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ABSTRACT

The paper studies electro physical properties of single crystal silicon after gradual (first-
sulfur, afterwards -zinc) diffusion of impurity atoms of sulfur and zinc. The authors
investigated how the Si2ZnS -structured binary compounds form in the crystal lattice of
silicon and also studied the physical mechanisms of how additional thermal treatment
might influence the process of formation of clusters.
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Introduction concentration of various compounds, as well as

Over the past years, researchers in many
laboratories around the world have been
conducting scientific research aimed at
developing a technology for the design of
clusters consisting of atoms of two or more
elements in the crystal lattice of silicon. At the
same time, self-assembly of clusters of binary
elements, a thorough knowledge of the physical
nature of the mechanism, and the design of a
technology for the formation of clusters of
nanosized impurity atoms in the crystal lattice
of semiconductor materials are of greater
importance than ever in harnessing limits of
electronics [1-3].

Currently, various modern methods and
technologies are being devised that make it
possible to engineer and study the composition
of nanoscale structures of compounds of various
elements in  semiconductor  materials.
Substantial efforts are being made to control
their concentration.

Targeted change in the key
electrophysical parameters of semiconductor
materials based on  controlling the

building tunable concentration of nanosized
compounds on the surface and in the bulk of
semiconductor materials remains an urgent
priority for the electronics industry.

Samples and Research methods

The sequential diffusion process of
impurity atoms into silicon was carried out as
follows. At the first stage, samples of n-type
conductivity single-crystal silicon (phosphorus
doped silicon-100) were prepared, together
with impurity of sulfur (S). They were placed in
quartz ampoules and that were vacuumized
(P=10+10-°* mm. Hg). Quartz ampoules were
placed into a diffusion furnace at room
temperature T=300°K.

Then the furnace was heated to the
temperature Tmin=550°C gradually at 5 deg/min
increments and kept at this temperature for a
certain period of time ti1. Afterwards, the
temperature in the furnace was increased to the
required maximum Tmax =1250°C and kept at
this temperature for time t2. Having finished the
diffusion process, the quartz ampoules were
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removed from the furnace and immediately
cooled. During the diffusion process, it was
found that the diffusion parameters depend on
temperature values of Tmin and Tmaex (minimum
and maximum), the exposure time at a given
temperature as well as the concentration of
phosphorus atoms in the initial sample. At the
second stage, the diffusion of zinc impurity
atoms into silicon samples doped with sulfur (S)
was carried out by implementing a traditional
high-temperature diffusion technology.

In this case, n-type conductivity silicon
samples (phosphorus-doped silicon -100)
doped with sulfur (S) were placed together with
zinc (Zn) impurity into quartz ampoules, the
ampoules were vacuumized (P=10-5+10° mm.
Hg) and put into the furnace. The process of
diffusion of zinc impurity atoms was carried out
at a temperature Tmax=1200°C and for a certain

period of time t. After completion of the
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diffusion process, the quartz ampoules were
taken out of the furnace and quickly cooled. In
parallel and as a reference case, the diffusion of
zinc (Zn) impurity atoms into the starting silicon
sample was also carried out using high-
temperature diffusion technology.

In this case, the samples of n-type silicon
(phosphorus-doped silicon -100) with zinc (Zn)
impurity were placed in quartz ampoules, air
was pumped out, and together with quartz
ampoules, in which sulfur atoms were diffused
into silicon, they were placed into an electric
furnace after the temperature of diffusion was
set in it and shortly thereafter the diffusion was
initiated.

The concentration dependence of the
depth of penetration of zinc impurity atoms into
asilicon single crystal after the diffusion process
is shown in Figure 1.

T
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Fig.1. Concentration versus the penetration depth of zinc impurity atoms into a single crystal

silicon sample

The analysis of the above experimental
results was carried out by comparing the basic
electrical parameters of silicon samples after
the sequential diffusion process has ended. The
bulk and surface fundamental electrophysical
parameters of silicon samples, in which zinc and
sulfur atoms were embedded, were determined
using Ecopia HMS-3000 Hall instrument and a
conductive-type thermal probe (n or p type). In
this case, the order of gradual decrease in the

concentration of impurity atoms was studied by
layer-by-layer destruction of the surface of
silicon samples of the Si<Zn> and Si<ZnS>
structures.

On Figure 2a and 2b the distribution of
sulfur and zinc impurity atoms in single-crystal
silicon after successive diffusion are shown, as
well as the formation of Si2ZnS-structured
binary compounds.
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Fig.2 a) bulk distribution of SizZnS-structured binary compounds in single- crystal silicon, b)
formation of a layer of SizZnS-structured binary compounds on the surface of single-crystal

silicon

At the third stage, additional thermal
treatment was performed in order to increase
the concentration of  Si2ZnS-structured
compounds of the in the bulk of silicon sample.
Additional thermal treatment was carried out at
T=8500C for t=1 hour. In this case, preconditions
were created for that ensure building of
mutually neutral compounds between zinc

atoms (which became doubly charged positive
ions) and sulfur atoms (which became doubly
charged negative ions) (Fig.3). As can be seen
from Figure 3, it was observed that the layer of
formation of binary compounds expanded
twice, that is, their concentration distribution
across the bulk had increased.
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Fig. 3. Depth of ZnS after additional thermal treatment of the silicon samples

The study and elemental analysis of the composition of the silicon surface showed that,
surface of heat-treated silicon samples was in terms of mass, it consists of: 76.1% silicon
carried out using a SEM-EVO MA 10 type atoms, 17.7% oxygen atoms, 3% carbon atoms,
scanning electron microscope (Fig. 4). The 2% zinc atoms, 1.2% sulfur atoms.

results of the analysis of the elemental

Element | Weight | 0. %
%
g Si 76.1 0.6
c 0 17.7 0.5
. C 3.0 0.7
Zn 2.0 0.2
S 1.2 0.1
Total: 100.00
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Fig. 4. Elemental composition of SizZn~S** compounds in single-crystal silicon surface
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Additionally, thermally treated at
T=850+875°C for t=0.5+2 hours, silicon samples
with Si2ZnS-structured compounds in the bulk
must have naturally undergone changes in their
structure. In order to reveal such structural
changes in samples, further XRD analyzes may
well shed light on such structural changes.

One can assume that as a result of
sequential gaseous diffusion of sulfur and zinc
into silicon, Si2ZnS-type structures may well
have been formed in the bulk of the crystal

Conclusion

Summarizing the above the
experimental results and based on the analysis
of behavior of various elements in silicon, one
can assume that the sequential (two-stage)
diffusion of sulfur and zinc atoms into silicon
might result in building of Si2Zn~S** -type new
compound in the bulk of the material.

The results of the experiments showed
that a new crystal structure containing ZnS-type
bonds on the Si surface and in the bulk can be
formed using an inexpensive and widely used
diffusion doping technology. Therefore, today
substantial scientific and practical interest is
drawn to the study of the effect of binary
compounds on the crystal lattice, leading to a
substantial alteration in the properties of silicon
that could be used for the design of novel
materials for optical electronics, solar cells and
e.t.c.
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