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Abstract

The characteristics and adhesion strength of TiN layer deposited by D. C. magnetron sputter-

ing were investigated. Three types of TiN layers were deposited on STS 304 stainless steel. Scratch

tests were performed to determine the effect of deposition temperature, the thickness of coated TiN

layer and the titanium inter—layer on the adhesion strength. TiN multilayer with titanium inter—
layer showed the highest critical load in the deposition temperature range of 25°C to 300<C.

Adhesion strength of TiN multilayer with titanium inter—layer was raised from 15N to 20N by
raising deposition temperature from 25°C to 400°C. Adhesion strength was raised from 18N to 38N

by increasing the thickness of outer layer of TiN multilayer from 2.1 um to 9.5 um.
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Fig. 1. Schematic diagram of sputtering system.
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Table 1. Chemical composition of STS304 stainless steel

element C Si P

S

Ni Cr Fe

0.04 0.49 0.36

wi. %

0.07

9.09 balance

18.20
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Fig. 2. Schematic diagram of three types of de-
posited layers.

Table 2. Process parameters
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Process . Ti interlayer ) ] )
Parameton Sputter etching coating TiN multilayer coating
Source Ar Ti target Ti targer+N,
Temperature 25°C 257, 200°C, 250°C 25¢C, 2007¢C, 250¢C
300<¢, 400C 3007, 400°¢C
Pressure 2mbar 4 x 10 *mbar 4 x 10 *mbar
Power 150W 400W 400W
Electrode distance - Scm Scm
Gas fraction Ar(65scem) Ar(65scem) © Na(scem)
- > Na(6scem) @ No(8.3scem)
=0.81:0.03:0.078:0.11
5min, 10min, 2min 5min{N,=3sccm)
Time 20min, 40min, 10min(N,=6sccm)
L 60min 25min, 45min, 80min(N,=8.3sccm)
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Fig. 3. X-ray diffraction of TIN multilayers at vari-
ous deposition temperatures. (a) 25°C (b)
200°C {c) 300°C (d) 400C

257t F7Hgd det ARt S E 9
g ole AW gt 93 Aoz wddch e
ANFE &7t F71ge aet (111)33} (200)
Wt 783 (311)We] AA FristdA Wizt &
of FolAle AL 2 F el o= EAEAANA
FHLE7t gt ARl FolAY $4A48F
A7 FANUA I AEHQ AR o) Fo)A
uhake] AR UAE Hidshs Boz JAste
Rl 7109 At & 5 Y.

a8 4= 25°ColA 400C7HA] 97ET Halst
o ¢¢ TiNcEutete] gial Abzlolo}. 2g4oA
B 25CodA 300C/RAE EHe] AxHAo=w
aE AYgoz A s & F dad 9
293 F3e) el & 5 AUk oW

AR Y (grain)e] A7E F 0.7mBEo|1L
< 2=l we Wil sy 32
Aok AeolA FAE (a)

rr

J

o o B
ol g
povd BN rg
»
o,
o
1o,

Bore AN ox e orlr
>

o

tr o

F Joy 227t g gt (b),

(¢), (d)s} o] =] vAsiAa FUg =3

EL B 4 o of2d zHusie 1889 7
ks

= HgE 9 ZAdch 400CAME 2%
d 3¥E gue AR YSo| 433 =usiA
= AL B F ey oRAL 237wt Ti
7} FHo g #itE = o Algdrh

13 5= 4YLEH (25~400C)F LA

29+ @01 stekEzs WA A Tigld
o] S o) wX = FEFe vehla 9L
ot 1% 5l A Tigzta +TiNTZuet, Tigzts
+TiNgaeter, TiNGduhe o2 Q7 a5l
A USE & F vk a-6S A2
400C7AR Azl wuhg FHAA oo BE <
Astsel WsE Ui ok AdlA 200C
74 TIN thddteto] QA 8% 14N 2 $A&
2HRH S el glon o] g TigEel ¢l
£ TiNgQHtegd] vig] Aol 28 77t 234
o|t}.



D.C.oldEg AsjE@o] o8 SREzicl TINGZ e Azt ol3e 93 265

x6.8k @618 25kY

w7 LT o

x6.Bk BBOA3 ZSkY . Lo.xBoBk B3 25kY Spm

Fig. 4. SEM micrographs of cross-=section of TiN multilayers deposited at various temperatures.
(a) 26C (b)200°C (c) 300C (d) 400C
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Fig. 5. Optical micrographs of the scratch tracks

a}
deposited at room temperature. (a) TiN .
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Fig. 8. Hardness vs. deposition temperature.
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