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ARTICLE INFO ABSTRACT

Ternary alloys of CdS;_,Sex (x=0, x=0.2, x=0.4, x=0.6, x=0.8, x=1) thin films were
prepared on to glass substrates by a simple and economical soft chemical route (chemical
bath deposition) at 50° to 80 °C in air. The as-grown films were characterized by optical
and electrical measurement systems, X-ray diffraction (XRD), Energy dispersive X-ray
analysis (EDAX) and SEM (scanning electron microscopy). The optical study reveals shift in
the absorption edge towards the higher wavelengths, i.e. the band gap decreases as a
function of ‘x’ (quantity of selenium in the bath). I-V measurement of CdS (resulted when
x=0), CdS;_,Se, (x=0.2, x=0.4, x=0.6, x=0.8) and CdSe (resulted when x=1) thin films
under dark and illumination conditions (60 W) were measured. Increase in photocon-
ductivity is observed, suggesting its applicability in photosensor devices. Electrical
resistivity shows semiconducting behavior and activation energy decreases. The XRD
patterns reveals that deposited thin films have hexagonal mixed structure. EDAX
confirmed the compositional parameters. SEM images showed uniform deposition of
the material over the entire glass substrate.
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1. Introduction photoconductivity and thermoelectric power for photosensor
applications [1]. Most of the photosensors consist of semi-
conductors having good electrical conductance which varies
depending upon the intensity of radiation striking the mate-
rial. Typical photoconductive materials consist of germanium,
gallium, selenium, compounds like cadmium sulfide, bismuth

sulfide, oxides, selenides and composites [2,3]. CdS and CdSe

Semiconductor compounds from II-VI group are very
important materials in view of their photosensitivity,
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are two very popular semiconductors belonging to II-VI
group. CdSSe is used in wide range of applications in
optoelectronics devices such as optically bistable elements,
optical switches, transistors, modulators, laser diodes, optical
harmonic generators, and optical memories [4]. It is also used
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because of their potential application in conversion of solar
energy into electrical energy [5] and in variety of semicon-
ductor devices. The choice of photoconducting material is
usually between CdS in which very high sensitivity is possible
but response time is high and CdSe in which a lower response
time is possible at the cost of some loss in sensitivity [6]. If we
consider CdS and CdSe separately energy band gaps are 2.4 eV
[7] and 1.7eV [8], respectively. The tunability of these
semiconductors can be achieved through the composition
modulation [9,10]. For example, ternary alloy of semiconduc-
tor CdS; _,Se, and some other alloys with continuously tuned
band gap have been reported consequently [11]. Wavelength
tunable emission can be attained from ternary compounds by
simple adjustment of composition [12,13]. Thus with this
motivation to develop a photosensor material with the ideal
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band gap to achieve high mobility and long life time of the
charge carriers, in the present work, we contend the possibi-
lity of producing new semiconducting material using CdS and

Table 1

Tabulation form of band gaps of CdS; _,Sey

thin film in eV.

Composition Band gap (eV)
Ccds 242
CdSo.sSeo.» 2.16
CdSo.6Sep.a 2.03

CdSo 4Seo. 1.97
CdSo.Seos 1.8

CdSe 1.73
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Fig. 1. Representative Plot of (ahv)? verses hv to estimate energy band gap of as deposited (a) CdS, (b) CdSpsSeos, (c) CdSosSeoas, (d) CdSgaSeos.

(e) CdSp2Seps and (f) CdSe thin films, respectively.
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CdSe. CdS; _,Se, alloy thin film can be grown by the techni-
ques such as the chemical bath deposition method [14,15], an
electrodedeposition method [16], the physical vapor transport

Table 2
Tabulation form of photosensitivity in
CdS; _xSey thin film in percentage.

Composition Photosensitivity (%)

cds 18
CdSosSeo2 54
CdSocSeos 27
CdSosSeos 35
CdSo,Seos 47
CdSe 87
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method [17], nucleation and crystal growth mechanism
[18] etc.

