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Effect of Sm concentration on optical and electrical
properties of CdSe nanocrystalline thin film
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Present paper reports optical and electrical properties of samarium doped CdSe nanocrystalline thin film which was grown
on a glass substrate by chemical bath deposition method (CBD). X-ray diffraction (XRD) analysis revealed that the deposited
films were nanocrystalline with sphalerite cubic structure. The average crystallite size calculated from FWHM of XRD peaks
was found to be 10.11 nm. The bandgap of the Sm doped CdSe nanocrystalline thin films was calculated to be 1.91 eV to
2.22 eV. The optical absorption edge of undoped (pure) and Sm doped CdSe films was obtained between 650 nm to 640 nm
showing blue shift as compared to bulk CdSe. Sm doping further enhanced the photoconductivity of these films. The I-V
characteristic confirmed the suitability of prepared films for photosensor applications.
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1. Introduction

Cadmium selenide (CdSe) is a II-VI group com-
pound semiconductor material. Its excellent perfor-
mance and suitable properties such as band gap,
high absorption coefficient and high photosensi-
tivity make it useful in the applications in elec-
tronic and optoelectronic devices, such as laser
diodes, high-efficiency solar cells, nanosensors,
y-ray detectors and biomedical imaging de-
vices [1-4]. CdSe has a direct band gap with high
absorption coefficient near the band edge, which
allows its use in thin film devices; it is mainly in-
teresting for the applications in solar hybrid sys-
tems [5].

CdSe thin films have been prepared by var-
ious film deposition techniques, such as sputter-
ing [6], electron beam evaporation [7-9], photo-
electrochemical method [10], MOCVD [11], and
chemical bath deposition (CBD) [12-14]. For the
production, chemical bath deposition (CBD), an
inexpensive and relatively simple method of de-
position of nanocrystalline thin films, is widely
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used [14, 15]. Advantages of CBD method is that
it uses very simple equipment, does not require
high temperature or pressure, ensures high repro-
ducibility and is environment friendly. Film thick-
ness or stoichiometry is controlled by optimization
of various deposition conditions, such as temper-
ature, time, concentration of reactants, complex-
ing salt concentration etc. CBD method is use-
ful for preparing smooth and uniform semiconduc-
tor layers and has been used mainly for metal se-
lenides. CBD method found its sound application
in photovoltaics. To increase the performance of
CdSe nanocrystalline thin films, many researcher
used the dopant impurities and made thin film of
CdSe:Te [16], CdSe:In [17, 18], CdSe:Hg [19],
CdSe:Cu [20], and CdSe:Mn [21], etc. Present
work is intended to increase the performance of
nanocrystalline thin films by lanthanides doped in
II-VI semiconductor. To increase the efficiency and
performance of photovoltaic devices and displays,
we have used our new approach to dope samarium
(Sm3T) in CdSe nanocrystalline thin films. This pa-
per reports the optical and electrical properties of
Sm doped CdSe nanocrystalline thin films prepared
by chemical bath deposition method.
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2. Experimental

The precursor solution for deposition of
the films was prepared by mixing cadmium
acetate (Cd(CH3COOQ),), sodium selenosulfate
(Na;SeS0O3), triethanolamine (TEA), and ammonia
in appropriate amounts. The sodium selenosulfate
was prepared by refluxing 4 g of selenium powder
with 50 g of sodium sulfite (Nay;SOj3) in 250 mL
of doubled distilled water at 80 °C for 6 h. For
deposition of undoped (pure) CdSe films, a bath
mixture was prepared in a 100 mL beaker by addi-
tion of aqueous solution of cadmium acetate, 2 mL
TEA (triethenolamene), 10 mL of 30 % ammonia
solution and 7 mL of sodium selenosulfate. Ultra-
sonically cleaned glass substrates were then dipped
into the bath solution at an angle of 20°relative to
the wall of the beaker. The reaction mixture was
maintained at a temperature of 70 °C for deposi-
tion. Ammonia solution was added into the mixture
for adjusting the pH to 11. Substrates coated with
CdSe films were removed from the bath after a de-
position time of 6 h. Different volumes of 0.01 M
aqueous solution of samarium nitrate (Sm(NO3);)
were added to the original mixture. Deposited sub-
strates were washed with doubled distilled water
and allowed to dry under ambient conditions before
film characterization. The deposited thin films were
uniform, well adherent and red-orange in color.

