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Abstract

Polycrystalline Cg75Smny 25Se thin films with different thicknesses were deposited by single source on glass substrates maintained at

room temperature. The lattice parameters for synthesizgdsSd 2sSe powder are determined. The structural, electrical, optical and
photoelectrical properties of these films were studied and are reported.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Cadmium selenide belongs to [I-VI compounds and
it has been investigated for its potential applications in
solar cells[1], photoconductorg2], thin film transistors
[3], light emitting diodes[4] and gamma ray detectors
[5]. SnSe belongs to the group of layer-type orthorhombic
IV=VI compounds characterized by a strong anisotropy of

2. Experimental

The bulk Cd.75Smny.25Se material was synthesized in a
quartz ampoule by mixing cadmium metal (AR grade),
tin and selenium powders (Aldrich, 99.99%) in their sto-
ichiometric ratio. The ampoule was evacuated to a pres-
sure of 103Pa, sealed and it was kept at the uniform
temperature zone of the furnace. The temperature was

the chemical bonds and physical properties. Tin selenide gradually increased upto 90C and maintained in this

thin films have numerous applications as an efficient so-
lar cell material[6], memory switching devicef/,8] and
holographic recording systerf®]. CdSe and SnSe have
been studied in the form of both thin filn{40,11] and
single crystals[12,13] CdSe is a narrow band semicon-
ductor and its optical band gap is 1.74 ¢14], whereas
the band gap of SnSe is 0.9 ¥5]. No study has been
reported in the literature fofCdSex(SnSe;_x solid so-
lution either in the form of thin films or single crystals
and hence the study of mixed thin films of £dSmn 25Se

is carried out. In this paper, we report the structural,
optical, electrical and photoconducting properties of the
vacuum deposited G@dsSrp2sSe thin films of various
thicknesses.
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temperature for a period of 10h. The charged ampoule
was rotated and shaked throughout this period to ensure
complete mixing and then it was slowly cooled to room
temperature in 20h. The ampoule was broken, the sam-
ple was finely powdered, and again sealed in another
quartz ampoule. The entire process of heating and soak-
ing was repeated for homogeneous mixing. The synthe-
sized final compound was analysed by X-ray diffraction
(XRD) technique for their homogeneity and crystalline na-
ture. The chemical analysis for the synthesized compound
was carried out using atomic absorption spectrophotome-
ter and found to contain Cd 38.3%, Sn 12.8% and Se
48.9%.

The thin films of Cd 75Sny.25Se were deposited on glass
substrates by vacuum deposition technique at room tem-
perature (303K). The substrates were thoroughly cleaned
in a detergent solution and then in chromic acid and fi-
nally, cleaned using trichloroethylene. Double distilled wa-
ter was used throughout in different stages of cleaning. The
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thin films of Cdy75Sny25Se were prepared in a vacuum 3. Results and discussion
coating unit (Hind Hivac Coating Unit, model 12-A4) at a
pressure of 10°Pa using the synthesized €S sSe 3.1. Structural properties
powder material. The coating was made at room temper-
ature and the rate of coating was maintained at 57"s  3.1.1. Powder sample
The films obtained in the above conditions were found to The powder XRD pattern recorded for the Synthesized
be reproducible. A quartz crystal film thickness monitor Cd,75Smny25Se powder sample is shown fig. 1and it in-
was used to measure the thickness of the films. Thin films dicates that the material is polycrystalline in nature. The
thicknesses were also measured by forming interferencexRD peaks are indexed using a graphical method and also
fringes [16]. Thin films were prepared at three different with the help of the software DICVOL9[17,18]} The lat-
thicknesses at room temperature namely 0.100, 0.168 andice constants are evaluated usitgk() and 2 values and
0.182pm. refined with the help of the software UNITCELL9]. The

