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The results of studies on the influence of the floating potential on substrate holder of various sizes on the shape
and stability of the DC discharge burning in the presence of a magnetic field have been presented. The conditions
for stable burning of the discharge for a long time (up to 6 hours) were determined at a zero potential on the
substrate holder. It was shown that in the current range from 4 up to 8.5 A and in the pressure range from 75 up to
120 mm Hg on the samples located on the substrate holder it was possible to reach the temperatures from 1100 up to
1250 °C, which is quite sufficient for the nucleation and synthesis of high quality diamond coatings.

INTRODUCTION

One of the main problems in the use of diamond
coatings obtained by the CVD method remains their
high cost and not always high quality. Therefore,
considerable efforts have been made to reduce the
energy consumption of diamond coatings production
and improve the quality of the structure of
polycrystalline diamond coatings, which is not least due
to the optimization of the gas medium excitation
system, as well as to the increase in the total power of
the used equipment [1-3].

At the NSC KIPT, for the synthesis of diamond
coatings from the gas phase, an original method based
on the use of a DC glow discharge stabilized by a
magnetic field was developed and successfully used at
present time [4]. Equipment of this type is much simpler
and cheaper than the currently widely used microwave
devices. A characteristic feature of this method is the
presence of a negative floating potential on the substrate
holder, that reaching several hundred volts. However,
the presence of a high floating potential on an isolated
substrate holder causes a bombardment of the diamond
coating surface by accelerated ions and leads to the
formation of structural defects in the diamond crystal
lattice, and also increases the probability of the
formation of new crystalline nuclei on the surfaces of
growing diamond crystals. All these processes can
negatively affect the quality of the obtaining diamond
material.

The purpose of this work was to study the
regularities of a direct current glow discharge burning
and the shape of a discharge from the magnitude of the
floating potential on substrate holders of different sizes
in the presence of a magnetic field under conditions that
ensure the synthesis of polycrystalline diamond
coatings.

EXPERIMENTAL

It is known [5] that the shape of a DC discharge
burning and its stability depends on the geometry of the
electrodes, the distance between them, the pressure and
composition of the gaseous medium, the voltage on the
electrodes, the discharge current, and some other
factors. This applies to any type of DC discharges in the
gaseous medium, including the so-called glow
discharges, which have been used to synthesize

diamond coatings in this work. The general scheme of
the experimental equipment is shown in Fig. 1.

To study the effect of the value of the substrate-
holder potential for the stability of the discharge burning
and its shape, it was provided opportunity to control this
value. To do this, the substrate holder was connected to
ground via a variable resistance. An ammeter was also
connected to this circuit to control a portion of the
current that passed through the substrate holder from the
total value of the glow discharge current.

As in [4], an annular permanent magnet, closed with
a copper ring anode insert, was left in the vacuum
chamber. The presence of a permanent magnetic field
makes it possible to increase the density of electrons in
the plasma column, which increases the efficiency of
the deposition of diamond coatings at the expense of
additional activation of the gas mixture due to electron
collisions [6].
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Fig. 1. Scheme of experimental equipment:
1 — cylindrical water-cooled cathode;
2 — substrate holder; 3 — power supply; 4 — discharge;
5 — annular permanent magnet; 6 — gas inlet;
7 — pumping; 8 — vacuum chamber

To study the effect of the size of the substrate holder
on the discharge shape and the stability of its burning,
molybdenum replaceable substrate holders with
diameters of 41, 51, and 62 mm were made. In
accordance with this, the diameter of the water-cooled
molybdenum cathode, which was used earlier in the
design to activate the gas mixture in the device with an
insulated substrate holder, was increased from 60 mm to
66 mm and its shape changed from hemispherical to
cylindrical.

ISSN 1562-6016. PAST. 2018. Nel(113), p. 93-95.



EXPERIMENTAL RESULTS

The experiments showed that with decreasing the
resistance between the substrate holder and the
grounded anode insert from 250 to 50 Q, the discharge
practically did not differ from the discharge with a
completely isolated substrate holder. The floating
potential on the insulated substrate holder in
dependence on the discharge current and the distance
between the cathode and the anode could be of
180...260 V. With a resistance of 50 Q, the floating
potential of the substrate holder decreased to
80...100 V, while the -current share through the
substrate holder was about 20% of the total current
discharge. Further reduction of resistance in the pressure
range from 120 to 160 mm Hg led to frequent
contraction of the discharge with an uncontrolled
temperature increase on the substrate holder, which led
to the impossibility of stable synthesis of the diamond
film. The experiments showed that when the distance
between the cathode and the substrate holder was
reduced to the value equal the ratio of the distance
between the cathode and the substrate holder to the
cathode diameter about 1:3, it is possible to achieve a
long-term stable burning of a glow discharge in the
pressure range from 60 to 120 mm Hg with a
completely grounded substrate holder. In this case, the
discharge burns between the cathode and the substrate
holder, which in this case is the anode.

The discharge burning under such conditions was
stable and controlled within the limits of the discharge
current changing that could be provided by an electric
power source with a maximum power of 7 kW and a
maximum current load up to 9 A. It should be noted that
the share of the current passing through the substrate
holder was 90...95% of the total discharge current.
Fig. 2 shows a photograph of a glow discharge burning
at a substrate holder with a diameter of 41 mm and a
discharge current of 5 A. Such stable burning was
observed in the pressure range of 60...120 mm Hg and
methane concentrations from 0.25 up to 1%.

