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of chemical-bath deposited CdS thin films
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In-situ boron doping of CdS using chemical-bath deposition
(CBD) is reported. The effect of B doping on optical proper-
ties, as well as electrical properties, crystal structure, chemis-
try, and morphology of CdS films is studied. We present a
successful approach towards B doping of CdS using CBD,
where a resistivity as low as 1.7 x 102 Q cm and a carrier
density as high as 1.91 x 10" cm™ were achieved. The band-
gap of B-doped films was found to slightly decrease as the

1 Introduction Due to its wide bandgap (2.42 eV),
photoconductivity, and high electron affinity, CdS has
been widely used as a window material in high-efficiency
thin-film solar cells based on CdTe and Cu(In,Ga)Se, [1,
2]. Chemical-bath deposition (CBD) is one of the most
commonly used techniques to grow CdS thin films [3, 4].
It is known to be a simple, low-temperature, and inexpen-
sive large-area deposition technique for group II—VI semi-
conductors such as CdS. CdS films grown by CBD are
known to be highly stoichiometric and exhibit a high
dark resistance. A dark resistivity as high as 10® Q cm [5],
10° Q cm [6], and 10" Q cm [7] has been reported earlier
for CBD-CdS. In a previous study [3], we have establish-
ed a direct relationship between Cd precursors used in
the deposition of CBD—CdS and film resistivity. Film
resistivity was found to vary from 3.88 x 10°Qcm to
8.01 x 10' Q cm, depending on the Cd precursor used
and film stoichiometry. Although a resistivity of
8.01 x 10" Q cm is low for CBD—CdS, a lower resistivity

[B]J/[Cd] ratio in the solution increases. X-ray diffraction
studies showed B** ions likely enter the lattice substitution-
ally. A phase transition, due to annealing, as well as induced
lattice defects, due to B doping, were detected by micro-
Raman spectroscopy and transmission electron microscopy.
The chemistry and morphology of films were unaffected by B
doping.
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is needed for solar cells and other optoelectronic applica-
tions.

One approach to reduce dark resistivity of CBD—CdS
is in-situ doping. Over the past two decades, in-situ doping
of CBD—CdS using Al [8—10], Cu [11, 12], Li [13, 14],
and Na [15] has been reported. In this work, the effective-
ness of B** doping through chemical-bath deposition is in-
vestigated. Transmittance and reflectance measurements of
doped films were carried out to study the effect of B dop-
ing on the optical properties and bandgap of CdS films.
Resistivity, carrier concentration, and Hall mobility of
doped films were acquired using Hall effect measurements.
Crystal structure as well as crystal quality and a phase
transition were determined using X-ray diffraction (XRD),
transmission electron microscopy (TEM), and micro-
Raman spectroscopy. Film morphology was studied using
scanning electron microscopy (SEM). Film chemistry and
binding states were studied using X-ray photoelectron
spectroscopy (XPS).
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