DEPOSITION OF REFRACTORY METAL FILMS
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The condition of the deposition of refractory metal and alloy films such as W, Mo, Ti, Ta, Cr, Ni, FegpB, with
using ECR plasma source at the different magnitudes of bias voltage on targets and substrates were investigated. 1t
was revealed that the maximal rate of the films growth amounted to 0,052 um/min for Cr. The thicknesses of the

films were obtained of 16-20 um in the current experiments.

PACS: 52.77.Dq

INTRODUCTION

Advanced development of modern engineering is
connected with the using of the high technology directed
to ensuring of competitive ability, the prime cost
reduction, the renewal period of the machines and
assembly units operation. Improvement of operating
characteristics of constructional materias is achieved by
utilization of modification work surfaces technology,
deposition of protective and functiona coatings. For
example, the deposition of solid corrosion-resistant
covering on permanent magnets has been made by using
of rare earths elements (Fe,Nd,B; Sm,Co and others) will
allow not only to increase the service life of the
manufactures but also to extend notably the field of their
application. The methods of construction materials
protection by the deposition of the unbroken corrosion
and heat-resistant coating are also important for structure
units of the atomic reactor heat zone and their functional
elements. Among numerous modes of depositions the ion-
plasma methods that alow to deposit multilayer and
combined films of refractory materials on practically any
substrates occupy an important place [1-5].

In this paper the conditions of the deposition of thick
(up to 20 um) refractory metal and aloy films such as W,
Mo, Ti, Ta, Cr, Ni, Fego,B, 0on polished copper substrates
and commercia permanent magnets (Few,Nd,,B) by ECR
plasma enhanced physicad sputtering method were
investigated and optimized in dependence on the
magnitude of applied bias voltage to the targets and
substrates.

EXPERIMENTAL SETUP

The experiments were performed in the water-cooled
vacuum chamber of 200 mm in diameter and 250 mm in
length on one end which was installed planar rectangular
ECR plasma source with multipolar magnetic field and
double-slotted antenna  generating  microwave
radiation (2,45 GHz) in magnetic structure. This plasma
source was described in detail a [6]. The plasma source
housing was galvanic connected with grounded vacuum
chamber. Resonance zone was created at the distance of
12 mm from the upper copper screen protecting
permanent magnets from plasma stream. The scheme of
the experiment is showed in Fig.1. The flat souttered target
of rectangular form (50 x 50 mm? in dimension) was
arranged at the distance of 50 mm from resonance zone

and was oriented at the angle of 45° to the plasma source
plane. The position of the target was chosen from
consideration of the maximum ion current on it.

The sample-substrates from polished copper or hard
magnetic materia were disposed at the distance of 10 mm
from lower edge of the target. In order to prevent the
direct impact of rapid technological ions with type-high
substrate surface the substrate was ingtalled practicaly
paralel to the ion stream impacting on the target. The
movable holders of the target and the sample were
derived from vacuum chamber by the vacuum sealing and
had not galvanic contact with grounded eements of the
chamber. The targets and the sample were not forcibly
cooled.
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Fig.1. Experimental set-up

The ultimate pressure in vacuum chamber was
about 5 x10° Torr. The process pressure (10° Torr) was
attained by variation of process gas (Ar) flow and pumping
speed. At the gas flow of 1 sccm and the microwave power
up to 300 W the plasma parameters in the range of target
disposition and sample amounted: electron density up to 10%°
cm’®, electron temperature equaled of 12 eV, current density
of ion flow to grounded subdrate was equded ~ 35
mA/cn?.

In this experiment the currents to target and sample
were measured. The thickness of deposed films was
evaluated by profilometer and then compared with the
indication of the optical microinterferometer MIl-4. For
this measurement the surface sample part was closed by
thin screen to keep the reference area.

EXPERIMENTAL STUDIESAND RESULTS

During the process of pretreating the samples for
deposition films ultrasoni ¢ washing, degreasing was used.
The final preparation was realized by ion etching. The
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regime of the ion-plasma etching was carried out at
voltage bias on the substrate about -300 V and the ion
current density of 5.5 mA/cm? within 10 min. During this
time the depth of etching attained to 0.43 um and the
sample temperature increased up to 400°C that facilitated
to complimentary degassing of the type-high surface.

