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ABSTRACT

Meaturements of eleciricel and aptical properties have been mode on teligrium
and gntimamy doped CdS thin films of abour 780 mm thkickress. The struciure
of the ardeped and doped films 5 prudied by X-rap aralypis, The seructure af
Te doped CdS films ir fournd 10 be erysialling and similar lo thase for urdoped
films whily the antimory doped CdS filmz s found ro be amerphous.  For
Teileriam doped 25 fiims, the dopans war found fe act a5 a deep dononr levels
in CdF, The conductivity first decreases confiderably wilh Te doping bul af we
further increase the concearration af the depanr, the conductivity increaser.
Dopping with Sh resulty in a sharp decreare in the dark condueniviry.  This
Behaviowr i1 expected o5 5h i a growp v elemens which splaces pudpher in CdS
so that if actr ar an acceptor. The optical conslands [the refractive indéx A,
ahsorptian inex k and abrorprion cogfficiens ) are measured on Te and Sk
doped CdS films. It is cbrerved thar the opricel energy gap is dependent only
an the dopars concentration for St doped CdS films,

INTRODUCTION
A detiled dmowledoe of the elecirical, optical and steuctural changes in C43
films 1% important in relation 1o the manufacture of phoweeasistors and solar cels[1].

The effecs of doping CdS crysials with different substances have been studied
previously by Bube and bis co-workers[2,3]. Gorodetskii et al(4] have siudicd the
phatoconductivity and photoleminescence of CdS single aystals doped with different
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concentrations of indium, Cadmiom sulphide films are moee resistive 1o thermal and
mechanical hadling than CdS single crystals, Swznkey[5] and otbers[6,7,8] have alw
studied (he resistivitics and the mobility in indiom doped CAS films. Dresner et al.[9]
and Jalar{10] have studied the change in the electrical properties for copper, silver, and
luminium doped CdS fibns while Ray et al.[11] bave studied the effect of doping wath
bismuth on electrial and photoelectric properties of CdS flms.  Althcugh a number
of studies on some propertics of doped CdS thin films bave been made, [12,13] the effect
of doping on the optical constants .{u, k , m) was not thorooghly studied, The
photosensitivity, hole mobility and carrier concentration of Te doped Cd5 crystals and
whin Glms have been studied by Aten et al [14] and Bnerjee(15].

Tellerium has been chosen as a dopant in onder 10 see e effect of substitrton
of sulphur anien which 15 group V1 by Te which also belongs to the same group, To zee
the effect of introducing a groop V element 8 an lmpority in CdS, we swdied the
effect of doping of dopping of CdS thin films with antmony on the electrical and

optical propermcs.

EXPERIMENTAL

Far doging , spectroscopic standardized CdS powder was mined with Te or 3b
(purity 99.9994) in a suitable percentages (0.17, 0.6, 1.0, 1.3, and 2.0 %} and pressed inlo
pellets 1o avoid splanering, A quanz (wbe wound with a tungesten heating coil was
wsed 25 the evaopration source and the substarte holder was placed just above the
quartz tube, Thin films of undoped and doped just above the quariz wbe. Thin flms of
undoped and doped CdS were prepared by direct thermal cvaopration of pellets under
high vacuum {E;I:]I:I-'qi toer) using vacuum plant type BAE 121 (BALZERS).

The evaparation source was covered with a shield for one min. afier the start of
source heating to reach a remperamure sufficiznt for CdS and the source heating to reach
a tempertature sufficient for CdS and the dopant (Te or 5b) 10 evaporate. The shield
was then removed and depositions were then made onto cleaned glass substrates. The
substrate was controlled at desired temperalure ¢200°C) hroughout the whole

evaporation process.
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Fig. 1 : Room lemperature conductivity of undaped and doped CdS films as a function

of doping concentration.
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Fiz. 2 :  Tempersture dependence of dirk cor-ductivity for pure CdS filsy 2nd C4S films

doped by Te and Sb.
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Fig. 3: Logo VTve T for antimony doped CdS films.
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The structure of the obtained films was investigated using X-ray
diffractometer (Pbilips PW 1373). Multiple Beam fizeau [ringes was used for
measuring the film thickness. For tie electrice! measurements, the films were
provided with vacuum cvaporated indium for betier contact between material and
elecurodes.  Their ohmic behaviour was subsequently tested. The electrical
measurements were made by using a keithley 610 digital electrometer.

‘The transmision T and the reflection R at normal incidence were recorded using
a spectrophotometer (Zeiss-PMO*®) in the wave length range of 400-1400nm,

RESULTS AND DISCUSSION
Electrical conductivity

The dark electrical conductivity ¢ of undoped and CdS films doped by different
concentrations of Te and $b at room temperature is shown in Fig, 1. In this figure it is
scen that for C¢S films doped with Te, the conductivity first decreases with increasing
concentration of the dopant but as we further increase the concentration of the dopant ,
the conductivily increases, According to Hopficld ct al[16] Te o CdS acts as a hole
raps by introducing decp donor kevels near the valence band. This reduces the minority
carrier concentration and its contribution o the conductivity, With increasing the
concentration of Te, levels may be introduced above these deep donor levels and nearer
to the conduction band. These donor levels may contribute some electrons to the
conduction band and thus conductivity increases with increasing doping concentration
of Te. While in case of antimony-doped CdS films the dark conductivity is less than
that of an undoped films and decreases as the dopant concentration increases. This
hehaviour can be explained as dee to the fact that antimony is expected to bebave as an

acceptor as it is group V element and has one valence ¢lectron less than sulphur. It

will replace sulpbur which is a grovp VI element in CdS.
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3b concentrations, The activation energies AE calculaled from these plots (above
230K} according w Use relation.