In the case of larger substrate holders, namely 51
and 62 mm, studies have shown that discharge with
grounded substrate holders behaves in a similar manner.
But it should be noted some features in the behavior and
shape of the discharge with increasing the size of the
substrate holder from 41 up to 50...60 mm. This

concerns the influence of the discharge current on the
above characteristics. Thus, the burning region of a
glow discharge when a pressure in the chamber does not
exceed 75 mm Hg covered the entire surface of the
substrate holder with a diameter of 62 mm only when a
current value was more than 8...8.5 A and had a domed
shape with a flat top near the cathode center (Fig. 3).

Fig. 2. A photograph of a discharge with an
exposure of 1/1000 s in hydrogen medium with addition
of 0.25% methane in the case of the grounded substrate

holder with a diameter of 41 mm

Fig. 3. A photograph of a discharge with an exposure
of 1/1000 s in hydrogen medium with addition of 0.75%
methane at a pressure of 75 mm Hg and a discharge
current of 8.4 A at the grounded substrate holder with a
diameter of 62 mm

Fig. 4. A photograph of a discharge in a hydrogen medium with addition of 0.75% methane at a pressure of 60 mm
Hg and a discharge current of 5.2 A in the case a grounded substrate holder with a diameter of 62 mm;
exposures are the following: a — 1/1000 s; b — 1/100 s



At lower current values, the discharge covered only
a part of the substrate holder, the top of the dome of the
discharge was shifted from the center of the cathode,
and the dome itself had an asymmetrical shape. Under
the action of the magnetic field, such a dome-shaped
discharge rotated around an axis passing through the
cathode center with a frequency less than 100 Hz. This
is confirmed by the photos of the discharge, which were
taken with exposures 1/1000 and 1/100 s (Fig. 4).

CONCLUSIONS

The results of studies of the influence of the floating
potential on substrate holders of various sizes on the
shape and stability of the DC discharge burning in the
presence of a magnetic field have been presented.

The conditions for stable burning of the discharge
for a long time (up to 6 hours) were determined at a zero
potential on the substrate holder.

It was shown that for the current range from 4 up to
8.5 A and for the pressure range from 75 up to 120 mm
Hg on the samples located on the substrate holder it was
possible to reach the temperatures from 1100 up to
1250 °C, which is quite sufficient for the nucleation and
synthesis of high quality diamond coatings.
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HNCITOJIB3OBAHME TJUIEIOIIEI'O PA3PAIA ITOCTOAHHOI'O TOKA
JIJISI CHHTE3A AJIMA3HBIX IOKPBITHIA

B.U. I'puyvina, C.@. /[yonuxk, O.A. Onanes, B.E. Cmpenvnuyxuii

IlpuBeneHsl  pe3ynbTaThl HUCCIENOBAaHMM 1O  BIAMSHUIO BEJIMYMHBI IUJIABAIOLIEr0  IOTEHLIMajla Ha
MOJUTOKKOACPIKATEIAX PA3IMYHBIX pa3MepoB Ha (GopMy M CTaOMIBHOCTH TOPEHHsSI pa3psa MOCTOSHHOTO TOKa MpH
HAJIMYAA MarHUTHOro moiisi. OImpenencHbl YCIOBUS CTAaOWIBHOTO TOpPEHHS pa3pslda B TEUEHHE ITUTEIHHOTO
BpEeMeHHU (110 6 ¥) IpH HyJICBOM IMOTEHIIHAJe Ha TMOAI0XKoaepxkarene. [loka3aHo, 9To B mHTEpBale TOKOB 4...8,5 A
W nuana3zoHe nmaBieHud 75...120 MM prT. cT. Ha oOpa3max, pacloNOKEHHBIX Ha IIOJIOKKOJEepXkKaTene, MOXKHO
nocturath temmeparyp ot 1100 mo 1250 °C, yTo BIOJIHE JOCTATOYHO JJIsi 3apOXKACHUS W CHHTE3a ajIMa3HBbIX
MOKPBITH.

BUKOPHUCTAHHS TJIIOYOIO PO3PAY NOCTIMHOIO CTPYMY JIJISI CHHTE3Y
AJIMAZHUX IOKPUTTIB

B.I I'puyuna, C.®. /lyonix, O.A. Onanee, B.€. Cmpenvnuybkuii

HaBezneHo pe3ymnbTaTH AOCHIKEHB MO0 BIUIMBY BEIMYUHH IUIABAIOYOTO MMOTEHIlATy Ha IiIKIaJKOyTpuMadax
pi3HEX po3MipiB Ha (hopMy i CTaOINBHICTH TOPIHHS PO3PAAY HOCTIHHOTO CTPYMY IPH HASBHOCTI MAarHITHOTO TMOJIS.
BmsnaueHo ymMOBH CTaOiNMBHOTO TOpIHHSA PO3pAAYy B Iepebiry TpHWBajoro dacy (mo 6 Tox) HpH HYIHOBOMY
MOTeHINali Ha migkmagkoyTpumady. Ilokasano, mo B iHTepBam cTpymiB 4...8,5 A 1 miama3oHi THCKIB
75...120 MM pT. CT. Ha 3pa3Kax, PO3TallOBaHUX Ha MiJKIaJKOyTpHMaui MOXKHa focsiratu temneparyp Big 1100 go
1250 °C, 1m0 WiJIKOM JOCTATHBO VISl 3aPOJKEHHS 1 CHHTE3Y SIKICHUX aJIMa3HHUX MOKPHUTTIB.



