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ABSTRACT

The incorporation of silver into the diamond-likarlson
(DLC) coatings has shown excellent potential in iz
applications; therefore the surface and triboldgicaperties of
silver-containing DLC thin films deserve to be istigated. In
this study we have deposited silver-containing bgdnated
and hydrogen-free DLC coatings by plasma immersam
implantation and deposition (PllI-D) methods. Atonforce
microscopy (AFM) and nano-scratch tests were ueestudy
the surface and tribological properties. The siimeorporation

had only slight effects on hydrogenated DLC coating

However, the incorporation of silver has significaffect on
hydrogen-free DLC of smoothing the surface andeasing the
surface energy. Those effects have been illustraded
explained in the context of experimental results.

INTRODUCTION

While the effect of adding silver to DLC coatingasshbeen
tested to be beneficial in a variety of applicasidi-8], the
tribological properties of these films are not ystmpletely
understood. In order to justify the application silver-
containing DLC coatings in various applications,rface
analysis and tribological property characterizatimre carried
out for silver-containing DLC coatings deposited BillI-D
methods. In the previous work the composition, ostiucture,
mechanical and biological properties of DLC-Ag staaphave
been characterized in details [1]; this manusdaptises on the
surface characteristics of DLC-Ag coatings. Theatioh of a-
C:H and a-C are referred to hydrogenated and hygdréigge
DLC; the corresponding silver-containing samples raferred
to a-C:H/Ag and a-C/Ag. AFM was used to image tbatings’
surface topography. Mechanical tests of nano-dtratere
carried out to characterize the coatings’ tribatagjproperties.

EXPERIMENTAL PROCEDURES

The DLC-Ag composite coatings were grown by PIII-D
methods. The hydrogenated films were grown by nmetha
reactive precursor together with pulsed cathodicdischarging
from a silver target; the hydrogen-free films wem@wn by
alternating arc pulses from two separate cathodic a
discharging sources of carbon and silver [1]. Akhlayer of
chromium was deposited firstly onto the silicon Stufte as a
buffer layer. The coatings surface topography waasured by
AFM with a Veeco Digital Instruments Dimension 3100
operated at tapping mode with a drive frequency%8.332
kHz and scan rate of 2 Hz. The tribological projsrof the
deposited coatings were studied by nano-scratds teish a
surface force microprobe apparatus (Hysitron) dpdran a
controlled environment of temperature ~25 and relatively
humidity ~45 percent [9]. The tests were perfornwbth a
diamond tip of ~ 2@um nominal radius and 400 nm/s scratching
speed. The coefficient of friction (COF) was measuas the
ratio of the measured friction force to the appliedmal force.

RESULTS AND DISCUSSION

The surface topography measured by AFM isvshio Fig.
1. On the top surface of a-C:H, the grain-like nimpgy was
probably because the deposited DLC followed theepiting
surface structure, reflecting the crystalline chitom feature
underneath [10]. A-C:H/Ag had finer grain-like <acé
structure than a-C:H possibly due to the silverorarystalline
particles that affected the on-growth of the folilogvDLC. For
a-C, the energetic carbon ions from cathodic aschdirging
smoothed the surface by re-sputtering and diffusitects. The
3D-growth of silver content also has the smootheffgct [11];
therefore a-C/Ag had the lowest roughness becafistheo
combined smoothing mechanisms. The RMS roughndess/a
of all samples are summarized in Fig. 2.
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Fig. 1 The AFM image of (a) a-C:H, (b) a-C:H/Ag, (c) a-C and (d) a-
C/Ag with the scan size of 1 x 1 ym?.
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Fig. 2 The root-mean-square (RMS) roughness of the four samples with
the scan size of 1 x 1 umz.

The COF measured by nano-scratch tests heem fiotted
in Fig. 3. The COF was observed to have less ageralye and
less fluctuation under higher applied loads. Therage COF
decreased with applied load because they werelatdduonly
with measured normal and lateral forces; the adhefirce
between the tip and sample surface was not coutlbén the

normal applied load was small, the adhesion forcas w

comparable to the load and raised the apparent\@ié [12].
A study involving contact geometry and adhesiorcdgpredicts
that the COF is inversely proportional to the cutmot of the
normal applied load, i.e., CO& P "3, whereP is the applied
load [13]. The frictional force may come from twdferent

mechanisms: adhesion that is by the elastic detiwmaf the
surfaces, and abrasion (plowing) which involves siita
deformation. The surface imaging by AFM after thenor
scratch tests did not yield any discernible evigenaf
permanent deformation, suggesting that the scrajchivas
predominantly elastic. The COF under high loadsewszlow
0.2, which is in agreement with the prediction loé tclassical
adhesion theory of friction [14]. Generally the adion force is
proportional to the surface energy of the two coting
surfaces, which depends on the number of danglorgi® on
the surface and the degree of surface reconstrudtis].
Hydrogen decreases the DLC surface energy [15]lewthie
exposing silver on top surface increases the sarfwergy
[2,5,16]. Therefore the chemical composition pédytiaxplains
the results that hydrogenated films had lower C®Bnt
hydrogen-free films, and that silver-containingnél had higher
COF than pure DLC. The mechanical properties calfb
contribute to the COF trend. When the external linageases,
the plastic shearing (plowing) effect increases #mel COF
becomes more dependent on the materials propérsit=sad of
the external load; under this mechanism COF deeseaith the
applied load [17]. The surface roughness is inWgrse
proportional to COF under light contact region heealow
roughness induces more adhesion force by non-dirgac
(proximity) surface asperities [18,19]. The surfaceighness
effect is best illustrated by a-C/Ag that had thmwdst
roughness and highest COF. Further studies arectegéo
explain the tribological properties under a widaga of loads
and possible wear particle formation of DLC-Ag fim
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Fig. 3 The average COF of the four samples with different normal loads.
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CONCLUSIONS

Both a-C:H/Ag and a-C/Ag coatings have beested by
AFM and nano-scratch in relation to the a-C:H an€ a
coatings. By comparison, silver had more pronoureféatt on
hydrogen-free DLC than hydrogenated DLC in termswface
roughness and surface energy. The silver and hgdrogntent
in the sample have opposite effect in the tribaabproperties
because of their different contribution to the aaef energy. The
COF difference between samples has been analyzéittign
mechanisms.
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