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In the paper the problem of diamond-like films production by sputtering of a graphite target in the modified plasma
accelerator with closed electrons drift is considered. The diamond-like films with thickness 40 + 400 nm with
deposition velocity 200 + 400 nm/hour were received. For production of hydrogen the metal hydride block of exterior
filling was used. As a hydride forming material the intermetallide LaNis was used which ensures necessary hydrogen-

capacity and velocity of a sorption - desorption of hydrogen.

The electron-diffraction, electron-microscopic and optical investigations of film properties were carried out. It is
shown that the described method allows to get amorphous diamond-like films. It is established that films obtained
according to classification of Grigorovici R., concern to a structural sandwich-type. The carbon atoms in a layer have a
strong covalent bond and between layers there is a weak double bond such as Van der Waals.
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INTRODUCTION

Much attention has been devoted to chemical vapor
deposition of CVD diamond-like carbons films because of
their high strength, chemical neutrality and optical
transparence [1]. Now there are many methods to obtain
the diamond-like films [2].

For the development of the technologies of diamond
and diamond-likes coating film production it is necessary
to provide the condition of high over saturation of
hydrogen isotopes [3]. It’s leads to increase of probability
of diamond crystal nucleus formation, avoiding of
graphite phase and conserving of already formed diamond
phase.

In this work the deposition and analysis of a diamond-
like films with use as a working gas the pure hydrogen
received from metal-hydride supply is carried out.

THE EXPERIMENTAL MODEL OF THE
PLASMA-CHEMICAL REACTOR

Diamond-like films were gained by sputtering of a
graphite target on ion-beam sputtering system. The model
of the plasma-chemical reactor for synthesis of diamond-
like coatings was designed and created on the basis of
experimental results on investigation of gas discharges in
crossed magnetic and electrical fields [4]. Basic elements
of the reactor model are ion-beam sputtering system
(IBSS), vacuum system, current collector and systems of
the power supplies Fig. 1.

The vacuum system of the reactor model 1 was
assembled on the basis of serial vacuum installation
UVN-71P which provides a pumping speed up to 500 1/s
in a range of pressures p = 10°+10" Torr. The limiting
pressure of residual gas did not exceed 6x10° Torr. A
flat metal electrode with holders for samples 3 was used
as a current collector 2. The transport area is between the
IBSS and current collector. Distance from a sputtered
target 6 to the current collector can be changed from 5 to
50 cm.

The IBSS is a gas-discharge system with closed
electron drift in crossed magnetic and electrical fields
based on a one stage Hall ion source. The basic elements
of the IBSS construction are: a modified Hall type ion

source consisting of ring anode 4, cathode block 5 and
sputtered graphite target 6 fixed on movable water-cooled
substrate holder. The ring anode with average radius of
5 ¢m is made of non-magnetic stainless steel and insulated
from the cathode block. The power supply to the anode
and cooling by water is carried out through insulated
vacuum lead-ins derived through the bottom of the
cathode block. The anode (accelerating) voltage changes
in the range of Ux=0 + 4 kV.

The cathode block of the IBSS serves as the basis of
the accelerator, magnetic circuit and cathode of the
discharge gap. The magnetic field solenoid 7 and the
external working gas inlet system 8 are installed in the
cathode block. The solenoid provides creation of radial
magnetic field in a ring aperture of the Hall accelerator
which  value changes within the range of
H=0+3000 Oe.

The power supply of the IBSS are carried out from
standard supply units BP-94 and BP-100 which allow to
change applied voltage within the range of 0 + 7 kV and
0 + 1 kV accordingly, power of the supply units is about
three kilowatts.
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Fig. 1. The shame of the plasma-chemical reactor
for synthesis of diamond-like coats
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The working gas pressure is adjusted in a range of
p =8x10°+10" Torr. The working gases are hydrogen,
argon and their intermixture. For deriving of hydrogen the
metalhydride exterior leaking block was used in which
the intermetallide LaNis was used as a hydride formative
material that ensures necessary hydrogen-capacity and
velocity of a sorption-desorption of hydrogen [5]. The
inlet of working gas into the discharge gap between the
anode and cathode is carried out through the channels in
the cathode block.

