|

gL502 AL£3}(36-38).

7) Al203
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Table 7. Property of Alz03

Crvntal Form v ~Al 203

vur ity 33,995 %4 up
Paprlicle siZe 0.3-0.6 g
PoE.T Specatic 1-10 m%/g
surtace arsa

Twipurity analysis

Sppm) 40

Nal phin 10

Mg (ppm? 10

Cuippm) 10

Fel{ppm) 20
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33488
21 1 A Multicoatingofl 2]t TiN v}ate] g}/

1 - 1 Coating 8-932] AR

Sol-gel I¥ &2 AR AP & Fig.10 of Yepfglct. WA Flaskgt
o] TTIP(Titanium Tetra Isopropoxide) 14.88mlE i-PrOH(Iso Propyl
Alcohol)of  ISPHA ¥ A7)0 DEA(Diethanolamine) &
DEA/TTIP=12] &¥|Ql 4.7l & A 718153 243 F¢ AZoA ik A

71tk o] L o) Ha0(H20/TTIP=2) 1.8m1E A A3 7}sla 247 ZoF Al 2o

X

AREAl A Titania &€& TEAUCE. AR Titania & WHE7] 3l

A Ad2oA 30e o WA ths WAL R}AFH AE3 T
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[;;;al alkoxide solutio?J . TTIP

< i-PrOH

<4- — DEA

C2A T, A&

[Tixing under stirring

i

< aa— Hy O

Eétirring

2A|1Z, A2

1

Coating solution

Fig. 10. Experimental procedures of coating solution
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1- 2 TiN %}9te] 3§17

1 -2 -1 Multicoating

Coating€& 7]%¥FE Si(100) waferE A}EstATt. ®HA 7|3t E
TCE(Trichloroethylene), Acetone, Ethanol, DI Water?] £ o3 zZIzte] £
Qo 3F TU¢ €22 XEZT AHHIE M F HALE EolA4 X A A
t}. A ZHE Titania & £ Hof] 2}A] A 23 dip coaterE A}E3lo 7]2HE
©@a 307 WAt o|wf Titania & €Y =4 GO RASHA

7 o] A AE 38 F 258 §5& 25°C, 50471 H =5 A

I-III.

o] 3tgict. L F 0.125cm/sec?] SEE 3 N3l ALIoA 487 A
Z A7l F 100°C ovenoll 4 ZAZAIZ thd 5000C, F7] FAA 30EZ €A

2] sttt 12 AFE 1753 WKt n|F A titania AT Y ATl

1 - 2 - 2 TiN 9}u}2] %4

Az AR, dAe7 €89 4& Fig.112] tube furnaceo]A] NH3 gas
o} vb-gAlA TiN wWbS 3pAdstgdct. TiN ety dxe] AL Fig. 123}
Zr} olu] $24%E 5°C/min o] QEl. 5000Co| A 1 A7 KRA|Z R

2% o] Eajst 9l

rlr

G710 wE 2x Ago® Adld FHA A
A=E ol 7]Fojut 4 2L Aol EAY3tq TiN o] AT of
7] Al d87t 7] WEojtl. NHz gas:e 120ml/minl® EFd ). ul

T

S 259} A]ZHE 1100°C, 5x|to g 3}eic).

1 -3 &8 5%
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Mﬂsig
Hesater

Gas Silica Tube

44




?i!‘f3

Reaction

Temp
6

l‘ll-'l"li'lll"ll‘it

S e S P gEm amh, pEER R e mA M R M dme Emh meR A maly

[ 35] a:njesadwag

-
O
U

400

30C

208

Timel[Min]

Fig. 12. Experimental reaction schedule.
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1 - 3 -1 Multicoating¥t 2}e] 2| (thickness) &3
Multicoating¥t vrete] 74 HEE S/ €3] EllipsometerE A&

St A& SA STl

1 - 3 - 2 X-ray diffraction(XRD) ¥4
Multicoatingdt uhule] A W3hE Bass] fistel XM A HHg

Sttt AF&3 XM A EA 7= PhilipsAte] APD1700¢0] T},

1 - 3 -3 wute] oA 2 A3 (SEM)

Multicoating3t v}ule] nj AL Ri= JeolAl?] 840A2 A}&3}o] EIIA

tl.
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A 2 A TiAlION composites 2] ¥}/

2 - 1 TiAlON AZ N2 A=z
TiAIONg] &4 848 vl & Y3 A TS deth & AdRdAe
TiAIONA 7} SiAIONA &} v] =% system o] 2t Fo] = otsle] Fig.130] U=
square diagram& A&l XA & AP SIS 2t QEE B F
EtOH 8ujFolA PP jar®} ZrO3 ballZ AH-&3te] 24412t Z3E F ovend
A ST ARAD F dAAlEHo Rustdct S U 373 20mng
diskB el 8 48314t APANE A4 Eg 7oA 1800°C, 170Kge] %2}

AH & 73R A 247t hot pressingdt T}

2-2 &8 F§%

2-2-14Y9% §%

AZA 8 WE & Archimedes*oll 2] ¥} KSL31142] &4 wrof 2]3] L3}
ol
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2 Ti0, Al,0,

® ® @ ¢ ®
B1 B2 B3 B4 B5
A1 A2 A3 Ad AS
2TiN 2AIN

Fig. 13. The square representation of the Ti-Al-0O-N system
using equivalent concentrations,
Equivalent % Al Equivalent % 0O
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2 ~ 2 - 2 Ax(Hardness) & #

Vicker's indentation& 3 dle] Fdo] B2 = )] 51F¢ 1Kg&
7bete) B2 FEL R E VY BB & AR SA St SeecHt Brun
2] Al¢l H=0.47 X P / aZ (P:7}%} 715, aidZ do])ol &3l T=E 7

Abstg o).

