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Abstract

Polycrystalline cadmium selenide thin films are prepared in different thicknesses and substrate temperatures by vacuum deposition
technique. The XRD patterns recorded for the CdSe thin films show that these films are polycrystalline in nature and crystallise in the
hexagonal form. The crystallinity increases with increase in substrate temperature. The optical measurements reveal that the CdSe thin
films possess direct band gap and the band gap energy decreases with the increase of thickness and substrate temperatures. The electric
conductivity measurements show that they possess three different activation energies in the temperature range 298 to 118 K. The steady-stat
photoconductivity measurements reveal that the photocurrent varies linearly with the applied voltage and the photocurrent obeys a power
law of the form,/,, o< F¥, wherey is a constant. The transient photoconductivity measurements show that the decay process is very rapid
in the beginning followed by a slow process.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction thin films. In this paper, the influence of thickness and sub-
strate temperature of CdSe thin films on structural, electri-
Among II-IV compounds, CdSe has been investigated cal and photoelectrical properties of the vacuum-deposited
for its potential applications in the field of light amplifica- films is presented.
tion [1], photoelectrochemical cell®], optoelectronic de-
vices[3,4], thin film transistor$5], and gamma ray detectors
[6]. A wide range of electrical properties has been reported
for CdSe. In the reported electrical properties of CdSe, the oL .
predominant scattering mechanism has been attributed to Th.m films of Cng were'depo.sned from CdSe _powdgrs
ionised impurity scatterinfy], intercrystalline potential bar- (Aldrich, 99.99%) using a H|_nd Hivac Vacuum Coating Unit
fier scattering8] or a combination of both. Gupta and Deh (model 12-A4) at different thicknesses and substrate temper-
[9] also obtained a combination of both conduction due to atures on glass substrqt_es. The vacuum was kept 2PE0
the presence of oxide impurities for their CdSe thin films and t.he rate of deposition was maintained at 2-3nhs
prepared by electroless deposition. The photoconductivity The films were found to be uniform, porous free and adhered

of the photodetectors depends on the method of preparationwe" with the glass plates. CdSe thin films were prepared

[10] and sensitisationfl1]. Several workerg12,13] have forthrede_f?ifferent?icknesses atroom te%perﬁtuge (RT)far;]d
studied the oxygen adsorption and desorption energies inat two different substrate temperatures. The thickness of the

CdSe thin films. Samanta et §1.4] have studied the pho- thin films was measured by optical method.

- The X-ray diffraction pattern for the CdSe powder sample
toconductivity of the as-grown thermally evaporated CdSe
Y g y P and the thin films were recorded in JEOL JDX 8030 X-ray

diffractometer using Cu K radiation. The XRD pattern of

* Corresponding author. Tekt91-462-333887; fax:-91-462-322973.  the CdSe powder sample reveals that it is in hexagonal form
E-mail address: dppadiyan@rediffmail.com (D. Pathinettam Padiyan). with the cell dimensions = 4.307(3) A andc = 7.03(1) A.

2. Experimental details
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The optical spectra were recorded in the wavelength region Table 1 o
400-2000 nm using UV-Vis—NIR spectrophotometer (Hi- XRD data for CdSe thin films

tachi V-3400). The XPS spectra were recorded in an ES- Thickness 2 (°) I d (A), d (A), hkl
CALAB MK Il spectrometer (VG Scientific Ltd., UK) with ~ (xm) measured  standard
Mg Ka radiation of energy 1253.6 eV. The electrical con- 7, =Rt
ductivity measurement was carried out from liquid nitrogen  0.343 25.4 134 3.504 3.517 002
temperature to 573 K by van der Pauw technique. The pho- 0403 25.2 137 3531 3.517 002
toconductivity measurements were carried out at RT by two 0.497 255 125 3.49 3.517 002
. ; 0.497 26.8 111 3.324 3.300 101
probe technique using a halogen lamp source of 100 W. TheT 100°C
Lo . . L=
light intensity was measured using lux meter (model Lutron 0.359 205 120 4,329 4.307 100
LX-101). 25.7 406 3.463 3517 002
27.4 172 3.252 3.300 101
' _ 46.1 105 1.967 1.980 103
3. Results and discussions 50.1 68 1.819 1.836 112
64.2 53 1.450 1.458 203
3.1. Structural properties Ts = 200°C
0.213 25.2 503 3.531 3.517 002
. . 27.2 300 3.276 3.300 101
. The XRD patterns 01_‘ vacyum-deposned CdSe thin 457 177 1984 1.980 103
films prepared at RT having thicknesses 0.343, 0.403, and 62.0 100 1.496 1.458 203

