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The dependences of the growth rate and intrinsic stress on the accelerating potential for coating TiN deposited
from the Ti" ion flow on the surface of cylindrical article are investigated theoretically. The sample rotates around
the symmetry axis perpendicular to the flow of incident ions. The study is carried out within the framework of the
model of the nonlocal thermoelastic peak of the low-energy ion, taking into account the sputtering of the coating
atoms. The cases of the DC mode and the pulsed potential mode are considered. It is shown that the intrinsic stress
in the coating TiN to be deposited on the rotating cylinder are ~ 20 % less than in the coating deposited on the flat

substrate located perpendicular to the incident ion flow.
PACS: 61.80.Az, 81.65.-b

INTRODUCTION

Inhomogeneities of intrinsic stress and thickness of
deposited coating arise when the vacuum-arc deposition
of the coating on object of complex shape. It is possible
to reduce inhomogeneities in the deposition of the
coating on the surface of cylindrical sample by rotating
the article around the axis of symmetry. When forming
the coating, ions participate that fall at different angles
and contribute differently to the rate of growth and the
stresses in the coating.

In this paper we theoretically investigate the
dependence of the growth rate v and intrinsic stress o
on bias potential on substrate for the TiN coating
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deposited on the surface of the cylindrical sample
rotating around the symmetry axis perpendicular to
incident Ti" ions flow.

MATHEMATICAL MODEL

Earlier we modified the formula describing intrinsic
stresses which arise in coating deposited from flow of
ions [1]. We generalized Davis formula [1] on the case
of flow of differently charged ions and arbitrary angle
of incidence « of ions. The expression obtained in the
framework of the model of nonlocal thermoelastic peak
(NTP) of the low-energy ion has the form [2-4]:

(( +U, +E, a} (1)

Here Ey and II are the Young modulus and the
Poisson ratio of the target material, t, is the duration of
the rectangular pulse of potential with amplitude U, f is
the repetition rate of the pulses, Us is the floating
potential, U; is the potential applied to the substrate
between pulses, y; and Ey; are the fraction of ions with
charge i (in units of proton charge), and the initial ion
energy per unit of charge, respectively. ¢ (E,a) is the
number of interstitial defects produced by primary ion
without those that were sputtered; w(E,«) is the
number of thermoactivated transitions in NTP with the
activation energy of defect migration. Summation is
carried out over n charge states of ions (as a rule, n < 5).
The NTP parameters, the volume, temperature and
others, which are necessary for calculation of W(E,a)

and ¢ (E,a) functions were defined by using the

SRIM2000 software package [5].

Formula (1) describes the intrinsic stresses that arise
in the coatings during deposition of a one-component
beam with differently charged ions in modes of both the
DC ( ft, =1) and the pulsed potential on the substrate.

Rotation of the sample leads to uniform mixing and
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averaging of the contributions of ions falling at different
angles to each point on the surface of the cylinder. The
number of produced defects is averaged as well as the
rate of their relaxation. The expression for the intrinsic
stress in the coating deposited on the rotating cylinder is
obtained by the following substitutions in (1):

”J/.zé’(E,a)COSa da; 2
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¢(Ea)=¢(E)=

w(E,a)=w(E)=|

0

W(E,a)cosa da. (3)

Similarly the coefficient of sputtering of the coating
atoms is transformed to:

K(E,a) = K(E) = | K(E, a)cosa dar @)

RESULTS AND DISCUSSION

Calculation of intrinsic stresses in the TiN coating
was carried out at the following values of the
parameters: u = 0.58 eV, U = 20 V. In accordance with
the experimental conditions, the pulse frequency f and

duration t, were selected from the term ft, = 0.12. The
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NTP parameters of Ti ions in the TiN coating material,
necessary for calculating the functions w(E,«) and

¢ (E,«) were determined using the software package

SRIM2000 [5]. The calculations also assumed flux
density of ions, which corresponded to the average
deposition temperature 7, = 400K in the pulsed
potential mode and at the normal incidence of the
deposited beam on the coating surface. The values of
the parameters y; and Eg; for Ti ions are the same ones
asin[3,4].

Fig. 1 displays the result of calculation of the
average sputtering coefficient K(U) of atoms Ti at the

Ti" ion flux falling onto the TiN coating deposited in
DC mode (curve 1) and in pulsed potential mode (curve
2) on the surface of the rotating cylindrical sample. The
mode of the pulsed potential with a duty cycle ft, = 0.12
is considered. For comparison, the sputtering
coefficients for ion incidence on the flat surface at the
angle a=0° (curves 1" and 2°) and at the angle
a=70° (curves 1°" and 2) are also given.
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Fig. 1. Average sputtering coefficients at TiN coating
deposition on rotating cylindrical sample in DC mode
(solid curve 1) and pulsed potential mode
(solid curve 2). Dashed curves correspond to cases
of incident of ion beam on flat surface

The growth rate of the coating can be calculated by
the formula

v(U):r—pj[l—IZ(U)] 5)

where M and p are the molecular weight and density of
the coating material, respectively, j is the flux density of
the ions.

Fig. 2 shows the calculated curves of intrinsic
stresses in the coatings deposited on the rotating
cylindrical sample in the DC mode (curves 1) and in the
pulsed potential mode (curves 2). Dashed curves show
the dependence of intrinsic stresses in the coating at
normal incidence of ions on the flat substrate.

