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IIpoBeneno xomm toTepHe MoaenoBaHHA GopmyBaHHs Cr-N IUTIBOK, CTBOPEHHUX 32 JOIOMOTOI0 IMIUTaHTAIIHHO-
cTumyiiorodoro ocapkeHHst (IBAD-merton). Po3paxoBaHO KiBKICTH a30Ty y 3pOCTarodidl ILTIBII XpOMY, @ TaKoxX
piBEHBb CTBOPIOEMHUX i0HAMHU a30Ty nedekTiB. [IpoaHanmi30BaHO CHIBBITHOIICHHS MK PO3IONUICHHSIM Ie(eKTiB Ta

KIJIBKICTIO XpOMY B 3aJI€)KHOCTI BiJl TOBIIMHH IUTiBKH.

ITpoBeneHo KOMITBIOTEpHOE MOAeIupoBanue GpopmupoBanust Cr-N IJICHOK, MOJYYCHHBIX C TOMOIIBI0 UMILJIAHTA-
IIUOHHO-CTUMYHpoBaHHOTO ocaxaeHus (IBAD-meton). Paccuntano comepxanue a3oTa B pacTyIel IIIEHKE XpoMa,
a TaKKe ypOBEHb CO3/1aBaEMBIX HOHAMH a30Ta Ae(eKToB. [IpoaHamn3npoBaHO COOTHOMICHNE MEX/Y PACIpEIeIICHN-
eM Je(peKTOB U COepKAHNEM XPOMa B 3aBUCHMOCTH OT TOJIIUHBI IIEHOK.

The computer simulation of Cr-N film deposition by IBAD method was carried out. The implanted nitrogen
content in the growing film is calculated, values of the radiation defect formation in the film are obtained. The
variation of the implanted nitrogen relationship to the defect distribution in the growing film depth is analyzed.

Now the ion- and ion-plasma technologies are wide-
ly used to the material surface layers hardening. Ion-
beam assisted deposition (IBAD ) is one of the method
to produce the protective coatings. This method con-
sists in the film deposition from vapour phase with the
simultaneous bombardment by the energetic ions.
Chemical active elements are used as ions; it allows to
produce the films with different chemical and phase
composition.

The high adhesion of films with the substrate is one
of the problem. This problem can be solved by the tran-
sient ( or so called adjoined ) layers formation. These
layers have the smooth changeable characteristics on
distances lower than the film thickness. On IBAD use
one can obtain the transient layers with controlled
thickness and the chemical composition instead of the
sharp boundary between the deposited film and the sub-
strate.To predict the obtained coatings properties it is
necessary to calculate the implanted ions concentrations
also as the produced radiation defects in these layers.On
the irradiated film growth the thermal vapoured atoms
deposit on the surface, the implanted atoms introduction
occurs with the atomic damage cascades and the ion
stirring ;the surface atoms sputter. The radiation defects
diffusion and the implanted impurities diffusion is ob-
served to the surface and to body sinks. As a result of
diffusion processes the phase precipitation and the
nanostructure production are observed.

Let us consider only the primary processes of the
impurity implantation and of the radiation defects for-
mation. It is known [1 ] that on the sputtering the atoms
of near surface layers are knocked out. At the ion energy
of several keV the impurityis implanted in the bulk of
material, the sputtering rate is entirely defined by de-
posited from vapour phase atom layer and didn't de-

pend on the implanted ion dose. So , the film growth
rate doesn't depend on the implanted ions dose. Accord-
ing to this we can represent the film growth in the fol-
lowing way. In the steady-state condition the film
boundary moves uniformly with rate v along the axis x.
The implanted ion profile f(x) shifts with the growing
film boundary. In time t at the point x the implanted
atoms concentration will vary by quantity D (x )= N[ f
(x,t)dt , where N- bombarding ions density.

In general the interstitial impurity profile is a func-
tion of implanted atoms dose. With the low concentra-
tion this dependence can be neglected. As we consider
the steady state process of the film growth with the con-
stant rate f (x, t ) = f ( x-vt,0 ). Then D(x) = N. Thus to
obtain the impurity concentration in the growing film it
is necessary to know the implanted ion deposition pro-
file.
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Fig. 1. Implanted nitrogen distribution in depth of Cr on
N implantation of atomic beams with energies of 7,5
keV, 15 keV and ion-molecular beams with energies of
15 and 30 keV, containing 40% and 50 % of molecular
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nitrogen

To the calculation of implanted ion deposition pro-
file so as to damage profile calculation the program of
computer simulation of atom-atom collision cascades by
method Monte-Carlo SPURT [2] was used. According
to the program SPURT the atom-ion interaction is
simulated by twin collision method [3]. The main
assumption of twin collision approximation consists in
that the moving atom in a time interacts only with one
target atom. The ion interaction is the elastic one. On
moving between the collisions the particle loses energy
in the electron subsystem interaction. The non local
model of the electron losses was used in the program
.The process of atom-ion flux interaction with the solid
surface was simulated as the stochastic process
consisting of the isolated ions incidence .The processes
of cascade overlap were neglected.

