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Preparation of Refractory Ceramic Coatings
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1. Mg

o] Aol &Aoloprl L dok A FE A2t Zol A ofop] s Ak
A AL AAE ( rew materials )9 o] = Z1-& Super materialsojetx F-2 3 gt A
NaF 53] 7l F5F 49, A4S g ¥E ewtic materials —2Fo] ohd o] 43k
545 vel £ Al&—cleE7t Swer materials 2k she Aol
Super materials & w§-¢ S327 ( extrene condition ) 3ol 4] AMEE 4 & A E.0]7)
= s, FaAES B JSAER e 4 g dAeld
olgteh &, ovixle] w3 ( energy conversion )& Fuths HFE ¥F (brid activity )
olch. A4 2 function o] VhEpE AL 2AE, shbE Aur]% ( Information Techology )
of A Az & e olui AL o et W do] etEste] FAIGE A ( Energy Tech-
mology ), 283 = t}tZ 3lvE Biotechmology ol #3F ZGo] YA2, o7l &  bio
of #HY AL AFst, F2 ¢ FrA dsld, Aoz ALde FFR FI)
712 3ol
5% W3 ste bl T Azete Wl vk shvte v mormal of obd FE—
o & &9, =4 ( composition ), ¥R+ (molecular structure ), 59 ZF (texture),

25} 2ol 4

N

¢

f

A ( phase ), 8]338 Al ( non—equilibrium state ), mplecular dispersion ( quasi-solid so-
lution ) §—%& ut&e] & A

28z FHAE 2 F27 ok m, A7 (size)d A, F I 2V AT 9
= A, oJAL #e AL Axul, [ Yol A+ whisker, 2&AQA A= Zubet(ultra th-
in film ), 33494 Zv]|g= (ultra fire particle ) & =},

2. wiabst CHERMER D I AT N

A7lol 4 AF e BEE Aol %A A2E A Z olofA TAE A7 nw 4

o AolA 7¢8 53 eoticq A2E AZE AWSHE oL, o] e wEE sE

U1
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of o ¢ FEch thol ol RS 4 ek,

ool 4 %3l 3742 Swer quenching process ol v, 54| quenching 3} Zebd, o] A
e AAo YoM 2 SRE ¢ 2n 108-sec AER F Zoloh sty Fo ¥R
SEE L0002 3, 28 F707 A g site S EwlA, gAY sited &
Fol & Abolo] 2 259 IA3 HYLxz A dolAvA e} stm, o] AL A4
2 o] HEO order 2 -ﬂﬁ}.

o} 9}7-& super quenching process & Hsbw WA 7]$8 £9 non—eqilibrium & qu-
asi-equilibrium state & QFA A —o| AL T2 93} ( relaxation ) 7} v $- gubsiA| 4
A5 oglebs s olu] 2 stable o2t wehm 9lE Aol Aul, —zd Ad v & o
SlAlSA disperse s G e ART + AE 540l o

olbZe FHoRE YA, 53] o] 2o|E} TetzmutE A we] gPgubgo] ufS-
THEL Qe Aoleh dol M E 7Ed A o] ko] Fgol = 2t A4 &4 ( deposit-
ion process ) o] wj- F83 vl & ARz QA wl, o] AL ZhdatA] A= sich Substrate
(ol 2k gtet) o R #AE d49 ZfA5E ok AT, 2 F71 &= g 1078
sec A E.ol o},

Lattice Vibration ;
=1/v = 10713 g TR CLITTITIPPPTTTIPIPISPYIPPIPRI | B!

olep 7L FHol FHY staRAE ol AAA G (AFAIZE) Bk B B2 9l
g % ol (DA o2 YehiE AES b 9o},
Residence Time of Adsorbed Molecule ;

Ep : desorption energy

FHEAE A 727 Cresidence time &2 staying time ) Fol Txdof 4 ol & ( desorp-
tion ) &t AolAwh, FAEw A ol el AN Alols] WL site 2 EE  site ol
2 SAZ b siteolA o g site 2 &7lE A7 oS Ao2 FEEC oAL B
o] site A9 A FA] Zhell S gkl

Teg=7g @ (—Eg /RT ) rrrreemesmmeniicees (3)

T, = 4.75 X 10713 / MV¥2 /T
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Es ; activation energy for surface migration
o Ejol 42ete e WA o2 BAHIUA, B9 1L/3~1 41458 AANE T
o},
AAFE £A T Axrt EHOoE HH AR Aol Solrhit sited] %
Eoeu oz 7% 4 9

