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Polycrystalline films of CdTe were prepared by the hot wall-close-spaced vapor transport technique
on Corning glass substrates at substrate temperatures below 450 °C. The thickness of the films was
constant at 25 um for all samples grown at different substrate temperatures and different gas
pressures. The film thickness was found to be a function of deposition time only (5 um per min),
and virtually independent of substrate temperature and control gas pressure. The grain size was a
monotonic function of film thickness, reaching 40 um for a film thickness of 50 um. © 1995

American Vacuum Society.

In recent years, films of II-VI compound semiconductors
have been of interest due to their applications in optoelec-
tronics, integrated optics, and thin film solar cells. Among
these semiconductors, cadmium telluride (CdTe) is an attrac-
tive candidate because, among other characteristics, it has an
optimum band gap (1.5 eV) for solar energy conversion. '
Hot wall-close-spaced vapor transport (HW-CSVT) is a con-
venient method for growing semiconductor films because it
is simple and allows large grains to be obtained. 3-7 This
process is very efficient as more than 90% of the evaporated
source material is transported to the substrate. It is also cost-
effective as it can operate at atmospheric pressure under inert
gas and uses moderate temperatures; its operation is simple,
and films are compact with few voids and nearly theoretical
density.

Fahrenbruch et al.® reported large grain size films (up to
70 um) in CdTe films grown on glass substrates by the
CSVT method in the substrate temperature range of 480-
750 °C. Chu et al.’ prepared CdTe samples with large grain
size (~50 um) by using the direct combination of the ele-
ments in a gas flow system; they utilized substrate tempera-
tures in the 500-700 °C range. Zelaya et al., 3 who used a
modified CSVT technique, varied their substrate temperature
from 450 to 650 °C. They obtained a grain size of about 70
pm at 650 °C. In all cases a high substrate temperature was
required to obtain such grain size but the thickness used by
Chu et al. and Zelaya er al. is not reported. Yet, to date, large
grain size has not been reported at substrate temperatures
below 450 °C and at low gas pressure. In this work we have
grown CdTe polycrystalline films on glass substrates, usmv
the HW-CSVT technique as described by Zelaya et al? Our
goal was to study the influence of the deposition time, the
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substrate temperature (for temperatures below 450 °C), and
gas pressure on the stoichiometry, crystallinity, and grain size
of CdTe polycrystallites.

The system utilized in the preparation of the films has
been described in Ref. 3. We prepared three families of films,
keeping the source temperature constant at 600 °C in all
cases. The three families were: (a) series “TIM” in which
the deposition time was varied from 1.5 to 10 min, keeping
the substrate temperature constant at 400 °C, and the control
gas pressure at 5X 1073 Torr; (b) series “TMP” in which the
substrate temperature was varied from 300 to 450 °C, keep-
ing the deposition time fixed at 5 min and the gas pressure at
5% 1077 Torr; and (c) series “PRS” in which the control gas
pressure was varied from 5%1073 to 5 Torr in steps of one
order of magnitude, keeping the substrate temperature at
400 °C. For groups TMP and PRS, all the filin thicknesses
were about 25 um.

The thickness of the films was measured with a Dektak
3030-ST stylus profilometer. Auger electron spectroscopy
(AES) analyses were performed in a Perkin-Elmer PHI-560
ESCA-SAM system. Energy dispersive spectroscopy (EDS)
measurements were performed in a scanning electron micro-
scope (JEOL JSM-3500) with an EDS attachment from
EDAX. A Siemens diffractometer type D5000 with a grazing
incidence attaghment was used to obtain x-ray diffraction
(XRD) measurements. A scanning -electron microscope
(SEM) JEOL JSM-3500 was utilized to measure the average
grain size of the films.

Resuiting films were dark gray in color, uniform in thick-
ness, and fairly adherent to the substrate surface. The relative .
atomic concentration values for all the series were deter- -
mined by AES and we found that the concentrations were
nearly stoichiometric. The TMP series was measured by EDS
in order to compare them with the Auger results. All concen-
trations were close to the stoichiometric expected values, in :
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FIG. 1. Average grain size of CdTe films as a function of thickness.

good agreement with the AES results. The XRD patterns

\— measured on the films have peaks corresponding to planes of

CdTe in the cubic phase, whereas peak heights show a mark-
edly preferential growth of film crystallites toward the (111)
plane parallel to the substrate. For series TIM we obtained a
different thickness for each film. In Fig. 1 we show the varia-
tion of the average grain size with the thickness of these
films. It shows that the grain size increases from about 2 to
35 um when the thickness increases from 5 to 50 um. A very
steep increase in the average grain size is noted from 25 to
50 um thickness. Figure 2 shows average grain size as a
function of substrate temperature for the series TMP. The
error bar in each point represents one standard deviation of
all the measured grain diameters for that sample. Typically,
the central area of the films presented larger grains, by a
factor of about 2, than the edges. For the series PRS, the
average grain size remains constant at about 6 um. The De-
ktak profile of all films was fairly uniform, having an aver-
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FiG. 3. SEM micrographs of (a) sample TIM2 and (b) sample TIM4.

age thickness of about 25 um and variations between 23 and
27 um. Typical SEM photographs of samples TIM2 and
TIM4 are shown in Fig. 3. It is possible to observe that the
grains of the films grown with a thickness of 50 um (sample
TIM4) appear in a large variety of orientations.