The longitudinal electric field is created between the
anode and cathode of the accelerator when accelerating
voltage is supplied to the anode. The concurrent stream of
the gas ions generated in the modified Hall source is
guided onto the surface of the flat sputtered graphite
target at the glancing angle. The angle of incidence of the
incoming beam can be adjusted by moving the target and
changing the magnetic intensity that in combination with
adjustment of the accelerating voltage allows to reach
maximum sputtering rate of target material and to
optimize a zone of target utilization. The bombardment of
the target by the ion beam leads not only to target
sputtering, but also to secondary ion-electron emission
from the target surface. To increase both the sputtering
rate of the graphite target and effective exit of secondary
emissive electrons the opportunity of bias-voltage supply
to the sputtered target with value of Us=—(50 + 1000) V" is
stipulated.

THE INVESTIGATION OF THE OBTAINED
FILMS

Depending on operating modes diamond-like films
were obtained with width 40...400 nm and the deposition
velocity 200+400 nm/hour. The width of films was
determined by a method of lines equal chromatic order
(method Tolanskogo). For electron-diffraction
investigations the thin films by width =20+ 30 nm on
substrates NaCl were deposited. For optical measuring the
films by width 100 + 150 nm deposited on the quartz
substrates were made.

The choice of substrate material was determined by its
transparence in ultraviolet spectrum. The width of films
was selected such that the transmission in ultraviolet
spectrum was more than 0,01. The absorption spectrums
of thin diamond-like films of carbon were measured on a
spectrophotometer Cd-46 at the room temperature in the
spectrum range 1,5 + 6,5 eV.

As a rule at deriving of diamond-like carbon films by
the ion-plasma deposition methods are gained of an
amorphous film [6,7] representing a fine-dyspersated
basis with insertion of larger crystallites of different
modifications  of carbon. The electron-metric
investigations have shown that studied thin diamond-like
carbon films are fine-dyspersated with the practically
identical sizes of crystallites.

On electron-diffraction of the studied films the wide
scoured diffraction rings without any attributes of a
texture are observed. Such views of an electron-
diffraction are characteristic for amorphous solid bodies.
As is known in amorphous bodies a long-range order is
absent and the short-range order existing on small number
of stationary values of a lattice however is maintained.
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Therefore diffraction rings are observed but they are
strongly fuzzed and blurred.

Absorption spectrum of a diamond-like carbon film
at the temperature 7=290 K is given in Fig. 2. Strongly
tightened in long-wave area of a spectrum the absorption
edge confirms an amorphism of films.
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Fig. 2. The absorption spectrum of diamond-like thin
carbon film by T = 290 K and t = 120 nm;
D =—lIg 1/T- optical density, E — energy, T -
transmittance

For straight-zone dielectrics the sharp edge of the
intrinsic absorption band well featured by empirical
dependence Urbaha is characteristic

0, \ho - Ey)0
K:KoeXPHV/( “KT O)H, (1)

where V- const, E, - a forbidden zone.

In amorphous films the absence of the long-range
order leads to overlapping allowed bands and as a
consequence to occurrence of indirect allowed transitions
that gives supplemental absorption in the field of a
transparence. The edge of fundamental absorption in the
majority of amorphous semiconductors submits to the
exponential law (1):

InK = ho .

In the field of energies of above exponential “tail” for
absorption constant K(hw in different amorphous
compounds the linear, square-law or cubic dependences
are observed [5]. In the studied diamond-like carbon films
the absorption constant K(E) in the field of energies
1 +2 eV is shown in Fig. 3 by an exponential curve (1)
and above the exponential tail K(E) linearly depends on
energy

K(E)E = B(E -E,), 2)
where B - const.

THE DISCUSSION OF RESALTS

Calculated on (2) values E, for ours samples are
varied from 1,41 up to 1,81 eV and B =500*+10°c
m"' eV, In order of magnitude the values E, and B are
typical for amorphous semiconductors [8]. The small
values E, testify to a considerable impurity of a graphite
phase. However it is impossible to approve with
confidence that E, is actual forbidden zone, as we have
not the additional information about dependence of a
density of states from energy and matrix element.



optical constants are necessary for the final deductions on

55000 a composition of studied films.
50000 Thus the described method of the film deposition
45000 N allows to obtained amorphous diamond-like coatings
‘;gggg ~ distinguished high durability and optical properties.
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3ACTOCYBAHHA MOJUPIKOBAHOTI'O IINTAZMOBOI'O IPUCKOPIOBAYA JJI1 OTPUMAHHA
AMOPOHUX AJIMA3OIIOAIBHUX ITIJIIBOK

A.A. Biztokos, B.H. bopucko, /I.B. 3unoe'ce, A.E. Kawaéa, K./]. Cepeda, H.H. FOnaxoe

