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Abstract

Stainless steel is being used widely for various purposes due to ifs good corrosion resisia-
nce. There has been much research to produce coiored stainless steel by several methods
such as anodizing and ion plating. In this experiment, we coated TIN(C,0H)films on the
SUS304 substrate with the DC magnetron sputtering system made by Levbeld Heraeus and
studied the interlayver structure and adhesive strength of the fils as a function of additional
gases, acetylene, hydrogen and oxygen. When the acetylene gas was added into the chamber,
the specimen with the interlaver phase had good adhesion due to the toughness of the ¥ -FeN
phase induced from a solid sclution of carbon atoms, while low adhesion appeared on the
specimen of the non interlayer phase. The formation of the interlayer phase(y -FeMN) was
accelerated by the additional gases of oxygen and hydrogen. Low adhesive strength appeared
due to hydrogen embrittlement and internal stress induced by ¥ -Fe.N formation in the inte-
rlayer. We could find the interlayer phase(y -Fe.N) at the interface between the film and
the substrate of the TEM image when ¢ -Fe,N was detected by the x-ray diffraction method.

Vo glem, e HolELel Asie) Sk
TING ZE (gold) o} €& A%g W 2lv] e
| 448 A=z Po) A§HD ekt

we FEsE AdEFHel Avrisn FES d2tA F o migfstn E=e e AR

Rl
ri
213

£
b
B
“d
==
e
b
4
=,
[[]j -
I
AL
2



Fhrgmeeks) «a13d 433 1998 143
@7l slated abash 4 2 opilFdel Hold s{ae

F-7F sledTh

A7}
Yafale] ¢
g

w2 TINAAbe] #Hild i3t e
e} ofef sk Hrhlart mlAE
ol Tt} mel&ul 7ol AW
B FeN) o #E A HE gsio ZYE
off goire] WHaHE L Tl v 2e] B ATE
ofZ ZEF I vIvte] S B ATz whaba
L. De Scheppersd M. Van

1-4 %Z&%OI #lg 7%, SUsS304%
Holl whih o -FeNg

%"" S’JQD% oleigh HAIEFTE =

Aee] 2art ol

i
7

i
= 27t

T~

_L;

=, e

webd] C. Quaeyhagenst=? T ILRAlA7}
Qe olF o Wgeld, 78 ¥ FeN
W8] ek WA el Ti-No-

LEA7IE Fe] wakEel
abol a8 HA STk e M. Millic §
0 olednE Akl 2ddulaidel s A
of #dd v -FeNHL TINAZZM $p
gate s veldits mastn 9ok 1 Vall §

=Y A& ETARCCI M TYE W Ee &

Yang $£° olel® WaHel rb- 2usie

A2BE7] FM FBEA HAGAE f -

FeN (FCC structure} & Fe-N-Ti¢] zo)&o] ¥
Axle] TINECC) 3 7|odde] 23E o ZslA

AR Foin Bosldel gala] BooTal
E“ AA ol W m AlREl Hrhe) A Ak

o, oPIEE)E FAHLRE Scratchy] gERz
o} E4F% Amzd 9] 4L Fed TINZEZ
of R v = Frielae s FRHL
2 2489

2. o

SUS 304¢13]
o, 15x16x15m=7]e] AAddE ez
glslet, Zjse] ERle] AW ARdEEES
A5k 935bed sand paper® #2004
1200712 dvlsk &, 0.1xme] diamond pasted
AME-8le] polishing 9}211:}

ZElE glsted AW (F400mn X h200mm) o] 3
7] Feof Algamd A A &7
#1841, acetone} methyl alcohol®] §-of ZFeoff A
77 1087 289t AHE AT F dxed
oh AzE AIEE Plg. 1o ‘—I—bhﬂ FE R A
AAAY el HERAFIIL,  FTE AN ($400mm <
h200mm) o] ©AE Fop 73%3% A U
TIN# 2] 5ol EEol
PAsle e YRty sted, e ey A2
?}‘43 rotary vane pump® turbo-molecular
pumpE FA Y FREStet, &F 2x 10 torr7hA] MY

2 A8y Algd mZEE 7R

H}l

fﬂpmo

m;ﬂi

7l g FrEE

ol | AFWAA f8B AEE oF 60~80
Folol Ar® N7 lHlE MFCE £33k 288
REE Rl Ee] 4X107torr (P A =4.7x 107
torr, Ar60scem-N.8scem) ol Zdgtgdeow 3l

MEC i

PELETTT S, |
Power

D Target supply

[j [RF or

ne)

Substrate Substraie
B I J sisananiaivic

=

Matching
network

Fig. 1 Schematic dagram of sputtaring system.




