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DISTRIBUTION OF INTERSTITIAL IMPURITIES IN CHROMIUM COATING,
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The paper presents the study results of interstitial impurities such as carbon (C), oxygen (O) and nitrogen (N) in Cr
coating formed on aluminium substrate at the temperature 300°C under conditions of simultaneous chromium deposi-
tion and its bombarding with nitrogen ions of 30 keV energy. It is shown that carbon doesn’t penetrate into coating
deeper than 1-2 nm. Oxygen is more active and penetrates into coating deeper than (15 nm). Preliminary bombardment
of the aluminium substrate by nitrogen ions before coating deposition to doze 1,510 ion/cm? leads to considerable
saturation by oxygen then by carbon. The oxygen content in aluminium decreases and becomes identical with its distri-
bution in chromium coating after chromium coating deposition. The carbon content in aluminium after coating deposi-

tion becomes more increased than the oxygen content

INTRODUCTION

In the present time the beam technologies, such as ion
implantation and ion beam assisted deposition are wide-
ly used for material properties modification. Under ion
implantation process a formation of well-developed dis-
locate structures and segregations in the material sur-
face layers defining operational characteristics of the
product in the future takes place. Under ion beam assist-
ed deposition intensive atom mixing of the condensing
material with substrate lattice takes place during simul-
taneous bombardment by ions with energies of several
tens keV.

Under conventional conditions of the present tech-
nology realization (the pressure of residual gases in work
chamber is 5:10 —5-107° Pa) ion-induced physical-chem-
ical interaction processes between residual gases and sub-
strate surface appear. The obtained results of the ion im-
plantation and ion beam assisted deposition (IBAD)
showed a visible increase of carbon and oxygen in depo-
sition film, especially in surface layers and mixed area
between coating and substrate [1,2]. Such gases being
under intensive irradiation will form carbides and ox-
ides, and so will exert uncontrollable influence on the
properties of produced films.

Chromium is the perspective material for wear- and
corrosion-resistant coatings. On other side, it actively
interacts with gas impurities. So, at the designing of chro-
mium-based coatings the study of the accumulating
mechanisms of such elements as oxygen, carbon and ni-
trogen in deposited material during nitrogen ion beam
bombarding is an important problem.

The purpose of this research was to study O, C, N
admixture distribution of the chromium film obtained
by the IBAD method on the aluminium substrate and
also its distribution in the chromium-aluminium mixed
area with the precut nitrogen irradiation of the substrate.

EXPERIMENTAL PROCEDURE

Experiments have been carried out at the installation of
ion beam assisted deposition “Argo-1" [3]. Chromium
with the 99.98 purity was evaporated by electron-beam
evaporator under conditions of simultaneous bombard-
ing with 30 keV nitrogen ions and ion current density
20 pA/cm?. The deposition rate was between 0.05-0.1
nm/sec. The substrate temperature was 300 °C. Alumin-
ium with the 99.995 purity was chosen as a substrate.
The substrate surface was smoothed with diamond paste
and then elect-ropolished.

To investigate the influence of the precut ion implan-
tation on a component structure of the diffusion layer
between coating and substrate some of specimens were
irradiated before deposition by nitrogen ions with ener-
gy 30 keV at 300°C to the implantation doze 1.5:10"
ion/cm?. The working vacuum was 510 Pa using oil-
free pumping equipment. During the process at turning
on ion source vacuum was 4-10° Pa due to the nitrogen
expansion in the discharge chamber.

The film structure and component composition was
analysed using the secondary ion mass-spectrometry and
Auger spectroscopy. The shape of chromium coating was
studied with the scanning tunnelling microscopy.

THE EXPERIMENTAL RESULTS AND THEIR
DISCUSSION

The results of Auger spectroscopic analysis of the alu-
minium surface area 15 nm wide irradiated by nitrogen
ions are shown in Fig.1la. One can see, that if the carbon
concentration significantly decreases already on the first
1-2 nm, then oxygen penetrates deeply in big amount.
The increase of nitrogen concentration with the depth
mainly corresponds to the initial parts of rated curves,
describing its distribution in aluminium substrate [4].