The computation was carried out for the deposited
films of Cr bombarded by nitrogen ions. The ion beam
variables corresponded to the NSC KIPT assembly
“Argo-1” [4]. The molecular-atomic beam with 40% of
atomic and with 60 % of molecular nitrogen was used.
The beam energy ranges in 15...30 keV. As the
binding energy of nitrogen atoms in the molecule is
considerably lower the beam energy the molecular
beam with density N and the energy E  was considered
in the computation as the particle beam with energy E/2
and with density 2N. It was assumed that after the
molecule break-down atoms on the surface dosn’t effect
on the evolution of atom-atom cascades in the bulk
material. In Fig.1 the results of deposit profiles of
nitrogen atoms from the ion beams of energy 15 and 7,5
keV and from ion-molecular beams of energy 15 and 30
keV are presented. The deposition profile of atomic-
molecular beams was obtained by the superposition of
ion beams with energies of E and 0,5E with weight
0,4 and 0,6 correspondingly.
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Fig.2 Distribution of nitrogen in depth of growing Cr
film in atomic percents under N implantation of atomic-
molecular beam with energy 30 keV containing 40% of
monatomic and 60 % of molecular nitrogen. The ion
Sflux-10"(cm’sec™); the film growth rate-2A/sec. The
different curves correspond to the different thickness of
the deposited film. The deposited film thickness is given
inA.
As it is seen from figure nitrogen atoms of ion-
molecular beam with energy of 15 keV penetrate into
the target on depth up to 600 A and with energy of 30
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keV-on depth up to 1000 A. The implanted atoms
deposition depth causes the characteristic thickness of
transient interfaced layers between the bulk material and
the deposited film. Nitrogen deposition profiles
obtained by this method allow to calculate nitrogen
distribution in the growing film of Cr. On Fig.2 and on
Fig. 3 the calculated nitrogen concentration on it’s
implantation from ion-molecular beam of energies of 30
and 15 keV with beam characteristics of assembly
“ARGO-1" are presented. The depth values lower 0
correspond to the bulk material. It is seen in figures that
the transient layer thickness increases with the energy
increase. At energy of 30 keV the interfaced layer extent
runs into 800 A. When the deposited film thickness
increases the nitrogen content attains the constancy and
for the thickness higher of 1000 A nitrogen implanted
content is invariable. The impurity content decreases
sharply on approach to the surface. At energy of 30 keV
the transient layer thickness is lower 500 A and at
energy of 15 keV it is lower 300 A.
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Fig.3. Distribution of nitrogen in depth of growing Cr
film in atomic percents under implantation of atomic-
molecular beam with energy 15 keV containing 40% of
monatomic and 60 % of molecular nitrogen. The ion
Sflux-10"(cm’sec™); the film growth rate-2A4/sec.
The different curves correspond to the different thick-
ness of the deposited film. The deposited film thickness
is given in
Fig.4 represents Cr-N equilibrium diagram. As one
can see on diagram, nitrogen ions introduced in the
specimen may form some chemical composition with
Cr. Fig. 3 and Fig. 4 demonstrate that nitrogen content
corresponds to the mixture of Cr and Cr N at the used
rates of the coatings deposition and at the given beam
characteristics. Varying the beams parameters or the
deposition rate one can change considerably the
impurity content in the transient layers.
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Fig.4.Equilibrium phase diagram Cr-N.

The presented equilibrium diagram may vary under
irradiation due to the introduction of large number of ra-
diation defects (vacancies and the interstitial atoms).
The inhomogeneous non-equilibrium defect concentra-
tion in the film depth may change considerably the ki-
netics of structure formation in different layers of the
film. Therefore let us consider the growing film
radiation damage in depth. On Fig. 5 the profile of de-
fect formation in Cr under nitrogen ion bombardment
together with the introduced nitrogen profile are pre-
sented.
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Fig. 5. Radiation defects distribution in Cr depth un-
der N implantation of ion beams with energies 15 and
30 keV and ion-molecular beam with energy 30 KeV
containing 40% of monatomic and 60 % of molecular
nitrogen. The implanted nitrogen profile is presented for
comparison. The upper and the right axis represent the
implanted ion profiles

It is seen that at the given beam energy the formed
Frenkel pair number 100 times as large as the
introduced impurities content. It demonstrates the
considerable effect of the radiation defects in the film
structure formation. To obtain the resistant coating it is
necessary to provide the uniformity of the ratio
impurity/defect(n) in the film depth. On Fig. 6 the
results of such computations for different film thickness

are presented.

As it is seen on Fig. 6 the equilibrium ratio n is at-
tained along the film. In the near surface regions the
coefficient n decrease is observed. It is due to the fact
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that the radiation defects formation is more intensive
near surface; the impurity deposition maximum is
displaced to the material depth. For the film thickness
higher than 1000A the value n is constant in the film
depth that proves the film uniform composition at such
thickness.

Fig.6. The ratio of nitrogen implanted atom content in
depth of Cr growing film on N implantation of beam
with energy 30 keV and containing 40 % of monatomic
and 60 % of molecular nitrogen. The different curves
correspond to the deposited film different touchiness.
The film thickness is given in A

In the presented paper the computer simulation of
Cr-N film deposition by IBAD method was carried out.
The implanted nitrogen content in the growing film is
calculated, values of the radiation defect formation in
the film are obtained. The variation of the implanted
nitrogen relationship to the defect distribution in the
growing film depth is analyzed; the way of the film
interfaced layer chemical and phase composition
variation is proposed.
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