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Recently suggested single-ion-beam setup for ion-beam assisted deposition (IBAD) of layers with
various composition including the sputter target in a form of hollow truncated cone made of the
material to be deposited allows the use of a single ion beam (e.g., noble gas) for simultaneous layer
deposition and ion-beam mixing. Such a setup can also be applied for coating deposition on the
surfaces having sophisticated geometric shape. In the present work single-beam IBAD was used for
deposition of Ni and Mo coatings onto the surface of ball fingers. The Rutherford backscattering was
used for evaluating the coating thickness distributions along the spherical surface of the aluminium
ball fingers. It is shown that the results can be explained in terms of space distribution of the sputtered

atoms inside the conical target.

INTRODUCTION

IBAD techniques are used for deposition of me-
tals and other kinds of materials, e.g., integrated
circuits metallization, dielectric layers, corrosion
resistant and hardening coatings [1, 2]. These
techniques provide such advantages as high ad-
hesion and non-porous structure of the deposited
coatings due to interfusion of the deposited and
substrate materials in the intermediate layer. In
its turn, ion sputtering makes it possible to depo-
sit metals and alloys with the highest melting
temperatures. In [3, 4] we have suggested the
new type source for the substance to be depo-
sited, making use of ion-beam sputtering of the
inner surface of the truncated cone made of the
desired material with the cone wide part perpen-
dicular to the ion beam axis. The samples to be
coated were placed inside the conical target. Such
a setup allowed us to realize IBAD process using
single ion beam of noble gas. This approach al-
lows as to essentially simplify the technology and
make the associated equipment less expensive,
while retaining the advantage of the IBAD pro-
cess. To improve the adhesion behavior of depo-
sited layers and introduce an additional flexibility
in the discussed processing’s, a special sample
holder has been designed [5]. This holder pro-
vides the cooling of the sample with running

water during the implantation procedure, clea-
ning the sample surface under low-energy ion
bombardment and repetitive (cycling) layer de-
position with subsequent IBAD and ion beam
mixing [6] of the layers. Recently it has been
shown that produced in such a way multicom-
ponent coatings on the surface of copper contacts
of the key-type electric switches can substantially
improve their properties in long-term operation
[7]. One more potentially attractive application
of single — beam IBAD technique is deposition
of coatings onto three — dimensional objects [8,
9]. Our previous experiments also demonstrate
that the deposition rate and the mixing efficiency
are strongly dependent on the position and orien-
tation of the flat sample surface inside the conical
target. So, more detailed study of the spatial
distribution of sputtered atoms inside the conical
sputter seems to be essential especially for coa-
tings of more geometrically sophisticated objects.
In this paper we present the results of the ex-
perimental measurements by RBS technique of
the spatial distribution of sputtered target atoms
inside the cone during implantation, together
with the results of the experiments on the Mo
and Ni coatings deposition onto the surface of
three — dimensional objects having a form of ball
fingers using single — beam IBAD setup.
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EXPERIMENTAL

The schematic diagram in fig. 1 illustrates the
essential features of the experiments on spatial
distributions of the sputtered atoms measure-
ments. Polished silicon 25%60 mm plate was pla-
ced parallel to the sputtering ion beam axis. The
specimens of sputtered materials, 3X3 mm in
size, were mounted at a distance of 15 mm from
the silicon plate at an angle of 15° to the Si sur-
face, thus playing a role of a small part of the c-
onical surface. Specimens of W, Mo and Ni
were irradiated with 75 keV Xe* ions up to a flu-
ence of 4.5x10' cm? in the vacuum environ-
ment of 3x10°¢ Torr, sputtered atoms were col-
lected at the Si surface. Then the deposited films
were examined by RBS. RBS spectra were se-
quentially measured along the long side axis of
Si plates with a step of 2 — 3 mm.
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Fig. 1. Scheme of the experimental arrangement for the
spatial distribution of the sputtered atoms measurement

The ball fingers for IBAD experiments were
made of industrial aluminium alloy, containing
about 1 per cent of copper. The surface of the
samples was mechanically polished till the mirror
finish. After cleaning in organic solvent the sam-
ples were placed into conical sputter (fig. 2.)
made of Mo or Ni, which then was irradiated
with 80 keV Kr* ions up to a fluence of
3.0%10"7 cm™.

Fig. 2. Scheme of the coating deposition experiment:
1 — truncated cone of material to be deposited, 2 — ball
finger.

