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COMPOSITION COMPOUND OF Cr-N COATING DEPOSITED
ON AN ALUMINUM PRELIMINARY IRRADIATED
WITH NITROGEN IONS
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Ion-beam assisted technology was used for deposition of Cr-N coating on aluminum under simultaneous irradia-
tion with 30 keV nitrogen ions at temperatures 200 and 300°C. Distribution of metal components in the coating and
in the coating-substrate mixing zone was studied as regards process temperature and the degree of pretreatment of
aluminum surface with nitrogen ions to doses of 1,7.10"" and 3,4.10" ions/cm®. The results obtained with the use of
secondary ion mass spectrometry prove that ion pretreatment of aluminum substrate causes drastic changes in distri-
bution of metal components in the intermixing zone. As the dose of preirradiation of the substrate increases, we ob-
serve intermixing of Al with Cr. Besides, we have recorded an expanded peak of AlCr precipitation in the intermix-
ing zone. The chromium coating contains some admixtures of CrN and Cr,N uniformly distributed in the depth, with
their maximum near the mixing zone. Thus, the effect of penetration of those elements grows stronger with the in-
crease of process temperature. A possible diffusion mechanism of metal and gaseous components into the coating is

discussed.

INTRODUCTUON

At present ion-beam technologies are widely used
for modification of structural material properties. Under
traditional applications of those technologies (at a pres-
sure of residual gases in working chamber oat the level
of 5.107...1.10 Pa), ion beam assisted physico-chemi-
cal processes of interaction between molecules of resid-
ual gases and the surface under treatment can occur to
some degree. In particular, the results of ion implanta-
tion showed a significant increase of carbon and oxygen
content in the materials being treated in the near-surface
areas [1-3]. Ion bombardment of surface on the growing
coating is accompanied, in turn, by desorption of ad-
sorbed particles, stimulation of heterogeneous chemical
reactions, sputtering of coating materials, defect forma-
tion and implantation of bombarding ions into the layer
being formed.

The use of ion beam assisted technologies (IBAD
method) enables to obtain a high-quality adhesion of the
coating, concomitant with intense penetration of the ma-
terial deposited into the substrate, due to formation of a
wide intermixing zone. However, in the proposed
method the degree of intermixing and the composition
of the coating-substrate transition zone can be changed
by means of an additional, prior to deposition, treatment
of the substrate. One of the ways to realize this idea can
be a preliminary, prior to deposition, bombardment of
the substrate surface with a beam of ions.

There are few publications devoted to the study of
effect of preliminary ion bombardment on the peculiari-
ties of distribution of metal and gaseous components in
the coating-substrate transition zone. In [4] it has been
shown that preliminary irradiation of aluminum with ni-
trogen ions in the range of doses 1.10"...1.10" ions/cm?
with subsequent deposition of an AIN coating results in
substantially improved adhesion of a given coating, is
its wear resistance and microhardness becoming better
as well. Increased oxygen content in the transition zone

was observed; that can be explained by the fact that pre-
treatment and subsequent deposition were performed us-
ing different equipment. Moreover, the use of identical
material (Al) in the coating and in the substrate do not
permit to reveal the effect of preliminary irradiation on
composition and expanse of the intermixing zone.

The authors of [5] studied the dose effect for the
case of silicon substrate preliminarily bombarded with
50 keV argon ions on penetration depth of silver, being
deposited under simultaneous irradiation with 125 keV
argon ions. It has been shown that the increase of the
preliminary irradiation dose from 2.10" to 1.10"
ions/cm’ leads to a subsequent increase of Ag penetra-
tion depth into Si. The effect of silicon penetration into
silver coating was not studied.

The authors of [6], prior to deposition of a Ti+N
coating onto Al-11Si substrate, performed preliminary
cleaning of this substrate by the beam of nitrogen ions
with energy of 20 keV. As a result, aluminum penetra-
tion throughout the coating thickness (1.2 pm) was ob-
served. Unfortunately, they give no data on the ion
cleaning duration, and, consequently, on preliminary ir-
radiation dose.