144 DC Magnelron Sputlering™h @72 A =8k Tixvvlvke] wlakdd e m )<= #7942 (CH, 0 e 48

o DC powers] Fa ¢ 25E w4 (43 inch) 3. AlsZdn 4 pE
S ook AlHE STRe 2 129 & ouRtgy] ¢
.

'
2,
iE

2E gwel =R Q6] o& e 1LAVOIN 31 APEm o AR

1.
1027 P93k lon ef(‘hmg A]V Oﬂ %}? 1
Fig. 25 TiNe| a4 72 Walsh Auzde)

Gdel vz CH.2l S8E HEalr] d 5%
B X-rayEd 955 Jehlln gloh 28 &

B8 27| Ad wh, pa opiR Aug I BTN GE CEE TS
HATRT. B AR AR waag 2g o (0% dscond) spIEREl BAARL
S fale] adiss) AAdATada Age 7 ondl U AE s
REVEST 713 {CSEM . Centre Suisse d° Eleciro- Fig. 344 (200)99] Peal?2=7} Cilad 37}
o whet Frhslm (1118 Aes gashe 4

nigue et de Microtechnique SA)E scratch o o & o Fig 5o Nael HAe] We 5
= g9 4. o A Eag (=4

Abe] Hakg Aart HrlE 2 E A|HA ¢ FelN

il

adhesion testerE AMRE T o] AR

& flaking® & failure modest A 38 mpajels

o @71 3o, seratch channele AA@mIA 2] Z=qrEe] FAHASE & P oodvh Fiz 62
(JEOL 35CF}@ 48t8n| & o] fate] HFE i
F Ao HUu. SR §
FE&Ee] 2E8 By 98k Rigakuild] E "E f =
WY X-ray diffractometer® Abgsle] §-24 E
L

= 28 medest AU, AR 471 Krato-

s, XSAM 800) 2 1%-5-}&1 TIN 2ROl Ti, N, EE . § % : :
OgRe) BrRERE Fgalglth oWl Jab X4 £ z Z I i
& AlKa ol Eiwe o 5lAc|gloen, ) . = .

BkeVel Arol&og SO EHE 2~5485¢ A5 i [

Haee], 10~50A%5 A Fol B Nr:_ __J ﬁ

e s dgth TINC, 0, H)mZEEe] nd-, © _ ___
2 %

#90.

Alsled ©F 100ume] FHIE wHE Fe Slurry disk (B

cutters o]&8to] A Smmz wHEdTh HEhe]
sid& Dimplesivlaled oF 10~20mz FAlE

#eirh

(A) I

o] A& Ave]d WAL ARGl whutg] Fo. 2 X-ray difraction petterns of TICN) ‘ims
e o Mmm sl e SaldEn cecosited al working pressure, 4107 %orr
T*/}'H T oA E SR }'O =T H T‘L} - W } ’P,w;/l_fxﬂ\_’”[ofr)l DowWer O‘ef‘IS\ty: \34\/\//
Fog @Rt AAgEeHE JEOL, JEM- on®, bias, 300, pre-etching: 1.5kY X 10min as
200X =R AMgatel ZIEAY 200k T e

] ]' ] kit (A) CH, 0.5 B GH. 3

Tmagest Spot patterns it (C) O, & D) G 8



Ghraia ety A7 #1234 1998 145

T-Fedllt)

TR |

i X
i FINCLLL)
i

% TINOO)
s

~
N
7%
=
&
:-—1‘1=_-—k:.

=

s S !

- Sy j \\

e Cal ¢ O.Bscem J \ \[' [

2 mﬂwwﬂwf "“.JIfl \likm""/-w—'

: Gl © % W/J %l‘r\

3 3 scer o
WMMWWW ﬂ |,

":-F': Cuble o dwcom K j

£ _,1/‘/ r}/ .

5 ot  Bscem Y
M/"‘MW thiz @ bs PPN W
T T T T L T T T 1
34 % 38 @ 42 4a %

28

Fig. 3 X-ray difracton catierns of the TiCxNy
fiims as a function of acdtional acetyiene.

4z S

I

4.28F

Lallice parameter{ A}
[}

. e
424

. b, | " 4

Comvosition (mole percent)

Fig 4 Lattice parametar for TiOxMNy films as a
funcsion of composition.

