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Abstract We have successfully deposited cadmium sel-

enide (CdSe) thin films by simple dip method using

ascorbic acid as complexing agent. Variation of thickness

with time and temperature were studied. Deposited samples

were characterized by X-ray diffraction, scanning electron

microscopy. The absorption, electrical and photoelectro-

chemical properties are also studied. The X-ray diffraction

analysis shows that the film samples are in hexagonal

structure. The optical band gap energy was found to be

1.70 eV. Activation energy was found to be 0.447 and

0.034 eV for higher temperature and lower temperature

respectively. For CdSe photoelectrode, the open circuit

voltage and short circuit current are found to be 267 mV

and 175 mA respectively. The calculation shows the fill

factor is 28.67 %. The power conversion efficiency is

found to be 1.01 %.

1 Introduction

In recent past years, much importance has given in the field

of II–VI class of semiconducting compounds because of

their optoelectronic properties and applications [1]. CdSe is

a direct band gap semiconductor. It is used as an n-type

window layer material in thin film solar cells [2]. It has

high absorption coefficient near the band edge, which allow

using in thin film devices, it is especially interesting for

applications in solar hybrid system [3]. It is also applicable

in laser diodes, nanosensors and bio medical imaging

devices [4–6]. The CdSe energy band gap is about 1.8 eV,

which divides the solar spectrum in two parts, namely, the

‘‘thermal’’ part with hv \ Eg and the ‘‘optical’’ part with

hv [ Eg [7, 8]. Electrochemical photovoltaic cells are very

attractive for the production of electricity, because they use

free and renewable solar energy and present number of

advantages over p–n junction solar cell [9]. The deposition

parameters such as pH, temperature, concentration of the

solution and deposition time influence of the formation of

thin film and crystallite size, which in turn engineer the

band gap of the material [10]. Several ligands have been

utilizing in the deposition of CdSe, such as triethanolamine

[11], nitrilotriacetate [12], tartaric acid [13], malonic acid

[14], potassium nitrilotriacetate [15]. Pramanik and col-

leagues show variation of thickness with different bath

parameters has been studied to obtain thickest deposition

possible [16]. Murali et al. deposited CdSe thin films in the

temperature 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 tem-

perature is decreased from 30 to 5 �C [17]. Cerderia et al.

deposited cadmium selenide thin film on Ti substrate using

chemical bath deposition. The photoluminescence and

Raman spectra were studied [18].
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Keeping in view all aspects an attempt has been made to

deposit CdSe thin films at room temperature. Structural,

optical, morphological, electrical and electrochemical

photovoltaic properties of the deposited sample have been

studied.

2 Experimental details

2.1 Substrate cleaning

The deposition was done on glass slides of 26 mm 9

76 mm 9 2 mm dimensions and good quality polished

stainless steel strips. The glass substrates were cleaned by

boiling them in chromic acid for 1 h, followed by washing

successively with detergent and alcohol. They were finally

stored in double distilled water before use. The stainless

strips were polished using emery cloth and zero number

polishing paper.

2.2 Reagents and preparation of solution

All reagents used for the deposition were analytical grade.

It contains cadmium sulphate octahydrate, nickel sulphate

octahydrate, ascorbic acid, hydrazine hydrate, sodium

sulphite, selenium powder and ammonia. All the solutions

were prepared in double distilled water. Sodium seleno-

sulphate (*0.25 M) solution was prepared by refluxing 5 g

of selenium powder with 15 g sodium sulphite in 200 mL

double distilled water for 9 h at 363 K. The solution was

cooled, filtered to remove undissolved selenium and stored

in an airtight container [19]. All the films were deposited

using dip method.

2.3 Deposition of CdSe thin films

To prepare the bath, 10 mL (0.25 M) cadmium sulphate

octahydrate was poured in 100 mL beaker; other chemicals

were used in the following sequence: 2.5 mL (1 M)

Ascorbic acid, 10 mL (2.8 M) ammonia, 10 mL (0.25 M)

sodium selenosulphate. The pH of the reactive mixture is

10.53. The total volume was made 50 mL with double

distilled water. The temperature of the bath was maintained

at 278 K using ice bath. The solution was stirred vigor-

ously before dipping non-conducting glass substrates. The

substrates kept vertically slightly tilted in a reactive bath.

The temperature of the bath was then allowed to increases

up to 298 K very slowly. After 5 h, the slides were

removed washed several times with double distilled water.

The film was dried naturally preserved in dark desiccators

over anhydrous CaCl2. The film was deposited on both

sides of slides.

3 Results and discussions

3.1 Growth mechanism

Thin films were deposited by decomposition of sodium

selenosulphate in alkaline solution containing cadmium

sulphate and ascorbic acid as complexing agent. Ascorbic

acid controls the metal ion concentration in the reaction

vessel. As the temperature increases slowly, the decom-

position of sodium selenosulphate and metal complex take

place in alkaline medium favors the formation of thin film.

