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Investigation results for technological process of low temperature plasma deposition of functional coverings for
dielectric substrate at low temperatures (50...250 °C) are shown. Combined high frequency and arc plasma sources
were used to provide high deposition rate and an opportunity to operate with heat sensitive substrate such as plastic,
glass etc. Using this method there were obtained: pads on detectors of ionizing radiation, optically transparent
protecting coverings for plexiglass, connecting coverings on mica for ultra-frequency emitter.

PACS: 52.77.Dq, 51.30.+i

INTRODUCTION

The aim of this work was to implement and test the
method of applying different coatings onto dielectric
substrate, operating with Arc discharge and RF bias.

RF bias of a certain frequency (5 MHz) and a
variable constant voltage bias to a substrate with a
different period of application were investigated.

To operate with dielectric substrate it is necessary to
provide RF bias to a multi loop antenna which
surrounds the sample. This assistant RF field provides

additional ionization and removes the charge
accumulated on the surface of the sample.
Experimental results prove that this method

improves the coatings quality and keeps good adhesion
while reduced temperature during workflow.

Nowadays the variety of thin coatings is commonly
used in different technological applications. Coatings
which are used in electronics as a contact for sensitive
equipment are required to have an ideal surface
morphology to maintain the accuracy of measuring
devices [1], optically transparent protective coatings are
widely used in optics and everyday life in the role of
shielding for gadgets. Production such type of coating
has its own features, considering the fact that most of
the materials that are used for the substrate are dielectric
or sensitive to overheating. In order to understand the
problem completely it is very important to clarify the
difference between process of sputtering onto metal and
dielectric substrate.

In the first case we have conductive and more or less
refractory substrate material, therefore it is implied that
it is possible to provide a negative bias directly to
substrate in order to improve the quality of the coating
[2]. If the material is refractory enough we can simply
increase bias to make deposited ions have more energy
for better adhesion of the final coating.

In the second case we do not have such possibility
course material is not conductive. So we can provide a
negative bias to a base behind the sample to make
needed potential in the area of the sample.

There still will be a problem of accumulated surface
charge. To avoid it the RF field that relieves this charge
can be applied to antenna surrounding the sample. But
dielectric materials often are sensitive to overheating.
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So increasing bias on the base behind the sample will
not work in this case.

The technology of direct plasma deposition is well
known. The next obvious step in improving the quality
of coatings is, getting rid of the drop component in the
plasma flow. There is a large growth of the droplet
phase at the moment of arc ignition. The last inflict the
most damage to the sample surface when reaching it.
That’s why we can observe such variety of plasma
filters with different architecture to solve this problem
[3]. The opposite effect of using filters is the reduction
of flux density that affects the deposition rate.

Further improvement of the process is the use of
both the high-frequency and arc plasma sources.
Glowing discharge provide finishing cleaning by
bombarding the substrate surface with ions of neutral
gas. Simultaneous use of these two sources provides
such bonuses as activation of the surface and additional
ionization during the workflow. The RF bias can be
applied rather to conductive substrate and vacuum
chamber or to a multi loop antenna surrounding the
dielectric sample. The antenna geometry and frequency
of bias can variate from one work to another depending
on the sample geometry and investigation condition [4].
Work with dielectric and heat sensitive materials should
be focused on pulsed regimes that prevent overheating.
Temperature of sample can be hold under control if the
combination of spattering — not spattering phases is
used. During the first phase the surface is heated and
after that goes the cooling one. That process can be
miniaturized by applying RF bias via impulse generator
that can provide more sophisticated settings of the
assisting RF field.

EXPERIMENTAL SETUP

The experiments were carried out on Bulat-6 type
device, additionally equipped with a high frequency
generator. Fig. 1 schematically shows the device for RF-
cleaning and ion-plasma assisted deposition.

According to the experimental needs samples can be
installed in special containers before being placed into
multiloop-RF antenna. The form of antenna is various
according to the geometry of the samples and
experimental needs.
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The presence of thee arc evaporators provide the
possibility to sputter multilayer in one working process.
One evaporator slot equipped with a plasma filter with
an open architecture.

Fig. 1. Scheme of the experimental setup: 1, 10 —
cathode; 2, 9 — stabilizing coils; 3, 8 — focusing coil;
4 — vacuum chamber; 5 — container (lining);

6 — sample; 7 — RF antenna; 11, 16 — power supply
arcs; 12 — turning device; 13 — gear; 14 — capacitor;
15 — RF generator

RESULTS AND DISCUSSIONS

Deposition of metal contacts on to CVD (chemical
vapor deposition) diamond samples was carried out on
Bulat-6 type device. To perform in RF-cleaning and
further metal applying crystal samples of the
polycrystalline CVD diamond were placed in a special
container. Container with samples was placed inside an
electrode in the form of a multiloop RF-antenna. This
construction was mounted on a rotating device in the
center of the vacuum chamber against the Cr and SS arc
evaporators. Rotating table with sample was connected
to the RF generator via a capacitance.