Frdn] %7}01] e TiNwEhel BT HItE

Ve o7l lscoBTEIGLS wlel
Al A1 2] 7%—01 AEE X ket 3scemo]

d

Bl e FeNel 2050l #ah vehin
itk ol kel BAFTAIL DA A
o Aol siall ¥ -FeNs| F7hEe] Z 94
GEFER ok WA And

!

o,k

1}

=dn, obH AlElle

TiN 20 40 i) no Tic

D
E -~
r -
= =
3 g
) =
>~ 5 2
|
g = =
2 =
£ ]
R g
;
=

TiNO{200}
¥-Fe(222)
T-Fel400}

T

TEN(200}

F]
V)

{©)

¥
H
Sme TINQLD)
I

st e pgmr=tie]

TiNO{it1}

@}

o
0

(a)

Fig & X-ray diffraction patterns of T1NOF Fims
deposted at working pressure 410 %arr
{(Pa=4.7 X 107 %arr], power  cangity 24w/
cm?, as 300, pre—stching: 1.5k X 10min as

a function of O flow.
(A} G2 2Bscom (B O Sscem (C) Oy Cscem

; Py
. R
Z B 8
- S o -~
] = =
- - &
Ead n-l._U
= g%
-2 e
2 2 ~ 5 3
~ |t g 8 : -
3 *31 s ozl 5 g
’ EJ L J :
\ UL L ;

ww-m-»‘wumml’\-

7
iU

ﬂﬁgiﬁ_
S
r -l (,(2?))4
|
L

|
@) J \ J'} ] IH’
i L«n Lw—.../« MJ L\WWJ‘ I\4,,J\_,.._>__,,m‘w.,;-_l

Fig. 8 X-ray diffraction gatierns of M( Hlfiirns
deposited al working presswre. 4><TC ®orr
(Pp=47 %107 %orr) power density . 9.4W/
om®, bias) -3C0, pre-etching 2k X 10min as a
function of ; flow.
(A) H: Oscom
{C) H, 3scom

{B) H, 1ecem
(D) ., Bgoem



146 NG Magnetron Spultering i 2 A 48 PixNubvbe) WaEc s Bl A0 o &k

ST GHEFE @ e @
AL Wohm #AHB,

3.2, EIMRA(C H, O)of mE A

Fig. 7& opdl&ale] Hrjol o Gas ratic
Ar60-N.8, Power 430W, Bias -300V, Etching
1.5kV,  10minAl¥el  ®AHE uehRich
3sceme] ofd A o] HrIE Hezm aNg] WY
SovERl el R wbe dEE el lejFH el

53] $5E 7218 Sscem O 9o

A Bl AE Aol o xsed HEghd, ¥ -FelN
o] FAWE AW =29 LAY AHRE I

¥ ~FeNogel Ao 8953 252 3sceme! of
off il wEhele] Thit AlH

il

o TR A T s N v B @ o

Critical load {N)

0 0.5 3 4 8

Acetylene {scom)

o 7 Efect of zcsivieng oo the cntical ‘osdon
fiims ceposied at working pressure; 4 x 1077
ot (Pa=A7 x 10 o), power denaly QAW
Jomt oies 300V, etoning 18k, H0min

thiL e SlE mebd ikl s wa
2o TN FGAE Y FeNg 237098 7
o) w2E nEEA Hi, we 04 A
Er] w7l melEel dEE S sl

W
-

|
[N
*.

.
B

J r

.
4
jb_:

Conceatration(atomic percent)

SR THE S OPRN 0 VO T OO MU g S ' L
(T T Y T R PR T R T € R I U )

Time{sccond)

Fa 8 XPs depth pretd'e of TIINGHfilm deocsitad
1 wOrking  oressure © 4 10 Morr Py = A7
M0 o), power dansity; 240 on? bias-
300V, etching 1.8kV, 10min., G-, decom.

m

Critical load (N}

Oxygen {sccm)

Fg @ sifect of oxygen on the orbca losd o de
oosted ef workng oressure. 4 X 10 o (P,
=470 aore), power density AW Son® bas
-300V, etching 1.8KY, “Cmin,



gh 3 T etg]

A 31H

A3% 1998 147

2929 BA90 ok 9TL £ Jem BF
Bazh BAAEA g BREUSN)E 2T
B

e
o1zl Az}

=g HE A,
moled§) 2l aE H7tE }“’4 TiC

SRR 00l
oz gade] % Bubsl ke 4
ot} ol Aol Hrlm ¥ -FeNg F%0]