In view of this, present paper the ternary CdS;_,Sey
alloy thin film with variable composition of ‘x’ is consid-
ered, where ‘x’ is the composition of selenium. x=0,
x=0.2, x=04, x=0.6, x=0.8 and x=1 thin films are
prepared using simple soft chemical route (chemical bath
deposition method). Various preparative parameters, such
as ionic concentration, temperature and pH were opti-
mized to get good quality thin films on glass substrates.

2. Experimental details

x=0, x=0.2, x=0.4, x=0.6, x=0.8, and x=1 thin films
were grown by chemical bath deposition. We optimized
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Fig. 2. Representative [-V plots obtained from as deposited (a) CdS, (b) CdS,
respectively under dark and illumination condition (60 W).

0.85€02, (€) CdSpeSeo.4, (d) CdSp.4Seos, (€) CdSpoSeqs and (f) CdSe thin films,
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the preparative parameters such as reaction temperature,
deposition time, pH, and molarity using CdSQ,, thiourea,
and selenium solution on glass substrates. The tempera-
ture of the CdS;_,Se, solutions was kept at 50 °C for the
period of 1h. The pH of the solution was maintained
at~11.5 to obtain CdS;_,Se, thin films and all were
prepared considering different volumes of reactants that
are thiourea and selenium solution.

2.1. Deposition of CdS thin film

CdS thin resulted when x=0. For this equal volume of
the solutions i.e. CdSO4 and thiourea (20 mL) were taken
considering the molarity of CdSO4 solution as 0.1 M and
for thiourea 0.2 M. The pH of the resultant mixture was
kept at ~11.5 by addition of ammonia. The temperature of
the reaction bath was maintained at 80+ 5 °C and the
deposition was carried out for the period of 1 h.

2.2. Deposition of CdSe thin film

CdSe thin resulted when x=1. In this case the proce-
dure is similar as that of the deposition of the CdS thin
film, but the difference is that instead of thiourea, sele-
nium (sodium selenosulphate) solution was used. 20 mL
solution CdSO4 was treated with 20 mL of selenium solu-
tion (sodium selenosulphate). The pH of the resultant
mixture was ~11.5 using ammonia. The bath temperature
was maintained at 50 + 5 °C for the period of 1 h.

2.3. Deposition of Cds;_Sey thin film

For this the volume of CdSO4 was kept same as before
(20 mL) and the volume of thiourea and selenium (sodium
selenosulphate) was varied, giving x=0.2, 0.4, 0.6, and 0.8.
The pH of the resultant mixture was ~11.5 by adding
ammonia. The bath temperature was maintained at
50+ 5 °C for the period of 1 h.

3. Characterization techniques
Optical absorption studies were carried out using UV-vis

(Perkin-Elmer, Lambda-25) spectrophotometer in the range
400-1100 nm. Photosensitivity of the samples was studied

LUMO LUMO
E = 2.42 eV
CdS

HOMO HOMO

using [-V system interfaced with computer. Resistivity
measurements were done using the two probe method.
Structural analysis was done using X-ray diffraction (XRD)
with a Bruker (AXS-D8 ADVANCE) X-ray diffractometer in
the range 20=20-60° having CuKa; (1=1.5405 A).Energy
dispersive X-ray analysis (EDAX). Surface morphology of the
ternary alloy CdS;_,Se, thin films were carried out using
scanning electron microscopy (SEM).

4. Result and discussion
4.1. Optical studies

In the present investigation, optical absorption by
CdS, _,Se, thin films were studied in the wavelength range
of 400-1100 nm. It is observed that the optical absorption
edge is shifted towards the longer wavelength with
increase in composition of ‘x’. The nature of the transition
(direct or indirect) is determined by using the relation.

a=ag(hv—Eg)" /hv (1

where E, the energy difference between valence and conduc-
tion band and n is a constant equal to 1/2 for direct band gap
materials and 2 for indirect band gap material. The natures of
the plots indicate the existence of direct transitions. The
bandgap E, is determined by extrapolation of the straight
portion of the plot to the energy axis as shown in Fig. 1.
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Fig. 4. Plot showing logp verses 1000/T of as deposited CdS, CdSq gSeo>
and CdSe thin films.