It is known that the main processes taking place on
the metal surface bombarded by high - energy heavy ions
are substrate sputtering, adsorption of gas molecules from
remaining atmosphere in vacuum chamber, their disso-
ciation and diffusion into crystal lattice because of its
dilatation and radiation-assisted processes [5]. The cor-
relation between quantity of adsorbed molecules of oxy-
gen and carbon is determined mainly by the type of used
means of high-vacuum pumping equipment. In our case
the use of oil-free pump-down determined low content
of carbon. Main sources of oxygen in aluminium are
molecules of H,0, O,, CO, which have low dissociation
energies — 46, 52 and 82 kcal/mole accordingly [6]. The
dissociation energy of nitrogen molecules is 205.5 kcal/
mole, therefore their penetration into aluminium at the
given temperature (300°C) is possible only by ion bom-
bardment.

In the surface area of chromium film deposited onto
aluminium with nitrogen ion beam assisting, the oxy-
gen and carbon distribution is quantitatively similar to
the shown in Fig.1b. The feature of the doped admixture
distribution in deposited chromium is the large content
of carbon and low content of oxygen and nitrogen. The
explanation of low content of nitrogen is that ion beam
assisted deposition takes place while present method of
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Fig. 1. Auger spectroscopic analysis of interstitial impurities for first 10
nm of the depth. a) Al asirradiated with N*ions only, b) deposited Cr
film under simultaneous N* ion bombardment

the surface modification as compared with ion implan-
tation. Under ion beam assisted deposition the capture
of oxygen (and carbon) is possible only in a short time
interval as long as the film deposits to thickness 2-3 nm.
While the border of coating moves to the front of ion
beam the entry of interstitial impurities from the residu-
al atmosphere stops and its redistribution due to radia-
tion-enhanced diffusion takes place.

Secondary ion mass-spectrometry was carried out on
the aluminium specimens with precut nitrogen ion im-
plantation to doze 1.5:10" ion/cm? and without it and
with the following chromium ion beam assisted deposi-

tion. The coating was sputtered by argon ions with ener-
gy of 5 keV. All thickness of chromium coating (100
nm) and aluminium substrate subjected to nitrogen ion
beam bombardment was investigated. The distribution
of oxygen and carbon is shown in the Fig.2a (without
preliminary nitrogen ion processing) and Fig.2b (with
preliminary processing).
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Fig. 2.The oxygen and carbon distribution a) without preliminary ion
processing; b) with preliminary ion processing

One can see that O, C distribution in the surface lay-
er is similarto the results of Auger spectroscopy. Howev-
er, it is seen that the carbon content increases in transi-
tion zone coating-substrate. As a result, unlike data
shown in the Fig.1 in aluminium substrate there domi-
nates carbon but not oxygen. Oxygen content in all zone
coating-substrate is approximately the same.

Now, we don’t have enough convincing explanation
of this effect. It is necessary to make additional investi-
gations. In our case the carbon perhaps hits the alumin-
ium surface during the chromium deposition and diffus-
es deep into substrate as a result of assisted irradiation.

Also, it was interesting to investigate a degree of the
surface roughness obtained under ion beam assisted dep-
osition. The difference between this method and many
plasma technologies is the absence of the drop compo-
nent in the condensed material flow. TThe typical relief
of chromium coating deposited on the aluminium by
IBAD technology and obtained with the use of AFM/
STM for UHV applications from Omicron Company is
shown on Fig.3. Measurements carried out on 10 parts
of different specimens showed that averaged value of
roughness is 5 nm. This result is typical for the IBAD
coatings [9].
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Fig.3. (Cr-N)-Al composite relief obtained with tunnelling microscope.

CONCLUSION

Our experimental results showed that deposition of chro-
mium coating on aluminium under conditions of simul-
taneous irradiation by nitrogen ions of 30 keV energy
doesn’t to visible coating contamination by interstitial
impurities - O, C. These elements are located in narrow
region of 5-10 nm near the condensate surface. Prelimi-
nary nitrogen ion bombardment of the substrate before
coating deposition disorders the aluminium surface and
leads to more considerable contamination of surface by
oxygen. However, after deposition of coating its content
in surface layer lowers and becomes less than the con-
tent of carbon.