The cleaning process was started simultaneously
with rotating device. Neutral Ar gas inlets and supplies
RF voltage to the target (sample container, RF-coil).
Approximate  cleaning mode: the shifting voltage
Us= -(700....900) V; pressure P(Ar)=2-10"Pa. The
cleaning lasted for 3...5 minutes, and temperature was
not higher than 60 °C.

The advantages of plasma method of ion cleaning
are in its uniformity allowed processing of details of a
difficult form, and simplicity of technical realization.
The application of coatings starts immediately after
cleaning. Cr and then SS contacts applies in a single
technological cycle. A characteristic feature is pulsed
operation of the evaporator on a particular program. The
plasma ion method lead to heating the substrate
(container with the sample) up to a temperature above
permissible, therefore, there was designed a pulse mode
of operation of the evaporator with switched RF voltage
(assisted sputtering). In such a mode, the temperature
does not exceed 120 °C. Combination of plasma arc
discharge with RF discharge significantly increases the
adhesion of the film, helps to seal texture coating and
significantly reduces droplets formation

First priority task was finding suitable material to
create metal contacts. It should have suitable properties
for use in harsh conditions, but in the same time save
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detector accuracy. Au and Cr were chosen as possible
candidates. Comparison of materials for contact was
carried out by analyzing the CVC and count rate of the
samples with contacts obtained by magnetron
sputtering.

Then Au contact was chemically removed and Cr
contacts were applied instead. Afterwards, the study of
electro-physical properties was repeated. Differences in
characteristics of the detectors can be seen in Fig. 2.

The pulse-height distributions of the detector signal
under a irradiation from %°Pu source for detectors with
different contact materials (Cr, Au) are shown in Fig. 3.

Zt; —m—Au
= 010+ —m—Cr

Fig. 2. Current-voltage characteristic polycrystalline
diamond pattern with different contracts
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Fig. 3. The pulse-height distributions of the detector
signal under « irradiation from ***Pu source for
different contact materials (Au, Cr)

These distributions could be considered to be equal,
the existing differences are within the reproducibility of
the experiment. Based on these results, in further
experiments Cr was used as a main contact material for
developing CVD diamond detectors, because of its
significantly greater adhesion to the rough surface of
unpolished CVD diamond.

The main purpose of depositing bilayer contacts is
solving the problem of connecting detector to the
readout electronics in the operating conditions, when
heating above T=120 °C is possible, because at this
temperature the degradation of conductive adhesive
contact occurs. One of solutions of this problem is the
connection to readout electronics by soldering. Bilayer
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contacts were deposited on CVD diamond samples,
where the first layer was chromium, and the second
layer — stainless steel.

In Fig. 4. it is shown the CVC of two samples with
the smallest and largest values of electrical resistance.
Registration of the pulse-height distributions of the
detector signal under a irradiation from **°Pu source
performed with the following parameters of
spectrometric tract: Upi,s = 400 V, the shaping amplifier
gain — 1000, shaping time t = 1 ps, acquisition live time
— 60 minutes.

In Fig. 5. presented an alpha particles counting rate
for investigated detectors.The difference between
investigated samples supposed to be due to inner
defects.
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Fig. 4. CVC sample with the lowest and highest values
of electrical resistance
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Fig. 5. Speed counting the registration of alpha
particles

Analog sensitivity of detectors in the fields of
electron radiation and bremsstrahlung with energy of
~10 MeV was measured on linear electron accelerator
LU-10.

Further investigation of this method was carried in
work when transparency in visible spectrum was
required for protective coatings for plexiglass. The first
stage is cleaning process ion bombarding in Neutral Ar
gas 5x107 Pa, Uge =-500 during 20 min. The voltage
was to the target (sample container, RF-coil).
Approximate cleaning mode: the shifting voltage
Us =-(900...700) V; pressure P(Ar)=2-10"Pa. The
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cleaning lasted for 3...5 min, and temperature was not higher
than 60 °C. Deposition phase Upis = -(230...360) V,
1, =100 A.

Variety of exposition time during the deposition
process gives us different transparency Fig. 6.
Conductive contoured coatings were also carried for
mica details required for use in the windows of
microwave energy output.
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Fig. 6. The dependence of transparency of the
wavelength. Depositing time: B — 3 min; C — 4 min;
D, E-5min
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Fig. 7. Masking container for mica samples

Windows of energy output are used in RF frequency
electrovacuum  devices  with  millimeter  and
submillimeter diapasons such as: klinotrones, generators
of the diffraction radiation etc. The use of the produced
parts will improve metal-glass output windows that are
used now. It improves their manufacturability and
reliability, and in its turn improves the structural
reliability of the device as a whole.

