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Effect of Substrate Roughness on the Adhesion of TiN Deposition by PACVD

H.Y. Kang and M.1. Kim
Department of Metallurgical Engineering, Yonsei University

ABSTRACT

The adhesion strength of TiN films to substrate(STC 3) steel has been studied using the scratch

adhesion test.

Before deposition, the substrates were mechanically polished and TiN films were deposited at different
substrate temperature (480°C —540°C). The chemical properties of TiN films were investigated by RBS, and
EDS;, and the physiéal properties were investigated by micro-hardness tester, SEM, and X-ray

diffractometer.

According to results of this study, the adhesion strength of TiN films increase with increasing the

deposition temperature.

The roughness of the polished substrates surface were measured with a profilometer. It was observed

that, as a general rule, the adhesion strength of deposited TiN films increase with decreasing the substrates

surface roughness.
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Fig.1. (a) Schematic diagram of a scratch track
showing an area of coating detached
from the substrate ahead of the in-
denter and the development of surface
cracking from this failure.

{(b) Section through the center of the scratch
showing the stresses ahead of the
indenter responsible for coating detach-
ment.
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Table 1. Surface Roughness of Substrate.

emery paper (#) 800 [ 1000 { 1200 | 1500 | 2000
Roughness, Rpax(gm) ]0.25]0.16/0.1410.11}0.09

Table 2, Experimental Variables of TiN Deposition,

Deposition | Surface Roughness| Deposition | Surface Roughness
Temp. (C) Riax (#m) Temp. (C) Rinax (m)
0.25 0.25
0.16 0.16
480 0.14 520 0.14
0.11 0.11
0.09 0.09
0.25 0.25
0.16 0.16
500 0.14 540 0.14
0.11 0.11
0.09 0.09
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Fig.2. X-ray diffraction patterns of the TiN deposited at 540°C
(@) Rpax=0.09 gm, (b) Rusy=0.25gm.
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Fig.3. Rutherford backscattering spectra for TiN films.
{a} Deposition temperature : 540C, Rmax= 0.09 um, (b) Deposition temperature : 540°C, Rpax=0.25 am.
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Fig.4. Schematic representation of the RBS results variation according to substrate roughness.
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Photo. 1. Scanning electron micrographs of cross section of the TiN films at various temperature.
(a) Deposition temperature | 480°C, Ry =0.11 gm,
(b} Deposition temperature : 500°C, Ry,=0.11 gm,
{c) Depositon temperature : 520C, Ryax=0.11 gm,
(d} Deposition temperature : 540°C, Ry =0.11 z2m.
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Photo. 2. Optical micrographs of scratch channel.
{a), (b) Deposition temperature : 500C, Rumax=0.16 gm,
{c}, (d) Deposition temperature : 520C, Ryax=0.25um.
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photo. 3. Scanning electron micrographs of scratch channel.
(a) Deposition temperature : 480C, Rumax=0.25 ym, Critical load : 2.4 N,
(b) Deposition temperature : 540C, Rumax=0.25 gm, Critical load : 8.4 N.
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Fig.7. Influence of the substrate roughness on the critical load at various temperature.

(a) Deposition temperature . 480°C,
(c) Deposition temperature : 520C,
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