The X-ray diffraction patterns for the synthesized powder refined lattice parameters show thatgGeBny 25Se Crysta|-
sample and thin films were recorded with JEOL JDX 8030 |izes in the orthorhombic unit cell. The lattice constants are
X-ray diffractometer using Cu Kradiation. The X-ray pho- 4 = 12574006 A,» = 4.19+0.03 A andc = 3.91+0.01 A
toelectron spectra (XPS) were recorded with an ESCALAB [20]. Table 1lists the @, d, I, I/lg and hk! values for
MK Il spectrometer (VG Scientific Ltd., UK) with Mg K Cdy.75Sm.25Se powder sample. Since there is no standard
radiation of energy 1253.6eV. The optical transmittance reported values are available for @S 2sSe mixed com-
spectra were recorded using UV-Vis-NIR spectrophotome- pound, residual factor is determined with reference to the
ter (Hitachi V-3400) in the wavelength region 400-2000 nm calculated value using the formula
for the three samples having different thicknesses prepared
at room temperature. The electrical conductivity measure- residual factoy R = Z
ments were studied by van der Pauw technique from 143
to 573 K. For electrical measurements, the ohmic contactswhere dyps is the actual experimental value awldy the
were made using high purity silver paste (Eltecks Corpora- least squares fitted value. The residual index obtained for
tion, Bangalore). The photoconductivity measurements were Cdy 755 25Se is 0.250. The low residue clearly indicates
carried out using a halogen (100 W) lamp fed by a constant that the agreement between the experimental and least
power supply. squares fitted values is good. In the synthesized powder
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Fig. 1. XRD pattern of Cgl;sSn 25Se powder material.
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Table 1
XRD data for Cd 75Sny 25Se powder material
Sl.no.  hkl 20(°) d(A) dA) I/Ip x 100 =
observed  calculated 8 =Y
g <2
1 (101) 24.2 3.675 3.731 79 T >
2 (210) 25.6 3.477 3.487 36
3 (201) 273 3.264 3.319 24
4 (111) 314 2.847 2.787 86
5 (500) 354 2.534 2515 11
6 (401) 38.1 2.360 2.449 11
7 (311) 423 2.135 2.361 100
8 (020) 437 2.070 2.095 9 —
9 (002) 46.1 1.967 1.954 17 2
10 (021) 491 1.854 1.846 15 =
11 (601) 500 1.823 1.847 22 g
12 (022) 65.2 1.430 1.429 10 2
13 (900)  66.7 1.401 1.397 11 <
14 (113) 771 1.236 1.238 11 2
15 (403) 79.8 1.201 1.203 9 g
€
XRD patterns of Cg75Sn25Se the 2 values for (111)
peak is obtained at 31°4whereas for SnSe thed Zalue
for (111) peak is obtained at 30.920]. This shows that
there is an evidence for SnSe phase in the synthesizec , c

Cdy.75S5my.255€ powder material. f f f T t t t 1
10 20 30 40 50 60 70 80 90

3.1.2. Thin films

The Ca 755 25Se thin films prepared at room tempera- Angle 26

ture did not give rise to any X-ray peak f_or allthe three thick- Fig. 2. XRD patterns of CgsSip 2sSe thin films of thicknesses (a) 0.100,

nesses. The absence of X-ray reflections reveals the poofy o 168 and (c) 0.182m, annealed at 30e.

crystalline nature of the films. However, annealing improves

the crystallinity and few X-ray peaks are observEdy. 2

shows the XRD patterns recorded for they@gBry 25Se thin )

films of thicknesses 0.100, 0.168 and 0.188 annealed at ~ 3-2- XPS analysis

300°C for 2 h and their XRD data are displayedTable 2 )

In Fig. 23 two small X-ray peaks are observed étdt 14.5 The XPS spectra of the vacuum deposited &8 2sSe

and 23.3. They correspond to the X-ray reflection of (200) thin films of thickness 0.182m prepared at room temper-

and (10 1) in comparison with the synthesized powder XRD ature is shown iFig. 3. Quantitative analysis indicates that

data. Four well resolved X-ray peaks are observed for the the films are rich in selenium and cadmium deficient and

film of thickness 0.16@.m as shown ifFig. 2b Three peaks ~ found to have Cad~ 351%, Sn~ 13.0% and Se~ 51.9%

coincide well with the values of synthesized powder XRD (in at.%). The actual chemical composition of the bulk and

data, while one peak could not be indexedFig. 2¢ for thin films is slightly different frqm the expected composition

the film of thickness 0.182m, one X-ray peak is observed. Of Cdo.75Sm.2sSe. The chemical formula GdsSry.2sSe