The purpose of present work was to study the dose
influence, in the case of preliminary bombardment of
aluminum with nitrogen ions, and the substrate tempera-
ture influence on the composition and expanse of the
coating- substrate intermixing zone.

EXPERIMENTAL PROCEDURES
AND RECEARCH METHODS

Experiments on deposition of chromium coatings
onto aluminum substrate were performed at ARGO-1
ion beam assisted deposition unit [7]. Chromium was
evaporated from electron-beam evaporator at a rate of
0.1 nm/s. Simultaneously with chromium deposition
bombardment with 30 keV nitrogen ions was performed
at ion beam density of 2.10' ions /cm®.s. Coatings were
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deposited in vacuum of 5.10“*Pa created by a turbo-
molecular and a magnetodischarge pumps. The sub-
strate temperature was 200°C and 300°C. The thickness
of coatings made 100...150 nm. High purity aluminum
(<99.999 mas %.) was used as a substrate.

To study the influence of preliminary irradiation
onto metal and gas components distribution in the tran-
sition zone some specimens, prior to deposition, were
bombarded with nitrogen ions of energy 30 keV up to
doses of 1,7 and 3,4.10" ions/cm? at the same tempera-
tures. After reaching the indicated doses deposition it-
self was performed, irradiation being continued.

Layer-by-layer analysis of coatings was carried out
using MS-7201M industrial mass-spectrometer of sec-

ondary ions equipped with a quadrupole analyzer. Pri-
mary ions were Ar" with energy of 6 keV and current
density from 0.5 to 5 mA/cm>.

RESULTS AND DISCUSSION

Fig. 1,a,b,c demonstrates the spectra of secondary
ion emission of Cr, Al O, N, C and their compounds de-
pending on the depth of layer being etched for the case
of chromium deposition without preliminary bombard-
ment (Fig.1,a) and after bombardment up to doses 1,7
and 3,4.10" ions/cm® (Fig.1,b,c) respectively. The coat-
ing thickness is 100 nm, substrate temperature being
300°C.
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Fig. 1. SIMS depth profiles of constituents in the Cr film deposited on Al-substrate: a — without previous ion bom-
bardment; b —with previous ion bombardment. D=1,7.10" ions/cm’; ¢ — with previous ion bombardment,

D=3,4.10"ions/cm*. T = 300°C

As we can see, for case Fig.1,a the intermixing zone is
non-symmetric due to a deeper chromium penetration into

aluminum, as compared to the case of aluminum penetra-
tion into chromium. The zone width does not exceed 60...
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70 nm. Distribution of AlCr intermetallide, for the most
part, is within the limits of this zone. Its deeper penetration
into aluminum is in correlation with similar chromium
propagation. Chromium nitrides CrN and CrN are dis-
tributed rather uniformly in the coating and the substrate,
except transition zone, where some maxima are observed.
Also, we should note increased carbon content in the sub-
strate as compared to the coating.

Preliminary irradiation of aluminum with nitrogen
ions up to dose of 1,7.10" ions/cm? (Fig.1,b) leads, first
of all, to a significant propagation of Al and AICr into
the coating throughout its thickness. Distribution of N,
C and O becomes more uniform throughout the entire
coating-substrate thickness. In addition, an appreciable
increase of CrN and CrNcontent in the coating takes
place as well as a shift of their maxima from intermix-
ing zone into the coating.

On the other hand, penetration of Cr and AICr into
the substrate remained actually unchanged as compared
to Fig. 1,a. We estimate the width of transition zone to
be at least 100 nm. Enhancement of signal from alu-

minum at the substrate surface (depth of 120...150 nm)
is explained by formation of AIN compound after ion
bombardment in this area, its sputtering coefficient be-
ing higher than that of aluminum.