As can be seen from (see Fig. 2), the intrinsic stress
in the TiN coating deposited on the rotating cylinder are
~ 20 % less than in the coating on the flat substrate.
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Fig. 2. Intrinsic stresses in TiN coating deposited on
rotating cylindrical sample in DC mode (solid curve 1)
and pulsed potential mode (solid curve 2). Dashed
curves correspond to case of normal incident of ion
beam on flat surface

In Fig. 3, the rate of growth of the TiN film on the
rotating cylinder (solid curve) and on the flat substrate
at various angles of incidence of ions (dashed curves) is
shown. The calculation was carried out for the pulsed
potential mode (see [3]). The black symbols are the
experimental data [6].
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Fig. 3. The rate of deposition of the TiN film on the
rotating cylinder (solid curve) and on the flat substrate
at various angles of incidence of ions (dashed curves)

As can be seen from Fig. 3, the rate of growth of the
coating on the rotating cylinder is much smaller than
when the coating is deposited on a flat substrate from
the ion flux falling normally on the substrate. This
decrease in the growth rate is due both to the shadowing
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effect of the inverse surface of the cylinder and to the
sputtering effect of the coating atoms, which plays more
important role in the deposition of ions on the
cylindrical surface.

CONCLUSIONS

Within the model of the nonlocal thermoelastic peak
of the low-energy ion, the growth rate and the intrinsic
stress in the TiN coating deposited from the Ti* ion flux
incident on the surface of the rotating cylindrical sample
were theoretically investigated. The average sputtering
coefficient and growth rate are calculated for deposition
of the TiN coating on the rotating cylindrical sample in
cases of the DC and the pulsed potential modes. The
growth rates of coatings deposited on the rotating
cylinder and on the flat substrate at different incidence
angles of ions are compared. Formulas for intrinsic
stresses for cases of the DC and pulsed potential modes
are obtained. It is shown that the intrinsic stress in the
TiN coating deposited on the rotating cylinder are ~
20 % less than in the coating deposited on a flat
substrate located perpendicular to the incident ion flux.
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XAPAKTEPUCTHUKH MMOKPBITUSA TiN, OCAXKIAEMOI'O BAKYYMHO-IYTI'OBBIM METO0M
HA BPAIIAIOIMCS HUJINHAPUYECKHAN OBPA3EI]

A.HA. Kanunuuenro, B.E. Cmpenvnuyxuii

TeopeTnuecku UCCIEAYIOTCS 3aBUCUMOCTH CKOPOCTH POCTa M BHYTPEHHUX HANPSIKEHUH OT YCKOPSIOLIETO MOTe-
HIMana s nokpbitus TiN, ocaxaeMoro u3 notoka HoHoB Ti' Ha MOBEPXHOCTH MUIMHIAPHYECKOTO M3/IENHs, Bpa-
HIAIOMIErocd BOKPYT OCH CHMMETPHM, PACHOJIOXKEHHOM MNEpNEeHAMKYISPHO MOTOKY MAaJarolUX HOHOB.
HccnenoBanue MpoBOAUTCS B PaMKaX MOJENIH HEJIOKAIbHOIO TEPMOYIIPYIOro MUKa HU3KOIHEPTeTUUECKOTO0 HOHA C
Y4ETOM IPOLIECCOB PACHBUICHUS ATOMOB IOKPBITUS. PaccMOTpeHbl ciydau IIOCTOSHHOTO M HUMILYJIbCHOTO
MOTEHIMAJIOB Ha MoJuIoKKe. [loka3aHo, YTO BHYTpEHHHE HampsDKeHHss B IMOKpeiTHH TiN, ocaxkgaemMoM Ha
Bpamarmomuiics mwimHAp, Ha ~20 % MeHbIIe, YeM B MOKPBITUH, OCAaXJaeMOM Ha IUIOCKYIO IOIJIOXKKY,
PAacIOIOKEHHYIO NIEPIIEHIUKYJIIAPHO Naa0IIEMy ITOTOKY HOHOB.

XAPAKTEPUCTUKHU NOKPUTTS TiN, IO OCAAKYETHCA BAKYYMHO-AYI'OBUM METOJIOM
HA IIMJITHIPUYHUM 3PA3O0K, IIIO OBEPTAETHCSI

O.1. Kaniniuenko, B.€. Cmpenvnuybkuit

TeopeTHdHO JOCTIKYIOTHCS 3aJI€KHOCTI MIBUAKOCTI POCTY 1 BHYTPIIIHBOTO HAIPY>KEHHS BiJl MPUCKOPIOIOYOTO
notentiany ans nokpurts TiN, mo ocamkyeTbes 3 MOTOKy ioHiB Ti' Ha TOBEPXHIO MUIIHAPUYHOTO BHPOOY, 110
o0epTaeTbcss HABKOJIO OCI CHMETpii, pO3TAIIOBaHOI MEPIEHAWKYJIAPHO IMOTOKY Manaldmx ioHIB. JlocmimkeHHS
MPOBOJINTECS. B paMKax MOJIENI HEJIOKaJbHOTO TEPMONPYKHOTO iKY HU3bKOSHEPreTHYHOIrO i0HA 3 ypaxXyBaHHIM
NPOLECIB PO3MMJICHHS. aTOMIB MOKPHUTTS. PO3risHyTO BHIAIKK NOCTIHHOTO Ta IMIIYJILCHOTO NOTEHI[aJiB Ha
miakaaami. [TokaszaHo, 0 BHYTPIlIHI Hanpy)eHHs B MOKPUTTI TiN, 1110 0Ca/pKYEThCs HA IUTHIP, 1110 00epTaeThC,
Ha ~ 20 % MeHIIe, HDK y MOKPHUTTI, IO OCA/DKYETHCS HA IUIOCKY MiIKIIAAKY, PO3TAlIOBAHY HEPIEHANKYISPHO
Ma1Ial090My MOTOKY iOHiB.
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