E;=~(1/3~1/4) - Ep
TA/ T =€XD {—( Ep —E, ) /RT } R cerereernnenninene (4)

od7lell vebd Ad} 2e, ¥H-& EoF G+ A& surface diffusion &2 surface mig-
ration of 2tx B gk, o] Atele] site Aol A £A - UA—E ™, TiCE
Ti 9 A&k CHy 7F 335550 e A4 -7t 5 o 97] Cexcite Dslo] 9
Aefol]l FHAL Wol ubo] dejdet ol A Yv €A F FHel  F
£ Sputterofl oJalA] Eol & Aok wbGE ol &y, ef§ Heoldt AFAeEAET} &

el
o

[o]
T

rir

& pase & WEF ke #A-NA, o] wehe ul= = film deposition process & THF

(I) TiCHre] o
1) T2 A
278 12 TiCE =& =) HCDARE ( Hollow Cathode Discharge & ©]-£3F Activated

Geaer Reactive Evaporation ) Method @ RAlxo
AN o} 283 7ol Arskast Eof BEulolA&
Substrate -
= tube &+ 518 2 hearth 9}2] Afo]o] 30~40

VAxe] Hgte] ZAe

24, oJH bias2 AL HAaUA rea
'}ééAr ction gas & ©+2 nozzle 2 HE Eo] Hul
ok, 237 sk Arztsd] #E ezt
ool A Lh& electrono] Tio ¥uig W
A, Ti7b 7tgds o] Fugeh 2 St
stewqaog HE Huld okddi b
&7F FAlel Substra;ce F ol rkstd A

Lig N, trap

g
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2 ARzAL Tl dehich oS Sw, hollow cathode o Mk -30VelA 200~300A

TABLE 1

Hollow cathode discharge -30v, 200-300A

Water cooled hearth 85¢c

Distance of source-substrate 350 mm

Substrate temperature 350, 500, 700 C

Substrate bias potential From+ 10V to 200V

Ar flow rate 20cc/min ( STP ) : 99.9995 %
C,H, flow rate T0cc/min (STP ) : 9%
Ar pressure 0.12Pa

Total pressure 0.22Pa

Deposition rate 0.3 #m,/min

Titanium 99.7%

o ZARE L& T Uk sbstrate LxE AHAH SR 379 LxE AW PR E, AA
2 AEFE A 149 coatig2 500 Tl A sbgict W] properties & 2AHslr] Hdl A,
substrate ©] bias potential & + 10VellA —200VAt=] ulH |5, #ZA o2 A}&3} bias
potential & —20VAZolch Ar Y 2, CH, 9 H3, = =9 Ar pressure, Total pres-
sure & HW| 2 3dld, Deposition rate 7} )7} 0.3 pm/min A 5ol =L A8 4 gz}

AZHQl 71E2AE, o deposition rate & FA HT oot Yk BEY FAYelyt
Sputter ol A=, =43 o|pito] & e AF F ok Ed, AA AR FAo] WL o
w3k dor) 3tk 2 95| Hollow cathode discharge method &= =% 7+H &, Sinpledl wb
Hel A ¢+ drh

ofa] wkEaA ZlEqt A Zol, oehge sgEute] Qs kgL substrate o T
A st whgolng, 2 BHO R e Azke] £ & #l %k ( deposition rate of
degel) 3 R o] o & wt %71- (CoHy )9 flow rate obo] vg % 7| H2E2 4}
SAAES 240 AfAch ol AE T 20] YA tESEE M EZEE BT og scale
2 Hof g7l wiFoll, o|AL linear & FAIZ ukgo] AT Y& AL & £ 9lrh

500 ¢ skgAl Hlel Qe O, A9 7159 00T 7#2A A4 e 71595 242

FREY FAL s, L0 L A9 Fo| $ge AYAA ik 276 DL v
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1.0 - RO AYAX-Y
A JEF
- /Aﬂ Ts=500°C
° £ /' A8 ggpm/min
= B / x0.
80.5F o//’ 00.31
ek Vs Ts=700°C".
O '/ n 0.28um/min
0.3} // | v0:25
: ©0.20
1 L 1 v 3 gl 1 1
3 5 10 30

rig.2 CoFlpFlow rate/Dep. rate (arb. unit)

$2 sheEAe d g A mlA Foledets, whgE R 2l 107Ce Fo Y

=2 ke

BHE kS A wg2xst B2 Fo| uhgo] AAHE AolA L Hee A, AL
=7b Eod, AA WA ANEY Aol 7)€ A3 ol adsorption He] Y=
7b2~8 =}9] residence timeo] ZrobAlck, wEba z FH o] Q¥ HHS-E ( reaction species )

o) -

o BET subA ook 2 8 Pl ABLEN BE £5 %o AYSA PE Aol

2) e 7=
23 3.8 A7 o] XA Axolch aPeA & = e AF o] TiCE NaCl

TiC
TiC (220)

intensityCarb.unit)!”