For cadmium chalcogenides films obtained from alkaline

medium, Cd(OH)2 is known to acts as seeding nucleus

[20].

The deposition process is based on the slow release of

Cd2? ions and Se2- ions in the solution by ion-by-ion basis

[Ksp = 10-33 (CdSe)]. The growth mechanism of film can

be understood from the following reaction:

Cd2þ þ Ascorbic acid! Cd-Ascorbate½ �� ð2:1Þ
Na2SeSO3 þ OH� ! Na2SO4 þ HSe� ð2:2Þ

HSe� þ OH� ! H2Oþ Se2� ð2:3Þ

Cd-Ascorbate½ � þ Se2� ! CdSeþ Ascorbate½ �2� ð2:4Þ

The nucleation is not observed within the first 30 min and

hence the process require an induction time for the nucle-

ation on substrate. This suggests the ion-by-ion growth

mechanism instead of cluster-by-cluster. The thickness was

measured every 60 min and plotted against time as shown in

Fig. 1. From the figure, the thickness varies linearly with

time, but above certain time the concentration of the reactive

species decreases. Thickness remains the constant. All the

films were homogenous well adherent to the substrate.

Growth kinetics for the development of thin films is shown in

Fig. 2. The figure shows that, in early stages of growth the

deposition varies linearly with deposition temp and then

decreases after typical temperature. At higher temperature
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Fig. 1 Variation of thickness against time for CdSe thin film
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the rate of release of Cd2? and Se2- ions is faster, so

precipitation occurs instead of film formation. Terminal

thickness was found to be 0.65 lm.

3.2 X-ray diffraction

The X-ray diffraction pattern of the films were recorded by

using Philips-PW-1710, X-ray diffractometer, in 2h range

from 10� to 80� using Cu Ka1 line (k = 1.54056 Å). The

crystal structure, grain size and lattice parameters were

determined from X-ray diffraction pattern. The chalco-

genide of cadmium normally show the duality in the crystal

structure. They can be formed with either sphalerite (cubic,

zinc blend type) or wurtzite (hexagonal type) structure [21,

22]. The spectra for CdSe [JCPDF Card No. 08-0459] were

used for identification purpose.

The X-ray diffraction (XRD) spectra of CdSe, films

deposited on glass substrate are shown in Fig. 3. The XRD

pattern shows a large number of peaks indicating that the

films are polycrystalline in nature. The analysis of spec-

trum indicated that the films are having hexagonal struc-

ture. The analysis of XRD patterns in terms of hkl planes,

interplanar distances, crystallite size, lattice parameters

have been carried out by considering hexagonal structure

and is given in Table 1.

The diffused background is due to amorphous glass

substrate and also to some amorphous phase present in CdSe

thin films. (100) (102) (110) (103) (112) planes of a hex-

agonal CdSe were observed. The highest intense reflection

at d = 3.715 Å which can be normally indexed as hexag-

onal (100). The average crystallite size was determined by

using Scherrer’s formula. The average crystallite size was

calculated by resolving the highest intensity peak. The

average crystallite size for the thin films falls of 244 nm.

3.3 Morphological characterization

The scanning electron micrograph of film is shown in Fig. 4.

It revealed homogenous film growth with some cracks. The

micrographs also showed a compact structure composed of

single type of densely packed microcrystal spherical in

shape with well defined grains and almost similar in size.

3.4 Optical characterizations

The optical density of the thin film samples were measured

at a room temperature as function of wavelength. Hitachi-

330 (Japan) UV–VIS–NIR Double beam spectrophotometer

was used for this purpose. The absorption spectra recorded

from 400 to 800 nm. The absorption spectra were used to
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Fig. 2 Change of thickness with deposition temperature
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Fig. 3 X-ray diffraction pattern of CdSe thin film

Table 1 Crystallographic data of CdSe thin film

Composition Observed ‘d’

values (Å
´

)

Std ‘d’

values (Å)

hkl Grain

size (nm)

Cell

parameters

CdSe 3.715 3.720 100

2.553 2.554 102

2.150 2.151 110 244.64 a = 4.289

1.964 1.980 103 c = 7.025

1.842 1.834 112
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calculate band gap, type of optical transition and absorption

coefficient, etc.

The optical absorption spectra of CdSe film are shown in

Fig. 5. The study show that the presences of absorption

edge of exponential shape. It is due to homogeneity of the

films and normal band structure. The spectra shows two

regions, one for higher wavelength with practically lower

absorption and other for lower wavelength in which

absorption increases steeply. The optical studies revealed

that the films are highly absorptive with direct type of

transition (a 9 104 cm-1). The value of absorption coef-

ficient depends upon radiation energy as well as compo-

sition of film. The data were systematically studied in the

vicinity of the absorption edge on the basis of three-

dimensional model. The interpretation of the results can be

easily drawn with the help of formula derived for three-

dimensional crystal. The simplest forms of equations

obeyed near and above absorption edge are [23];

a ht ¼ A hm� Egð Þn ð3:1Þ

where a is absorption coefficient (cm-1), hm the photon

energy (eV). A and n are constants. A is complex param-

eter, which depends on temperature, photon energy, pho-

non energies etc. The n values are 0.5, 1.5, 2 and 3 for

allowed direct, forbidden direct, allowed indirect and for-

bidden indirect transition respectively. Eg is the direct band

gap energy. A plot of (a)2 versus hm should be a straight

line whose intercept to the x-axis gives the optical band

gap. The graph of (ahv)2 versus hm for ‘as deposited’

samples are shown in Fig. 6. The band gap of CdSe was

found to be 1.70 eV [24].