The undoped and Sm doped CdSe thin films
were characterized using PANalytical 3 kW X’Pert
powder XRD — multifunctional diffractometer with
Cu K« radiation source (A = 1.5406 A and
20 range = 10° to 120°). The surface morphol-
ogy of CdSe:Sm thin films was investigated a
by scanning electron microscope (SEM), model
No. Zeiss EVO 18. The UV-Vis absorption spec-
tra were recorded with a Shimadzu UV-Vis spec-
trophotometer (model: UV-1700). Photolumines-
cence spectra were measured with Shimadzu RF-
5301 spectofluorometer. The film thickness was
measured by gravimetric method using the equa-
tion [22]:

)

where t is film thickness, m is mass of deposited
CdSe, p is density of CdSe = 5.816 g/cm® and A is
area of the sample. The thickness of the CdSe:Sm
nanocrystalline thin film in the present investiga-
tion was found to be around 240 nm.

3. Results and discussion

X-ray diffraction was used to study the structure
of the deposited thin films. Obtained peaks were
matched with JCPDS File No. 19-191 and JCPDS
File No.65-2891, and were found to match with
the planes of cubic structure. The X-ray diffraction
(XRD) spectra of undoped and Sm doped CdSe
thin films are shown in Fig. 1. As shown in the fig-
ure, the diffraction patterns exhibit the highest in-
tensity reflections along the (1 1 1) plane and two
weak reflections along the (22 0) and (3 1 1) planes
at 25.39°, 42.14° and 49.08° for undoped CdSe
and 25.31°,41.93°, and 49.61°for Sm doped CdSe
nanocrystalline thin films, respectively. The results
indicate that the prepared films are crystalline and
composed of CdSe in cubic phase with preferred
orientation along the (1 1 1) plane. The XRD data
show that there is no shift in the peaks positions,
only peak intensity is varied. This indicates an in-
crease in crystallinity of the films with doping of
Sm(NOs3),. d-spacing and lattice constant were cal-
culated for observed peaks. The lattice parameter a
of the CdSe:Sm thin films was calculated for the
cubic structure using the relation:

)1/2

a=dyy (h* + & +1* )

The average value of lattice parameter was
found to be 6.089 A.

XRD data were used to determine the particle
size D. The average particle sizes of the deposited
films were calculated from the highest intensity
peak using the Debye-Scherrer equation [23-25]:

kA
~ BcosO

3

where D is the particle size of CdSe nanoparti-
cles, A is the X-ray wavelength (1.5406 A), 0 is
Bragg diffraction angle, {3 is the full-width at half-
maximum (FWHM) of the peak, and k is a constant
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Fig. 1. XRD patterns of CdSe and CdSe:Sm nanocrys-
talline thin films.

usually taken equal to 0.9. The average crystallite
size in the present investigation was found to be
10.11 nm.

SEM was used to investigate surface morphol-
ogy of undoped and Sm doped CdSe nanocrys-
talline thin films deposited at 70 °C for 6 h. The
morphology of the thin films was uniform, dense
and the film was well adherent to the substrate
surface. Nanosphere-like surface morphology was
observed in both the cases [15]. The surface was
not completely covered with nanospheres and some
gaps were observed between the spheres.

The small spherical grains are interconnected
with each other which led to formation of large sur-
face area which may be the reason for the increase
of conductivity of the sample. No change in par-
ticle size for undoped and Sm(NO3), doped thin
films was noticed, only variation in surface density
was observed due to the change in solution com-
position with the addition of different amounts of
impurity. This result was confirmed by the absorp-
tion study as there was no change in the position of
band edge.

The optical absorption spectra of the films
deposited onto glass substrates were studied

Fig. 2. SEM images of CdSe and CdSe:Sm nanocrys-
talline thin films.

in the wavelengths range of 200 nm to 800 nm.
Fig. 3 shows the optical absorbance spectra of un-
doped and Sm doped CdSe nanocrystalline thin
films prepared from different volumes of samarium
nitrate. The absorption data were analyzed using
the relation:

ahv =A(hv —E,)" 4)



36 K.K. PATHAK et al.

where hv is photon energy, E is band gap and A
is a constant. The values of n in equation 4 are 1/2,
2, 3/2 and 3 for allowed direct, allowed indirect,
forbidden direct and forbidden indirect transitions,
respectively. The linear nature of the plot indicates
the existence of the direct transition. The band gap
energy was determined from Tauc plot (ochv)? vs.
hv for the direct band gap.
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Fig. 3. Absorption spectra of CdSe and CdSe:Sm
nanocrystalline thin film.

Fig. 4 shows the Tauc plots for the undoped
and Sm doped CdSe nanocrystalline thin films.
The bandgap was determined by extrapolating the
straight line portion to the energy axis. The in-
tercept of this gives the optical band gap. The
optical bandgap for pure CdSe and different vol-
umes of Sm(NO3), doped CdSe thin film obtained
from the Tauc plots were found to range from 1.91
to 2.22 eV which is higher than the bulk CdSe
(1.75 eV to 1.8 eV) as expected [13]. This increase
in the band gap can be associated with the decrease
in particle size, affirming the nanocrystallinity of
the prepared sample.

