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Abstract - c-BN films were deposited on SKH-51 steels by electron assisted hot filament CVD method and 

microstructure  development was studied processing parameters such as bias voltage,  temperature, etching and phase 

transformation at boundary layer between BN compound and steel to develop a high performance wear resistance tools. 

A  negative bias voltage higher than 200V at substrate temperature of 800℃ and gas pressure of 20 torr  in 

B2H6-NH3-H2 gas system was one of optimum conditions to produce c-BN films on the SKH-51 steels. Thin layer of 

hexagonal boron nitride phase was observed at the interface between c-BN layer and substrate.
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1. Introduction

  BN compound represents the existence of variety phase 

such as c-BN, h-BN, w-BN, r-BN and t-BN due to 

bonding formation[1-5]. c-BN related to sp3 hybridization 

bonding among these materials has much excellent 

characteristic properties such as low density, extreme 

hardness, large thermal conductivity, wide band gap of 

6.4eV, high breakdown voltage of 80x10
5
V/cm and high 

thermal stability[6-7]. Thus, c-BN should be possible to 

apply to ferrous metals for wear resistance in contrast to 

diamond, which it was transformed to graphite when 

coating diamond on ferrous metal by gas phase 

method[8]. Thin BN film can be  prepared by various 

deposition techniques like rf-sputtering, ion-beam assisted 

deposition, rf-plasmaCVD, electron cyclotron resonance 

plasma CVD  and microwave plasma enhanced CVD[9].  

Thermal filament CVD process has a problem of slow 

deposition rate but it has  characteristic properties of 

wide area with homogeneous deposition layer [10].  

Although textured and epitaxial growth on different 

substrate by CVD technique have been reported[11], it is 

hard to fabricate high cubic phase content BN films with 

the absence of further evidence because of relatively poor  

repeatability and rigorous craft. 

  Hence, in this study, the effects of fabrication 

parameters like composition of inlet gas, flow rate, 

pressure, substrate temperature, bias voltage were 

systematically studied to establish an optimum condition. 

Emphasis is on the microstructure development of BN at 

the interface between matrix and substrate.

2. Experimental procedure

Fig. 1 Schematic diagram of microwave plasma assisted 

hot filament CVD system

The schematic diagram of EACVD is shown in Fig. 1. 

The substrate was heated to 600-800℃ by two electrodes 

which connected to an AC power and negative bias 

voltage was connected to filament. 2.45 GHz microwave 

used was generated plasma by magnetron and 
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transmitted with the circle waveguide. Microwave plasma 

deposition reactor was fabricated to cavity with 

magnetron which it was made of Al box of 

270*160*350mm size. The chamber was evacuated to 

20-80 Torr and then refilled with B2H6, NH3, H2 which 

was diluted to 10% by Ar.

Table 1 shows general composition of substrate

 3. Result and Discursion

 
The crystallization and surface morphology of c-BN film 

is depend on deposition technique and deposition condition 

such as pressure, flow rate, substrate composition and 

temperature[12]. Fig. 2 shows surface microstructure with 

temperature that obtained to experimental conditions as 

Table 4, which was total flow rate of 2000 Sccm. It was 

shown well defined facets of BN at substrate temperature 

of 800℃

.

Fig. 2 SEM micrographs ; (a) 600℃ ; (b) 700℃ ; (c) 800℃

Fig. 3 FT-IR spectra of BN films deposited at different 

temperature

Fig. 3  is FT-IR spectra of BN films deposited at 

different temperature with a negative bias  of 300V. No 

cubic phase was detected in the boron nitride films at 

low substrate temperature (700℃). It is due to the 

formation of hexagonal phase as revealed by the h-BN 

TO frequency at 800 cm
-1
  because sp2 bonded BN is 

usually disordered[13]. The growth mechanism may 

essentially be governed by etching of hexagonal phase 

and the depositon of cubic phase due to ion with high 

level energy and ion bombardment[14]. That is, inleted 

ions with much energy of inside materials provide energy 

to around atoms. Then compressive stress occurred due 

to active electronic motion of these atoms inside of 

films[15] . Setiz reported[16] that ion bombardment with 

much energy induced phase transformation to c-BN from 

h-BN, since displacement of atoms prompts the formation 

of c-BN. Fig. 4  is FT-IR spectroscopy of BN films with 

different thickness at the etched region. 

