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Contact electrodeposition of CdTe thin films
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The effect of contact electrodeposition conditions on the impurity content in CdTe
films has been studied. Stoichiometric single-phase CdTe layers of cubic modification have
been obtained. The films are not texturized, and are characterized by the coherent-scatter-
ing region size of about 30 nm and the relative micro-strain values of about 5-'10°3.

Wsyueno BiuAgHUWE YCJIOBUII KOHTAKTHOTO 9JIEKTPOOCAKIEHUS Ha COoAep:KaHue IIpuMeceil B
mwreakax CdTe. [Nosyuensr crexuomerpudeckue oguodasusie ciaou CdTe Kydbuueckoil mogudu-
Kanuu. IIJeHKW He TEeKCTYpUPOBAHBLI, XapaKTEepU3YIOTCA pasMepoM objacTeil KOreppeHTHOTO
paccesiausa = 30 HM ¥ BHAYEHHAMM OTHOCHUTEIBHBIX MEKpogedopmarumi = 51073 |

Cadmium telluride (CdTe) is now a lead-
ing base material for the thin film solar cells
[1], including those with extremely thin (80—
500 nm) CdTe absorbers (so-called m-solar
cells) [2, 3]. Up to date, the CdTe deposition
for the n-solar cells was realized using either
vapor phase epitaxy under dynamical vacuum [2]
or by electrodeposition [3].

In this work, we investigate contact elec-
trodeposition, a new technique for prepar-
ing of thin CdTe films. The prototype tech-
nique proposed in [4] for the CdTe deposi-
tion did not provide the deposition of
stoichiometric single-phased cadmium tellu-
ride layers. The CdTe films [4] contained
free tellurium as an impurity. In order to
solve the deposition problem of the single-
phased CdTe layers, we have studied the
electrochemical processes occurring during
current-free electrolysis in sulfate solutions
at different CdSO, concentrations and acid-
ity values, as well as the film phase compo-
sition and structure.

The electrodeposition of CdTe films was
performed onto glass plates coated with
magnetron-sputtered indium/tin oxide (ITO)
transparent conducting films. These sub-
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strates were immersed in a bath containing
0.5 M CdSQ,, 0.0002 M TeO, and diluted
H,SO, (pH was 2 to 4). The solution tem-
perature was 95°C, the deposition duration
was 10—15 min. The obtained film thickness
was not exceeded 500 nm.

X-ray investigations (XRD) of the film
crystal structure were carried out using a
DRON-4M diffractometer in CoK, charac-
teristic emission (A = 1.78892 A) according
to 6—-26 scheme with Bregg-Brentano focus-
ing. The identification of the phases of ob-
tained compounds were identified by com-
parison of experimental data with parame-
ters of crystal lattice for CdTe of cubic
(sphalerite) and of hexagonal (wurtzite)
modifications in accordance with JCPDS
No0.19-198 and No.15-770, respectively,
with parameters of ITO (JCPDS 39-1058),
y-Cd(OH), (JCPDS No0.20-0179), and some
other most probable cadmium and tellurium
compounds. The coherent-scattering region
sizes and relative microstrain values for
CdTe phase were estimated under approxi-
mation of isotropic crystallite properties ac-
cording to [5].
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To prevent the sursaturation of CdTe
films in cadmium observed in [4], the first
cadmium telluride samples were deposited
in slightly acidic solution (pH 4) at a great
excess of cadmium ions (0.5 M CdSO,).
However, no stoichiometric single-phased
films have been obtained in those condi-
tions. X-ray diffraction spectra have shown
a commensurable amount of cadmium hy-
droxide y-Cd(OH), impurity along with cad-
mium telluride and ITO substrate reflec-
tions (Fig. 1,a).

To reduce the cadmium hydroxide impu-
rity content in the CdTe films, the follow-
ing conditions of tellurium electrochemical
reduction should be provided:

Cd2* + TeO, + 4H' + 6 — CdTe + 2H,0(1)

A stoichiometric CdTe film has been ob-
tained at 0.2 M CdSO, and pH 2.

The comparison of the XRD patterns
shown in the Fig. 1, b has revealed that
both samples exhibit the ITO sublayer re-
flections and (111), (220), and (311) reflec-
tions of the cubic CdTe. The intensity and
shape of the CdTe phase reflections are
quite identical for both sample, thus evi-
dencing that the salt concentration vari-
ation in the electrolyte does not result in
any significant changes in the CdTe layer
thickness and structure. The relative inten-
sity of CdTe peaks correlates essentially to
the JCPDS 19-193 data that points to ab-
sence of specific orientation of the phase
grains. The estimated coherent-scattering
area size and relative microstrain of the
CdTe phase amounted about 30 nm and
5-1073, respectively. So small coherent-scat-
tering regions seem to be caused by a high
density of package defects that is typical of
film structures. The microstrain values are
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Fig.1. XRD patterns for electroless-deposited
CdTe films onto ITO substrates in solutions:
a — 0.0002 M TeO,; 0.5 M CdSO, (pH 4) ;
b — 0.0002 M TeO,; 0.2 M CdSO, (pH 2).

in agreement with those for cadmium tellu-
ride films deposited by vacuum methods at
temperatures below 100°C.
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KoHTaKTHE eJIeKTPOoCamKeHH
TouKix maiBox CdTe

H.Il1.Knouko, H./[.Bonkoeéa, M.M.Xapuenxo, B.P.Konau

IocaifsKeHo BILIMB KOHTAKTHOTO eJIEKTPOOCaJKeHHs Ha BMicT gomimiok y mrisgax CdTe.
Opepokano crexiomerpuuni oguodasosi mapu CdTe kybiumnoi mogudikanii. IlaiBku € HeTekc-
TYPOBaHUMHU i XapaKTepU3yIOThbCA pPo3MipoM obJacTeil KorepeHTHOTro poacitoBaHHA= 30 HM Ta
BHAYEHHSAM BigHOCHMX Mikpozedopmamiin” = 5-10-3."
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