Approximate cleaning mode: the shifting voltage
Us = -400...450 VV; pressure P(Ar)=2:10"Pa. The
cleaning lasted for 3...5 min, and temperature was not
higher than 60 °C. Deposition phase Uy, = -(90...50) V,
1, =100 A.

CONCLUSIONS

In this article it was shown the usage of combined
high frequency and arc plasma sources for applying
conducting, dielectric and protecting coatings onto
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different dielectric substrates at low temperatures
(50...250 °C). The aim of the study was to find the most
optimal technological regime of deposition depending
on the substrate material. This method provided high
deposition rate and gave an opportunity to operate with
heat sensitive substrates such as plastic, glass etc.
Plasma filter with open architecture was used to
decrease droplet fraction which is the main problem of
obtaining high-quality coatings. Assisting RF bias
played the primary role in deposition process. In case of
dielectric as a substrate material there is a problem of
accumulated surface charge and usage of the RF bias
could handle it.

The obtained samples possessed all
properties and were tested in working regimes.
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HEKOTOPBIE ACIIEKTbBI OCAKIAEHUSA ITPOBOJAIINX, TUIJEKTPUYECKUX U SAIUTHBIX
HOKPBITUI HA M30JATOPHI C HCIIOJB30BAHUEM JIYTOBOT' O PA3PSIA Y BU-CMEIIEHUS

B.C. Tapan, P.M. Mypamos, FO.H. He3o6uboamuvko, A.B. J/Ieonosuu, M.A. Cepzuey

[oka3zaHbl pe3yabTaThl KCCIEAOBAHUS TEXHOJOTHYECKOro Mpoliecca HHU3KOTEMIIEPATypHOTO IUIA3MEHHOIO
OocaxJIeHUS] (DYHKIUOHATBHBIX MOKPBITHH IS JAMDICKTPUYECKOW TOAJMOKKH MPH HU3KUX TeMIeparypax
(50...250°C). [Hdnsa oOecneueHHWs  BBICOKOH CKOPOCTH  OCaXKICHHS H  BO3MOXHOCTH paboTath ¢
TCIJIOYYBCTBUTCIIbHBIMU TMOJAJIOKKaAMHU, TaKUMHU KaK IUIACTHUK, CTEKIIO, 6I>IJ'II/I HUCIIOJIb30BAaHbI KOM6I/IHI/IpOBaHHI)Ie
BBICOKOYAaCTOTHBIEC W AYTI'OBBIC HWCTOYHHUKHU ILIa3MBbI. C IIOMOLIBKO 3TOI'0 METOAAa 6I>IJ'II/I TMOJYYCHBI: JCTCKTOPbI
HMOHU3UPYIOUWICTO MU3JIYYCHUA, ONITHICCKU MPO3PAaYHbIC MMOKPBITUA JJI IIJICKCUTTIaca, COCAUHUTCIIBHBIC TOKPLITHS Ha
CIIOZIE TSl yIbTPaYyacTOTHOTO M3ITydaTels.

JAESKI ACHEKTHU OCAI’KEHHS ITPOBIJITHUX, JIEJIEKTPUYHHUX 1 3AXICTHUX ITIOKPUTTIB
HA 130JI5TOPU 3 BUKOPUCTAHHAM AYT'OBOI'O PO3PAAY TA BU-3MIINEHHSA

B.C. Tapan, P.M. Mypamos, FO.M. He3oeubamuvxo, A.B. J/leonosuu, M.A. Cepzicyb

[okazaHo pe3ynbTaTh JOCIHIIKEHHS TEXHOJIOTIYHOTO MIPOLECY HU3bKOTEMIIEPAaTypHOTO INIA3MOBOTO OCa/DKEHHS
(YHKIIOHATBPHUX TOKPUTTIB IS JICNEKTPUYHOI MiJKIAIKH, TpH HE3BKUX Temreparypax (50...250 °C).
Kom0iHOBaHI BHCOKOYAaCTOTHHI 1 JIyroBWil JpKepenia IUIa3Mu OyiiM BHKOPUCTaHI Uit 3a0e3Me4eHHs] BHUCOKOL
LIBUAKOCTI OCA/KEHHSI 1 MOXKJIMBICTh MPALFOBATH 3 TEIIOYYTIMBOIO ITiIKIAIKO0, TAKOIO SIK MUIACTUK, CKJIO 1 T. J1. 3a
JIOTIOMOT'OI0 IIbOTO METOy OyJi OTpHMaHi: JETEKTOPH 10HI3yI0UOro BUIPOMIHIOBAHHS, ONTHYHO MPO30pi 3aXHCHI
TOKPHTTS JJIs1 TUIEKCUTIIACY, 3'€IHYBaJIbHI IIOKPUTTS Ha CIIFOJI JUIS YJIbTPa4aCTOTHOTO BUIIPOMIHIOBAYA.
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