Fig. 4 FT-IR spectroscopy of BN films measured at 

different Etching time (a) 50min; (b) 65min; (c) 90min.

FT-IR absorption spectra of the remaining BN films at 

the edge region shows a mixture of c-BN and h-BN 
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phase when the film was etched for 50 min. But in case 

of  etching for 65 min, FT-IR exhibits a mostly h-BN 

phase  remaining in BN films at the etched region. As 

well as self-bias increases, the sputter etching of high 

energy ions decrease the film thickness. It means the 

peaks responding to c-BN phase became very weak due 

to long time etching.

Fig. 5 Auger depth profiles of c-BN film

The Auger spectrum of the cubic boron nitride films 

deposited at temperature of 800℃ with a negative bias of 

300V is shown in Fig. 5 The film is consist mainly of 

boron and nitrogen. The ratio of B and N in film is very 

close to 1:1. The impurities of carbon and oxygen are 

due to capture during the film growth and it’s 

environmental interaction  after deposition. Fig. 6 shows 

cross sectional SEM micrograph at interface of BN films 

deposited on SKH51 steel. h-BN phase of thin bright 

layer is observed at the interface between c-BN phase 

and SKH51 steel.

Fig. 6 Cross sectional SEM micrograph of films deposited 

on SKH 51 substrate.

It was confirmed by FT-IR spectrum. The presence of 

interfacial h-BN phase is probably attributed to lower 

compressive stress during initial deposition than critical 

value which cause transformation of c-BN from h-BN 

phase. That is, h-BN of sp2 bonding during initial 

deposition transformed to c-BN of sp3 bonding state due 

to compressive stress by ion bombardment with high 

energy[17].

Fig. 7 Auger spectrum of c-BN film

Fig. 7 is Auger depth concentration profiles of c-BN 

Films. No other contamination with the exception of 

carbon and oxygen  were detected in films. Moreover, 

carbon and oxygen shows constant line. Therefore, nearly 

the films of stoichiometric composition with high purity 

and excellent crystal facet have been   prepared in this 

experiment.  Fig. 8 is SEM micrographs at various bias 

voltage. It shows that facet of BN films is not well 

developed without applied bias. Well defined facets of BN 

were observed in condition of 300 voltage.
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Fig. 8 SEM micrographs ; (a) no bias; (b) -100V; (c) 

-200V; (d) -300V         

Charged negative voltage to filament and positive voltage 

to substrate is not only prevent the carburization of 

filament but also prompt the nucleation and growth. 

Since, BN radicals of negative ion attracts to substrate 

charged positive voltage[18]. Moreover, it was expected to 

increase concentration of BN radical due to acceleration  

of reaction and decomposition  of  NH3, B2H6 on 

substrate. In order to further confirmed above conclusion, 

FTIR absorption spectroscopy was used to determine BN 

films with various bias voltage. As shown in Fig. 9, 

FT-IR spectra near 1080 cm-1 is assigned to the TO 

mode of cubic BN at substrate temperature of 800℃ with 

a negative bias of 300V. It implies that there is no strong 

damage even with high energy by continuous 

bombardment of ions on BN surface during growth[19]. 