The thickness of the deposited Mo and Ni
films on the spherical parts of the ball fingers
was measured by RBS. He" ion beam with
E,= 1.5 MeV was used in experiments. The
backscattered at 170° He particles were detec-
ted by the RBS spectrometer with overall energy
resolution of 17 keV. The samples were moun-
ted on the three-axis goniometer in a specially
designed sample holder in such a way that the
center of the spherical part coincided with the
inter-section point of the goniometer rotation
axes and the axis passing through the cylindrical
part of the sample coincided with the analyzing
ion beam axis. Previously goniometer position
was adjusted so that the ion beam hit the center
of the sample holder. Therefore, after the sample
tilt with respect to the ion beam axis the beam
spot displacement along the sample sphere was
directly proportional to the tilt angle. The dia-
meter of the sphere was 15.8 mm and the beam
diameter — 1.5 mm so the angle step of 15° was
chosen since analysis regions for the neighbou-
ring points did not overlap. RBS spectra were
measured for the tilt angle interval 0 — 135°,
where zero point is situated at the sphere pole
opposite the cylindrical part of the sample. To
estimate the film thickness homogeneity in azi-
muthal direction two sets of measurements in
mutually perpendicular planes was accomplished
for each sample.

RESULTS AND DISCUSSION

Fig. 3 shows the dependencies of Niand W layer
thickness (in atoms per square cm) on the
distance from the right end of silicon plate,
according to fig. 1. The measured profiles have
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Fig. 3. Thickness of the deposited Ni and W layers vs.
distance along the cone axis.
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Fig. 4. Angular distributions of the sputtering yield for Ni —a) and W —b).

very similar shape, close to that of Gauss
distribution.

On the basis of the data from fig. 3 angle
distributions of sputtered atoms yield was
calculated. The results of these calculations are
graphically presented in fig. 4. Here the mark
“90°” indicates direction perpendicular to the
cone axis. It is seen that the maximum flux of
the sputtered atoms is formed above the normal
to the cone axis and is situated close to the
perpendicular to the center of the sputtered
specimen.

So, each point of the inner surface of the cone
behaves as the source of sputtered atoms with
the angular distribution like shown in fig. 4.

Fig. 5 represents RBS energy spectra taken at
different tilt angles from the ball fingers with
deposited Ni and Mo, respectively. It is clearly
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seen that the deposited coatings possess strong
thickness inhomogeneity in latitudal direction.
Calculated from the RBS data tilt angle — film
thickness dependencies are shown in fig. 6. The
presence of two sets of points for each element
reflects the fact that two sequences of measu-
rements were done for mutually perpendicular
planes. The difference in thickness for minimum
and maximum values reaches an order of mag-
nitude for Ni and even exceeds this value for
Mo coating. Such a result can be explained as
follows. Our measurements of the spatial dist-
ributions of sputtered atoms showed that the
maximum of the flux is directed perpendicular
to the cone surface, hence, their highest density
is created inside the upper (wide) part of the cone.
Besides, the sputtered area of the conical target
also increases when moving from its narrow to
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Fig. 5. RBS spectra from the IBAD treated samples taken at different tilt angles, a) — Ni, b) — Mo.

the wide part whereas the ion beam density of
noble gas remains constant. One more important
participating factor is the spherical shape of the
treated samples. In the pole zone of the sphere
the angles of incidence of the sputtered atoms
on the sphere surface take the maximum values,
thus increasing the probability of re-sputtering
of the deposited film and decreasing the
probability for incident atoms to be captured at
the sample surface. These factors should be
taking into account for depositing the uniform
thickness coating onto sophistically shaped
objects including spherical ones.
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Fig. 6. Dependencies of the deposited film thickness on
the tilt angle value.

CONCLUSION

The single — beam IBAD can be efficiently used
to coat different layers onto sophistically shaped
objects. To deposit the uniform coatings onto
such substrates the realistic spatial distributions
of sputtered atoms as well as a special form of
the treated samples should be taken into account
in such prospective processing.