Its d value agrees well with the standard powder XRD represents the nominal composition of the sample.
data. The excess Se concentration found in evaporated

Cdy.75Smy 25Se thin films could be related to the differences
in the melting points of the constituents (Se: 2C7 Sn:

Table 2 231°C and Cd: 320.9C), which would lead to a differen-

XRD data for Cg75Sm2sSe thin films annealed at 30C tial evappration. The”Se rich in @esSmy 25Se thir.\ film is

Sl no. Thickness 20 (%) | d A d ) Kl d_u_e tq higher deposmon_ rate. The_change of fllm_ compo-
(um) measured  standard sition in CdSe from Cd rich to Se rich due to the increase

1 0.100 145 88 6.104 6.285 200) N the deposition rate find source temperature has been re-

2 0.100 23.3 92 3.815 3.675 (101) ported by Chan and Hil[21]. The change of Cd rich to Se

3 0.168 13.9 79 6.366 6.285 (200)  rich is also expected from the consideration of the vapour

4 0.168 25.7 124 3.463 3.477 (210)  pressure curves for Cd and §&2]. These curves show that

5 0.168 35.3 69 2540 2.534 (500)  the vapour pressure becomes increasingly rich in selenium

6 0.182 25.6 217 3.477 3.477 (210)

as the source temperature increases.
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Fig. 3. Core level XPS spectra of (a) Cd, (b) Sn and (c) Se for
Cdy.75Sm.25Se thin film of thickness 0.182m prepared at room temper-

ature.

Presence of chemisorbed oxygen is observed in the sur-
face layer of the films stored in the presence of atmospheric

binding energy in eV
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Table 3

XPS peak data for GdsSrp 25Se thin films

Elements and Binding energy (eV) Standard
subshells values for Cd 75Smny.25Se values (eV)
Cd (3c)2) 404.3 403.7

Cd (3ck/2) 4121 410.5

Sn (3&)2) 486.8 484.8

Sn (3d)2) 496.7 493.3

Se (3p)2) 158.1 161.9

Se (3p,2) 165.1 168.2

XPS peaks are given ifable 3 The binding energy val-
ues of the XPS peaks are calibrated with respect to carbon
1s line of the hydrocarbon contamination of spectrometer
chamber as an internal standard of 284.0 eV. The shift in the
peak position of Cd and Sn to higher energy side from their
standard values may be due to the electrostatic charging. In
Fig. 3b the core level spectra of tin exhibits satellite feature
in addition to the core level peaks. One satellite peak associ-
ated with the 3¢ tin line at 12.4 eV from the primary line
is observed. There is a shift of selenium peak positions to-
wards the lower energy side from their standard values. The
observed shifts in the XPS peaks positions of Cd, Sn and
Se is ascribed to electrostatic charg[@8] and the oxygen
chemisorption mechanism in metal chalcogenide thin films.
The separation energy of Cd doublet £36-3ds/7), tin
doublet (3d,,—3dk/2) and Se doublet (3p>—3py/2) has in-
creased from their standard values. The increase in the dou-
blet separation could be due to the exchange splitting of
their respective 3d/3p levels by the unpaired electféas
The doublet separation is associated with multiplet splitting
effect.

air. On sputtering the concentration of oxygen in the surface 3-3- Optical properties

layer decreases. This is due to the well known fact of oxy-
gen chemisorption mechanism in metal chalcogenide films.