0.497pum are shown inFig. 1A, 1B and 1C, respectively.
The broad peak appearing at low angle is due to the glass
substrate itself. The observation of X-ray peaks in all the yrp patterns for these three thin films, the X-ray peak
three CdSe thin films indicates that the vacuum-deposited ¢ esnonding to (002) reflection is observed. It indicates
films are polycrystalline in naturéTable 1lists the ob-— yhat the preferred orientation lies along [00 2] direction in
servedd-values with the standard JCPOSalues for CdSe | 0,ym-deposited CdSe thin films. This dominant orienta-
th_|n films. The observed-values are in good agreement - in the [002] direction has been reported for sprayed
with the standard values for the hexagonal structure. In the [15], vacuum-depositediLl6] and the annealed CdSe thin
films prepared by chemical bath depositid].

The XRD patterns of the films prepared at different sub-
strate temperatures are showrkrig. 2A and B respectively.
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Fig. 2. XRD patterns of CdSe thin films deposited at substrate temperatures

Fig. 1. XRD patterns of CdSe thin films of thicknesses: (A) 0.248
of: (A) 100°C and (B) 200C.

(B) 0.403um and (C) 0.497.m prepared at RT.
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As expected, the crystallinity of the films deposited at higher Table 2 _ _ ' o
substrate temperature is better and more number of X-rayCrain size and dislocation density for CdSe thin films

peaks are observed. The strong X-ray peak at (00 2) plane in-s. no.  Thickness  Substrate Peak Grain Dislocation
dicates the preferred orientation of the crystalline grains with (wm) temperature size (nm)  density (%)
c-axis perpendicular to the plane of the substrate that makes; 0.343 RT 002 346 8.35% 10
the (00 2) peak relatively stronger than the other peaks. The2 0.403 RT 002 3.48 8.25 101°
crystallite size (grain diameten), of the crystallites can be 3 0.497 RT 002 351 8.1% 10
determined using the Scherrer’s form{da]: 4 0.359 100C 002 6.87 2.11x 10

5 0.213 200C 002 7.01 2.03¢ 106

KA
D= (1)
w COoSH

size and dislocation density of the CdSe thin films are calcu-
lated and given iffable 2 It is evident from the table that the
grain size increases with increase in substrate temperature.

wherea is the wavelength of X-ray#, the Bragg angle and

w the full width at half maximum in radiarK varies with
(hkl) and crystallite shape but usually nearly equal to 1. The
dislocation densityd) is evaluated19] using the relation:

)

" 3.2. XPS study

82?

The X-ray photoelectron spectra were recorded for the
wheren is a factor, which equals unity giving minimum dis- CdSe thin films prepared at a substrate temperature ¢fG00
location density and the crystallite size. The crystallite having 0.359um thickness and shown irig. 3. In the case
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Fig. 3. XPS spectra of CdSe thin films recorded for the core levels of: (A) Cd and (B) Se.
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of elemental cadmium, the 3@ and 3d,, peaks are found The atomic concentration ratio (cadmium to selenium) de-

in standard table at 403.7 and 410.5eV, respectively. Thetermined using the peak area and intensity ratio, shows that

XPS peaks observed at 404 and 411.8¢eV in the core levelthe film is cadmium deficient and slightly rich in selenium.

spectra of cadmium coincide with gd and 3@/, of the The selenium rich in CdSe thin film is due to the higher

cadmium peaks available in the standard tafjgy. The deposition rate and substrate temperature. A change of film

selenium XPS peaks 3p and 3p,, are observed at 158.0 composition from Cd rich to Se rich due to the increase in

and 164.9 eV. The shiftin the binding energies for Se and Cd the deposition rate and substrate temperature has been re-

from their standard values is due to the presence of adsorbegorted by Chan and Hill23]. The change of Cd rich to Se

oxygen[21]. rich is also expected from the consideration of the vapour
An increase in the doublet separation energy of cadmium pressure curves for Cd and §&]. These curves show that

305,2 and 3d/> peaks is observed and it is due to the ex- the vapour beam becomes increasingly rich in selenium as

change splitting of 3d levels by the unpaired electri#1. the source temperature increases.