Increase of the dose of preliminary bombardment up
to 3,4.10" ions/cm? (Fig. 1,c) does not change substan-
tially the distribution pattern of Al, Cr and AlCr. The
only distinction is a gradual increase, from Fig. 1,a to
Fig. 1,c, of the value of AICr compound distribution
maximum. At the same time nitrogen distribution is
characterized by increase of nitrogen content in the sub-
strate in conformity with increasing preliminary bom-
bardment dose. Also, our attention is drawn to the sig-
nificant increase of chromium nitrides concentration in
the coating. Their content is actually uniform through-
out the coating thickness.

Similar experiments at 200°C (Fig. 2,a,b,c) have
shown that a decrease of the temperature of ion beam
assisted deposition stimulates the effect of preliminary
irradiation on the intermixing of coating and substrate
elements.
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Fig. 2. SIMS depth profiles of constituents in the Cr film deposited on Al-substrate:
a — without previous ion bombardment; b — with previous ion bombardment, D=1,7.10" ions/cn’; ¢ — with previous
ion bombardment. D=3,4.10" ions/cm’. T = 200°C

Even without pretreatment (Fig. 2,a) the width of in-
termixing zone attains =100 nm, and an appreciable
presence of Al and AICr intermetallide is observed
throughout the thickness of the coating. Moreover, the
maximum of AICr distribution takes place not in the
aluminum substrate, as it does at 300°C, but in the
chromium coating. In distributions of CrN and Cr,N no
maxima were found at coating-substrate interface.

The preliminary bombardment up to 1,7.10"
ions/cm” (Fig. 2,b) increases still more the content of
aluminum and AICr in chromium coating. CrN content
in the coating is also substantially increased. The most
impressive is the effect of aluminum penetration into
chromium after preliminary bombardment up to 3,4.10"
ion/cm? (Fig. 2,c). In distributions of aluminum and,
even more, of chromium no bends are found at coating-
surface interface, all concentration transitions being
smooth. The concentration of chromium nitrides in-
creases gradually, in the substrate as well.

Thus, the performed study has shown that the pre-
liminary ion bombardment of substrate before coating
deposition results in a substantial redistribution of both
metal and gaseous components in the coating-substrate
system. Besides, the effect is more and more pro-
nounced with implantation dose increasing and substrate
temperature decreasing. The explanation of this phe-
nomenon can lie in the fact that ion bombardment, at
doses used in this study, leads to nitrogen implantation
into a limited area near the substrate surface, its con-
centrations attaining as high values as N/Al = 0.5 and 1
[9]. This circumstance, as well as the fact that irradia-
tion to such doses leads to creation of a high level of de-
fect presence in the same zone, promote the formation

of fields of increased stress in the near-surface zone.
The level of these stresses will increase with growing
implantation dose and with process temperature reduc-
ing [10-12]. Relaxation of such stresses is possible ei-
ther by annealing of the stressed state, or by creation of
a powerful sink for defects and interstitial atoms togeth-
er with some mechanism for their diffusion. In our ex-
periment such a sink is movable surface of the chromi-
um coating. This sink cannot actually be saturated due
to a permanent inflow of deposited atoms and
molecules. A low rate of deposition, combined with
high vacancy supersaturation, which is a consequence of
ion bombardment, creates conditions for intense alu-
minum atoms diffusion into the chromium coating using
vacancy mechanism. Nitrogen atoms are too much
smaller than those of aluminum; therefore, they can dif-
fuse more intensely into the chromium coating in the
course of its deposition. The proof of this reasoning is
visibly more substantial increase of content of chromi-
um nitrides in the coating after preliminary ion bom-
bardment as compared to the growth in Al and AlCr
content.