Fig. 4 shows the plot drawn betweenh)? versushv

The measured peak positions of cadmium, tin and seleniumfor the as-prepared G&sSrp2sSe thin films prepared at
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Fig. 4. A plot of @hv)? versushy for Cdg 755 255e thin film prepared at room temperature and of thicknesses (a) 0.100, (b) 0.168 and (¢)n.182
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room temperature for the thicknesses of 0.100, 0.168 and The conductivity of the specimens exhibiting impurity
0.182um. The graph is linear in the strong absorption re- conduction can be expressed[29,30]

gion near the fundamental absorption edge. Since the ab- &1 & €3

sorption coefficient is too large and it is measured at room @ = 01 exF’(—k_-r) +o2 exp(—ﬁ_) +o3 exp(—ﬁ_) (@)
temperature, the presence of the indirect band gap as in

the case of the bulk sample is improbaf2s,26] The di-  Wheréo1 > 02 > oz andey > e2 > e3. In Eq. (2) e1 is the
rect band gap energies evaluated from xkexis intercept activation energy for the ordinary conductivity due to the

are 170+ 0.05, 168 + 0.04 and 167 + 0.08 eV for the drifting of the charge carriers in the applied electric fielg,

films of thicknesses 0.100, 0.168 and 0.188, respecti- the activation energy for the thermally assisted hopping and
vely. ' ’ g3 the activation energy for the conductivity due to thermally

A decrease in the band gap energy and the decrease in th@ssisted hopping _to neighbouring sites from states _th_at are
optical transmittance is observed with increasing film thick- Cl0S€ to the Fermi leveke. The third type of conductivity
ness. The variation of band gap value with the film thickness With activation energys arises, if a band of localized states
has been reported by Shaalan and M2 for their ther-  €XiSts aroundeg.

mally evaporated cadmium selenide thin film and also by  Fig- 5 shows that the GgrsSrozsSe thin film exhibit,
Pal et al.[28] for their vacuum evaporated polycrystalline the first two types of conduction, namely () the ordinary
cadmium selenide film. conductivity due to the drifting of the charge carriers in

the applied electric field (303—-263 K) and (b) thermally as-
sisted hopping (263—213 K). The absence of the third type of

3.4. Electrical properties conductivity indicates the absence of localized band states
aroundEg. In these thin films below 263K, the impurity
3.4.1. Below room temperature conduction with activation energy is dominant.

The electrical conductivity of GghsSrp 2s5Se thin films of
thickness 0.18@m prepared at room temperature is mea- 3.5. Photoconductivity
sured from 143 to 303K and a plot of dnversus 18 T-1
is shown inFig. 5. The plot exhibits Arrhenius behaviourin 351, Steady state photoconductivity
the regions I and Il in the temperature range 303-263 and  The voltage dependence of the dark current and the pho-
263-213K, respectively. The activation energies calculated tocurrents recorded at room temperature fop &S 25Se
for these two regions are found to be 106 and 27.6 meV, re- thin films of thickness 0.182m for different light intensity
spectively. Below 213K, the variation of the conductivity |evels (600, 1800 and 3000 Ix) are showrFig. 6. The dark
with 103 T~ is not linear. conductivity and the total conductivity obtained for an ap-
The Arrhenius plot can yield different levels, which are plied voltage of 10V for the light intensity of 3000 Ix are
responsible for different donor and acceptor levels. The 3.9 x 1076 and 477 x 10°6Sm 1, respectively. The pho-
possibility of hopping conduction is analysed at very low tocurrent is obtained by subtracting the dark current from the
temperatures. At low temperatures, all the trap states aretotal current. The dark current as well as the photocurrent
filled and conduction occurs through the variable range increases linearly with the increase in voltage in the region
hopping of the electrons in the localized states at Fermi studied (0-30V). The experimental results show that the
levels. photoconductivity increases with the photoillumination and
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Fig. 5. A plot of Ino versus 18T~ for Cdy 75Sm.25Se thin film of thickness 0.1§2m in the temperature range 143-303K.
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Fig. 6. Steady state photoconductivity for gzgSry 2sSe thin film of thickness 0.18§2m measured at room temperature for the illumination levels of (a)
600, (b) 1800 and (c) 3000 Ix.

it is due to the generation of free charge carriers. The slopetion process. For GgysSmy 25Se, the value of is found to
of the current—voltage characteristics also increases with thebe 0.17 revealing the sublinear recombination mechanism.

increase in the illumination leveét. The photoconductivi- Devi and Prakask32] have reported a similar sublinear re-
ties measured at 600, 1800 and 3000 Ix arkl 107, combination mechanism for their MgO—ZnO mixed system
2.18x 107 and 869 x 10~/ Sm 1, respectively. in polystyrene binder layer at higher light intensities.

