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Recently, laser texturing has received lots of attention for improving the tribological performance of vari-
ous surfaces, and this laser texturing of surfaces could be applied to improve the tribological performance
of PVD coated surfaces. In this work two different patterns of laser surface texturing were performed on
H13 substrate, and PVD AlCrSiN coatings with various N2 contents were made by unbalanced magnetron
sputtering on the textured H13 specimens. The coating characteristics such as crystalline structure, surface
morphology, hardness, and friction coefficient of the coatings as a function of the N2 partial pressure were
investigated by X-ray diffraction (XRD), atomic force microscopy (AFM), microhardness tester, and wear
test. Synthesis of the AlCrSiN thin films containing various N2 contents was successful using the unbal-
anced magnetron sputtering process. A dense and compact microstructure, as well as a very smooth sur-
face, were observed from the synthesized thin films, which could be attributed to the addition of Si into
the AlCrN films, producing an amorphous phase in the films. Also the hardness of the AlCrSiN films
increased with increasing N2 partial pressures and the maximum hardness of approximately 33 GPa was
measured from the AlCrSiN film synthesized with N2 partial pressures of 0.16 Pa. From the wear tests
against an Al2O3 counterpart ball at room temperature without lubrication, the average friction coefficient
of the non-textured AlCrSiN films of 0.42 was decreased to 0.38 and 0.36 for dimple-textured and honey-
comb-textured AlCrSiN films, respectively. Laser surface texturing on the AlCrSiN films reduced the friction
coefficients by approximately more than 15%, and further improvement on the tribological performance of
the textured surfaces could be possible by optimizing the honeycomb-textured surfaces.
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1. INTRODUCTION

Much attention has been paid to surface texturing, which
can induce an improvement of tribological properties by
enhancing lubrication in many applications including cylin-
der liners [1-4], storage devices [5,6], MEMS [7], and tool-
ings [8-12]. It was reported that depressions made on these
surfaces act not only as features to trap wear particles, reduc-
ing the ploughing component of friction [11,13] but also as
reservoirs for liquid lubricants, capable of feeding the lubri-
cant between the sliding surfaces [10,11,13-16].

Surface texturing has recently been demonstrated by vari-
ous manufacturing techniques such as indentation with hard
materials [17,18], ion etching [19], abrasive jet machining
[10], lithography [20], and Laser Surface Texturing (LST)

[8,21,22]. Out of all these techniques, however it is generally
accepted that LST offers the most promising process as it is
very fast, environmentally-friendly, and can easily control
the shape and size of the microdimples.

While AlCrN coatings were reported to show a low fric-
tion coefficient, low wear rate, and excellent cutting perfor-
mance in high speed dry machining [23-25], the addition of
Si into AlCrN coatings to make quaternary AlCrSiN coat-
ings induced beneficial modification in terms of the grain
size, phase composition and mechanical properties [26,27].
In AlCrSiN coatings, an amorphous silicon nitride phase
formed along the grain boundaries [26] to make these coat-
ings not only more wear resistant [28], but also more oxida-
tion resistant than AlCrN coatings [29,30]. Due to the excellent
mechanical properties and oxidation resistance, AlCrSiN
coatings have received much attention for wear applications
at high temperature, such as dry cutting tools. 

In this study, hard AlCrSiN films were coated on surfaces
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treated by laser surface texturing with different patterns, and
the influence of surface texturing in terms of the wear behav-
iors of the AlCrSiN coating were evaluated. The aim of this
work was to make a preliminary investigation on the feasi-
bility of combining surface texturing and hard coating to fur-
ther improve the tribological properties in a dry sliding
condition.

 
2. EXPERIMENTAL PROCEDURES

In this work the laser texturing was accomplished by
Marking Laser System (YLP-20, 20W) and detailed operat-
ing conditions are summarized in Table 1. Two types of LST
patterns were made on the H13 steel substrate and their
shape and dimensions are presented in Fig. 1. After the LST
process, the spatters formed during the LST process were
polished away using SiC #400 papers and equally spaced
patterns with dimples and honeycombs were produced over
the entire sample surface (Fig. 1). 

AlCrSiN films of approximately 2 µm were deposited on
silicon (100) wafer for the coating analysis, and laser surface
textured AISI H13 steel by closed field unbalanced magne-
tron sputtering with vertical magnetron sources (see Fig. 2).

