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Cadmium selenide thin films with different pH values (pH = 10, 11, 12 and 13) are produced on glass substrates
at 50 ◦C for 3 h by chemical bath deposition technique. The structural, morphological and optical properties of
the films are characterized by X-ray diffraction, scanning electron microscopy and optical absorption spectroscopy,
respectively. The obtained films have hexagonal structure. The optical transparency of the films varies between
85% and 98% at wavelength of λ = 550 nm. The scanning electron microscopy studies show that the film deposited
at pH = 10 exhibits the formation of nanorods in the width range from 1.8 µm to 10.9 µm and length range from
20.0 µm to 85.5 µm. The optical properties of the films are determined by measuring transmittance and absorbance
characteristics which are used to find the optical band gap energy, refractive index, extinction coefficient and real
dielectric constant. The band gap width of the films increases from 1.70 eV to 2.30 eV with increasing pH values.
The refractive index of the film at pH = 10 is found as 1.54.
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1. Introduction

Cadmium selenide (CdSe) thin films as II–VI group
semiconductor are an important research field because of
their wide application in various fields of optoelectronic
devices. This is due to their high transparency, wide
and direct band gap width (1.74 eV), photoconductivity,
high electron affinity and n-type conductivity. They can
be crystallized in hexagonal, cubic or mixed (hexagonal-
cubic) forms. These films have potential applications in
many semiconductor devices such as thin film transis-
tors [1], light emitting diodes [2, 3], gas sensors [4] and
solar cells [5, 6], etc.

Due to its tunable band gap, CdSe can vary its
optical response from the infrared region to the ul-
traviolet using different deposition techniques, such
as electrochemical [7], successive ionic layer adsorp-
tion and reaction (SILAR) [8], molecular beam epitaxy
(MBE) [9], solvothermal [10] and chemical bath deposi-
tion (CBD) [11], etc. The CBDmethod for the deposition
of thin films from an aqueous solution is a promising tech-
nique because of its simplicity, affordability, convenience
for large-scale deposition and having easily-controllable
parameters such as concentration, pH, deposition tem-
perature and deposition time, etc. The preparation con-
ditions such as solution concentration, pH value, deposi-
tion time and bath temperature are optimized in order
to get good quality of CdSe thin films.

The aim of the present work is the investigation of the
structural, morphological and optical properties of CdSe
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thin films which are produced on glass substrates at 50 ◦C
for 3 h by CBD method. In this respect, the refractive
index, extinction coefficient and dielectric constant are
determined from the transmittance and absorbance mea-
surements.

2. Experimental

In the present study, the first step is the prepara-
tion of selenium source. Hence, 0.01 mol solid selenium,
20 mL concentrate 1–4 dioxane and 0.01 mol KOH were
sequentially put into a beaker. The resulting mixture
was heated up to 80 ◦C in order to evaporate 1–4 diox-
ane. After it was completely evaporated, KOH + Se gel
remained at the bottom of the beaker. 0.01 mol LiAlH4

was immediately added to the beaker before the gel got
cold. (Adding LiAlH4 requires a great care since the re-
action is flammable.) The final volume was completed
to 100 ml by adding deionized water. The final pH of the
solution was measured as 13. The mixture was filtered
before adding to the chemical bath.

The second step is the preparation of the chemical bath
in order to produce semiconductor CdSe thin films as fol-
lows: 5 mL of 0.001 M cadmium nitrate, 5 mL of the pre-
pared Se source solution, 5 mL triethanolamine (TEA)
and 40 mL deionized water. The final solution pH was
measured as 13. HCl (8%) was used to adjust the pH of
the bath as 10, 11 and 12. The reaction bath was put into
the oven at 50 ◦C for 3 h. The CdSe films were obtained
from an aqueous alkaline bath containing cadmium salt
as Cd2+ source and selenide salt as Se2− source. The re-
action of CdSe formation on the glass substrates is ex-
pressed as follows:

Se(k)+2e−
LiAlH4←→ Se−2

(aq), (1)
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Cd+2
(aq)+Se−2

(aq) → CdSe(k). (2)
The thickness of the films determined by the gravi-

metric weight difference method varies between 465 nm
and 605 nm. A sensitive microbalance is used to measure
weight and the film density is assumed to be uniform and
as dense as bulk CdSe with a density of 5.674 g cm−3.
The crystalline structure of the films are confirmed by
using X-ray diffractometer (XRD) model Rigaku RadB
in the scanning angle (2θ) range of 10–90 degrees with
Cu Kα radiation with a wavelength of λ = 1.54056 Å.
The morphology of the films is examined by scanning
electron microscopy (SEM; EVO40-LEO). The optical
absorption and transmission spectra of the films are mea-
sured by a UV–Vis spectrophotometer (Hach Lange 500)
within the wavelength of 300–1100 nm.

3. Results and discussions
Figure 1 shows the XRD patterns of the CdSe thin

films deposited at different pH values. As can be seen
from this figure, all deposited films have an amorphous
structure. The broad hump between 15◦ and 40◦ is due
to amorphous nature of the CdSe thin films. When com-
pared these data with the standard 2θ and d values, it
can be concluded that the obtained films are hexagonal
CdSe (PDF No. 08-0459) structure. Moreover, the XRD
results are in agreement with reported data [12].