LUMO
E,=2.33 eV
E,;= 173 eV
CdS, sSey, CdSe
HOMO

Fig. 3. Schematic representation of the formation of localized states in CdS on addition of ‘Se’.
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The band gaps of the CdS;_,Se, as a function of x are shown
in Table 1 [19,20], in which it is observed that the band gap of
CdS()VgseO.zv CdSO'GSEOA, CdS()AseO_s, and CdSO_stO'g thin film is
in between the individual band gaps of CdS and CdSe [21]. So
this decrease in band gap may be due to the presence of
localized states in the forbidden gap. The width of mobility
edge depends on the degree of disorder and defects present in
the structure. In solids unsaturated bonds are responsible for
the formation of these defects. Such defects produce localized
states in the forbidden gap. The presence of such states is
responsible for the decrease of optical band gap [22]. There-
fore the films prepared with different ratios of ‘S’ and ‘Se’
show a monotonic variation in the band gap with the
composition, indicating the formation of a common lattice
of CdSSe thin film.

4.2. Photosensor characteristics

Fig. 2 shows the -V characteristics of the as deposited
CdS; _,Sey thin films, respectively, in dark and illumination
conditions (60 W/cm?). The I-V curves are straight lines
passing through the origin indicating ohmic behavior. The
effect of light on the samples can be seen in said figure. It
is seen that current is proportional to the applied voltage
which means it satisfies the Ohm'‘s law confirming the
ohmic nature. On illumination photocurrent is observed to
increase, this may be related to increase in carrier con-
centration. The excitation of the electrons from valance
band to the conduction band significantly improves the
electrical conductivity of the semiconductor. When the
film is exposed to light, number of charge -carriers

Cds

Intensity

25

increases by several orders of magnitude. The photo
generated current increases due to increase in conductiv-
ity. These results indicate enhancement of conductivity of
the material and therefore the phenomenon is known as
photoconductivity or photosensing.

The photosensitivity of the samples were calculated
using the formula

S=Rd—RI/Rd 2)
Where

Ry=resistance of thin film in dark
R,=resistance of thin film in the presence of light

It is found that the photosensitivity increases from CdS
to CdSe, which is due to excitation of charge carrier when
the photons were incident on the sample. The photosensi-
tivity was calculated as mentioned in Table 2. We found
that the photosensitivity in CdSggSeq, 5, is more than other
compositions which may be due to the reason that CdS

Table 3
Tabulation form of presence of Cd, S and Se in CdS, CdSpgSep.,, and CdSe
thin films in percentage.

Composition Atomic percentage in the film by
SEM-EDAX analysis (%)
cd S Se
cds 82 18 0
CdSg sSeq > 70 22 8
CdSe 63 0 37

(002) .,
CdSO.SseO.:

Intensity

(002)

20 4

Intensity

CdSe

40 45 50 55 60

Fig. 5. Representative XRD pattern of as deposited CdS, CdSogSep» and CdSe thin films.
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have very high sensitivity but response time is also high
and in CdSe lower response time is possible at the cost of
some loss in sensitivity. As per the result of photosensitivity
characteristics the most suitable composition is CdSggSeo .2,
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therefore we further investigated CdS, CdSygSep» and CdSe
for other properties. The schematic representation of CdS,
CdSpgSeq, and CdSe nano structured thin films along with
their energy band gap as Homo - Lumo and the formation
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Fig. 6. Representative EDAX spectra of as deposited CdS, CdSogSeo> and CdSe thin films.
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of localized states in CdS on addition of ‘Se’ is shown in
Fig. 3.

4.3. Electrical properties

The electrical resistivity of CdS, CdSe, and CdSpgSep.
thin films was studied using dc the two-point probe
method. The variation of log (p) versus 1000/T is shown
in Fig. 4. It is observed that the resistivity decreases with
increase in temperature, which indicates the semiconduct-
ing nature of the thin film [23]. Furthermore, the activa-
tion energy of the films was obtained using equation

p = poeXp(Ea/KT) 3)

where p is resistivity at temperature at T, po is a constant,
k is Boltzmann constant and E, is the activation energy,
which is estimated by the slope of the log (p) versus 1/T.
The resistivity values were found to be 0.97 x 10°> Qcm for
Cds, 0.053 x 10® @cm for CdSg sSep» and 0.0 x 10° Qcm for
CdSe thin films, respectively i.e. resistivity of CdS is more
than CdSe thin film [24]. The calculated values of activation
energies are 0.1788 eV, 0.1019 eV and 0.0622 eV for CdS,
CdSpsSeg. » and CdSe, respectively.

