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The results of experiments on further investigation of the growth Kinetics of diamond films in a dc glow
discharge on modernized equipment are presented. As a result of the research, it was possible to expand the
possibilities of using equipment for the synthesis of diamond films in a glow discharge with a grounded substrate
holder. The diamond film growth rates were 3-4 times higher than those obtained in earlier experiments while
maintaining high structural characteristics of the synthesized diamond film. The maximum growth rate was 12 pm/h
at the pressure of the hydrogen-methane mixture in the discharge chamber of 180 mm Hg. The possibility of
obtaining both polycrystalline diamond films without pronounced texture and high-textured diamond films with an
orientation of the surface of diamond crystallites (100) parallel to the sample surface is demonstrated. Thus, the
presented hydrogen-methane mixture activation system for the synthesis of diamond films is promising for use in

technological applications.
PACS: 52.70.Ds; 52.70 Kz

INTRODUCTION

Most of the experimental and technological set-ups
existing in the world use the microwave method of
activation of the hydrogen-methane gas mixture for the
synthesis of diamond films. At the same time, intensive
research is underway on the use of other activation
methods. One of such methods of activation of a gas
mixture is a glow discharge in its various modifications
[1-3]. Such studies are conducted with the aim of
reducing the cost of existing experimental equipment
and increasing the efficiency of diamond synthesis
processes, i.e. reduction of the invested -energy
consumption per carat of the obtained diamond. The
investigations were carried out with cathodes from
various materials (tungsten, molybdenum, tantalum) and
at various temperatures of the cathode, i.e. with a cold
and hot cathode [2, 4]. In general, when using a glow
discharge as a tool for the synthesis of diamond films,
some progress has been made in the world [5].

Studies on the use of glow discharge for the synthesis
of polycrystalline diamond coatings have been conducted
in the NSC KIPT for a humber of years. Positive results
were obtained using a glow discharge stabilized by a
magnetic field; while the substrate holder was under the
floating potential [6]. Later, the laboratory equipment was
upgraded to avoid ion bombardment of substrate during
the synthesis of diamond films. A flat cylindrical cathode
was used and the anode was a substrate holder [7]. As it
was shown earlier, it was possible to achieve stable
parameters of diamond films synthesis at a pressure of
100 mm Hg. The growth rate did not exceed 3 um/h,
which is clearly not enough for the deposition of films
with a thickness of more than 100 um [8]. Thus, the
purpose of the work was to expand the capabilities of
modernized equipment, to determine the conditions for
stable burning of a glow discharge at pressures above
100 mm Hg and to obtain high-quality diamond films
with a higher growth rate.

EXPERIMENTAL
The experiments were carried out with a cathode of
66 mm in diameter, and the substrate holder, which
served as an anode and had a diameter of 42 mm. The
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stability of the discharge combustion in this system
depends on the geometric parameters of the discharge
system (the ratio of the distance between the cathode
and the anode to the diameter of the anode). If this ratio
is not optimally at a certain pressure, the discharge
passes from the normal glow discharge to the
anomalous one with further disruption to the arc. The
temperature of the substrate holder falls sharply
(Fig. 1,a), while the power input into the discharge
continues to increase linearly (see Fig. 1,b).
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Fig. 1. Dependences: a — substrate temperature vs
pressure; b — inputted power into the discharge vs the
pressure
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As a result of variations of the geometric parameters
in the discharge system, it was possible to achieve stable
burning of the discharge in hydrogen medium up to a

pressure of 240 mm Hg (Fig. 2).
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Fig. 2. Dependence of the substrate temperature vs the
hydrogen pressure in the discharge chamber

The discharge remained as the normal glow
discharge, i.e. with increasing discharge current the
voltage between the cathode and the anode did not
increase; the temperature of the substrate holder
increased proportionately in this case. The obtained
results made it possible to carry out a number of
experiments on the synthesis of diamond films in the
pressure range from 110 to 180 mm Hg. Synthesis of
diamond films was carried out in a hydrogen-methane
mixture with a methane concentration in the discharge
chamber from 1 to 6 %. The working gas flow varied
from 75 to 335 cm*/min. As substrates we used samples
of single crystal silicon with dimensions of 8x8 mm and
a thickness of 340 um. For the formation of diamond
film, the samples were previously seeded with a
diamond powder with a grain size of 2...3 um.

