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Comparative studies of diamond coatings deposition have been carried out in the glow discharge plasma
stabilized by a magnetic field in methane-hydrogen medium with using the DC or pulse power supply. It was shown
that using of a pulsed power supply leads to an increase of the input power range at which the discharge is stable in
comparison with DC one. In addition a significant increase of the samples temperature and the diamond coating
growth rate were achieved at the same average power introduced into the discharge. The resulting diamond coating

was of high quality and purity.
PACS: 52.77.Dq,81.15.Jj

INTRODUCTION

Due to the unique properties, diamond films can be
widely used in various fields of science and technology
[1-3]. One of the methods for obtaining diamond films
is the deposition from the gas phase in a glow discharge
plasma. To excite a glow discharge in carbon-
containing gases, both direct current and pulsed supplies
can be used. According to the literature, the use of
pulsed power supplies for the excitation of microwave
plasma leads both to an improvement in the quality of
diamond coatings and to an increase in their growth rate
without increasing the average power of the power
supply [4, 5].

To date, the processes of diamond coatings
deposition from the gas phase in DC glow discharge
plasma in crossed E/H fields have been well studied and
developed on the equipment available at the NSC KIPT
[6-8].

This paper is devoted to the study of the diamond
coatings deposition from the gas phase using a pulsed
power supply.

METHODS AND RESULTS

In these studies, a combined disk cathode
@ 115 mm and substrate holder @ 52 mm were used.
The temperature of the samples was measured by a
“Promin” pyrometer with a “vanishing” filament and
the coating thickness was determined by weight gain per
unit surface area. Single crystal silicon wafers of
340 pm thickness pretreated with AFM 2/3 diamond
powder served as coating substrates.

The use of a pulsed power supply on such
equipment has shown that the stability of the discharge
compared to a DC one is much higher. This made it
possible to increase the average power supplied to the
discharge gap without the risk of contraction of a glow
discharge or its braking to an arc one (Fig. 1).

The use of a pulsed power supply leads to an
increase of the samples temperature compared to a DC
one. So, at a DC discharge of 3.85 kW, the temperature
of the samples was 920...950 °C, while at a pulsed
mode (frequency F =150kHz; duty cycle S=1.11;
average discharge current 1 =5A) and lower power
(3.2 kW) the temperature of the samples increased to
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~1030 °C. The growth rate of the diamond coating also
increased by approximately two times compared with
the DC mode (Fig.2,a). The dependence of the
diamond coatings growth rate on the temperature for
different concentrations of methane in the hydrogen-
methane gas mixture both in the DC discharge [9] and
in a pulsed one have a similar appearance (Fig. 2,b).

b

Fig. 1. Photograph of the a) — pulsed
and b) — DC supplying of the glow discharge.
Hydrogen medium, pressure 8:10° Pa, I = 5 A

Fig. 3 shows the temperature of the samples and the
growth rate of diamond coatings in a hydrogen-methane
medium as a function of the pressure in the reaction
chamber (a). The diamond coatings growth rate at a
constant temperature of (1045 + 10) °C increases with
enlargement pressure of the gas mixture, despite the
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decrease in discharge power, which was regulated to
maintain the temperature of the samples at the same
level (b). An increase of the pulses frequency from 10
to 50 kHz, at a constant duty cycle and power, leads to
an increase in the temperature of silicon substrates by
40...50 °C regardless of the methane concentration in
the mixture.
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Fig. 2. Dependences a) — growth rate of a diamond
coating in a glow discharge plasma under pulsed and
DC mode (power W = 2.7 kW, methane concentration

2 %) and b) — diamond coatings growth rate for various
methane concentrations. The pressure is P = 16-10° Pa,
F=25kHz,S=1.11

With a further increase of the frequency up to
100 kHz, the temperature of the substrate remains
almost unchanged. The diamond coatings growth rate
with an increase in the frequency of the pulses also
increases, which is most likely associated with a
decrease in the pause duration, during which the
temperature drops and the recombination of active
radicals occurs.

A change in the duty cycle from 1.11 to 1.43 with
unchanged other discharge parameters (substrate
temperature, pressure, gas medium composition, etc.)
leads to an increase in substrate temperature by ~ 45 °C
at a methane concentration of 0.4 % and by 160 °C at
methane concentration 1 %.

With an increase in the duty cycle up to 1.33 (pause
duration up to 10 us) and methane concentration of 2 %,
the stability of the deposition process is disturbed.

198

The discharge periodically and spontaneously
passes from the center of the substrate holder to the rim
and again to the center, which significantly changes the
temperature mode of the samples (Fig. 4).
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Fig. 3. Dependences a) — sample temperature (1 =5 A)
and b) — diamond coatings growth rate (m) and average
power (o) at T = (1040 + 10) °C on the pressure of the
hydrogen-methane medium. F = 25 kHz, S =1.11,
methane concentration 2 %

An increase in the pulse discharge pause has a
limitation associated with the recombination of charge
carriers, and, at a significant pressure in the chamber,
the pulsed voltage may not reach the cathode-anode gap
breakdown level and the deposition process is
interrupted.

The phase composition of diamond films with a
thickness of 18 um on monocrystalline silicon substrates
was determined by X-ray diffraction analysis on a
DRON-3 diffractometer in filtered Cu-Ko radiation.
Sections of one of the diffraction patterns are shown in
Fig. 5.

