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Abstract Deposition of silicon on pretreated sapphire and glass substrates has been investigated by
the solution growth method at low temperatures. An average 14 pm thickness of silicon was grown
over a large area on sapphire substrate originally coated with a much thinner silicon layer [0.5 zm
{100) Si/(1102) sapphire)] at low temperatures from 380~ 460°C. Successful results were obtained
from surface treated glass substrates in the temperature range from 420 ~520°C.
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1. introduction substrates to obtain inexpensive solar cells

[1,2] and thin film transistors [3]. Various

Many attempts have been made to prepare substrates have been reported such as graphite,
polycrystalline silicon thin film on foreign quartz, ceramic and glass. In particular there
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has been an increasing interest in low
temperature deposition of silicon on foreign
substrates for use as solar cell [2,4]. Low
temperature processing minimizes prospects for
contamination from the substrate as well as
reducing stress in the silicon thin film.

2. Solvent and growth apparatus

The solvent alloy was prepared from Au and
Bi of 6N purity. The Si solubility in Au/Bi alloy
is quite high at temperatures below 400°C in
alloys containing up to 70 wt.% Bi. Solubilities
in this and related solvents are summarized in
other references {5,6]. A standard graphite
slider boat approach [ 7] was used in this work.
This boat, containing both a source wafer and
the substrate, is placed in a furnace with a
flowing nitrogen gas ambient. Prior to heating
to the melt saturation temperature, the furnace
was evacuated to 107* Torr (0.01 pascals) to
remove oxygen and to test sealing integrity.

3. Substrate and its cleaning

The sapphire substrate was originally coated
with a 0.5 zm thickness silicon layer which was
grown by the conventional chemical vapour
deposition (CVD) method. In this work, the
original idea was to use this thin silicon layer as
a seed to deposit a thicker layer (above 10 gm)
at much lower temperature. Glass (s an
extremely attractive layer onto which to deposit
silicon thin film, due to its very effective role as
the superstrate in present solar modules. In the
current experiment, low expansion borosilicate

glass (corning code 7740) was selected as the

substrate. The reasons are : these glasses are
available commercially at relatively low cost
and the thermal expansion coefficient of
borosilicate glass is relatively well matched with
silicon. To clean silicon on sapphire wafers, so
called RCA 1 and RCA 2 solutions [8] were
used for the silicon side, and boiling aqua regia
solution {1 HNO; + 3 HCL) was employed for
the sapphire side. A cold diluted mixture of 5%
HF, 33% HNGO,, 2% Teefol and 60% H.O was
an effective solution for cleaning glass and
silica [9]). Various cleaning methods for glass
can be found in references [ 10].

4. Grown films on Si coated sapphire
substrate

By using the standard sliding boat system,
the growth of large area Si layers was
demonstrated (Fig. 1). Due to the preferred
nucleation of (100 ) oriented crystallites and the
slower growth rate in the (111 ) direction, these

films had a crystallographically influenced

Fig. 1. SEM. The surface morphology of silicon
layer on sapphire substrate (Sample ES-9,
Growth temperature: 380 ~460°C ).
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rough surface texture, These rough films may
be useful to trap light into cells fabricated upon
them. This appears to be the first time that
thick silicon has been deposited on sapphire
substrate by the solution growth method at very
low temperature. This experiment was a
preliminary step before attempting silicon
growth on glass substrate. For future work,
depositing Si layers on uncoated sapphire
substrate at lower temperature by using the
solution growth technique is considered very
valuable for novel device application.

5. Deposition on glass substrate

Si-coated glass substrate was prepared by
initially sputtering 700 nm of silicon onto the
glass, the surface of which had been roughened
by sand blasting. Samples were furnace
annealed at 820°C for 2 hours. After this
annealing process, the samples were used as
substrates for solution growth. The purpose of

Fig. 2. The surface morphology of silicon layer
on borosilicate glass substrate (Growth temr-
perature : 420~550°C ).

the annealing process is to make fine grain
polycrystalline silicon from the amorphous
silicon prepared by sputtering.

The surface morphology of the silicon layer
grown on silicon coated substrate is shown in
Fig. 2. This morpology is similar to typical Si
deposition on a (111) silicon substrate. The
crystal shape has nearly hexagonal symmetry
which shows the (111) preferred orientation.
The (111) planes are the most closly packed in
the silicon lattice. In general, the crystal planes
that grow most slowly are those with the closest
packing [11]. All the facets seem to be aligned.
Some of the growth (A in Fig. 2) would occur
after the slider moved because some remnant
solvent melt still covered this area. The entire
growth morphology appears to be consistent
with terrace growth. This growth may be due to
the roughened surface on the glass substrates.
The semi-circular area (B in Fig. 2) was
probably due to the presence of a depression or
other impurities on the substrate which seem to
be disturb the crystal growth {ront. No
influence from the original silicon coating of the
substrate could be observed. It might be
concluded that the polycrystalline silicon, rather
than acting as a seed, merely improved
wettability between the melt and the substrate.
Some factors that influence nucleation of silicon
on glass substrates are discussed below. Firstly,
supersaturation and high silicon content are
important in encouraging nucleation on the
glass. In the present work, the cooling rate was
above 3C/min. The silicon solubility in Au-60
wt. % Bi solvent is about 2.2 at.% at 414C and
45 at.% at 513°C. Compared to Sn melt (2 at.
% at 950°C), this alloy has a high content of
silicon at much lower temperature. Secondly,
surface treatments probably improved wetta-
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bility between the melt and the substrate. Good
wetting is a prerequisite for fabricating conti-

nuous layers.

6. Conclusion

Silicon deposition on sapphire and borosilicate
substrates was investigated by the solution
growth method at very low temperatures. An
average 14 pm silicon was grown over a large
area on silicon coated sapphire substrate [ (100 )
silicon on (1102) sapphire |. These films seem
suitable for the fabrication of high efficiency
sihcon solar cells. Successful results were
obtained from furnace annealed glass substrates
coated with sputtered silicon. A continuous
silicon thin film on a large area substrate was
obtained in the temperature range from 420~
520°C. These films mught be applied to lower the

cost of solar cells.
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