Fig. 1. X-ray diffraction patterns for CdSe thin films
grown with different pH values.

It is known that the surface properties of the films in-
fluence their optical properties and are very important in
applications of optoelectronic devices. Figure 2 shows the
surface morphology of the CdSe thin films produced at
different pH values. The SEM image in Fig. 2a indicates
the formation of nanorods in CdSe thin films. These
nanorods are aligned in different directions. The ob-
served nanorods seem to be in width range from 1.8 µm
to 10.9 µm and length range from 20.0 µm to 85.5 µm.
Moreover, these nanorods are broken when the pH of
the bath is increased to 11, 12 and 13 in Fig. 2b–d, re-
spectively. In comparison with CdSe films obtained at
pH = 11, 12 and 13, it can be concluded that we have
achieved to produce CdSe nanorods with the pH = 10.

The optical transmittance (T%), absorption (A)
and reflectance (R%) spectra for CdSe thin films are

Fig. 2. SEM images of CdSe thin films with the magni-
fication of 20000× at different pH values (a) 10, (b) 11,
(c) 12 and (d) 13.

Fig. 3. (a) The absorbance, (b) transmittance and
(c) reflectance spectra of CdSe thin films at different pH.

represented in Fig. 3a–c, respectively. It is seen
from Fig. 3b that the optical transparency of deposited
films varies between 85% and 98% at wavelength of
λ = 550 nm.

The absorption coefficient (α) is given by the relation
T = (1−R) exp(−αt), (3)

where t is the film thickness. The absorption coefficient
data are used to evaluate the band energy width (Eg)
using the relation [3]:

(αhν)
2
= B(hν − Eg), (4)

where B is a proportionality constant. From the (αhν)2

vs. (hν) plot, the optical band gap width is determined
by extrapolating the linear portion of the graph shown
in Fig. 4. It can be seen that the direct band width of the
film increases from 1.70 eV to 2.30 eV with increasing pH.
The optical band gap values are in good agreement with
the reported values [11–14]. An increase in the band
gap width can be attributed to the quantum confinement
effect [15] due to the small grain size in the CdSe thin
films with increasing pH.

The knowledge of the optical parameters such as re-
fractive index (n), extinction coefficient (k) and dielectric
constant (ε), over a wide wavelength range and optical
band gap values of semiconducting films is quite impor-
tant to predict the photoelectrical behaviour of a device.



Fabrication and Optical Characterization of CdSe Thin Films. . . B-221

Fig. 4. Plot of (αhν)2 versus photon energy (hν) of the
CdSe thin films at different pH.

The complex refractive index of the CdSe films is de-
scribed as

n̂ = n (λ) + ik (λ) , (5)
where n is the real part and k is the imaginary part of
complex refractive index. The refractive index and ex-
tinction coefficient of the films are given by the formulae

n =
1 +R

1−R
+

√
4R

(1−R)2
− k2, (6)

k =
αλ

4π
. (7)

The reflectance spectra of the CdSe films are shown
in Fig. 3c. The refractive index of the films is calcu-
lated using the reflectance spectra via Eq. (6) and the
dependence of refractive index on wavelength is shown
in Fig. 5a. It is seen from this figure that the refrac-
tive index of deposited CdSe films varies between 1.16
and 1.54, while the extinction coefficient varies between
5.1× 10−4 and 4.9× 10−3 at wavelength of λ = 550 nm
in Fig. 5b. Refractive index values in the present work
are much lower than the published values (2.73–2.76) [8].

The real (ε) or the normal dielectric constant can be
calculated by the following equation:

ε = n2 − k2. (8)

Fig. 5. Dependence of (a) refractive index, (b) extinc-
tion coefficient and (c) real dielectric constant of CdSe
films on wavelength as a function of pH.

It can be seen in Fig. 5c that the values of the real
dielectric constant are nearly constant in the visible re-
gion and increase sharply near the UV region due to the
strong interaction between the highly energetic photons
and the charge carriers of the material. At wavelength
of 550 nm, it changes between 1.36 and 2.36.

4. Conclusions

The chemical bath deposition method is used to pro-
duce CdSe thin films at 50 ◦C for 3 h with different
pH values in nanocrystalline with hexagonal structure.
The SEM studies indicate that the CdSe film deposited
at pH = 10 is well crystallized in the form of different
size nanorods. The optical band width of the CdSe films
increases from 1.70 eV to 2.3 eV with increasing pH for
direct transition. The refractive index of the film varies
between 1.16 and 1.54 at 550 nm. Moreover, the extinc-
tion coefficient and real dielectric constant of the films
vary in the range 5.1 × 10−4–4.9 × 10−3 and 2.36–1.36,
respectively at λ = 550 nm.

It can be concluded that the best preparation condi-
tions to produce nanorods CdSe thin film is pH = 10, a
bath temperature 50 ◦C and immersion time of 3 h and
these conditions makes the film suitable for technological
applications such as buffer layers in solar cells.
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