As the doping volume has increased from 2 mL,
absorption in the infra and far infrared region
has changed. The samples prepared with 8 mL of
Sm(NO3);shows minimum absorption in IR region
with a sudden increase at 645 nm which is quite
near to that of undoped film. The films prepared
with 10 mL volume of Sm(NO3), shows maximum
absorption among all in IR region with an edge at
640 nm. Thus, the CdSe:Sm films prepared with
8 mL volume of Sm(NO3), can be considered as
more suitable for photovoltaic applications.
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Fig. 4. Plot of («hv)? vs. hv (derived from Fig. 3).

No appreciable shift in the band edge is noticed
in the various Sm doped and undoped CdSe films
indicating that doping has not affected the band
structure of the deposited crystalline film.

At the same time, it is observed that the band
gap values calculated from the Tauc plot are much
higher than those reported for the bulk samples. It
could be stated that the slow precipitation of Cd and
Se ions in the bath and their condensation on the
substrate caused ion by ion growth of CdSe films
with particle sizes of the order of nanometers.

As the volume of Sm(NO3), increased from
6 mL to 10 mL, the color of deposited films became
paler because of the increase of Sm concentration
in the CdSe material.

Fig. 5 shows the photoluminescence (PL)
spectra of undoped CdSe and Sm doped
CdSe nanocrystalline thin films obtained
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at an excitation wavelength of 395 nm. It
shows the emission at 601 nm for undoped and
CdSe thin films doped with different volumes of
Sm. No shift is observed in the position of the
peak in photoluminescence emission spectra for
various concentrations of samarium nitrate doped
thin films. Only intensity variation is observed due
to trapping of electrons in presence of Sm(NO3);
solution in the prepared material. This might have
happened because an impurity energy level is
formed below the conduction band of undoped
CdSe. It was reported that this kind of band-edge
luminescence can be caused by the recombination
of excitons and/or shallowly trapped electron-hole
pairs [26, 27].
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Fig. 5. Photoluminescence spectra of CdSe and
CdSe:Sm nanocrystalline thin films.

Fig. 6 shows I-V characteristics obtained for the
pure CdSe and Sm doped CdSe thin films for dif-
ferent illumination intensities. An area of 0.5 cm?
of CdSe thin film on the glass substrate was se-
lected for electrical studies and two silver elec-
trode were applied at a distance of 0.2 cm to en-
sure good neutral electrical contacts to the films.
The linearity of the plots suggests the formation of
ohmic contacts at metal-semiconductor (Ag/CdSe
and Ag/CdSe:Sm) junctions, indicating that the
work function of metal Ag is higher than that of
semiconductor CdSe. This aligns the Fermi level
of Ag with the upper band edge of valence band.
The resistivity decreases with an increase in illu-
mination intensity.
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Fig. 6. Current-voltage (I-V) characteristics obtained
for CdSe and CdSe:Sm nanocrystalline thin
films deposited on glass substrates.

Fig. 6 shows the variation of current with the
doping of different volumes of Sm(NO3),. It is ob-
served that the current increases with increasing in
the volume of impurity. The electrical resistivity p
of the deposited thin film was calculated using the
relation:

p= 2717sK 5)

1

where s is the distance between the inner pair of
electrodes which is 2 mm. The electrical resis-
tivity is observed to decrease with doping of Sm
ions. The results are in agreement with the litera-
ture [28].

4. Conclusions

The undoped and Sm doped CdSe nanocrys-
talline thin films were prepared by chemical bath
deposition method. X-ray diffraction patterns of
Sm doped CdSe nanocrystalline thin films clearly
show that the film has a sphalerite cubic (zinc
blende type) structure. The optical absorption edge
value of pure and Sm doped CdSe films ranged
from 650 nm to 640 nm showing blue shift as com-
pared to the bulk CdSe. Band gap values were cal-
culated from absorption spectra and were found to
be 1.91 eV to 2.22 eV which is higher than the
value for bulk CdSe (1.75 eV to 1.8 eV). Photolu-
minescence of Sm doped CdSe nanocrystalline thin
films was recorded and the strongest PL intensity
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was found at 601 nm. This might have happened
because of another energy level formed below the
conduction band of undoped CdSe. The electrical
resistivity of the thin films was found to decrease
with doping level of Sm ions. The prepared films
have a sufficient potential to be used for solar cell
applications.
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