EXPERIMENTAL RESULTS

It is known that the deposition rate of a diamond
film depends on the ratio of the concentration of
hydrocarbon radicals responsible for diamond growth
and the concentration of atomic hydrogen. Therefore, as
the pressure of the gas medium increases, it is necessary
to increase the concentration of methane in the mixture
in order to ensure the maximum growth rate. The
conducted studies have shown that for the maximum
growth rate of a diamond film at pressures of
100...110 mm Hg. 1% of methane is sufficient,
whereas at a pressure of 180 mm Hg the optimum
concentration of methane in hydrogen was already from
3 to 4%. The growth rate varied from 3.5 pym/h at
1...1.5% methane and pressure of 110 mm Hg up to
7.5...8 um/h, with a methane concentration of 2.5 %
and a pressure of 160 mm Hg. The best results were
obtained with a gas pressure in the discharge chamber
of 180 mm Hg and methane concentrations in the range
from 3 to 4 %. The growth rate of the diamond film
reached 12 um/h (Fig. 3).

The growth rate was determined by a weighting
method with averaging over 9 samples of single-crystal
silicon, 340 um in thickness and 8x8 mm in size. With
an increase in the concentration of methane in hydrogen
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above 4 %, i.e. up to 5...6 %, the growth rate decreased
monotonically up to 9...10 um/h (see black point in
Fig. 3). This is due to the fact, that with increasing
methane concentration in the discharge above a certain
limit, there is already not enough atomic hydrogen to
completely remove the non-diamond carbon impurity
depositing on the surface of the growing diamond film.
We note that the power input into the discharge did not
exceed 4.5 kW at a discharge current from 5 to 7 A,
which is much less than in previously published papers

[9].
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Fig. 3. Dependence of the growth rate of a diamond
film vs the pressure of the hydrogen-methane mixture in
the discharge chamber

As a result of the experiments, diamond films with
thicknesses from 20 to 250 um were obtained on silicon
substrates. A general view of a polycrystalline diamond
film with a thickness of 210 um, without pronounced
texturing of the surface, is shown in Fig. 4. It should be
specially noted that when the diamond films thicknesses
exceeding 100 um there were not observed cracks on
the growing diamond surface, and there was not the
diamond film peeling from the silicon substrate. Such
effects were quite often observed in earlier experiments
using a glow discharge stabilized by a magnetic field,
where the substrate holder was under a floating
potential, and the anode was a ring insert [10].

Fig. 4. View of polycrystalline diamond film with a
thickness of 210 um. The crystallite size is
40...50 um

The floating potential on the substrate holder was
200 V or more, which led to ion bombardment of the
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growing surface. This process could cause the formation
of defects, which led to stresses between the diamond
film and the silicon substrate. Especially these negative
processes affected the growth of high-quality diamond
films (p>10" Q-cm), because the intergrain distances
sharply decreased, which served as "unloading" of the
stresses arising during the growth process. In the current
experiments the substrate holder was under zero
potential, i.e. itself served as an anode, which precluded
the bombardment of it by ions.

While maintaining certain synthesis parameters such
as temperature, methane concentration in hydrogen
medium, gas mixture pressure, it was possible to obtain
well-textured diamond films with the orientation of
diamond crystallites (100) parallel to the sample
surface. Diamond films with this orientation up to
100 um were obtained. Fig.5 shows the view of
textured diamond film at the initial stage of growth. The
film thickness is of 20 um, the crystallite size is of
4...5 pum.
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Fig. 5. View of diamond film with texture (100)
the thickness is of 20 um, the crystallite size is of
4..5um

However, a more complete understanding of the
growth processes of textured diamond films requires
further research.

CONCLUSIONS

1. As a result of the research, it was possible to
expand the possibilities of using equipment for the
synthesis of diamond films in a glow discharge with a
grounded substrate holder.

2. The diamond film growth rates were 3...4 times
higher than those obtained in earlier experiments while
maintaining high structural characteristics of the
synthesized diamond film.

3. The possibility of obtaining both polycrystalline
diamond films without pronounced texture and high-
textured diamond films with an orientation of the
surface of diamond crystallites (100) parallel to the
sample surface is demonstrated.

4. The presented system of activation of hydrogen-
methane mixture for the synthesis of diamond coatings
is promising for use in technological purposes.
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TJAEIOIIUI PA3PA MIOCTOSAHHOT'O TOKA VI CHHTE3A
AJIMA3HBIX INIEHOK C BBICOKOH CKOPOCTBIO POCTA