#9437 XRDATE 400CET #e LmolA
steel e Fe, 0y, Fei(0,2] 48EFE Gegle] &
sreo] HABTIZ o) E%6) 71918 RO Held
TiN2] ¢ SteelZAj el §Fe FeDEo] ExF0

d, 58 4F3EE 98 4 Jrh FeOT 22 4%
FLAE2 TING A 2& F2F /AT Qv

Fig. 10& -1‘5’.?.——] A7 wE Wi el H%Jﬁ
JehN I gtk FArt lseem HAIEGS “ﬂ"ﬂ
2o fNoZ "47@7’4 e AlHaT $
gare o] lojlnt,

T Sscemm

fo'

2ege el oNes 9
2 JEy T ol ® Az
B0 ShE BAY WIS ARG 48

e ZVakA RE, 3scemel Abofl A

%
= ABI FAE 7 B wge osAd #Hal

[o)] [oe]

I~

Critical load {N)

Hydrogen (sccm)

Fig. 10 Effect of hydrogen on the crtical load In
deposted at working pressure:4 X 10 %orr
(Fr=4.7 x107%orr), power denety, 84w/
cm?, bias -300V, etching 1.5kV, 0min.

s pafAde] 24 e Ass fgEY V.
G. Teplenko®] @3-l &34, TiH.8] 44L& 400
~500CY FaTrlolAd FAEE TINES 800C
g} exdd HARIT BREeETh Y XRDE g
A b Rl Fo] Awule] F&ge] Fole) 9
g 18T ZE30 AW ¢ -FeNZ7h2o] 34
o 2% WH-e¥e] ZvM wEelgn AzHch
Plasma el Fhts #94249 S8 ol
2}, Plasmaddioly & 4490 iS4
Z7) e €dg A=A oFF {-E5h
A B A Jscem oY F4a2 Ht
b 79, TINRY S Adaleld A —FmNz
o] @A el AL Plagmaie] &)
Szye ddd 5 oy
YKo eawUlolE 2Hua
FHYE ol ojgm, Aele|EAY He] WaE
o ®lgte v gFe ASEHol FAE ) o=
RE& FOCTRR adlvte|59] A2y 435
oﬂuﬂm} BCCH2=41 o] & {18.3keal/mole) B
& k(47 3keal/mole) & 217 W BEolTh
el e ZHEEE et
A—z}lﬂﬁ} o] AL bwiXCr& ¥y
%}:51’ Cri’-} Fhekdf ub
& Cre] 2A

..f

rlr

_LJ

& off
ool &
(i

L Hr ot omr ofp
oo
i

do T o

2

3. 3. Scratch testEl TiHIE

7l A wE Scratch chanrel?] ®3E
Photo. 13 Photo. 28 uvshisich 424 Bscem



148 B0 Magnedron Spullering™ 000 %]

3 ol Fel 3sceme) FWAME H§, IS spalling

# chippingol A7 veldzm glem, vt

Iscem® 71 72+ conformal failurex} 483l
o slv) Fig. 118 Scratchslzze) ZHvle] whi
Azl Fef viepdle e ghEel Tensile

failure—Conformal

lailure

failure—Buckling
—>Chipping faﬂure—-*SpaHing failure®]
AT G AHA Lol wxwo
Seratch channel®] 3bso] ZxekA|¢l
@l mEEe] sppo] FREY S5
WAl ¢l Spaliing ohe=d] v o)
A sheo} Slofuiel waue g By A,

whela] Photo. 13 Photo. 294 Ssceme! 2bnE

UEhl 2 HSRE x

2

s
: g

g

S

i
7

.

G
. ,
i 7 7

;/f.rg'fj;j,fy’é? f/t% %‘7/ ’F%/ /,/f%
%‘/}5 . /-’
Fhicto. 1 Micrographs of beginnng scraleh tracks
under progressve loading up to B
0N of TINICOA) Tilma dep
working prassurel B0 o cowes e
sty BAW Som?, coaling ame i,

(A ARDB-Ch3 (8 ArBO-NS-OD
() ArGO-NB-~ =1 )

O

it

I e

oooar

[

Peoto 2 Micregraphs of terminan soratch traces

Woder prograssive loading up to Faoe
a0n of PNICOH {ilms deposites at
wokng prassore 6 X 107 o, power den-
ty o SAW ot coating tme ! Smin.