The doublet separation energy of selenium peaks gf23p

and 3p,2 is also found to be increased compared to their 3.3. Optical properties

standard values. It is also due to the exchange splitting of 3p

levels by the unpaired electrons. The increase in the separa- A plot of («hv)? versushv of CdSe thin films for three

tion of doublet is associated with multiplet splitting effect.  different thicknesses prepared at RT is showrFig. 4A.
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Fig. 4. A plot of @hv)? versushv for CdSe thin films of thicknesses: (A)—(a) 0.3481, (b) 0.403.m and (c) 0.497wm prepared at RT; (B) prepared
at—(a) 303K, (b) 373K and (c) 473 K.
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The direct band gap energies are evaluated by finding thecharge carriers. Three different activation energies of 0.029,
x-axis intercepts. The band gap energies obtained for the film0.003 and 0.002 eV were reported by Gupta and Péffor

of thickness 0.34gm are 1.79(4) and 1.98(1) eV, for the their CdSe thin films prepared by chemical bath deposition.
film of thickness 0.40g.m are 1.75(2) and 1.99(3) eV, and The electrical conductivity in thin films at low tempera-
for the film of thickness 0.49m is 1.73(2) eV. Thedhv)? tures have four different types of conductid@3], namely:
versushv plot for cadmium selenide thin films deposited on (a) the ordinary conductivity, with activation energy, due
glass substrates at different substrate temperatures is showto the drifting of the charge carriers in the applied elec-
in Fig. 4B. The band gap energies for the films prepared tric field, (b) conductivity with activation energyy due to

at 303, 373 and 473K are 1.79(4), 1.69(2) and 1.62(3) eV, thermally assisted hopping, (c) conductivity with activation
respectively. The decrease in band gap energy with the in-energyes due to hopping of charge carriers due to the ex-
crease in the substrate temperature can be attributed to théstence of localised states arouBd and (d) variable range

increase in the grain size. hopping (VRH) conduction. In CdSe thin films, all the four
types of conduction are observed suchs@asn the region
3.4. Electrical conductivity 298-218K,¢7 in the temperature range 218-1334g, in
the temperature range 133-118K and VRH below 118K.
341 Beow RT This shows that below 218 K, the impurity conduction with

activation energies; andez is dominant. In the Il against
10%/T plot, the observed deviation in the straight line be-
low 118 K indicates the existence of VRH conduction. The

plot is drawn between I and 1¢/T and shown irFig. 5A first term represents the conduction in the conduction band,
The curve has four steps and plateaus (I-I\VFig .5A). most likely due to singly ionised native Cd interstitial defect

These steps have been attributed to transitions from a sub128'29] having ionisation en?rgﬁAl ~ 0.'014 ev.

band of the valence band to the conduction band. Szabo The Greavef30] conductlwty_expressmn for VRH model

and Cociverd25] have observed similar types of plateaus applicable to low temperature is:

and steps in the action (photocurrent) spectra and the opti- 12 o\ 4

cal absorption spectrum of the electrodeposited CdSe thin®? " = Cexp(—?> ©)

films. Thutupalli and Tomlif26] have also observed simi-

lar plateaus and steps in the optical absorption spectrum ofwhereC andTo are constants related to the density of lo-

their vacuum-deposited CdSe thin films. calised statesl(Er) by:
The plot shown irFig. 5A exhibits Arrhenius behaviour 1603

in three different temperature ranges 298-218, 218-133 andlo = KN(Er)

133-118K. In these three regions, the activation energy is

found to be 27.9, 9.37, and 0.54 meV. Below 118K, the wherea~1! is the measure of the spatial extension of the

conductivity is almost constant indicating the freezing of wave function expfax) associated with the localised states.

The electrical conductivity for the CdSe thin film samples
prepared at a substrate temperature of ZD@nd having a
thickness of 0.213.m is measured in the region 298—77 K. A

(4)
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Inc (Qm)™

-12
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Fig. 5. A plot of: (A) Ino versus 18/T in the temperature region 298-77 K and (B) &iTf-%) versusT-%2% showing hopping conduction mechanism
for CdSe thin films.
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Fig. 6. A plot of Ino versus 18/T from RT to 573K for CdSe thin film of thicknesses: (A) 0.34(, (B) 0.403uwm and (C) 0.497um prepared at RT.