In this apparatus, two magnetron sources installed with a
metallic AlCr segment target (Al:Cr=50:50 volume ratio)
and Si targets were mounted on the top part of the deposition
chamber and the polarity of magnets between two magne-
tron sources was arranged oppositely in order to form a
closed magnetic field. This apparatus has an advantage in
that high-level ion bombardments are continuously provided
during the deposition process, as dense plasma is maintained
on the substrate by the closed trap of the magnetic field lines
between the two magnetron sources. Prior to the films' dep-
osition, the base pressure of the sputtering chamber was
pumped down to less than 2.0×10−3 Pa and pre-sputtering
was carried out by placing a shutter between the targets and
substrate for ten minutes, to clean the target surface, at the Ar
pressure of 0.4 Pa. After target cleaning, the deposition of
films was performed in an Ar-N2 mixture atmosphere by fix-
ing theAr pressure at 0.4 Pa and by varying N2 pressure
between 0.04 and 0.16 Pa. In the deposition conditions of
films, the target powers of both targets were maintained at
pulsed DC 0.5 kW (frequency: 25 kHz, duty: 70%). Other
conditions such as substrate bias voltage, distance of target-
to-substrate, deposition temperature and substrate rotation
speed were fixed to -100 V, 80 mm, 100 °C, respectively. 

The chemical composition of the coatings was determined
by glow discharge optical emission spectroscopy (GDOES:
LECO GDS 850A) and the crystal phases were characterized
by X-ray diffraction (XRD: D/max2200) with Cu Kα radia-
tion (λ=0.15418 nm). For the AlCrSiN coatings, the bonding
status was analyzed by X-ray photoelectron spectroscopy
(XPS: VG Multilab ESCA 2000) with a monochromatic Al

Table 1. Laser specifications and operating conditions
Model YLP-20
Mode Single

Energy per pulse (20 kHz) 1mJ
Pulse Width 100ns

Pulse Repetition Rate 20-80 kHz
Laser Type Fiber Laser

Output Power 20W
Wave Length 1,064 nm

Fig. 1. Two LST patterns used in this work : types and dimensions.

Fig. 2. Schematic diagram of the closed field unbalanced magnetron
sputtering with vertical magnetron sources.
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Kα radiation (1481 eV). The hardness was measured using a
microhardness tester (Fisherscope: H100CXYp) instrument
with a load of 50 mN. The surface and cross sectional mor-
phologies were investigated by atomic force microscopy
(AFM) and field emission scanning electron microscopy
(FE-SEM: HITACHI S-4700). The wear property of coat-
ings was evaluated using a ball-on-disk type tribometer with
a 9.25 mm diameter Al2O3 ball as a counterpart material. The
test was performed in the room atmosphere temperature of
25 °C and relative humidity of 45% without lubrication
under an applied normal load of 5.0 N. The sliding velocity
was 0.25 m/s with a wear track diameter of 35 mm and the
total sliding distance was 1000 m. During the test, the varia-
tion of friction coefficient on the sliding distance was mea-
sured and the wear track formed on the specimen after the
wear test was examined by scanning electron microscopy.

3. RESULTS AND DISCUSSION

The chemical compositions of the films determined by
GDOES analysis are listed in Table 2. With increasing N2

partial pressures from 0.04 to 0.16 Pa, the nitrogen content in
the films increased almost linearly as a function of the N2

partial pressures, whereas the atomic ratios of Al/Al+Cr+Si
and Cr/Al+Cr+Si were maintained at nearly constant values
of approximately 0.59 and 0.25, respectively as AlCr target
power was kept constant during the whole deposition pro-
cess. The Si/Al+Cr+Si ratio increased as the N2 partial pres-
sure increased. 

Figure 3 shows the X-ray diffraction patterns of the AlCrSiN
films deposited at the various N2 partial pressures. XRD pat-
terns in Fig. 3 revealed the presence of a strong AlN phase
which could be assigned to cubic B1 NaCl structure. The
AlCrSiN films have a strong preferred orientation of (111),
and this peak has been shifted to a lower diffraction angle
probably due to the extensive addition of Cr and Si to the
AlN phase. In the films grown with the higher N2 pressure of
0.16 Pa, a CrN (200) peak was observed from the AlCrSiN
films while with lower N2 pressure, broad and low intensity
peaks were observed which indicates the formation of an
amorphous phase. It was also noticed that the CrN (200)
peak observed from the AlCrSiN films synthesized with the
nitrogen partial pressure of 0.16 Pa was shifted more toward
a lower diffraction angle, probably due to the high solid solu-
tion characteristics of the CrN phase. 

The cross-sectional and surface morphologies of the AlCrSiN

films synthesized with various nitrogen partial pressures are
shown in Fig. 4. Compared with those of AlCrN coatings
reported previously [31], the addition of Si into the AlCrN
films made the film microstructure more dense and smooth.
This could probably be due to the formation of an amor-
phous phase by the addition of Si element into the films, and
with decreasing N2 partial pressures, their microstructure
became increasingly denser and more amorphous, which is
consistent with the results from XRD analysis as shown in
Fig. 3. 