A plot is drawn between the photocurrent and illumina-

tion level on a logarithmic scale is shownHhig. 7. The plot 3.5.2. Transient photoconductivity

is a straight line indicating that there exists a linear relation- The transient photoconductivity measurements are carried

ship between the photocurrent and illumination level. The out by exposing these thin films using unpolarized white

photocurrent follows a power law of the form light and simultaneously the photocurrent is recorded. Af-

Iph o FY ©) ter reaching the §teady stat(_e, the light is turned off and
the current decay is followedkig. 8 shows the photodecay

wherey is a constant and its value determine the recombi- curve obtained at room temperature for the light intensity of

nation procesp31]. For bimolecular recombination process, 3000 Ix.

y is equal to 0.5 and for monomolecular recombination pro-  The long photocurrent rise time and slow decay process

cess, the exponentis equal to 1. Ify lies between 0.5 and  observed in the GghsSy 25Se thin films is due to the pres-

1, it represents the existence of the continuous distribution ence of the deep localized gap states in these materials. The

of localized states. Iy < 0.5, it represents sublinear recom- slow decay process is a function of time and it can be ex-

bination and ify > 1, it indicates supralinear recombina- plained using the concept of differential lifetimg [33].

-215
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Fig. 7. A plot of Inlp, versus IrF for Cdy.75Sm.25Se thin film of thickness 0.1§2m.
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Fig. 8. Photodecay of GgsSm25Se thin film of thickness 0.18§2m measured at room temperature for an illumination level of 3000 Ix.

The lifetime for such a slow decay process can be written as  The photosensitivity of the film is determined using the

-1
1 dlph

u=—|-—— 4

d |: I d i| 4)

where/, is the maximum photocurrent at= 0.

The decay time observed for the @S 25Se vacuum
deposited thin films is found to be time dependent. In the
case of non-exponential decay is not a constant and in-
creases with time. At = 0, tq4 gives the value of the carrier
lifetime. In order to find the nature of decay is plotted
with timet on a logarithmic scale is shownkig. 9. It shows
that there is a linear relationship betweenrdrand Int, in-

relation
s = 2eh 6)
od

whereop is the electrical conductivity of the sample when
illuminated by light andogy is the dark conductivity. The
photosensitivity of the film for an applied potential of 10V
are 0.05, 0.06 and 0.22 for 600, 1800 and 3000 Ix, respec-
tively. The photosensitivity increases with increase in the
intensity of the light and the material is found to be weakly
photosensitive.

The role of thickness in the photoconductivity behaviour
is also studied. The dark current and the photocurrent in-

dicating that the decay is time dependent. The Straight line crease with the increase of thickness of the &&n 2sSe

obeys the power law of the fortfi, with

_d(ntq)

~ ddno ©®)

Moreover, the value of is found to be 1.19.

thin films. However, the steady state photoconductivity pa-
rameters are not varying with thickness.

The dark current after the light is switched off is lower
than it was before illumination. Such a change in the
dark conduction under the illumination is known as the

In 14 (t4in second)

N w £ ()] [o)] ~ o]
T

0 1 1

25

3 3.5 4

In t (t in second)

Fig. 9. A plot of Intgq versus Irt for Cdy 75Smny 25Se thin film of thickness 0.182m showing the time dependent of photodecay.
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Staebler—-Wronski effect and is reported for doped and un-

doped a-Si:H filmg34,35] The decrease of dark current

after the light is switched off is explained on the basis of
photoassisted chemisorption of oxygen into the film, which
would reduce the charge carrier mobility. Such an additional

chemisorption and the corresponding reduction in the mo-

bility would decrease the dark current value below that of
the initial level when the illumination is stopped. Addition-
ally, there would be a slight reduction in the internal field
at the end of the illumination due to charge carriers trappe

257
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