B.U. I'puyvina, O.A. Onanes, B.E. Cmpenvnuyxuii

[TpuBeneHs! pe3ynbTaThl SKCIEPUMEHTOB 110 JalbHEHIIEMY UCCIIEJOBAHUIO KHHETHKH POCTA alMa3HbIX IUICHOK B
TICIOIIEM pa3psijie MOCTOSHHOTO TOKa Ha MOAEPHU3UPOBAHHOM OOOpYIOBaHMM. B pesyibraTe NpOBEIECHHBIX
UCCIIEJOBAaHUH YIaJlOCh PaCUIMPUTh BO3MOKHOCTH NMPUMEHEHUS! 000pYNOBaHHS Ul CHHTE3a ajMa3HbIX IUICHOK B
TIICIOIIEM pa3psi/ie ¢ 3a3eMJICHHBIM ITOJUIOKKOIepKaTeaeM. BTl JOCTUIHYThI CKOPOCTH pOCTa alIMa3Hoi IUICHKH, B
3-4 pasa IpeBBIMIAIOIINE TTOMyUICHHBIE B 00Jice PaHHUX SKCHEPHMEHTaX NMPH COXPAHEHHH BBICOKHX CTPYKTYPHBIX
XapaKTEpPUCTUK CHHTE3MPYEMOM anMa3HOW IUIeHKH. [lomydeHHas MakCHManbHas CKOPOCTh pPOCTa COCTaBHJIA
12 MxM/49 TIpU aBIEHUH BOAOPOIHO-METaHOBOW cMecu B kKamepe paspsima 180 mwm pt. cr. IlokasaHa BO3MOKHOCTB
MOTYyYeHHUs KaK IIOJUKPUCTANINIECKAX ajMa3HbIX IICHOK O€3 SBHO BBIPAKCHHOW TEKCTYypHl, TaK H
BBICOKOTEKCTYPHPOBAHHBIX alIMa3HBIX IDICHOK C OpHEHTAlWell IOBEpXHOCTH KpHCTALINTOB anMasza (100)
MapauIeNIbHO IOBEPXHOCTH 00pasma. Takum oOpa3oM, pecTaBlICHHAs CHCTEMa aKTHBAIH BOJOPOIHO-METaHOBOM
CMecH JUIsl CHHTE3a aJIMa3HOro Marepuaia MpeACTaBIIseTCs] IEPCHEKTUBHOM Ul IPUMEHEHUsI B TEXHOJIOTHYECKUX
LeIsX.

TJAIIOYUI PO3PSIJT HOCTII‘/'IHOFO“CTPYMY JJIs1 CUHTE3Y
AJIMA3ZHHUX IIVIIBOK 3 BUCOKOI HIBUJAKICTIO POCTY

B.I I'puyuna, O.A. Onanes, B.€. Cmpenvnuypkuii

HaBezeHO pe3ysbTaTH €KCHEPHMEHTIB IOAO HOJANBLIOrO JOCHIIKEHHS KIHETHKH POCTY alMa3HHUX IUTIBOK Y
TIIIOYOMY PO3psili TOCTIHHOTO CTPYMY Ha MOJEPHI30BaHOMY OOJianHAHHI. B pe3ynpTari mpoBeACHUX MOCIIIHKECHb
BJIAJIOCS PO3IIUPUTH MOXKIIUBOCTI 3aCTOCYBaHHS 00JaIHAHHS [T CHHTE3y ajMa3HHX IUTIBOK Y TIIFOUOMY PO3psi 3
3a3eMJICHUM MiAKIagKoTpuMadeM. byiau JOCSATHYTI IIBHUAKOCTI POCTYy aiMa3Hoi IUIBKH, 1o B 3-4 pasu
MEepeBHIIYIOTh OTPUMaHi B MOMNEPEHIX eKCIepUMEHTaxX NMpU 30epeKeHHI BUCOKUX CTPYKTYPHHUX XapaKTEPHCTHK
CHUHTE30BaHOI anMa3Hoi IuiiBkM. OTpuMaHa MaKCHMMallbHa HIBHAKICTH POCTY ckiajna 12 MKM/TOIl NIPH THCKY
BOJHCBO-METAaHOBOI cymimi B Kkamepi po3psamy 180 wmw pr.cr. [lokasaHa MOXIMBICTD OTPUMAaHHS —SIK
MOJIIKPUCTANIIYHUX aJMa3HUX IDTIBOK Oe3 SBHO BUPAXKCHOI TEKCTYPH, TAaK i BHCOKOTEKCTYPIPOBAaHMX alMa3HUX
IUTIBOK 3 OpIEHTANi€l0 TOBEpXHiI KpucramitiB amma3y (100) mapanenpHO MOBepXHI 3pa3ka. TakuM YHHOM,
NpeNCTaBlIcHa CHCTEMa aKTUBALil BOJHEBO-METAHOBOI CyMIIIl Ul CHHTE3y aJMa3HUX IUTIBOK IPEICTaBISETHCS
HEPCIEKTUBHOIO VIS 3aCTOCYBaHHS B TEXHOJIOTTYHHX IIJISX.
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