Fig. 9 FTIR spectra of BN films with various Bias voltage 

at substrate temperature of 800℃

3. Conclusion

Characterization of interface layer of c-BN films formed 

by  electron assistant hot filament CVD were carried out 

at bias voltage and temperature. Excellent c-BN phase 

was represented at total flow rate of 2000Sccm, pressure 

of 20Torr, negative bias of 300V and substrate of  800℃ 

in B2H6-NH3-H2 gas system. It shows fast film growth 

with increasing bias voltage until negative bias voltage of 

300V. Concentration of BN radicals on substrate increases 

due to accelerating decomposition of gas species and 

synthesis of  BN compound by thermal electron generated 

on filament. Thin layer of h-BN exists at the interface 

between c-BN and substrate . It results from the  phase 

transformation of h-BN to c-BN by high energy ions and 

ion bombardment.

감사의 글

One of authors thanks for HANARO of  KAERI 

for the usage of equipment and valuable discussion.

References

[1] A. Ghosh, S. Devadas, K. Keutzer and J. White, 

“Estimation of Average Switching Activity in 

Combinational and Sequential Circuits,” ACM/IEE 

Design Automation Conf., pp. 253-259, 1992.

[2] F.N. Najm, “A Survey of Power Estimation 

Techniques in VLSI Circuits,” IEEE Trans. on VLSI 

Systems, pp. 446-455, Dec. 1994.

[3] J. Monteiro, S. Devadas, and B. Lin, “A Methodology 

for Efficient Estimation of Switching Activity in 

Sequential Logic Circuits,” ACM/IEEE Design 

Automation Conf., pp. 12-17, 1994.

[4] R. Burch, F. N. Najm, P. Yang, and T. N. Trick, “A 

Monte Carlo Approach for Power Estimation,” IEEE 

Trans. on VLSI systems, vol. 1, No. 1, pp.63-71, 

March 1993.

[5] A. Papoulis, Probability, Random Variables, and 

Stochastic Processes, 3rd Edition, New York: 

McGraw-Hill, 1991.

[6] Y. N. Xu and W.Y.Ching ; Phys Rev. B. 44 (1991) 

7787

[7] S. Bohr, R. Haubner and B. Lux ; Diamond and 

Related Mat. 4 (1995) 714

[8] M.B. Guseve, V.G. Vabaev and V.S. Guden ; 

Diamond and Related Mat. 10 (2001) 1385

[9] A. Soltani, P. Thevenin and A. Bath ; Ibid. 10 (2001) 

1369



Trans. KIEE. Vol. 61, No. 1, JAN, 2012

EAHFCVD법에 의한 c-BN 박막형성기구와 계면층의 특성에 관하여                                                                    93

[10] C.C. Hung and H.C. Shih ; Journal of Crystal 

Growth. 233 (2001) 723

[11] Taso Chung Chen ; Journal of Materials Processing 

Technology. 123 (2002)1

[12] S. J  Zhang and G.H. Chen ;  Vaccum 66 (2002) 65

[13] Z. Song, F.Zhang and G.H Chen ; Apply Phys. Lett. 

65  (1994) 2669

[14] J. Tian, L. Xia, X. Ma and S.R. Lee ; Thin Solid 

Films. 355 (1999) 229

[15] D.R. Mackenzie, W.D. Mcfall, C.A. Davis and R.E. 

Collins ; Diamond and Related Materials. 2 (1993) 

970

[16] R. Seitz and J.S Koehler ; Progress in Solid State 

Phisics. Academic, NewYork (1957) 30

[17] K. Janshosky, W. Evert and E. Kohn ; Diamond 

and Rel. Mater. 12 (2003) 336

[18] J.I. Choe ; “Synthesis of Diamond thin films by HF 

CVD”, J. Korea association of Crystal Growth, 8 

(1998) 227

[19] P.B. Mikarim and K.F. Mctarty ; Materials Sci. 

Engineering. R21 (1997) 47

저   자   소   개

최 진 일 (崔 鎭 一)

1979 기계금속연구소 연구원

1985 연세대학교 Ph.D

1985 인천제철 부장대우

1986 단국대학교 신소재공학과 교수

1990 Post.Doc STANFORD

최  용 (崔  湧)

1983 원자력연구소 연구원

1988 Michigan tech Ph.D

1992 Institute of materials senior 

Researher



<<
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


