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Unlike other thin film deposition techniques, close spaced sublimation (CSS) requires a short source-substrate
distance. The kind of source used in this technique strongly affects the control of the deposition parameters,
especially the deposition rate. When depositing CdTe thin films by CSS, the most common CdTe sources are:
single-crystal or polycrystalline wafers, powders, pellets or pieces, a thick CdTe film deposited onto glass or
molybdenum substrate (CdTe source-plate) and a sintered CdTe powder. In this work, CdTe thin films were
deposited by CSS technique from different CdTe sources: particles, powder, compact powder, a paste made
of CdTe and propylene glycol and source-plates (CdTe/Mo and CdTe/glass). The largest deposition rate was
achieved when a paste made of CdTe and propylene glycol was used as the source. CdTe source-plates led to
lower rates, probably due to the poor heat transmission, caused by the introduction of the plate substrate. The
results also showed that compacting the powder the deposition rate increases due to the better thermal contact

between powder particles.
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1. Introduction

Cadmium telluride (CdTe) has been shown to be the most prom-
ising polycrystalline thin film material for producing photovoltaic
solar cells because of its high absorption coefficient (> 10* cm™)
and optimum bandgap (1.5 eV). These films have been deposited
by several techniques, all of them leading to good quality films. The
most efficient CdTe solar cell reported so far is a 16.5% device',
whose CdTe layer was deposited by close spaced sublimation (CSS)
technique. This technique involves the sublimation of CdTe from a
source which is separated from the substrate by a small distance,
usually, millimeters. It is an attractive process since it offers high
depositions rates, it is able to produce films with larger grains than
those deposited by other techniques and can be easily scaled up for
manufacturing purposes. Moreover, it does not require any elaborate
equipment because the pressures required are in the low vacuum range
and the temperatures used are 750 °C at most. Unlike other thin film
deposition techniques, the use of a short source-substrate distance
requires special attention to the kind of source chosen, since the source
strongly affects the control of the deposition parameters, especially
the deposition rate. When depositing CdTe thin films by CSS, the
CdTe sources can be found in the following shapes: single-crystal or
polycrystalline wafers - frequently used, but as it involves melting of
CdTe it is very expensive - powders, grains or pieces. Other sources
include yet: a thick CdTe film deposited onto glass or molybdenum
substrate (CdTe source-plate) and a sintered CdTe powder. In order
to guarantee the homogeneity of the CdTe films deposited by CSS
technique, the main requirements for the source are low porosity
and uniformity.

Several authors have proposed different techniques for producing
CSS CdTe sources and reported the effects of these sources on the
processing of CdTe thin films as well*'%.

Higuchi® observed that, after using the same CdTe powder load
hundred of times, the deposition rate is extremely affected. During the

*e-mail: wagner.anacleto@uol.com.br

first depositions, the deposition rate of the film is low, then increasing
and stabilizing after the following depositions; however, after several
depositions the rate decreases again. They explained that during the
first depositions the source usually has a lot of porosity, leading to
a low rate. After using the source several times, there is a sintering
of powder particles, which increases the thermal conductivity of
the material-source. However, the use of the same source for a long
period, leads to the consume of an excessive amount of material and
the formation of holes in the source, reducing the deposition rate.
Thus only about 10% of the material load is used, which results in a
large waste of material.

The research groups in U.S. A3 utilize a CdTe source-plate, which
is a thick CdTe film deposited on a substrate (molybdenum or glass).
The thick film can be deposited by CSS itself or other deposition
process. Chung’, Kumazawa®, Ahn’, Han® and Higuchi® have used
screen-printing technique to produce CdTe thick films on glass. A
paste made of CdTe powder, or a mixture of Cd and Te powders, and
a binder (propylene glycol) is passed through a 150-mesh silk screen
onto the glass substrate. Then, this source-plate is dried at 120 °C
for 1 hour. Another groups use compact powder sources’, in which
CdTe tablets are made by pressing CdTe powder; sintering sources'?,
in which a graphite crucible containing CdTe powder is placed inside
an oven, under 50 bar of N, and 1200 °C for 1 hour, for producing a
CdTe sintered tablet; and source-plate made by thermal evaporation
of a CdTe film on Mo'! or glass'>.

The effects of the different sources on the processing of CdTe thin
films are reported in the abovementioned literature in a qualitative way
only. In our work, these effects were quantified for the first time. Dif-
ferent CdTe sources were used for depositing CdTe thin films by CSS:
particles, powder, compact powder, a paste made of CdTe and propylene
glycol and source-plates (CdTe/Mo and CdTe/glass). The influence of
these sources on the deposition rate of the films was investigated.
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2. Experimental