3.5 Electrical properties

The electrical transport properties play key role in deciding

the quality as well as applications of the semiconductor

devices. These properties are mainly influenced by their

structural characteristics, purity, nature, concentration of

the impurities [25–27].

The dark D.C. conductivity of all samples was measured

by using two probe method, in temperature range of

300–525 K for heating and cooling cycles. The electrical

conductivity variation with temperatures during heating

and cooling cycles was found to be different and this shows

that the ‘as-deposited’ film undergoes irreversible changes

due to annealing out of non-equilibrium defects during first

heating. The specific conductance at room temperature of

CdSe were found to be of the order of 10-7 (X cm)-1 [28].

The values of specific conductance of different com-

position at 300 and 525 K are listed in Table 2. The
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Fig. 5 Absorption spectrum of CdSe thin film
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Fig. 6 Determination of band gap of CdSe thin film

Table 2 Optical and electrical parameters of CdSe thin film

Composition Specific conductance (X cm) Activation

energy (eV)

Band

gap

(eV)
At 300 K At 525 K HT LT

CdSe 2.90 9 10-7 6.39 9 10-3 0.447 0.034 1.74

Fig. 4 Scanning electron micrograph of CdSe thin film
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conductivity of the samples increases with increase in

temperature, showing semiconducting behavior of the

films. The plots of log d versus 1,000/T are shown in Fig. 7

for the films. There are two distinct linear regions, indi-

cating the presence of two-conduction mechanism, the low

temperature intrinsic and high temperature extrinsic. In the

lower temperature range (300–375 K) is characterized by

small slope. In the higher temperature range, the curve is

characterized by large slope [29–31].

The activation energy is calculated using Arrehenius

equation. The activation energies obtained from the slope

of straight lines of log d versus 1,000/T plots are included

in Table 2.

3.6 Photoelectrochemical characterization

For fabrication of photoelectrochemical cell we used an

H-shaped glass tube. One of the arm of the tube was made

from hard glass having diameter of size 2.7 cm and length

7 cm and other is ordinary test tube of inner diameter

1.5 cm and length 7 cm. The cell can be represented as

n-CdSe NaOH 1Mð Þ þ S 1Mð Þ þ Na2S 1Mð Þj jCðgraphiteÞ:

Counter electrode is constructed by using a graphite rod

sensitized in a medium containing concentrated CoS

solution for 24 h. The power output characteristic has

been obtained for a photoelectrochemical cell at a constant

illumination of 30 mW/cm2. Films were deposited onto the

smooth polished stainless steel substrate, which acts as

photoelectrode.

Figure 8 shows the photovoltaic power output charac-

teristics of various cells were recorded under 30 mW/cm2

illumination intensity using sulphide–polysulphide elec-

trode. The various cell parameters like open circuit voltage

(Voc), short-circuit current (Isc), fill factor (ff), series

resistance (Rs), shunt resistance (Rsh) and conversion effi-

ciency (g) was determined. The maximum power output of

the cell is given by the largest rectangle that can be drawn

inside the curve.

For CdSe photoelectrode, the open circuit voltage and

short circuit current are found to be 267 mV and 175 mA

respectively. The calculation shows the fill factor is

28.67 %. The power conversion efficiency is found to be

1.01 %. The value of series resistance and shunt resistance

were found to be 830 and 525 X respectively. The main

drawback in utilizing PEC cell is the absence of space

change region at the photoelectrode-electrolyte interface.

In this situation, the photogenerated charge carriers can

move in both the direction. Lu and Kamat [32] reported

that the photogenerated electrons in n-type material either

recombine readily with holes or leak out into the electro-

lyte, instead of flowing through external circuit.

4 Conclusions

CdSe thin film can be deposited by using ascorbic acid as a

chelating agent. This controls the deposition of thin film.

Terminal thickness was found to be 0.65 lm. The XRD

pattern shows a large number of peaks indicating that the

films are polycrystalline in nature. The analysis of spec-

trum indicated that the films are having hexagonal struc-

ture. The homogenous formation of crystalline grains was

observed from scanning electron microscope. The optical

study reveals the direct transition band gap for CdSe thin

film was found to be 1.70 eV. The specific conductance at

room temperature of CdSe were found to be of the order of

10-7 (X cm)-1. The power conversion efficiency is found

to be 1.01 %. This shows CdSe is a potential candidate for

solar cell fabrication.
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