Fig.3 Bragg diffraction angle 26 (degree)

type 8 abic Fzol Az, 287 2& WA Fe] o] dofAw gk Ed, e 4A% 2
4g zarels] A4, TIC filme Auger AA-Eael Aol Tw 2945 2 4o ek

ot Cob Tio A7 Hage] FEe 2oA A EHA L st
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29 5% ESCAZEZ (XPS)e a0 TiC o A g4l & 248 ZAolet. H.ColA
vebd A Ti-Co AL 7HAA %= free carbon ] 3 zo] Atgdsic) st o2 vehy
oA I AY A= 47 energy level o] t)LskE =59 Ti metal 9 s =olth L7 0
TiCel AL 3t §lg Aol +5202, F odvArst & o2 24 dlojdrh oAL
chemical shift 2}a E2 9= 7otk
i) 7l gl A2+ bias A 49

Hollow cathode discharge ] 7 $-ol = substrate bias & Z A=, o}zl & %
of QA o= ARFY oAAZt AAHcCh 402 AE3H substrate bias & il
—(20~30)V Bxolng, #Oo2AE graine] 74 Zx, XY gto] A7z gl

.

o

251
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= shte Fod AL 2 %ol W33 (internal stress ) o] EopA|™, o] s}
475 stz dEsls gk 2¥ 7-E Hel, d) —20VARR XelA o2 AdE
37 @ Eol @A AAE o] xS ouAst Fad AolAvl 4P RS

o
EolAA Heo], 2AM bias AYE ¥

)

7 ;‘Mxo substrate w ofzkol A mk H A At
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Agel £EA ¥ ol Podd T inter-
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3
O
i

ol Z1E3 Ao o] Ax
AdZE A%
A 2.2 machine tool ¥ 72L& Aol FZHHA
AH83He ©dl filmo)s] W Hol, Micro
Vickers hardness &= |- 293l ouj2 2
€tk ol F$= 2] crystal graino] At}
bias A 9}o] — 20 ~— IOVZJ_'-:_Q_ *
o4l A 2 micro viders FES J9& 4

et (=27 9).

I"_?L
)

& HEE Aol BHo|AH,

5) <14 :¥ L in line system
o] AL AAEe] B AAHA T4
A z#H=" HgFAH 2 first wall (A
129 Al Eefzele] A4 2 9) 9
¥7& TiCE protect coating & o

N)

AR FH el (28 10 ). o] ANE ¢=
- 800, £ =1000mme] % FxE 47) AA A

L2, ulg] cleaningg} substrate & ©| =]

1 A%e] Zobd Outgas & 3 & g =
FA2 B4 d£xog TiCY coating
= P, A3 AdE Az MuH an-
¥ A5t WG] Adtol

Ao, 24

nealing g}
o]l £ isolation valve & 3
= AdA A2 dFo] ges g 4
7] Wfol, dEHqor 279 & £ 9=
in line systemo|x},

2) SICTY ff-rerenens
=59 A&
oA siCeg #4437 o =, HCD

A Az (2™ 1 el s, Wgrhrg

32

ks #As)
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Cooling Evaporation Evaporation Preheating
chamber chamber chamber chamber
Heater

[EPvVSvIN X lMANW\I_\ A~ X Evooveesy

s AR A 3

H.C.
=z, Csz =

N
\

-

F455 gats Aol F23ch b £Y nozzle £ FE 85U AR o7 et 9
o}, Activation nozzle 8 7}2~%9] sbo| o] 4o bias AYS A3, Y hearthe  Fdol
A7lz 9= Zel=npz BE electrong o] Fo|TE 0 7 FolFold, MR CHyrlAE
ozzle 9 ST ell A QFEo] ol 3 E7F §2 activate ¥ of, substrate FolA2] uk
&0l "j$ accelerate =},

o] A z2AL ® 2 vehdch £F9 activation nozzle o] AFA &= w§- Fastt &

4ol ARE# oA & 713227t 900 CHel A9 SiC 109 =g 3¢ & ek (2d 12)-

Fig.10

Heater

/VVVWVVV\A/W\/\ .
% Substrate %

HCD
— Acti-
vation 94D Ar
bP nozzle/z‘ T ~

Lig. N2 trap
]

" Fig.11 Schematic View of HCD-ARE System
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Table 2 Experimental Condition
Hollow cathode discharge — 30V, 120-300A
Water cooled hearth 85 ¢cc

. Distance of source-substrate 30 cm

Substrate temperature 300, 500, 900 °C
Activation nozzle current < 15A
Substrate bias potential — 20V
Ar flow rate 20 scem,99.9995 %
C;H, flow rate 10-90 scem, 9%
Ar pressure 0.12Pa
C,H, pressure 0.03-0.2Pa
Deposition rate 0.01-0.2 pm /min
Silicon 99.999 %

Activation nozzle & ARE3F 7 $ol = nozzle current & Zr}shd, ) #eEsb 500 THHE

SiC 1.09 g 95 + A (2™ 13 ).