A plot of In(o T¥?) versusT—22° is drawn and is shown in  ture of 200°C are measured by exposing the sample to three
Fig. 5B. In the temperature range 118-77 K, it is found to be different light intensities, namely 600, 1800 and 3000 Ix as
a straight line indicating the validity of hopping conduction shown inFig. 7A. The photocurrent is found to be greater

mechanism. This is in good accordance with Mott's VRH than the dark current and it is in the order of 10 times larger
process. The slope of the curve gives the valuggénd is than that of the dark current in these thin films. The pho-

equal to 123 x 103 K. toconductivity of the CdSe samples at RT is found to be
2.37x 1077, 1.31 x 107% and 369 x 10°6Sm! for the
3.4.2. Above RT light intensities of 600, 1800 and 3000 Ix, respectively. The

In cadmium selenide thin films, the conductivity measure- gark conductivity at RT is B5 x 1076 SnrL.
ments are carried out from RT to 573K for various thick- The variation of the photocurrent with the intensity of
nesses. The In versus 18/T curves from RT to 573K for photo excitation) is shown inFig. 7B. The observed linear

CdSe thin films are shown ifig. 6 The plot obeys the  pehaviour of Irip, versus IrF indicates that CdSe thin films
relation: follow the power law of the form:
Ea

o =o0p exp<—ﬁ> (5) Ioh o F (6)

wherekE, is the activation energk the Boltzmann constant
andT the temperature in Kelvin.

The conductivity of the films increases with increase in
thickness. The observed lesser conductivity in thinner films
can be explained due to lower degree of crystallinity and the rocessy — 0.5 and for monomolecular process— 1. In
small grain size. The presence of a number of defects such a he resZn?cais lies between 1.68 andFZ) 1 atﬁRT iﬁdicat-
structural disorders, dislocations, surface imperfections, etc.. P &, lles betw T - S

. . L ..~ ""ing that the recombination is supralinear. In 3#2n0O solid
also play a role in decreasing conductivity. The activation : . o X -~
. : solutions supralinearity is report¢8l1] at low illumination
energies obtained from the slopes of the plots are 242 meVlevels A similar supralinear recombination mechanism was
(513-573K) and 13meV (312-493K) for 0.3df thick also reported b BEb[SZ] in CdS samples. The photosen-
film; 216meV: (474-571K) and 12meV (302-473K) for i o (F))f CdSeythin films is determiné\)d usin tk?e relation
0.403um thick film: and 260meV (454-573K), 30 meV y 9

_ . . S = opn/od, whereopy, is the photoconductivity andq is
(392-452K) and 7meV (302-393K) for 0.48T thick the dark conductivity. The photosensitivities at RT are found

wherey is a constant and its value determines whether the
recombination process is monomolecular or bimolecular. If
y < 1, the recombination process is sublinear and if 1,

the recombination process is supralinear. For bimolecular

film. to be 0.12, 0.67, and 1.89 at 600, 1800 and 3000 Ix, respec-
3.5. Photoelectrical properties tively. The effect of thickness and substrate temperature on

the behaviour of photoconduction is also studied. The dark
3.5.1. Seady-state photoconductivity current and the photocurrent measured for CdSe thin films

The steady-state photoconductivities for the CdSe thin at RT increase with the increase of the film thickness and
films of thickness 0.218m prepared at a substrate tempera- the substrate temperatures.
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Fig. 7. A plot of: (A) steady-state
films.

3.5.2. Photodecay

ments on the CdSe thin films of thickness 0.218 pre-
pared at a substrate temperature of 20@&nd light intensity

photoconductivity for CdSe thin films at different illumination levels and (Bj lersus IrF for CdSe thin

followed. Initially the decay is fast and then it is followed
Fig. 8A shows the transient photoconductivity measure- by a slow decay. The fast decay is due to the greater num-

ber of free charge carriers than that of the trapped car-
riers. In the first region (up to 20s), the decay time is

of 30001Ix measured at RT. After reaching the steady-statefound to be 0.26s. The mechanism of slow decay pro-
condition, the light is switched off and the decay curve is cess has been reported due to the presence of deeper level
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Fig. 8. A plot of: (A) photodecay of CdSe thin films measured at 3000Ix and (By ersus Irt for CdSe thin films showing the non-exponential

decay of photocurrents.
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