Y po6oTi po3riIsiHyTa MOXKIIUBICTh OTPUMAHHS aIMa30M0JIOHMX MIIBOK IUISIXOM PO3MUICHHS IpadhiTOBOI MilllcHI B

MOJM(IKOBAHOMY IUIA3MOBOMY MPHUCKOPIOBadi 3 3aMKHYTUM Jpeiipom enexTpoHiB. [lnsi OTpUMaHHS BOJIHIO
BHKOPHCTOBYBABCS METAIOTIIPUIHAN OJIOK 30BHIITHHOTO HAITYCKY, Y IKOMY B SIKOCTI TipHI0yTBOPIOIOYOTO MaTepiary
BHUKOpHCTOBYBaBcs iHTepMetamin LaNis, mo 3abe3nedye HeoOXiIHY BOJHEBY €MHICTH i MBHUIKICTH COPOIii-mecopOrii
BOJIHIO.
Bynu orpumani anmazomnoniOHi toriBku ToBIIHHOIO 40...400 HM 31 mBHAKicTIO ocamkeHHs 200...400 HM/T Ig pi3HEX
pexuMiB poboTH pUcKoproBada. [lokaszaHo, 1o qaHuit crocid N03BoJsie OTpUMYBaTH aMOp(HI alTMa301o/1i0HI TUTiBKH.
[IpoBexeHi enexkTpoHOrpadivHi, EICKTPOHOMIKPOCKOIIYHI Ta ONTUYHI JOCIII)KEHHs BIAaCTUBOCTEH IUTIBOK. BusBiieHo,
10 OTPUMaHI IUTiBKH, BinnoBiaHo 10 knacugikarii Grigorovici R., BITHOCSATBCS 10 MIapyBaTOro CTPYKTYPHOTO THILY.
ATOMHM BYIJIELIO B IIapi MalOTh CHJIbHUI KOBAaJEHTHHUH 3B'S30K, @ MK LIapaMu icHye ciiaOkuii 3B'si30k Ty Ban-mep-
Bansca.

INPUMEHEHHWE MOJUOUIIUPOBAHHOI'O IVIASMEHHOI'O YCKOPUTEJIA JJIA
MNOJYYEHUA AMOP®HbBIX AJIMA30IIOJOBHbBIX IIVIEHOK

A.A. bBustkos, B.H. bopucko, /I.B. 3unoeves, A.E. Kawaéba, K./]. Cepeoa, H.H. IOnaxos

B pabote paccMOTpeH BONpOC MONYyYESHHUS! aliMa30loA00HBIX IUIEHOK ITyTEM paclbUICHHs IpaUTOBOM MUILIEHH B
MOJIU(UIIMPOBAHHOM TIa3MEHHOM YCKOPHUTENsI € 3aMKHYTBIM Jpeiipom anekTpoHOB. [lyisi monydeHust BOJOpoOja
UCIIONIB30BAJICS METAJUIOTHIPUAHBIA OJOK BHEUIHEr0 HaIycka, B KOTOPOM B KayecTBE THIPUA000pa3yIOIIEro
MaTeprana Hcroiab3oBancs wuHTepMeramng LaNis, KOoTopbeli oOecrednBacT HEOOXOAMMYIO BOAOPOJOEMKOCTH H
CKOPOCTB COPOIMH-IeCcOpOIMH BOIOPOA.

B 3aBucuMocTH OT peXXKNMOB pabOTHI OBUTH MOJTyYEHBI aTMa30M0100HbIe TUIEHKH ToMHHOH 40...400 HM CO CKOPOCTBIO
ocaxmenus  200...400 am/4. [IpoBeneHBI ANEKTPOHHOTpAPUUCSCKHUE, IMEKTPOHHOMHKPOCKOITUIECKAE W ONTHICCKUE
WCCIIeIOBaHUS CBOMCTB IUIeHOK. Iloka3aHO, 4YTO ONKMCHIBaEMbIiH Croco0 IO3BOJIIET TONy4YaTh amMopdHbIe
JIMa30M0A00HBIE TUICHKH. YCTaHOBJIEHO, YTO IIOJY4YEHHbIE IUIEHKH, coriacHO kiaccudukaumu Grigorovici R.,
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OTHOCSITCS K CIIONCTOMY CTPYKTYPHOMY THITY. ATOMBI yTJIEpO/ia B CII0€ HMEIOT CHIIbHYIO KOBAJICHTHYIO CBSI3b, @ MEXKIY
CJIOSIMH CyIIIECTBYeET cyiabast cBs3b THIa BaH-nep-Banbca.
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