1 1
' j_:,/: ' 15 - 60 scem
1o ATTTE I
’ Ts 900 °C )
L o | 40 scem
Ts=500°C —a
g Q;_—’_??”,/g | ]O b ///’ 0__{
’S o 8 »
’ - 2 /o//o'
0 05 o, _ ° o -
i & Ts=2300°C V
) i (f_’
=05 ]
1 © B CoHy 20 sccm
. >/e//,,——*g"'—'_0
. ‘ - ' Ts = 500°C
0 1 2 3 4 0 !
CoHo2 flow rate / dep. rate 0 N E 10
|
( arb. units ) ozzle current (A)
Fig.12 Film composition as a func-— Fig.13 Film composition as a funct-

tion of the ratio, gas flow ion of the mnozzle current,
rate  SiC deposition rate,
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dojA o] AAFZE A2 AA LGB RE FA AREH 23t Tl A X
Add A'E 28k, 28 149 o] (111 dwo] 7ol HYg i g epiich IR
absorption spectnim © 2 M, 7] 900 ~ 500 TARolo] SiCrF A2 Y= A, 2 %A
2AE 00T Aol FL AL AT F A (2”15 ). o] ASE 94 =t e
A= 7S A, stoichiometricel &24d] 7H7tE olA + ti7ll micro vickers hardne—
ss7b 4000 kg /mdd) A& A& ek (27 16 ).
) BNTH] o --oeee 71l 22 r.f. bias 9 A&
ool cwbic BN 724 2HE whe+ dlel s#aiA Z)Ede 49 SiCE e w9

activation nozzle & ©]|-838te] cbic BNE 2t=s RA& Axd ¥x, o] %= substrate

Ts=500 °C
20 20 60 80
26 (deg.)
- Ts=200°C
~ ~
o~
o~
20 40 60 80
20 (deg.)
Fig.14 X-ray diffraction
patterns
K Ts=200°C
[y
)
2
o Ts=500°C ‘
< 4
Q
€
.‘E
€
i sict
o) 2 . . X i
= - 4000 2000 1500 1000 500

Wavenumber { cm=1)

Fig.15 IR absoption spectra of
SiC films depostited at
different substrate temp-
eratures,
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E2E SEFR Hrm IS
o] Zel A7l BN filmo] A o2
£, o] %ol surface charge 7} ®o}d, of
53 o) Yol WojedAl ot ol
reutralize 817] $8ted 7|3holl r.f. 9] bias
A, 2 el 29 o] 29 qlapy} Y
3] sl A, cubic BN-E Hg T4 9tE 4
ek (2% 17 ).
of W AY2AL E3ol ebdeh, Ho-
llow cathode = A7 7o ¢ - 30V, 150A

o
Ko
=

jny

ol 4], sustrate X7} 400 C, activation rio-
zzleo] 2+ AFE oAl TARER 28
3}c}, Substrate of = r.f. bias potential
Atk Ar 9 pressure 7} 0.13Pa, N, 9] pre-
ssure 7} 0,05~ 0.13Pad w=idll, deposition
rate = °F 500A,/mmr} o=l ot

Heater

DP

+
Lig. N2
trap

%

AVAVAVA Ve VaVavd
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Table 3

Hollow cathode discharge
Distance of source-substrate
Substrate temperature
Activation nozzle current
Substrate bias potential
Ar pressure

N, pressure

Deposition rate

Boron

Ar

Ny

-30v, 150A
25em

400 C

(TA

r. f.