a=g exp(-AE/KT} {1}

are given in whle 1. For Te doped C4S films when dooor levels are introedced near the
valence band, the Fermi level is lowered. With increasing concentration of Te, levels
are introudeed. With increasing concentration of Te, levels are introduced neases the
conduction band and 53, tbe Fermd level is raised. This is supported by the resulls given
in Table (1)

It can be seen that iy case of doping with antimony, electrical conduction wkes

place via two parallel mechanisms

1- At high temperabzre above 250 K ibe dopant act & an acosptor and by increasing
the concentraticn of Sb, Fermi level is lowered toward the valence band and,
hence, the activation energy increases with Increasing the percentage of the
dopant (Tablz 1).

2- At low temperamore (76-250K) conduction wkes place by hopping in the
localized states near the Fermi fevel. Replots of the conductivity curves in Fig.
2 lend 10 Mott's relation for thermally assisted hopping conduction[ 17].

a={a i T™exp(- T IT)® (2)
. T I
with Tu—lﬁ kg, (3]

whirs E-:- 15 lhe special extension of the wavefuncilon associaled sith the

localized states and g §5 the density of loaclized states an the Permi lével, The pre.

exponential factor o, is given by
_ ol i1
a = e 'anh {gr.f E]'IﬂuI-.'.j (4]

— 13 I - . ¥ 5 -
whers Von = 10" Hz is the carscterisic phonon frequency in mest amorphous

rraterial. The average hopping distance R and the hopping energy w are given by the

CXPICssions



H. A.Zayed et al, 236

R= 9/8MaKTg, (5)

and W mrm’sr (6)

Fig. 3 represeats log © VT versus TV, We get a linear relateion which

indicates the occurrance of a variable range bopping conduction mechanism. From Fig.
3, the values of 0, and T can be obeained. The calculated values of 0, T.e .g.R
and W are given in Table 2, mmwmshwm.ugfdmmwmmscs

with increasing the percentage of the dopant (Sb).

Optical properties

To investigate the effect of doping on the optical energy g=2p Eg. refractive index
n ar« absorption index k of CdS thin films, the transmission (T) and the reflection (R)
at normal inc¢idence in the spectral range (400-1500nm) were measured for Te and Sb
doped and endoped C4dS films of thickness 280 nm with the samé condentration of Te

and Sb{18].

The optical absorpon ceeflicient (a) for the fGlms was calculated using the
following equation :

_ - RY exp (- at)
(1-Rexp (-2 at))

where tis the film thickness.

The optical absorption coefficicat for these films can, be described by the
relatioa (ahv) as a functicn of (v - Eg)** indicating a direct transition. The plots of
(chv)® against phioton energy hv for Te ad Sb doped and undoped CdS films ase
shown in Figs, 4 and § respectivily. For all films, the relations are found (o be
indentical in character and Indicate wiling of the absorption cocfficient towards low
photon energies. The exponcatial form of the tail may be due o the amorphous state
of the matenal, From Fig, 4, for Te doped CdS films, it is evident that the optical
energy £3p is independent on Te concentration and is equal o 2.4 ¢V which is similar to
that for the undoped CuS films. Foc antimonydoped CdS films (Fig. 5), the energy gap
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Fig. 4 :  Absorption coefficient (ahv)” vs photon photon energy hv for Te doped CdS
films.
Fig. §

Absorption coefficent (a.hv)2 vs photon photon energy hv for Sh doped CdS
films. A

Fig. 6 : Dispersion curves of both n and k for Te doped CdS films.
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Fig. 7 ¢  Dispersion curves of both o nd k for Sb doped CdS films.

increases from 2.45 eV 10 2.81 ¢V with increasing the concentration of b from 0.17%
10 2.0%.

The dispersion curves of both n and k for CdS films doped by Te and Sb with
Jifferent concentration are illustrated in Fig. 6 and 7 respectvely. Itis clear that the
general bebaviour of (hese constants are Lhe same, since they bhave decreased by
increasing the wavelength and at low wavelength region n and k decrease with
decreasing the dopant concentration at a given wavelength for Te doped CdS films and
decrease with increasing the dopant concentration for §b doped CdS film,

To check the observed results of the optical properties for Te and Sb doped
films, we took X-ray diffraction of such films, As an example, an X-ray diffraction of
such films. As an example, an X-ray diffraction patterns of CdS films doped with the
same concentration (2.0%) of Te and $b and undoped CdS film prepared under the same
conditions arc shown in Fig. 8. This figure shows that the antimony-coped CdS film
10 be amorphous and for telludum-doped CdS films  be crystalline with hexagonal
structure and prefered orientalion about the (002) plane and similar to that oblained
for undoped CdS film. : '
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Fig. 8 :  X-ray diffzaction paneens of .
2 ae lz.:'chS b . Tedoped (1%)C4S ¢~ Sbdoped (2%) CdS films

TABLE 1: ACTIVATION ENERGIES OF UNDOPED AND
DOPED CdS Fllms,
_ Activation encrgy AE
Doping %
To doped CdS films Sb doped CdS films

0.0 025 0.25
0.17 0.66 0.42

0.6 0.602 0.43

1.0 0.57 0.55

1.3 0.48 0.61

2.0 0.33 0.73
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