Moreover, the presented results are of a great
importance to predict progressive and rotational
motions of treated objects in order to provide
the uniform coatings onto such substrates.
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OJHONMYYKOBE JUHAMIYHE IOHHE
NEPEMIINYBAHHSA OJIsA HAHECEHHSA
MNOKPUTTIB HA OB’€EKTH
CKJAJHOI ®OPMHU
E.b. boiiko, ®.®. Komapos, Il. )KykoBcbKkuid,
Y. Kapsar, M. Koaacuk, Y. Kozak
3ampornoHOBaHO CUCTEMY 3 OJHHM 10HHUM ITyYKOM
Ui ioHHO-acuctyemoro HanecenHs (IAH) mapis
PI3HOT KOMIIO3HIIii, SIKa BKJIFOYA€E MIIICHb, 10 PO3-
MOPOLIYETHCSA, Y POPMi yCIYEHOTO TOPOKHBOTO KO-
Hyca, BUTOTOBJIGHOTO 3 MaTepiaiy, o Oyae HaHo-
cUTHCS. VY Iii CUCTEMI OJTHOYACHO PEaTi3y€eThCs SIK
HAHECEHHsI 1Iapy, TaK 1 iI0HHO-TIPOMEHEBE Iepe-
MilIyBaHHA HOTO 3 MiAKIAAMHKOW. Taka cucrema
MOK€ BUKOPHUCTOBYBATHUCSI 1 ISl HAHECEHHSI TIOKPHT-
TIB Ha BUPOOH JOBUILHOI TeOMETPUUHOI popmu. Y
it po6oTti ogHomy4ukoBe IAH 3actocoByBanocs s
ocamkeHHs mapiB Ni i Mo Ha TOBEpXHIO alltoMi-
HIEBHUX KYJBOBHX HalbIiB. 3a TOTIOMOTOI 3BOPOT-
HOTO pe3epoplaiBcbKOro po3citoBaHHs ioHIB He™
BU3HAUYABCS PO3MO/IT TOBIIUHH MOKPUTTS Y3I0BX
c(hepruHOi MOBEPXHI KyJILOBUX MajbIliB. [lokazaHo,
IO OTPUMAaHi pe3ylbTaTH MOXKHA MOSCHUTH Ha OC-
HOBI JaHUX IO MPOCTOPOBOMY PO3IMOILII poOC-
NIJICHUX aTOMIB yCepeInHi MOJI00 KOHIYHOT MillleHi.

9. Harper J.M.E., Cuomo J.J. Modification of me-
tals by low energy ions during thin film depo-
sition//J. Vac. Sci. Technol. — 1985. — Vol. A3,
No. 6. — P. 2693-2696.

OJHOIIYYKOBOE JUHAMHANYECKOE
NOHHOE INEPEMEUIUBAHUE JJIs1
HAHECEHMS TOKPBITUIN HA OBFBEKTbHI
CJIO’KHOU ®OPMBI
E.b. Boiiko, ®.®. Komapos, II. )KykoBckmnii,
Y. Kapsar, M. Koaacuk, Y. Kozak
[Ipennoxkena cuctema ¢ OJJHUM HOHHBIM ITYYKOM JUIS
noHHO-accuctupyemoro Hanecenust (MMAH) crnoes
pa3IUYHON KOMIIO3MIINH, KOTOpas BKIIOYAeT pac-
OBUSIEMYI0 MHUIICHD B ()OPME YCEYEHHOTO TOJIOTO
KOHYCa, U3rOTOBJIICHHOTO M3 Marepuaa, KOTOpblii Oy-
JIET HAHOCUTBCS. B 3T0M cucTemMe 0IHOBPEMEHHO pe-
aJu3yeTcs Kak HaHeCeHHue CJI0s, TaK 1 MOHHO-JTy4ue-
BOE IIEPEMEIIMBAHUE €TO0 C NMOMAI0KKOHN. Takas cuc-
TeéMa MOXET HCIOIb30BaThCs U /U1 HaHECEHUs To-
KPBITUI HA U3/EIUS ITPOU3BOJIBHOM T€OMETPHUIECKOM
(dhopmel. B HacTosmielt padore oguomyukooe MAH
MPUMEHSIJIOCH JIJIs OcaxkaeHus cioeB Ni 1 Mo Ha
MOBEPXHOCThH AMIOMUHHEBBIX IAPOBBIX MajbleB. C
MIOMOIIIBIO 00PaTHOTO pe3epPOPAOBCKOTO PACCESHUS
noHoB He" onpenensiiocs pacnpeaeneHne TOMIUHBI
MOKPBITUS BAONL c(hepHYeCKOil MOBEPXHOCTH IIa-
poBBIX maibleB. [lokazaHo, 4TO MOTydYEeHHbIE pe-
3yJBTaThl MOYKHO OOBSICHUTH Ha OCHOBE JaHHBIX 110
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