0.13Pa

0.05 ~0.13Pa
0.05 gm / min
99.9%
99.999 %
99.9995 %

Boron ] Fu-2 F44

am O & ZrdaiA] F¢A et =3
tivate gttt Nozzle current & wlg b ¢ 3AHEE RE BNo| Azich(2E 18 ). dojal

BN#H2- 542 hexagonal wurtzite type ©] ®) =k,

2w Aol Aol

hearth o] boron2] QA4ke] 7S supply dtx, 2718 electron be-

nitrogen 7} 4~ & activation nozzle 2 28 %95 ac-

[e] o
10k
0
2 PN, :013Pa
- 0S- Vnozzle : ~60 V.
N Tsub. :400°C
prd
| | |
% 2 4 6

Fig.18

Nozzle current(A)

o] 7] 4 & zinc blende type & cwbic
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Table 4.
Observed values for the ASTM 15500, aubic BN
sample no.4 ( zinc blende structure )
d(A) I d(A) /1, hkl
2.09 VS 2.09 100 111
- 1.81 20 200
1.27 S 1.28 60 220
1.08 S 1.086 40 311
0.90 W 0.904 20 400
0.82 w 0.832 20 331
0.72 W
= -
g - //\\ si
g foa S
S N/
L'g N ‘/ \A\//
> PR T O T D e, e e
% ?a( B \o //\A
fo-m
&oouo—-———é——-—o———(}o——u———t)——-o—-— ‘s——o——o—-oon‘g
0 2
Flg 19 Etching 1|me (orb. UanS )

ASTM card o] data 9F A AHE FHollA Aozl Al 8o Wi SAT kot wizs) ww, o
A FL& dAE veglls, ozl e abic BNl AL ¢ 4+ UG (84). =z 7o &
Aol Uk BNel So] slsh oW e 27 A4 Argon ion 0.2 etching HA A, 2
EHE auger AT HAHERG 08 zabsle], gwole 4art S glAw, zHES
A7 ek WHEE FUg NBo] AA glrh o] AL substrate o silicon 9 single crystal

7

= ARgetz glem g, e RellA & silicono] HEHoh(2¥ 19 ).
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BNuhl #si4, 53 abic 9 #4& 2502 sk offE, abic BNIE diamon
structure film| 2+ 3 carton filme] v} dianond %3t 2ol o4 SkHlA,  thermal o
muctivity 7} & A Rolm, dA 0 2= cbic BN9 Zo| 93|38 diamond BthE A sk

9}1.. o AJ:‘?]_O] 7]£H5]_1_ 7] uﬂ—rol\;}- 02]317}-2]_,] Z}-/Ké}_}].a_oﬂ/q nozzle current 54_
substrate bias potential o] v} $- & 9v] & AT glE Aol WU oER, o] FAE

AR abic BNol 471% 249 topgah ) AEE WEG(2Y ). AAF C

5
< Pre : 6.5%107 Pa
- 4r Par : 1.3x10™ Pq
= Tsuss.: 500°C
[ = 3 |
h
—
=
(8] 2 -
4]
~
ol r
e
0 : - 1 —1 1 |
0 -0 -200 -300 -400 -500
Fig.20 Substrate bias potential (V)

9 Aol 4L %43 heagoml ® BNelAw, Bel Jdol4E hemgoml 2 abic o 79
9% 4] glom, A dQeAE A 0 %ol 4ol abic BN g wE 43k

29 9o, A, B, C2 343 7ol WA abicel ohdAE Helsh] A4 IRE
S~ EYL ZAY (2P 2l ).  Transmittance & Ve 2 gAuh A FeAE ar
bic BN, B o dE abic? Hz8 FAlo hexagoral o 3% o ek, CF Feol
A 43 heagonal 9 ) 23]},

A7 o) g dre AR, o] gl HaiA A H O E micro vickers hardness & &3
% 4+ glonz 2 99de Fz Y= silicon, alunina, TICS 349 2 Eel4, 2
otz Azl akE &2 spA A ol Fol W Fo] Ar]evt e AoE PR Y
ol 2hES A4S dAlel Solrbe e AE AL U (2 2).

239 PZolE 2 BNFo| deiebd abic 4ol TaHel YE/E, © abicH hea
gnal 8 BNS| IRES intersity ] total o] oslA, abics 4@l Az Y&
W § 2 e, 100% Fol G 4000k mid =9 gkl slojA A TR HE o]

io
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4. e &

o] A &3t A #o], Hollow Cathode Discharge & A3l activated reactive evapo-
ration el o34}, Alzb ZEuto =, SiC, TiC, &3] cwic BN filmE9 B3 9x
W5 4 9ok Gbic BN ¥ $A4¢ film(FAAcl 49 )2 A4 AE RolA:
ot mHE 4 §lch AL o] VHo 2EdQle]l #AA To| st e W )r] = Folo, 2
Hol AA=Y o Wy Aty mRo2A WS FEF Wiolekw 4w

AAge] 284 APk YE Hollow Cathade % AXEL ol &3k F43} W1 &

YL e A2 el A4S A Yeh SAlA B2t "okl dal oz 42k,