2 -2 -3 %32 QA (Fracture Toughness) &7

2] oA &AL Vickers indentorE A}£-8}lo] Indentationt &8 3}
t}, A]H L diamond polishing disk W SiC Aulx| 2 njAjduo} dtgct. 5Kg
o] 32 & 715l FEUolE &AL A.G.Evans & E.A.Charles 24]of &]3]

KicE: §33t&t].

2 -2-4 X-ray ¥4
TIAIONS] A& BAs7) sleh xH HA BME ANsET. ALY X
A 3 A B4 7] Philips APDI700 o|tt. &3 X UL CuF targetlE 3}

312687 20 ~ 80091 HlolA ZABACE.

2-2-5 nMze] #F (SEM)

2ZAS Z Anigt F ol AB/FEF AR XZT HHIE A
A3t c} MEHE AZAAE dil.HzS040] 5% F<¢ ©WIHA  chemical
etching¥t TIF nmjAlt2 3FAE 93] FA FE Vnj3 (SEM:Scanning

Electron Microscope) (Jeol 840A)& o] &3} 4},
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43424 24
A 1 ¥ TiN e 74

Fig. 14 multicoating®t TiN 3}u}e] S22} multicoating®]|4-2}2]
AS Ueld 224 53] coating 3lo] wpute] FAE 5000A71%] F-7iA
9= iglon] FHOA crackS FHEA] Ikl

Fig. 15t 33 coating®t Weio] Frle} AW SIM AL T A
Ellipsometer?] &3 x|2t A U3l glenm FHE AejoMz & 4 4l
o] 50 mPE2] FURt grainl B ol Fol A& ¢ 4 3th oA KB
SIMME YRl vf XN 9heke] A7 eSS e F2E 71
FZ2 YA VAE ZAR 2o FAZ S 5 e S4NY Af
¢ FRE JIR AL Sk B ¥o] ALt

Fig. 16 13] coatings}} 11000C/5h @A 2]}t H-9-2] XRD £ o8 A
TiN(111) peak”7} TiN(200) peakBt} I A el A Rgou A2
g2l £A0AH coating®] 7t FIIstd F7|71 5714 Fig. 178 B+
TiN(200) peak7} F-7lEl& Z%E& Hol& AZ o] wiielth. FA 7} Hlay
G Aol @A 2x7 ¥ B¢ FAZ 71 B8 npATA|R
S IR F2E JRRlEe Aol At Fig 182 €A 21

o] 1200°C/5hQ] F-$2A ol2} T A& BFL glth.
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Fig. 14. Relationship between the thickness of TiN film and
the number of coating.
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(a) surface
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(b) side view

Fig. 15. SEM photographs of TiN film,
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Fig. 16, XRD pattern of TiN film produced at 1100°C, 5h by single
coating.
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Fig. 17. XRD pattern of TiN film produced at 1100°C, 5h by multi
coating(5 coating).
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Fig. 18. XRD pattern of TiN film produced at 1200°C, 5h by double
coating.



#] 2 A Tialon?] 4

2-1. XRD ¥4

Fig. 19= A series®] XRD &4 Z ot} A-1& 7§ TiN g|Rtg
Alz034o] VERFA|RE Ale] X|Hgo] F71gtoll w2t A-2004 FE ALONAFo]
B8 E L A-3ol A8 nihg AINAGo] YElyiTt

Fig. 202 B series?]| 7Z3-9-¢ld] A series$} mjX7zjx|2 A18] X|Hgro]
Z71%e] ulz2} AIONZ} AINAYo] LelUx|gt A series®b= 2] B-28] ¢
B-1Krl 23]8 Al03 4t8] peak7} F71314iTi7} B-36j|lA A-HE|SL AIONA
o] FEHE BYE Btk o]z HIJME Ti0z7} AINZ HH33}o] TiNz}
Al203 2 W35 7] wjEolelal AZHTt. AING o] B% F7HH B-3FEHE
o] FA B’4E Al2037} AINZ} Whg3jo AIONAGE B8P TS AINS] &fo]
3719 B-4ol M= AIONS] ERAE dolA 7] ufEo] nih-g2] AINGo] &
243h= Aoletal Bz Hry.

Fig. 218] C series?] 73-F%o]% B-series?} T 73S Holx|glt B

seriesof B3] Ti08] o] W7] wizol olelt &2 BAo] U T~

ol’de]l AAE FUSIH & uwl TiN-TiOz2-AIN-Al203 473 F-Aloll A
aluminum titanateA|e] At¥E BGEA] ISl AINZG Al2038] wHeptE
2 82 AIONZ} TiN& composite’} BAHEE 4 4+ 9ct. A7HH Tio,
+ AINZ} 3h§3o] TiNz Alz03 & BEAIZIAL o] wf B4 Al03= th

Al AINZ} HES3to] AIONS| B4 TS F7HA7l= A= ety
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Fig. 19. XRD patterns of TiAlION composites in A series
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Fig., 20. XRD patterns of TiAlON composites in B series
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Fig. 21. XRD patterns of TiAlON composites in C series
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2-2. SEM A

Fig. 22 zZt2z} C-2,C-3,C-4 249 AZAAHEE Aoyt ¥ back
scattering imageE HGTr Zoltt. A LA EDXEA ol &3t Azl
A O g Uehhes FEE Tidd47E EA31AL e Folal A2ALs
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(a) C-2




(c) C-4

Fig. 22. Back scattering images of polished TiAlON composites

in C series,
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