Figure 5 shows the hardness curves of the films synthe-
sized at the various N2 partial pressures. These were mea-
sured using a nanoindenter with a continuous stiffness
measurement (CSM) technique, which applies a continuous
loading-unloading indentation with a frequency of 45 Hz.
The intrinsic hardness of the films, not including the substrate
effect, could be generally obtained from a plateau region of
the hardness curve measured by the CSM technique [32].
Average values obtained at an indentation depth ranging
between 75 and 125 nm were measured. The hardness of the
AlCrSiN films increased with increasing N2 partial pressures
and the maximum hardness of approximately 33 GPa was
measured from the AlCrSiN film synthesized with N2 partial
pressures of 0.16 Pa This value was much higher than that of
binary AlN [31] (H= 23GPa). The hardness enhancement for
the AlCrSiN films could be primarily caused by the solid

Table 2. Chemical compositions of the films determined by GDOES analysis
N2 partial pressure (Pa) Al (at.%) Cr (at.%) Si (at.%) N (at.%) Al/Al+Cr+Si Cr/Al+Cr+Si Si/Al+Cr+Si Total

0.04 36.7 16.5 9.3 37.5 0.59 0.26 0.149 100
0.08 35.3 15.1 9.4 40.2 0.59 0.25 0.157 100
0.12 32.2 14.1 9.1 44.6 0.58 0.25 0.164 100
0.16 29.4 11.3 9.5 49.8 0.59 0.23 0.189 100

Fig. 3. X-ray diffraction patterns of the AlCrSiN films synthesized
with various N2 partial pressure.
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solution hardening. As a solid solution in the (AlCr)N films
is generated, lattice distortion inhibits the mobility of the dis-
locations, inducing a hardness enhancement. Also, the AlCrSiN
films are expected to have a similar nanocomposite structure
with TiAlSiN films [33], consisting of crystalline (AlCr)N
phase and amorphous Si3N4 phase. 

From the wear tests against an Al2O3 counterpart ball at
room temperature, the friction coefficient curves of the laser
surface textured AlCrSiN films deposited on the AISI H13
steel substrate under 0.16 Pa N2 partial pressures (films with
the highest microhardness of 33 GPa) are shown in Fig. 6.
All films have a similar film thickness of approximately 2.0 µm.
The average friction coefficient of the non-textured AlCrSiN
films of 0.42 was decreased to 0.38 and 0.36 for dimple-tex-
tured and honeycomb-textured AlCrSiN films, respectively.
Laser surface texturing on the AlCrSiN films reduced the

friction coefficients by more than 15%.
After wear tests against a counterpart Al2O3 ball, we obtained

micrographs of wear tracks produced on the laser surface

Fig. 4. Cross-sectional and surface morphologies of the AlCrSiN films.

Fig. 5. Hardness of the AlCrSiN films as a function of N2 partial pres-
sures.

Fig. 6. Friction coefficient curves of the laser surface textured AlCrSiN
films.

Fig. 7. Micrographs of wear tracks produced on the laser surface tex-
tured AlCrSiN films.
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textured AlCrSiN films, as shown in Fig. 7. During the wear
test, all the films showed an abrasive wear and the macro-
failures of films were not observed from the wear tracks.
However, a slight variation in the width of the wear tracks
was observed, and the film with honeycomb-textured films
showed the minimum wear width of approximately 250 µm,
suggesting the ideal surface texturing could be obtained
from the honeycomb-type surfaces.

4. CONCLUSIONS

(1) In this work AlCrSiN coatings with various N2 con-
tents were successfully synthesized by unbalanced magne-
tron sputtering, and the AlCrSiN coatings consisted mainly
of the crystalline (AlCr)N and amorphous phases. The cross-
sectional and surface morphologies of the AlCrSiN films
synthesized with various nitrogen partial pressures showed a
dense and compact microstructure as well as a very smooth
surface, which could be due to the addition of Si into the
AlCrN films, producing the formation of an amorphous phase
in the films.

(2) The hardness of the AlCrSiN films increased with
increasing N2 partial pressures. The maximum hardness of
approximately 33 GPa was measured from the AlCrSiN film
synthesized with N2 partial pressures of 0.16 Pa and this
value was much higher than that of binary AlN (H=23GPa).

(3) From the wear tests against an Al2O3 counterpart ball at
room temperature, the average friction coefficient of the
non-textured AlCrSiN films of 0.42 was decreased to 0.38
and 0.36 for dimple-textured and honeycomb-textured AlCrSiN
films. Laser surface texturing on the AlCrSiN films reduced
the friction coefficients by approximately more than 15%,
and further improvement on the tribological performance of
the textured surfaces could be possible by optimizing the
honeycomb-textured surfaces.
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ů č



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