The experience was executed at the different
magnitudes of microwave power, the voltage on the target
and the voltage bias on the substrate. The gas flow and the
working pressure were kept permanent. The primary
factor determining the work regime choice was the
thickness of deposited coating. For comparison deposed
on copper substrate films were analyzed at the dc and the
pulsating voltages with the frequency of 100 Hz on the
tungsten target. The voltage amplitudes on the target
amounted to -1500 V and the substrate was grounded. The
temperature of the target totaled to 600°C.

From the visual analysis of the deposed films it was
followed that the thickness of the coating at the pulsating
bias on the target was about 20 % higher than at the
permanent voltage on the target and microdrops were
practically missed on the film. It seems such differenceis
due to the vacuum pumping system. When used the
diffusion pump it was real possibility to form on the hot
target surface the non-conducting film fragments from
products of the diffusion oil dissociation, which could
accumul ated the positive charge and thereby the ion flow
on this areas was limited. Furthermore the positive charge
on the parasitic film fragment could promote the
development of the unipdar microarcs that cause of
gppearance of the drop fraction on the deposed coating. In
the case of the pulsating voltage the accumulated charge
was limited and the isolated areas were easily etched.

The measurement of ion current to the titanic target
the magnitude which determines the sputtering rate and
consequently the coating thickness on the magnitude of
the bias on the target and the supply power showed that
theion current ran in the target circuit at the zero potential
on the target equal 30 mA. The existence of its current
was maintained by the ion flow with the energy of 20 eV
in the diffusing expansible plasma from resonance zone
of plasma source [6]. At supply power of 150 W with
growth of target potential up to -200 V ion current fast
increased and then starting at 400 - 500 V reached the
saturation. With growth of supply power up to 300 W the
plasma densty amplified too and the saturation
threshold amounted up to -1500 - 1600 V at the ion
current of 160 mA. The similar measurement was
carried out for W, Mo, Ta, FeyBy targets.

The basic experiments were implemented under the
maximum voltage bias at the target of -1500 V and supply
power of 300 W. The current density amounted to
6,7 mA/cn? at the full current 160 mA.

The following experiment series was dedicated to
research of influence of the direct positive, negative and
alternating substrate bias on growth of deposed film. The
temperature of the substrate reached up to 600°C in all
experiments. It is shown that the maximum film
thickness was obtained at positive substrate voltage of
+60 V. The increasing or the substantial reducing of the
bias value was led to diminish of coating thickness. At the
negative substrate bias of -60 V the growth rate of the

film was by a factor of two lower then under the positive
voltage. Such result can be connected with bombarding of
the type-high surface by the process ions and sputtering of
growing film despite to the fact that subgtrate position
excluded the direct impact of Ar ions from ECR zone. At
the same time the background plasma dendty in the area
of the substrate disposition was large sufficiently
(10" cm) to provide with the ion current on the substrate
~ 40-50 mA that exerted appreciable influence on growth
film rate. Unfortunately we could not move away the
target and the substrate on larger distance from resonance
zone. The analogous results were received for the targets
from W, Ti, Mo.

The result with alternating (frequency of 50 Hz) bias
on the substrate was somewhat unexrected. At the bias
amplitude of + 42 V the rate of the film growth dlightly
differed from maximum that was obtained under the
positive voltage on the substrate. Furthermore in
sputtering the target from FeyoB,g aloy and in deposing of
the film on the substrate from Nd,,Fe;,B magnetic
material the thickness of the formed film turned out more
thick namely under the alternating substrate bias in
comparison with the direct bias. Perhaps as in case of the
target the process of the film growth was accompanied by
the precipitation and pulling down of the extrinsic
chemical compound. As a whole this effect remains
incomprehensible and requires complementary studies.

At the alternating substrate bias the film growth rate
were determined while sputtering the W, Mo, Cr targets.
The thicknesses of the coatings depending on the
exposition time up to 8 hours are showed in Fig.2. One
can see that the trend of curves conform to the coefficient
of sputtering the targets materia [7].
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Fig. 2. The films thickness as a function of

deposition time

The linear dependence of the film thickness remained
constant during al depostion time. The peak coating
thickness up to 24 pm was received for chromium film at
the growth rate of 0,052 pm/min.