4.4. Structural and compositional study

Fig. 5 shows the GI-XRD pattern of CdS, CdSygSeqp> and
CdSe. CdS shows the orientation along (002), (101), (102),
(110), (112) and (400) planes which were assigned in
accordance with the standard JCPDS data reference card
of CdS (file no: 80-0006) confirms its nanocrystalline
nature with hexagonal phase[24-26].

CdSe shows the orientations along (002), (110) and
(112) planes and confirms the hexagonal structure [27]
assigned with JCPDS data reference card of CdSe (file no:
77-2307). The XRD spectrum of CdSggSep> shows max-
imum peaks of CdS and minimum peaks of CdSe this
indicates the presence of selenium in the film, which is
also confirmed by the EDAX. Extra peaks are nothing but
humps of the glass substrate used for deposition of the
thin film. The crystallite size was calculated using Scherer*s
formula,

D =ka/p cos 0 4)

where the constant K is a shape factor usually 0.94, 1 the
wave length of X-ray (0.15418 nm), g the FWHM in radians
and ¢ is the Bragg's angle. The crystallite size of CdS,
CdSp sSep» and CdSe were found to be 139 nm, 111 nm and
46 nm, respectively.

The chemical composition of CdSg gSep, was confirmed
by EDAX. The elemental analysis was carried out only for
Cd, S and Se and the average atomic percentage ratio of Cd:
S: Se is listed in Table 3. Fig. 6 shows the representative
EDAX spectra only for three compositions ie. CdS,
CdSpsSep, and CdSe. It shows that the composition in
the film is same as in the reaction bath mixture. However,
there were some additional peaks in the EDAX spectra, this
could be attributed to Si, O, Ca, Mg, etc., arising due to the
presence of these elements in the amorphous glass used as
substrate.

Fig. 7. Representative SEM images of as deposited CdS, CdSosSeo» and
CdSe thin films.

4.5. Surface morphological analysis

Fig. 7 shows the SEM micrographs of CdS, CdSqgSeq 2
and CdSe. The SEM micrographs of all the films show
uniform surface morphology over the entire glass sub-
strate surface. Nearly, all the grains were spherical in
shape. It is also seen from the SEM images that all the
samples consists of a dense layer with small crystallites
The SEM image 7(a) shows the surface morphology of CdS
thin film. Image 7(c) clearly depicts that CdSe thin film
surface morphology show uniformly deposited flower like
nanostructure. Whereas Fig. 7(b) shows the surface mor-
phology of CdSpsSep» in which both spherical shaped and
flower like nanocrystalline structure can be seen.

5. Conclusion

CdS; _,Sey thin films have been successfully deposited
by chemical bath deposition technique. The optical prop-
erty reveals the red-shift of the absorption edge which
reveals that the edge shifts towards the longer wavelength,
as we consider from CdS to CdSe, which convey that the
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band gap decreases form CdS (resulted when x=0) to CdSe
(resulted when x=1). Furthermore, all the samples
showed good response to the light. The electrical study
confirms that the resistivity decreases with the addition of
selenium in the CdS thin film. XRD study of CdSq gSeg» thin
film confirms the formation hexagonal phase with nano-
crystalline nature, Presence of selenium is supported by
EDAX study. SEM shows the formation of spherical shaped
CdS and flower like CdSe nanocrystalline Structure,
whereas CdSpgSep, shows both spherical shaped and
flower like nanocrystalline structure. From the studies
stated above the ternary alloy CdS;_,Se, thin films due
to their wide and fine tunability of the band gap have
potential applications in various opto-electronic devices.
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