The analysis showed that the structure of diamond
films obtained using a pulsed power supply is similar to
the structure of diamond films obtained by DC glow
discharge [10]. A single phase is formed in the films -
polycrystalline diamond (cubic Fm3m spatial group)
with the lattice parameter a = (0.3569+0.0002) nm,
which, within the error, coincides with the tabular value
characteristic of natural diamond (aa = 0.3567 nm).
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b

Fig. 4. Photographs of a glow discharge which
concentrated a) — on the rim of the substrate holder and
b) — in the center of the substrate holder when power
supply operates in pulsed mode
(F = 25 kHz; S = 1.33; P = 21.3-10° Pa, methane
concentration 2 %)
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Fig. 5. The diffractogram of a diamond
film with a thickness of 18 um

The lines on the diffractograms are relatively
narrow and each is represented by two lines of the Koy
and Ko, doublet (see Fig.5). The selection of the
doublet showed that the diamond lines are rather
symmetrical. From the broadening of the (111) diamond
diffraction line from the Selyakov — Scherrer ratio,
taking into account the broadening of the standard, the
average size of coherent scattering region (CSR) in
films was determined. According to the results of
calculations, the size of CSR in diamond films is
130 nm. The data obtained indicate the high quality
and purity of the deposited diamond films.
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CONCLUSIONS

Studies carried out using a pulsed power supply in
the set up for diamond coatings deposition from the gas
phase in a glow discharge plasma stabilized by a
magnetic field showed that compared with a DC source:

* increases the range of input power at which the
discharge is stable;

* a significant increase in the temperature of the
samples and the growth rate of the diamond film are
achieved at the same average power introduced into the
discharge;

« the resulting diamond coating is of high quality

and purity.
It should also be noted that in order to achieve
maximum energy efficiency when using a pulsed power
source, for each specific process of the diamond coating
deposition, it is necessary to select both the parameters
of the pulsed source and the conditions of the
deposition.
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INPUMEHEHUWE UMITYJIbCHOI'O HCTOYHUKA ITUTAHUA JJISA OCAXKJAEHUA AJIMA3HBIX
IIOKPBITHUMU B IIVTASME TJIEIOIIEI'O PA3PAIA

K.U. Kowesou, I0.4. Boakos, B.E. Cmpensnuykuii, E.H. Pewiemnax

brum TIPOBEACHBI CPABHUTCIBHBIC HCCICAOBAHUA 110 NPUMEHECHHUIO KaK HWMIIYJIBCHOI'O, TaK HW IOCTOSIHHOT'O
HUCTOYHHUKOB TOKa JIA OCAXICHHUA aJIMa3HBbIX HOKpI:ITI/II\/'I B IIIasM€ TJCIOLIETrO paspsaaa, CTa6I/IHI/ISI/IpOBaHHOFO
MaroMTHBIM IIOJIEM B MeTaHOBOHOpOI{HOﬁ cpene. HoxaaaHo, YTO HCIOJIB30BAHHUE HMITYJIBCHOIO MCTOYHHKA ITUTAaHUA
NMPUBOJAUT K YBCIIMYCHUIO AHAIlla30HA BXOZ[HOI71 MONIHOCTH, IpH KOTOpOP‘I pa3psaa YCTOI>'I‘{I/IB 1O CPAaBHCHHIO € PA3psAA0OM
IIOCTOSIHHOI'O TOKa. KpOMe TOro, npu TOH Ke CpeZ[HefI MOIITHOCTH, BBOZ[HMOﬁ B pa3psand, AOCTHUIacTCAa 3HAYUTCIIBHOC
YBCIMYCHUC TCMIICPATYPhbL 06pa3u013 U CKOPOCTHU pPOCTAa aJIMA3HOI'O MNOKPBLITHS. HonyquHoe AJIMa3HOC MOKPBITHC
OTJIMYAETCS BLICOKMM Ka4eCTBOM U YHCTOTOM.

3ACTOCYBAHHA IMITYJbCHOI'O JI’KEPEJIA )KUBJEHHSA 1J151 OCAKEHHSA AJIMA3HUX
IIOKPUTTIB Y IIVIA3MI TJIIIOYOI'O PO3PALY

K.I. Koweeoii, I0.A. Bonkos, B.€E. Cmpenvnuuvkuit, O.M. Peuwemnsak

Bynu mpoBeneHi MOpiBHSUIBHI JOCTIIKEHHS MO 3aCTOCYBAaHHIO SK IMIYJIBCHOTO, TaK i MOCTIHHOTO IKEped CTPyMy
JUIL OCAQIDKCHHS ajJMa3HHUX IMOKPHUTTIB Y IUIa3Mi TIHIOYOTO PO3PSAY, CTaOLTi30BAaHOTO MArHITHUM IOJEM y METaHO-
BOJHEBOMY cepeoBHIIi. [lokazaHo, 110 BUKOPHCTAHHS IMITYJIBCHOTO JOKEpelia KHUBICHHS MPU3BOANUTD 10 301IbIICHHS
niarma3oHy BXiIHOI MOTY)KHOCTI, IPU SKIA PO3PSA CTIMKUA B MOPIBHAHHI 3 PO3PSAIOM MOCTiHHOTO cTpymy. Kpim Toro,
IIpH Till )K€ CepeIHii MOTYKHOCTI, IO BBOIUTHCS B PO3PSAI, MOCATAETHCS 3HAYHE 301NBIICHHS TEMIIEpaTypH 3pas3KiB i
MIBUIKOCTI POCTY QIMa3HOTO MOKPUTTS. OTpUMaHe ajMa3He OKPHUTTS BiAPi3HAETHCS BUCOKOIO SKICTIO 1 YHCTOTOIO.
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