In order to study the effect of newly found phe-
nomenon on tribological characteristics we have mea-
sured aluminum microhardness without coating, with
coating deposited otherwise than ion assisted irradia-
tion, deposited after nitrogen ion bombardment and de-
posited subsequently to preliminary nitrogen implanta-
tion up to dose 3,4.10" ions/cm®. Coating thickness was
1 um. The temperature was 200°C. Vickers microhard-
ness indenter showed 5 gm load. The results obtained
are shown in the Table.

Microhardness of Al after different kinds of coating deposition

The kind of substrate’s performance Microhardness, MPa
Al substrate without coating (230 £ 2,5)%
Cr coating deposited on Al without N™ bombardment (550 £ 2)%

Cr coating deposited on Al with N* bombardment

(400 = 1,5)%

posited with N* bombardment

Bombardment of Al (3,4.10" ions/cm?) + Cr coating de-

255+ 1,5)%
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As we can see, in spite of neglectable coating thick-
ness the method of its deposition defines quite substan-
tial differences. Aluminum coated without ion assisted
bombardment shows maximum hardness, whereas the
hardness of aluminum with coating deposited after pre-
liminary bombardment turns to be the least, though
higher that that of uncoated aluminum. The data ob-
tained are in registry with Al and AlCr distribution
(Figs. 2a,b,c) in coatings. Gradually increasing content
of those elements in a hard Cr-N coating should lead to
a reduction of its hardness which is confirmed by results
in the Table.

CONCLUSION

As a result of our study it has been established that a
preliminary bombardment of substrate with heavy ions
of mean energies leads to a significant expansion of
coating-substrate intermixing zone. The basic mecha-
nism responsible for this effect is relaxation of pre-
stresses in the substrate at the expense of intense ion
bombardment in the course of coating deposition by ion
beam assisted technology. The use of this technique en-
ables a substantial improvement of adhesion characteris-
tics of deposited coatings as well as extended possibili-
ties of the technology of ion beam assisted deposition at
the expense of an insignificant increase in duration of
the process.

At the same time selection of such a soft material as
aluminum for substrate leads to reduced coating hard-
ness. We chose aluminum due to its purity excluding the
effect of other metal additives on the phenomenon under
study as well as its low initial microhardness. Neverthe-

less, the use of preliminary bombardment enables ob-
taining multi-component coatings with acceptable tribo-
logical characteristics such as wear resistance and fric-
tion coefficient.
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3AKOHOMEPHOCTH OBPA30BAHMSA Cr-N-IOKPBITUS HA ATIOMUHHUEBOM MMO/IJIOKKE
MHPEJIBAPUTEJIbHO OBJIYYEHHOM BHICOKOYHEPTETUYHBIMUA HOHAMM A30TA

A.I. I'yena, U.M. Heknrwoos, B.A. IlIkyponamenko, A.®. Bansca, B./]. Bupuu

Tokpsrtue Cr-N ocakpanocs Ha allOMHHHH ¢ HCHOJIB30BaHHEM MMILIAHTAI[MOHHO-CTHMYIUPYIOIEH TEXHOJIOTHU B YCIIOBU-
X 00TydeHns HoHaMH a3oTa c 3Heprueit 30 k3B mpu temmeparypax 200 u 300°C. HccnenoBanock pacnpeeneHie MeTauiye-
CKHX M Ta30BBIX DJIEMEHTOB B ITOKPHITUH U 30HE IIePEMEIINBAHNS OKPBITHE-TT0UI0XKKA. JIJIsl MCCIIeI0BaHusI BIMSIHUS POJIU MIPEJ-
BapUTEIILHOH 00paOOTKH IIOBEPXHOCTH ITOJUIOKKH Ha aJIre3HI0 TIOKPBITHS IT0JUI0XKKA IIPEIBAPUTEIBHO 00TyJaiack HOHAMHU a30Ta
¢ Toi e sHeprueii 10 103 1,7.10" u 3,4.10"7 non/cM?. TIosrydeHHBIE C MCIIOJB30BAHMEM BTOPMYHOI MOHHON MacC-CIIETPOCKOIMH
PE3yJbTaThl MOKa3aJik, 4YTO MPEABAPUTEIIBHOE NOHHOE 06ﬂy‘{eHI/Ie MNPUBOAUT K KapAWHAJIbHBIM U3MCHCHUAM B pPacCrpeaACICHUN
METAIUIMYECKUX JJIEMEHTOB B 30HE INEPEMEIINBAHMS. YBEIWYEHHE O3Bl NMPEIBAPUTEIHEHON 00pabOTKH BENET K YBEIHUCHHIO
nepememrBanus Al u Cr. Kpome atoro, Habnromaercs pacmupenue nuka pacnpeaenenus AlCr B naHHoif 30He. Pacnipenenenue
HuTpraoB xpoma — CrN u Cr;N cTaHOBHUTCSI OZJHOPOAHBIM I10 TUTyOMHE HOKPHITHS C MAaKCHMYMOB B 30HE cMemmBaHus. CHIbKe-
HHE TeMIIepaTypsl Iporecca MPUBOANT K YCHIEHHIO TaHHOTO d(dekTta. O6Cyx1aeTcs BOSMOXKHBI MEXaHU3M JTaHHOTO SBIICHHSI.