For our samples prepared by varying the gas pressures
from 5X107° to 5 Torr, the average grain sizes were con-
stant; this result is different from that reported by Zelaya
et al.®> who obtained a variation of grain size as a function of
gas pressure. This difference could be due to the fact that we
obtained the same thickness in the films and Zelaya et al. did
not report the thickness and, as we can see in Fig. 1, this is
an important parameter of the grain size. In Ref. 7 Zelaya
and co-workers reported nearly stoichiometric CdTe films for
high pressure and 7,,>500 °C; we found that the films are
still nearly stoichiometric for low pressure and low substrate
temperature between 300 and 450 °C. Cardenas et alb re-
ported poor crystalline quality for films grown with a tem-
perature gradient AT=T,,—T,,=300 °C using the same
technique. In our work, we find that the films grown with AT
have good crystalline quality. For the series TIM, we main-
tained the deposition rate at S wm per min and, to obtain
different grain sizes, we employed deposition times of
1.5-10 min. At 1.5 min we obtained a grain size of about 5
um and for 10 min we obtained a grain size of about 40 um,
as shown in Fig. 1. The increase of grain size with the thick-




2996  Zapata-Torres ef al.. HW-CSVT on glass substrates

“hess may be explained using the Langmuir’s model for free
evaporation. The sublimation rate of the CdTe in this
model'? is very rapid (~2.5X10™ g cm™2 min™"). This high
sublimation rate causes a high number of vapor atoms of Cd
and Te and consequently a lower number of collisions of the

vapor Cd and Te atoms with the control gas, which permits

them to arrive. at the substrate with higher kinetic energy.
This mean that the mobility of the adsorbed molecules at the
substrate is high enough to favor growth in a reduced num-
ber of centers and, with this, large grain size—nearly 40 um.

From the measurements obtained on three sets of CdTe
films deposited using HW-CSVT onto glass substrates, series
TIM, TMP, and PRS, we can conclude the following. All
films present a polycrystalline structure, zinc-blende type,
with a preferential orientation toward the (111) plane parallel
to the surface. All films grow with the stochiometry of CdTe
as measured by AES, EDS, and XRD. The average grain size
of the films increases as a function of deposition time from 2
mm at 1.5 min up to 40 wm at 10 min, and as a function of
substrate temperature from 2 um at 300 °C up to 6 wum at
450 °C, showing a linear increase. For the series TMP and
PRS all films were uniform in thickness with average values
of 25 wum. The control gas pressure in the chamber appar-

ently did not influence the stoichiometry, structure, or grain
size of the films.

J. Vac. Sci. Technol. A, Vol. 13, No. 6, Nov/Dec 1995

- Gradilla for SEM photographs and EDS spectra, Amalia and

2996
Acknowledgments: The authors would like to thank Israel

Eugenio Méndez for stylus profilometer measurements, and
Victor Rejon, Mario Herrera, and Roberto Sanchez for tech-
nical assistance. This work was supported by Consejo Nacio-
nal de Ciencia y Tecnologia (CONACyT), México, under
Contract No. 211085-5-2006E.

1S S. Chem, H. R. Vydyanath, and F. A. Ksoger, J. Solid State Chem. 14.
33 (1975). )

%K. W. Mitchell, A. L. Fahrenbruch, and R. H. Bube, J. Appl. Phys. 48,
829 (1977). )
%0. Zelaya, E. Sanchez-Sinencio, J. G. Mendoza-Alvarez, M. H. Farias, L.
Cota-Araiza, and G. Hirata-Flores, J. Appl. Phys. 63, 410 (1988).
*J. Aguilar-Hernandez, G. Contreras-Puente, J. M. Figueroa-Estrada, and
O. Zelaya-Angel, Jpn. J. Appl. Phys. Part 1 33, 37 (1994).
5J. Landa-Garcia, M. Cérdenas, G. Contreras-Puente, J. G. Mendoza-
Alvarez, F. Sanchez-Sinencio, and O. Zelaya, J. Vac. Sci. Technol. A 8, 79
(1990).
M. Cardenas, J. G. Mendoza-Alvarez, F. Sanchez-Sinencio, O. Zelaya,
and C. Menezes, J. Appl. Phys. 56, 2977 (1984).
0. Zelaya, F. Sanchez-Sinencio, J. Gonzilez-Herndndez, J. L. Pefia, M. H.
Farias, L. Cota-Araiza, and G. Hirata-Flores, J. Vac. Sei. Technol. A 7,
245 (1989).
®A. L. Fahrenbruch, V. Vasilchenko, F. Buch, K. Mitchell, and R. H. Bube,
Appl. Phys. Lett. 25, 605 (1974).
°T. L. Chy, 8. S. Chu, F. Firszt, H. A. Naseem, and R. Stawski, J. Appl.
Phys. 58, 1345 (1985),
19y, Sosa, R. Castro, and J. L. Pefia, J. Vac. Sci. Technol. A 8, 979 (1990).




