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Structural and optical properties of CdSe films brush
plated on low temperature substrates
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Abstract

CdSe thin films were brush plated on conducting glass and titanium substrates maintained at temperatures in the range 5–30◦C from
the precursors. The films exhibited hexagonal structure. Optical band gap was found to vary in the range of 1.65–2.1 eV as the substrate
temperature is decreased from 30◦C. XPS measurements indicated the formation of CdSe. Atomic force microscopy studies indicated fine
grains of the order of 10 nm for the films deposited at 5◦C. Luminescence measurement indicated emission at 520 nm for an excitation of
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CdSe is a direct band gap semiconductor belonging to the
I–VI groups and possessing excellent optoelectronic proper-
ies. Several physical and chemical techniques are available
or the growth of thin films of CdSe[1–5]. Though results on
rush plated CdSe films have been reported earlier[6], the
lms were deposited on room temperature substrates. To our
nowledge, this is the first report on CdSe films grown by
he brush plating technique on substrates maintained at low
emperatures.

CdSe films were brush plated on to titanium and con-
ucting glass substrates maintained at different tempera-

ures in the range 5–30◦C. The precursors used were 0.5 M
dSO4 and 0.1 M SeO2. A current density of 100 mA cm2

as employed and the plating time was 10 min. Thick-
ess of the films was measured by the weight difference
ethod. The thickness was found to vary in the range of
.0–5.0�m, as the substrate temperature increased. The films
ere characterized by X-ray diffraction technique using
hilips X-ray diffractometer with Cu K� radiation. Opti-
al absorption measurements were made on the films using

Hitachi UV–vis–NIR spectrophotometer. XPS studies w
made on the films using ESCALAB. EDAX measureme
were also made. AFM investigations were also made o
films.

XRD patterns of the films deposited at different s
strate temperatures is shown inFig. 1. The prominen
peaks corresponding to (1 0 0), (0 0 2), (1 0 1), (1 1 0), (1
(1 1 2) and (0 0 3) of the hexagonal phase are obse
in all cases. It is observed that as the substrate tem
ature increases, the width of the peak decreases d
improved crystallinity. The lattice constants ‘a’ and ‘c’ cal-
culated using the XRD data are 4.304 and 7.044◦A, which
are in close agreement with the ASTM data. The cry
lite size calculated using the Debye Scherrer equatio
found to increase with increase of substrate temper
(Table 1).

To examine the chemical composition of the films,
XPS spectra of the CdSe films grown at different b
temperatures were measured and are indicated inFig. 2.
Fig. 2a exhibits the detailed spectra of Cd3d and S
regions, respectively. The two strong peaks at 411.8
∗ Corresponding author. Tel.: +91 4565 224502; fax: +91 4565 227553.
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405.1 eV correspond to Cd3d3/2 and Cd3d5/2 binding ener-
gies.Fig. 2b shows the binding energies of the Se (3d5/2 and
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Fig. 1. X-ray diffraction pattern of CdSe films plated at different substrate
temperatures (a) 5◦C, (b) 15◦C and (c) 30◦C.

3d3/2) levels at 53.9 and 59.2 eV, respectively. These values
are similar to the earlier values[7,8]. There is no evidence
of shifting of the energy levels to higher binding energies
corresponding to SeO2 formation[9]. No significant varia-
tion was observed in the XPS spectra with temperature of
deposition, hence only the spectrum corresponding to one
temperature is indicated. Depth profiling was done to find
out the uniformity of composition throughout the thickness
and it was observed that the films had a slight excess of
Cd throughout. EDAX measurements indicated Cd (50.2%)
and Se (49.8%). Hot probe measurements indicated n-type
behaviour.

Optical absorption measurements were made at room tem-
perature by placing an uncoated identical conducting glass
substrate in the reference beam. A plot of (αhν)2 versus
hν for the films deposited at different substrate tempera-
tures is shown inFig. 3. The plot is linear indicating the
direct band gap nature of the films. Extrapolation of the
line to thehν axis indicated a direct band gap in the range
1.65–2.0 eV as the substrate temperature is decreased. This
is due to the decrease in particle size with decrease of tem-
perature. The variation of band gap at various substrate
temperature is due to the variation of crystallite size with

Table 1
V

B )

1
4
3

Fig. 2. XPS spectra of CdSe films deposited at a substrate temperature of
5◦C: (a) Cd and (b) Se.

substrate temperature. Hodes et al.[10] found that the band
gap varied from 1.725 to 2.40 eV on varying the electro-
deposition parameters. Strong and weak confinements were
noticed for the films. The effective Bohr radius for CdSe is
27Å. For strong confinement, the exciton energy is given
by,

Es = Eg + h2π2

2µ2 − 1.786e2

4πε0εR
− 0.248E∗

Ry

where Eg is the band gap of bulk CdSe, the first term is
related to the quantum localization energy, the second term
represents the Coloumb energy and the third term represents
ariation of crystallite size with bath temperature

ath temperature (◦C) Crystallite size (nm

0 10
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Fig. 3. (αhν)2 vs. hν plot of CdSe films deposited at different substrate
temperatures (a) 5◦C, (b) 15◦C and (c) 30◦C.

the correlation energy in whichE∗
Ry is the effective Rydberg

energy and can be written as

{
µe4

2(4πε0ε)2h2

}

whereµ is the reduced effective mass,ε the dielectric constant
for CdSe andε0 is the permittivity of free space. The esti-
mated band gap of 2.0 eV due to strong confinement matches
with the band gap value obtained from absorption measure-
ments for the films deposited at 5◦C.

Atomic force micrographs of the films deposited at dif-
ferent temperatures is indicated inFig. 4. An increase of
grain size from 20 to 130 nm is observed as the substrate
temperature increases from 5 to 30◦C. Moreover, the sur-
face of the films has a uniform coverage at 5◦C compared to
30◦C.

Cross plane resistivity measurements were made on the
films by evaporating Indium contacts on the surface of the
film. The cross plane resistivity was found to be in the range
of 50� cm. Room temperature photoluminescence studies
indicated that the emission band occurred at 520 nm for an
excitation wavelength of 570 nm. Subbu Ramaiah et al.[10]
observed PL peaks at 1.725 and 2.132 eV and these were
explained as due to donor acceptor pair recombination, and
the other one was due to bound excitonic recombination in
the small crystallites. The emission observed in the present
case can also be explained in terms of bound excitonic recom-
bination in the crystallites. The results of this investigation
clearly point to the possibility of depositing nano meter sized
films of CdSe by this technique. Steps to further decrease the
p

Fig. 4. AFM image of CdSe films deposite
article size is in progress.
d at (A) 30◦C, (B) 15◦C and (C) 5◦C.
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