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Effect of Pulsing Parameters on the P-CFUBMS of

Chromium Aluminum Nitride Coatings

Effect of Pulsing on the Ion Energy and Ion Flux:

Cr-Al-N Film Microstructure:Cr-Al-N Film Microstructure:

Experimental SetupExperimental Setup

Controlled ion bombardment of growing thin films can

be used to modify and improve the film structure and

properties. Recently, higher energetic species (up to

hundreds eV) were found in the plasma by pulsing the

target(s) in magnetron sputtering [1-5]. In this study, an

electrostatic quadrupole plasma mass spectrometer

(EQP) has been used in a pulsed closed unbalanced

magnetron sputtering (P-CFUBMS) system to

investigate the effect of different pulsing parameters

(frequency, duty cycle) on the ion energies and ion

fluxes present in the intrinsic plasma during Cr-Al-N

film deposition

Conclusions:Conclusions:

1. Pulsing both the magnetrons in the CFUBMS had a significant effect on both the ion energies and ion flux within the

plasma. The pulsed ion energy and ion flux strongly depend on the pulsing parameters.

2. The effects of the increased ion energy and ion flux can be both detrimental and beneficial to the growing film. The

Cr-Al-N films deposited using a high ion flux with energies in the ‘B’ region have a good combination of hardness and

fracture toughness. Ion bombardment with excessive ion energies in the ‘C’ region may have a detrimental effect on the

tribological properties and toughness of the films.

3. There is an advantage in keeping the maximum pulsed ion energy less than 130 eV and increasing the ion flux in the

70~90 eV range to obtain improved film structure and properties.

Cr-Al-N Film Properties:Cr-Al-N Film Properties:
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  When both targets are pulsed, the ion energy and ion flux are much higher than when

pulsing one target.

  The positive voltage overshoot at the beginning of the positive pulse period increases the ion

flux and energy in the plasma

Due to the improved film density and

reduced grain size under the

increased ion energy and ion flux

bombardment

Due to the strain hardening

caused by high residual stress

and high defect densities in the

films
Good wear resistance Poorer wear resistance

100 kHz and 5.0 s

Ion energy=122 eV

Main ion flux from ‘B’ region

100 kHz and 1.0 s

Ion energy=72 eV

Main ion flux from ‘A’ region

350 kHz and 1.0 s:

Ion energy= 180 eV

Main ion flux from ‘C’ region

Ra=5.45 nm Ra=1.04 nm Ra=2.01nm

Effect of Pulsing on the Ion

Energy and Ion Flux:

The effects of the pulsed ion energy and

flux can be either beneficial or

detrimental to the growing film. The

Cr-Al-N films deposited at 100 kHz and

5.0 s  (using a high ion flux with

energies in the 'B' region), show

improved film density, decreased grain

size, and few defects. On the other

hand, pulsed bombardment with  ion

energies in the 'C' region produces

films, such as that  for 350 kHz/1.0 s,

with roughened surfaces,

intergranular residual damage, distorted

lattice, and many dislocations

(white arrows in the HR-TEM image).

The ‘A’ ion energy region corresponds to the negative pulse period (sputtering

period).

The ‘B’ ion energy region is the energy gained from the potential in the

oscillating reverse positive pulse period

The ‘C’ ion energy region is the kinetic energy gained from the fast and high

positive voltage overshoot at the beginning of the positive pulse period

The pulsed plasma exhibits higher ion flux at longer reverse time (lower duty

cycle) under the same pulsing frequency

The 27Al+ ion flux exhibits a faster rate of increase at 350 kHz when the

reverse time increases from 0.4 to 1.4 s than do all other ion species

The increased ion fluxes at 100 kHz are mainly from the 20-40 eV ‘B’ region.

The increased ion fluxes at 350 kHz are largely from the 100-150 eV ‘C’

region.

The variation of the Cr and Al contents of the films is possibly related to the

ion energy and ion flux change

Side View

  The Hiden mass/energy electrostatic quadrupole plasma analyzer

(EQP) was used to measure the ion energy distributions (IED) in an

effort to understand the effects of pulsing configuration and

parameters on the energy and flux of the ions arriving at the

growing film.

Top View

Cr Al

ISSP2007 ISSP2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