In this paper only visual analysis of the received
films was realized. As an example the photograph of
the Ti coating on the copper substrates and on the
Fe14,Nd,,B aloy are shown in Fig.3 a,b.

The streaks on the Ti films (Fig.3,b) is the track of the
diamond saw cut in the process of the sample preparation.
As state above the additiona treatment of the samples
from magnetic material were not carried out. The analysis
of the film on the copper substrates are displayed that the
thin filmsup to 5 - 7 um entirely replicates the structure of
the etched copper surface
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Fig. 3. Mmicroscopic photograph of Ti film:
a)ontheCu substrate, the filmthicknessis 14.4 um;
b) on theFe.4,Nd,,B alloy

With growth of the film thickness the grains
boundaries was smoothed and the film surface became
unbroken and homogeneous. The cryda dructure of
deposed coating began manifest on some films with the
thickness more than 16 pum. Thus the thick films
deposed by ECR plasma can close a defect of the
substrate surface (pores, crevices) that it is especialy
important for a corroson - resistant coating of magnetic
materials. In this time the Ti and FegByo coatings deposed
on the Feyy,Nd,,B magnetic samples are examining on the
corroson stahility.

CONCLUSIONS

The presented experimenta results indicate that the
thick films from refractory materials such as W, Mo, Ti,
Cr can be deposited on different materias by using of
ECR plasma. It was investigated the influence of the
magnitude and form voltage bias to different targets and
substrates on the rate of the film growth. At the
microwave power about 300 W the optima film
characteristics were received under the pulsating voltage
of - 1500 V with the frequency of 100 Hz on the target
and the dternating (frequency of 50 Hz) substrate bias of
42V.

It was demonstrated that the coating thickness linearly
increased while raising the exposition time. The
maximum rate of the film thickness growth up to
0.052 pm/min was obtained for chrome.

The condition of the depostion of the unbroken
corroson-resistant coating on the samples of the
commerciad permanent magnets (Few,Ndy,B) were
executed.
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HAHECEHHUE NOKPBITUM TYTOMJIABKUX METAJIJIOB
C HCITIOJB30OBAHUEM IIJMIAHAPHOT O 31IP IJMIASMEHHOI'O HCTOYHHUKA

B.Jl. ®eoopuenko, B.B. UYeb6omapes, A.B. Meoseoes, B.H. Tepeuwiun

HccremoBans! yCITOBHSI HAHECEHHMS TTOKPBITHIA TYTOIIIABKAX MaTepuaios, Takux kak W, Mo, Ti, Ta, Cr, Ni, a Takxke
cruiaBa FegByy ¢ ucnonb3oBanmem I[P MmIa3MEHHOrO0 HWCTOYHHMKA IIPU PA3JNUYHBIX BEIMYMHAX CMEIICHUS
HAMpPSDKEHUST HAa MUINEHH M MOANOXKKe. [loka3aHo, 4TO MaKCHMalbHas CKOPOCTh POCTA TOJIUHBI MOKPBITHS
cocraBisia 0,052 mxm/mMun aast Cr. B gaHHBIX SKCIEPUMEHTaX ObUIM MONYYEHBI MOKPBITUS TONIIMHOW MOPSIIKA
16 - 20 MKM.

HAHECEHHS MOKPUTIN TYTOMJABKUX METAJIIB
3 BUKOPUCTAHHSM IIJTAHAPHOT O EIIP IIJIABSMOBOTI'O IXEPEJA
B.Jl. ®eoopuenko, B.B. Uebomapvos, O.B. Meogeoce, B.I. Tepeuwun

JlocTiKeHO YMOBH HaHECEHHS TTOKPUTIH TyromiaBkux meraiis, Takux sk W, Mo, Ti, Ta, Cr, Ni, a Takox cruraBa
FegoBoo 3 Bukopucramnsam ELIP mmaszMoBoro mkepena mpH pi3HUX BEIHMYMHAX HANPYrW HA MIMISHI Ta ITiIKIIALI.
IMoka3zaHo, IO MaKCHMallbHa MIBHJKICTh POCTY TOBHMHU MOKpHUTTS ckiagana 0,052 mxm/xB mis Cr. B ganux
EKCIepUMEHTax OyJIM OTPUMaHI MOKPUTTS TOBIIUHOIO MOPSAKY 16 - 20 Mkm.
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