PO3IOALT AOMIIIOK BIPOBAJI’KYBAHHS Y
XPOMOBOMY IIOKPUTTI, IO OTPUMYETHCA
3 BUKOPUCTAHHSAM IMILITAHTAIIIHO-
CTUMYJIBbOBAHOI'O OCALXKEHHS

O.I. I'yras, B.J. Bipuu, A.M. CtepBoenos, M.IO. Cinkin
[IpencraBneHo pe3ynbTaTd JOCTIIKEHb PO3MOALTY ITOMIIIOK
BITPOBA/PKEHHS B IDTIBKaX XPOMY OTPHUMaHHX METOIOM I0HHO-
CTUMYJIBOBAHOTO OCAaJXEHHA. XpOM, 4HCcTOTOIO 99,98
ocaJKyBaBCsl Ha aJIOMiHi€BY MiAKJIAaAKYy 10 TOBIIHHU
100+1508M, npu mBuAKocTi ocamkerHs 0.05-0.1 am/cek,
eHeprii myuka ACHCTYHOHX N* ioniB £ = 30 xeB, mrinbHOCTI
TOKy j = 20 Mmka/cm?, Temneparypi miakaagka T = 200 °C.
[IniBkn HanmmmoBamucs Ha yncty Al migkianky (Al ancrororo
99.9952 i morepe O 00poGaeny N* ionamu j10 go3u 1,5-10"7
ion/cm”. [TokazaHo, MO ByTJIEIh HE MOIIHPIOETHCA BCEPEIUHY
MOKPHUTTA Naji, Hik Ha 1-2 HM. KuceHp OinbIl akTUBHHH i
MIPOHUKAE B MOKPUTTS rubme 15 M. [Tonepenus iMmianTamis
N* y Al migknaaky mo mos3u 1,510 ion/cM? NpUBOIUTE 10
3HAYHOTO HACHUYEHHS HOro KMCHEM i, y MEHIIOMY CTYIEHi,
BymieneM. [licis HaHeCeHHS XpOMY KUIBKICTh KHCHIO B Al
3HWDKYETBCS 1 CTAE OJJHAKOBHM 3 HOTO PO3IOILIOM Y XPOMOBOMY
nokputTi. KinbkicTs Byritemio B Al mmiciist HaHECEHHS MOKPUTTS
HaBIIaKH CTA€ OUIBIINM, HIXK KIJIBKICTh KHUCHIO.
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PACIPEJIEJIEHUE IPUMECE BHEJIPEHUSA B
XPOMOBOM IMOKPBITUH, MOJTYYAEMOM
C UCIIOJB30BAHUEM UMIIVIAHTAIIMOHHO-

CTUMYJIUPOBAHHOI'O OCAXKIEHUS

A.T. I'yrasa, B.Jl. Bupuy, A.H. CrepBoenos, M.}O. Cuikun
IIpencraBneHs! pe3ynabTaThl UCCIEAOBAaHUN paclpenerneHus
NMpUMeceid BHEIPEHHUs B INIEHKAX XpoMa, MOJy4YeHHBIX
METOAOM MOHHO-CTUMYIHPOBAHHOTO OCaXAeHHUSA. XPOM,
yucToToi 99,98, ocaxknancs Ha aTlOMUHUEBYIO MOJJIOKKY 0
tommuHb! 100150 HM, Tpu ckopoctu ocaxkaenus 0.05-0.1 am/
CeK, SHepruu myuka accuctupyromux N* uonos £ = 30 k3B,
IUIOTHOCTH TOKa j = 20 MKA/CM? U TeMIieparype Mook T
=300° C. IInenkn HampUIsUIACH Ha yncTy0 Al mommoxky (Al
guctoTo 99.995) wu mpenBaputenbHO 00padoTaHHy0 N*
noHamu 110 10361 1,5-10'7 non/cm?. TTokazaHo, 4TO yIiiepoj He
pacrpocTpaHseTcs BIIIyOb IOKPHITUS Aajibllle, 4eM Ha 1-2 HM.
Kucnopon 6osee akTHBEH W NPOHHUKAET B MOKPBITHE TIIyOXKe
15 aM. HpeuBaPmenLHaﬂ umIutaHTanusa N B Al moanmoxky o
no3sl 1,5-10"7 won/cM? MPUBOAUT K 3HAYUTEIHHOMY
HACBHIIEHUIO €ro KHCIOPOIAOM W, B MEHbIIEH cTemeHw,
yriepoaoMm. [Tocie HaHeceHns: XxpoMa coliepkaHue KHCIopoaa
B Al cHWXaeTcs W CTAHOBHUTCS OJMHAKOBBIM C €TO
pacupeneneHneM B XpoMOBOM IHOKpbITHH. ConepikaHue
yriepona B Al mocie HaHeceHHs MOKPHITHS HA000pOT
CTaHOBHTCS OOJBIINM, YEM COAEPKAHUE KHCIOPOAA.
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