3AKOHOMIPHOCTI CTBOPEHHSI Cr-N-TIOKPUTTS HA AJTIOMIHIEBIH IMIIKJIAJIIL, AKA BYJIA
HNONEPEJHBO OITPOMIHEHA BUCOKOEHEPTETUYHUMHU IOHAMMU A30TY
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O.I'. I'yena, .M. Hekniooos, B.O. IlIkyponamenxo, O.®D. Banosica, B./l. Bipuu

Tokputrtss Cr-N ocampkyBanocsi Ha aIOMiHiii 3 BHKOPHCTaHHSM IMIUIAHTAI[HHO-CTHMYJIbOBAHOI TEXHOJOTII B yMOBax
OTPOMiHEHHS 10HaMH a30Ty 3 eHeprieo 30 keB mpu temmepatypax 200 ta 300°C. JocmimkyBaBcs po3NOALT METaJIeBUX Ta ra-
30BUX €JIIEMEHTIB y MOKPHUTTI Ta 30Hi 3MIIIyBaHHS MOKPUTTS-MiAKIaAKa. J[11 BUBYEHHS BILUTUBY MOMEpEIHBOI 00pOOKH MOBEPXHI
MiJKIaJKA Ha aire3i0 MOKPUTTS ITiAKIaKa IIONePeJHBO ONPOMIHIOBAIACA iI0HAMH a30Ty 3 TIi€r0 K eHepriero 1o 103 1,7.10"7 u
3,4.10" ion/cm®. 3100yTi 3 BUKOPHCTAHHAM BTOPMHHOI i0HHOI MAac-CIIEKTPOMETPIi PE3yJILTATH TIOKA3AIIH, [0 TIONEPEIHE 10HHE
O6omOapyBaHHS NMPU3BOJNUTH N0 KapAMHAIBHHUX 3MiH Yy PO3MOALTI METAICBHX €IEMEHTIB y 30HI 3MilllyBaHHs]. 3pOCTaHHS 03U
MONIEPETHEOTO ONPOMIHEHHS Bee 10 30unblIeHHs crymini 3MimyBanHs Al Ta Cr. Kpim 1jporo, Mane Micie po3LIMPEHHs UKy
posnoainy AlCr y naniit 30Hi. Po3nonin mitpuzis xpomy - CrN 1a Cr,N cTae 0IHaKOBUM IO BCbOMY MOKPHUTTI 3 MAKCUMYMOM B
30HI 3MilllyBaHHS. 3HWKEHHS TEMIIEPATyPH MPOLECY NPU3BOIHUTH A0 MOCHICHHS 1aHOro epekTy. OOroBOpIOETHCS MOKIMBUH Me-
XaHi3M JJaHOTO SIBUIIA.
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