New facets of CdTe electrodeposition asrevealed
by working under fast growth rate conditions
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Cathodic dectrodepaosition of CdTe films
from addic agueous Dlutions is by far the most
studied case of semiconductor eledrodeposition. On
one side it can be mnsidered as a cae study for
fundamental reseach in this field, as shown by
numerous publications deding with mechanistic
studies and on the other side it is the main example
of successful applicaion, with industria
developments of large aea CdTe deposition in the
photovoltaic industry.

Standard deposition conditions both for the
acalemic studies and for the applicaions involve
low deposition rates, typicdly lower than about one
micron per hour. The am of this work was to
explore the posshility of faster eledrodeposition
rates, which can be mnsidered as an “historicd
perspedive” in the field of semiconductor
eledrodepaosition, if we look to what can be
achieved for metal electrodeposition. This
perspedive rises a basic question : will the
depasition mechanism of CdTe, based on a key
UPD step of cadmium on Te stes (Kroger's
theory), allow high gowth rates, up to what limit?

The experimental study has been caried
out in "fast" deposition conditions based on the use
of a more addic bath formulation (about pH 1) ,
allowing a higher Te(IV) concentration (up to 10-3
M) which the rate limiting fador in standard
conditions. The depaosition were caried out under
potentiostatic  conditions, under well defined
hydrodynamics conditions by using of a rotating-
disk eledrode system. Smooth, compad and
homogeneous films have been grown by this way
up to 17 um per hour on CdS substrates. This paper
reports the results from the dedrochemicd study in
these new conditions in close relation to the
properties of the films. Compasition and structural
charaderisation of the films have been studied as a
function of the main deposition parameters : Te(IV)
concentration, hydrodynamic regime and pdential.

The structural and compaositiona analysis
have correlatively shown the existence of two well
separated damains, which depends on the bath
formulation and hydrodynamic regime. A first one
is locaed for deposition potentials close to the
E(Cd*/Cd) potential, with a width deaeasing with
incressing the hydrodynamic oonditions. In this
range we ohtained crystallised CdTe and of good
opticd quality, as obtained under standard
conditions. The seaond range is located at more
positive deposition potentials and/or  higher
hydrodynamics. In this range the film compasition
is systematicdly Te-rich with a Te/Cd ratio close to
2:1 fairly insensitive to the variation of parameters.
Corresponding layers are amorphous like and
present a band gap value which is lower than that of
pure CdTe.

These eperimental observations are
typicd on the new deposition conditions. They are
in conflict with the usual two-step eledrodeposition
medhanism, which essentially predicts a continuous
evolution of the deposit composition as a function
of potential and rotation rate. We dtributed this to
the posdble formation of a new phase with a
stoichiometric ratio Cd/Te of % like "CdTe,".
Posdble readion mechanisms are that the

compound is cadmium ditelluride, formed by the
readion of cadmium ions with ditelluride ions Te, >
formed as intermediate reduction step of tellurium.
This phase could be cnsidered as an interstitial
solid phase between excess tellurium and cubic
CdTe, Te doms being included in octaedric
vacacies. The other possibility is that the
depasition involves another element like hydrogen,
with the formation of a Cd(HTe), compound, which
is $milar to cadmium hydroxide in the CdO system.
A complete charaderisation of this phase is in
progressand should allow to predse the underlying
depasition mechanism.

From the chronoamperometric study it has become
evident that a further kinetic limitation appeas in
the overall process when the potential and/or the
hydrodynamic regime ae increased. Strong
deviations from the diffusion-limited stealy-state
current are supposed to be due to an internal barrier
inside the growing CdTe layer, converted from n to
p type during depasition. The formation of this as-
grown CdTe homojunction appeas to enhanced by
using a fast eledrodeposition approach, as
compared to standard conditions for CdTe
depasition.

In conclusion it appeas that fast
eledrodeposition of CdTe is possble, with
maintaining the charaderistics of the self regulation
medanism observed under standard deposition
conditions, but in a much narrower deposition
potential  window. New facds of the
eledrodepaosition of CdTe have been reveded by
working under these new conditions, in particular
the formation of a defined compound with an
apparent stoichiometry "CdTe,".



