EFFECT OF COMPRESSION PLASMA FLOW ON STRUCTURE-
PHASE TRANSFORMATIONS OF TANTALUM-SILICON SYSTEM

V. M. AstashynskKi, A. H. Sart, A. M. Kuzmitsk,
Yu. A. Petukhog, V. V. Uglo?, S.A. FilatoV

1B. I. Stepanov Institute of Physics, National Aaageof Sciences of Belarus,70
Nezavisimosti Ave., Minsk 220072, Belarus
“Belarusian State University of Informatics and Rettctronics,
6 Brouki str., Minsk 220013, Belarus
3Belarusian State University, 4 Nezavisimosti AWdinsk 220030, Belarus
“A.V. Luikov Heat and Mass Transfer Institute, NagbAcademy of Sciences of Belarus

1. Introduction

The performance of a heat source is an imporszoe for more precise and
controllable material processing. In this connettia pulsed plasma source is
one of the most superior heat sources due to gh temperature and high
energy density transmitted to target. A quasistatip plasma accelerators are
sources of supersonic compression plasma flowshichathe duration of the
stable state is much longer (~100-1Q®&) than the flight time of the plasma in
the acceleration channel. Magnetoplasma compréd4BC) is the source of
quasistationary compression plasma flows (CPF) The action of CPF on
metals and semiconductors intensively studieddet tlecade promote CPF as
an effective tool for materials modifying [2]. Thidaermal, radiation and
mechanical action of the plasma flow provides nquiHérium conditions for
the formation of low-dimensional structures on th&terials surface and in pre-
surface layers [3]. The CPF can be effectively uded mixing of
‘coating/substrate’ system, thus leading to allgyof substrate with atoms of
coatings and a plasma forming gas. On the othet,lmaatal silicides are widely
used in electronics due to their compatibility waificon technology and wide
variety of electrophysical properties subject toengnt composition,
stoichiometry and crystal structure [4].

2. Experiment

Single crystal silicon wafers (crystallograpluicentation of both (100) and
(111)) were used as substrates. Pre-depositioa @fak carried out by ion beam
sputtering and deposition technique. The methodnegasgeneration of protective
coating by using an ion source that can generaiesgparate ion beam with ring
geometry. One of them is used for sputtering, ttheerofor pre-treatment (ion
cleaning and activation) of the substrate surfaferb coating [5]. Resulting layer
thickness was 2um. CPF treatment was carried out in magnetoplasma
compressor (MPC) of compact geometry (fig. 1). CR&s performed in
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“residual gas” mode: pre-vacuumed compressor chamas filled with orifice
gas (nitrogen) up to 400 Pa pressure. Samplesfixeckin a distance of 12 cm
to cathode, were exposed to CPF by single andrmssef three pulses.
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Figure 1. Photo of Compression plasma flow (CPF) system duantypical
experiment.

The plasma flow parameters were as follows:gdlisration ~10Qus, plasma
velocity (5-6x10° cm/s, electron concentration (4<Ip"’ cmi®, dynamic plasma
pressure and temperature 1.5 MPa and 2-3 eV, resggc Power density
absorbed by the targ®¥ varied in the range from 0.3 to 1.4 GW/rPlasma
power densityWw was controlled by the variation of discharge vadtd3.5-3.8
kV). Phase composition was studied by X-ray diffiact (XRD) using a
diffractometer DRON-4-13 with a Bragg—Brentano feiag in Cu emission.
Microstructure and elemental composition of theerimtixed solidified layer
were investigated by scanning electron microsc&BM) Supra 55 (Carl Zeiss,
Germany) with microanalysis system INCA350 (Oxfargtruments).

3. Resultsand discussion

The weight percentage of elements after tamtathin film deposition
obtained using EDX (Ta: 81.7%, O: 11.5%, W: 4.6% Ag: 2.3%). The SEM
image of samples’ surface before and after CPForacire demonstrated in
figure 2 (a) to (f).The SEM images showed the fdramaof nano-size silicides
particles and clusters (~20 nm to 100 nm). Accaydmphase diagram of Ta/Si
system [6], when we reach to silicon melting terapee, Ta has also melted.
But this melting occurs in a thin layer and allotwsa part of tantalum at the
interface to intermixed with silicon. The rest & ¢an be partially evaporated to
the shock layer of plasma flow and forced back tovihe sample surface. The
same phenomena was observed when metallic poweéetad to CPF and such
nano-scale clusters formed on the target [7]. Ttieeroobservation was Ta
etching at the surface. When melted silicon betrsolidify on the substrate, it
receives orientation of the substrate. During #fot@tion of this layer, Ta is
etched out of the surface. The formation of tiwecdure is caused by thermal
action of plasma. The CPF action leads to heatihthe surface layer and
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initiates solid-state diffusion of metal into sdic followed by rapid cooling
(~10' K/s) of the intermixed liquid [2]. The dark spatsthe grain boundaries
(fig 2.d) detected as carbon which may cause bydleeof nitrogen atoms at the
surface. Figure 3 shows the results of x-ray ditfcan analysis of untreated and
CPF treated samples. The XRD analysis revealed dhatalline tantalum
silicides (mostly in the form of hexagorfal ,Tas.x) have been formed for both
silicon substrates. This was also confirmed by SElmental image map
analysis for both one pulse and three pulses of itdfed samples.
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Figure 2. SEM images of Ta/Si samples (a) before CPF tredinadter one
pulse of CPF on (b) Ta/Si(111), (c) Ta/Si(100) &mdo f) after three pulses of
CPF on Ta/Si(100).

In figure 3.b, some amorphous phase has alsoefbiwhere a wide halo can
be seen in XRD patterns of CPF treated sample§42%355° region. Average
interatomic distance r in the amorphous phase vedsulated by Erenfest
formula @rSnf#=1.23 1, where § — diffraction angle,A - X-ray radiation
wavelength). According to the calculation resuttg,increasing the number of
pulses gom 1 to 3, average interatomic distancslightly changes from 2.94
to 2.89A.

501



T8

(111) Si
T8,
(112) Ta,Si

(201) Si,-.Ta, .,

T8y

(200) Si,
(112) Si,
--(202) Si, ,Ta,
(112) Ta,Si
-(201) Si,

300

250} S &
> Ta/Si
&.200 CPF
> 3 pulses)
= "
2 150}
[4}]
1=

—
o
o

(04)
o
T

30 40 50 60 70 80 Q05040 5060
2 0 ,degree 2 6 ,degree

(a) (b)
Figure 2. XRD diagram of untreated and CPF treated of TaySiesn by one
and three pulses for (a) Si (111) and (b) Si (HdWstrates.

Conclusion

The use of CPF on Ta/Si system results in tmedton of metal coating
composed from spherical clusters and nanostruci##28 to 100 nm). Metal
and silicon intermixing via CPF action results ti@aof tantalum silicides. The
tantalum silicides mostly are in the form of hexagd,Taz.x and have been
created for both Si(111) and Si(100) substratesm&tion of nanocluster is
provided by condensation of cluster vapor on siliaa shock-compressed
plasma layer. Results of studies show great patleoftiCPF application for the
development of novel nanostructured metal-silicidaterials for magnetic,
thermoelectric and photovoltaic applications.
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