The CdTe films were deposited on glass substrates previously
covered with In,O,:Sn (ITO) in a homemade CSS equipment. Details
of this deposition technique can be found elsewhere'. Briefly, CSS
process involves the sublimation of a CdTe source which is separated
from the substrate by a distance of millimeters. Figure 1 shows a
sketch of the deposition set-up. Source and substrate are separated
by quartz spacers. Both CdTe source and substrate are supported by
graphite blocks, which are heated independently by means of quartz
lamps. This assembly is inserted in a quartz tube, which is vacuum
sealed. In this work, the source-substrate distance was 2.7 mm. The
films were deposited under argon atmosphere using the following
deposition parameters: source temperature = 700 °C, substrate tem-
perature = 530 °C, and pressure = 1 Torr. The thickness of the films
was measured in a Veeco Dektak 3 profiler. The deposition rates
were calculated from the ratio between the film thickness and the
deposition time. Different CdTe sources were used for depositing the
films: particles, powder, compact powder, a paste made of CdTe and
propylene glycol and source-plates (CdTe/Mo and CdTe/glass). The
raw material used in the sources was CdTe SN (99.999%) — particles
sizing 3 to 6 mm - manufactured by CERAC. The procedures below
were followed to fabricate the sources:

e Particles: about 1 g of CdTe particles were spread homogene-
ously on the graphite source block so that the entire area was
covered;

e Powder: CdTe particles were ground and spread over the
graphite block surface;

e Compact powder - a 5 g CdTe tablet was produced by pressing
CdTe powder;

¢ Paste - CdTe powder and propylene glycol were mixed to form
a paste, which was applied over the graphite block and dried
at 200 °C for 1 hour. This procedure differs to those reported
at the literature>>®, where the paste is usually applied onto a
glass substrate. In our case, the paste was applied directly on
the graphite block;

Source-plate (a): CdTe paste was also used to prepare a
source-plate by screen-printing technique; using a 120-mesh
silk screen, the paste was applied onto glass substrates and
molybdenum foils, which were then heated at 200 °C for
1 hour; and

Source-plate (b): a CdTe thick film was grown inside the CSS
system itself; CdTe powder and a glass plate were placed
respectively on the source and substrate graphite blocks; by
heating the source at 750 °C and keeping the plate at 550 °C and
the pressure at 0.1 Torr, the CdTe source plate was obtained.

3. Results and Discussion

Figure 2 shows the thickness of the CdTe films obtained from
different sources as a function of the deposition time. It can be ob-
served that the deposition rate, given by the angular coefficient of
the curve, is constant. As expected, the deposition rate depends on
the type of CdTe source. The values are 0.192, 0.158, 0.132, 0.074
and 0.058 pwm/min for the paste source, powder source (1 g), compact
powder, Mo/CdTe plate and powder source (5 g), respectively. The use
of CdTe paste source resulted in the highest deposition rate, although
CdTe powder source (1 g) has also promoted a high rate.

‘When depositing CdTe films by CSS it is essential that the mate-
rial is homogeneously spread over the source in order to get uniform
films. The paste source fulfills this requirement particularly when
small amounts of material are to be spread on a large area source, as
the one used in this work (5 X 5 cm?). Furthermore, a paste source
promotes a better agglutination of the particles, giving rising to higher
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Figure 1. CSS deposition system.
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Figure 2. Thickness of CdTe films obtained from different sources as a func-
tion of the deposition time.

deposition rates. This has also been observed by Higuchi et al.2, who
obtained rates as high as 6 um/min, when depositing CdTe films from
a paste source applied on a glass substrate. However, the deposition
parameters and the substrates used in their experiments were quite
different from ours, which explains the difference between the values
of the deposition rates.

In reference to the powder sources, Figure 2 shows that 1 g powder
source gives rise to deposition rates higher than those achieved with
the 5 g powder sources, probably due to the temperature gradient
along the thickness of the source. Also, comparing the 5 g powder
source with the compact powder source (5 g) one observes that the
compact powder gives a higher rate, due to better thermal contact
among the particles.

The deposition rate achieved when CdTe source-plates were used
is also shown in Figure 2. Both glass and molybdenum substrates
gave similar results. The deposition rate is very low, probably due
to the introduction of the substrate plate between the material and
the graphite block, which reduced the heat transmission to the mate-
rial. However, it should be emphasized that source-plates have been
preferred by many groups**, mainly due to its easiness of handling
and its utilization rate which can reach the value of 50%, higher than
the powder source value (10%). In our case, the utilization rate of the
source-plate was also higher than the other sources.
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It is important to mention that, for most of the sources used
in this work, the deposition rate always increased after sequential
depositions, which has also been observed by Higuchi et al.?. For
example, for the deposition parameters previously described and
using a compact powder source, the deposition rate increased twice
after the first deposition. This may be explained considering that
during the deposition the source is indeed submitted to a sintering
process, which contributes to enhance the thermal conductivity
of the CdTe source. This fact should be taken into account when
preparing CdTe films for solar cells, since the control of deposition
rate is fundamental to the microstructure of the film. Thus, when
using a new source, the first deposition was always discarded in
order to assure that the following depositions were carried out at
constant rate.

4. Conclusions

In this work CdTe thin films were deposited by CSS method using
different types of CdTe sources. It was shown that the deposition rate
depends on the way the CdTe source is prepared. The largest deposi-
tion rate was achieved when a paste made of CdTe and propylene
glycol was used as the source. CdTe source-plates led to lower rates,
probably due to the poor heat transmission, caused by the introduc-
tion of the plate substrate. The results also showed that compacting
the powder, the deposition rate increases due to the better thermal
contact between powder particles. Finally, when using a new CdTe
source the first deposition should be discarded, in order to assure that
the following depositions are carried out at constant rate.
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