(&) ArGL-NB-UHS  (8) AB0-N2-0T4
(C) Arpl-Nys-Hi

ol

g 11 Schematic representalion of coating failure
modes 1 e scralch Test wiih ncreased

lead,



Sk re 8] A3l A3E 1998 14%

A7 AlHel A& Scraich channele.] 275
chipping ¥} spalling®] sg=e] 44 3hed a of 1]

& ZaFatoich (IN) g 3sceme] OP*‘” o] 7t
% Aol Scrateh charmel®] SNAH4-H chip-
pinge] AstEt) w47 1scem HrFE AJEA A
£ chipping®] 79} 85k €2l conformal S
o] WApsle] -4t WAk (BN) SufeRd s loh

3.4. TEME ST Ag=x 24

Photo. 3 Working pressure;4 > 107 %orr (Pus
=47 %107%0orr), Power density,9.4W/on?
Bias -300V, Etching 1.5kV, 10min, Coating
time Bmin.g] ZAgA =ERE TINZZ9 image
9} spot pattérn® vehlm olth AlBels Ea
Zo] AR E ggter wHe AT e ¥
2o o dAAYE RHoln gk AN B

1
o] TINWTHE 24 zHom QAR o

Photo. 45 TEMo.2 33t SUS304¢F TLN
29 AvzAe Jehflm gk a7 Sscem®
i A" A= A 100nmAEEe] FAE F
&l AR

XRDZ=be} wlwapd wA st Bl gedl 7k
A ¥ -FeNg ol g oz BHET O
BY Iscemsd Fart Hrbg A4 ¥ -FeNe 7
Hzde BHFEA gol X-ray 4d¥EY FY

& 237t defEch

Prote. 3 Transmission siectron micrographs  and

diffraction pattern of TiN films depositec
on Aluminium suostrate &) working pres-
sura L4 x0T o (Py=47 >} 107 %orr), po-
wer darsity 94W /em® bas 200V, etch-
g 1.5kV, 0mir, coating time L Srmn,

A B ATl SUSIMAIT S duls & DC
Magnetron Sputtering Systerng o}&-8)e] Aated
o] gl At B, oY Fhae] il
vk TiNghe] Aldzz ) datze B Arg
F3) o] B 22 AES vk

1) Ahas, Seae) Hrle rlus IS AW
oA ¥ -FeNe #4E &Rz Aow A
e oju AW AW Y -FeNo F7ad
ZEZ5 yekzie]l Wk x| FAlzich ole g
AFs el B 9§ g4 9} wiipey A
Hell FAE o -FeNel 2]3F Uj5-&Hd 7]=i%t
cha getE o

2) ol Adle] Mrh= ¥ -FeNej 49 A4



gnetren ‘mul\u ng' e iy

150 > Ma

A EE TiN kel A el A

D A CHO e B

Fhoto, 4 Tranamssior
citfrection ¢
capnsitad A

LI [V
Ity
ateoirg CBKY,

Forr {7
24w for?

10min, :
(A) Oxvg seom (3 -

wakcon Tecem

R e )
A A el
A vhelhdda g

gujelA 7w

a5l Y -FeN 4o
Ascemoll M =
Lol ofu] %t LﬂH‘: gl Gt

(N(/ﬂ]

ok O
YR

SEER M) v

M A3 1scem @]
J3= o N2 B

alA TR Bscom® oHE

el Ay ]Al Sgren,

A9 Aaels 100nmA Y FAE %)
CEEE

12.

3.0

14,

. B, Karlsson ; Physica

M. Millic ; Thin Solid Films, 163

Sl Valll,

. Yang . Proc. Conf.

AR
i

. U. Helmersson, B. O.

. V. Dembovsly

. AL Brokman, F.

4. HIF

gk

Seripta,  Vol.25

(1982} 775779

. .. De Schepper and M Van Stappen ; Thin

Solid Films, 173 (1989) 199-208

. C. Quaevhacgens ; Surface and coatings

technology, 45 (19811 193-200

(1988)

309-316

U. makela and A. Madews ; J.

Vae, Sel. Technol. A, 3 (6} (1985}

2411-2414

cn Heat Treatment and

Surface  Engineering, ASM,

1L, (1988) 43

SFFERE el ANETERME (1900) 208
2. 8PUTTERING % (1989) 188

Johansseon, and J. E.

Chicago,

Sundgren, H. T. G.
J. Vac. S
(1985) 308

Hentzell, P, Billgren ,

Technol. A 3(2), Mar/Apr

. B. A. Borok ; Researches in Powder Metal-

lurgy Vol.l (1986) 35

s Plasma Metallurgy, (1985)
144

K. Ozbaysal and O, T. Inal,
21 {1986) 4318-4326

J. Mat. Sel,

(Grieveson and B. T. Turkdogan, TMS-
AIME Journal, 230 (1964) 1604

K. Schwerdfeger, P. Grieveson and E. T.
Turkdogan, TMSAIME 245

(1969) 1504

Journal,

Dothan and F,
FBng., 40 (1979} 261-263

Tuler,
Mat, Sci



