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ABSTRACT

Pure and aluminium doped (0.001 wt %Al CdS thin films were deposited on microscope glass
slides using buffer solution growth technique based on CdS0, as the cadmium source, thiourea as the
sulphur source, and (NH ), SO, as a bulfer.The effects of gamma radiation on the optical and electrical
properties of the CdS films have been investigated by measuring their optical absorbance and electrical
conductivities before and after irradiation by different doses of y - radiation in the range 7.27 x 10 to
2.04 x 105Gy.

The absorbance was found to be dependent on film's thickness {and aluminium dopant concen-
tration} and ¥ - radiation doses. CdS films{ pure and doped) ¥ - irradiated at high doses {2.6 x 105Gy)
have the lowest absorbance. Gamma - irradiation induced dark electrical conductivity in CdS films,
which was dependent on absorbed y - radiation dose rate. The conductivity was permanent at high y
- radiation dose {2.04 x 103Gy} and transitory below this dose.

Generally, the optical band gap values of unirradiated and y - irradiated CdS : Al films were
lower than that of pure CdS films. The band gaps and electrical conductivities of pure and CdS: Al

Tilms, unirradiated and irradiated at low 7 - radiation doses (£1.45 x 10°Gy) are the same i.e. 2.43 %

0.02eV and 0.068 + 0.005 ((2-cm)', and 2.31 + 0.02eV and 0.69 + 0.05 (Q-cm) for pure and
CdS: Al films respectively. At high v - radiation doses, the band gaps decreased to 2.30eV and below
2.30eV for pure and CdS:Al films respectively, accompanied by increase in the dark electrical conduc-
tivities. .

Possible mechanisms responsible for the observed changes are briefly discussed.

Keywords : Cadmium suiphide films, gamma - irradiation, Solar cells properties.

NTRODUCTION

Polyerystalline CdS thin films have a rela-
vely widé€ energy band gap (Eg = 2.42 eV) and
ossesses n-type semiconducting characteristics.
hese properties make it a very desirable window
yer, for photon absorption, for many
eterojunction thin film solar cells such as CdS ~
dTe, CdS - Cu,S and CdS - CuinSe,. (Chu and
hu , 1995).

Low - cost techniques used to prepare Cd§
in films include solution growth (Chu and Chu,
995, and Dhere et al ,1995 }, spray, pyrolysis {
havez et al, 1997 )and vacuum deposition { Chu
nd Chu , 1995). Solution growth technique.is a
ood method for obtaining very thin CdS film as a
rindow layer for a thin film solar cell because it is
‘herently a low temperature process which does
ot damage the surface of the thin film as an
bsorber during deposition. Each technique pro-
uces films with different properties which should
e optimized for the particular applications of the
fros.

A major problem associated with the use of
ome solid state devices in a radiation environment
il degradation due fo radiation damage. Solar
zlls used in a space environment for terrestrial
iotovoltaic conversioiy of solar energy (e.g. CdS -
d1e solar cells) are continually exposed to bom-

bardment from space electromagnetic radiations,
electrons, protons, e.t.c, which could cause damage
in them and drastically reduce their useful lifetimes
{Yamaguchi and Amano , 1983). For example, on
the ATS ~ 6 satellite, n* / p silicon solar cells,
protected by cover glass and UV blocking filter, lost
13 - 17% of their original maximum power output
atter 2 years and four months in synchronous orbit
(Goldhammer , 1979).

CdS thin films used as window materials in thin
film solar cells for space applications would also be
exposed to bombardment from space radiations,
which could cause radiation damage or property
modifications, leading to some changes in the pers
formance of CdS as a window material. it is there-
fore very important to investigate and understand the
‘physical aspects and fundamental limitations of Cd$
window materials for solar cell applications under
various radiation conditions. Little or no attention has
been paid to the study of radiation induced changes
in polycrystalline CdS thin films (Singru , 1874). Hence
the aim of the work reported in this paper is to study
the effects of ¥ - radiation on the optical and electri-
cal properties of buffer solution grown pure and alu-
minium doped CdS thin films on glass substrates.

EXPERIMENTAL PROCEDURE
CdS film depasition.
A schematic diagram of the experimental set
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up for depositing CdS films using buffer solution
growth technique is shown in Figure 1. It consists of,
a glass water bath, inside of which ig centrally placed
a depaosition solution beaker at the bottom of which
we have the magnetic “flea™ stirrer. The tempera-
ture of the water bath and hence that of deposition
solution were controlled automatically by the mag-
netic stirrer / hot plate unit (CLIFTON) which incor-
porates a thermostat. In this closed deposition sys-
tem, a plastic cover on top of the deposition solution
beaker was used to prevent evaporation of the solu-
tion. Four small holes were drilled in the plastic cover
to accommodate {and hoid tightly) two glass sub-
strate holders made of teflon (one substrate per
holder}, a thermometer and the fourth hole { ~ 4mm)
allows drops of thiourea, (NH,),CS to be added slowly
using pipette to the depositioff solution for the for-
mation of CdS film. The glass substrates, fixed to
the teflon substrate holders, and the thermometer
weare placed vertically in the deposition solution. The
deposition solution was moderately stirred magneti-
cally to enable Cd?* and $* diffuse 1o the substrates
for the heterogeneous growth of CdS film on the sub-
strates surface. :

Prior to the deposition of the CdS films, two
microscope glass slides (25mm x 25mm x 1mm) used
as substrates were each marked on one face into
5mm x 10mm unit areas using a diamond cutter.
These substrates were cleaned by soaking them in a
solution made up of 10g of potassium dichromate in
110mt dilute sulphuric acid (H,0:H,80, = 10:1). The
glass substrates were washed in distilled water,
rinsed in acetone/methanol mixture, washed again
in distilled water, etched with dilute nitric acid,
HNO, for one minute and finally rinsed in dis-
tilled water.

Cadmium sulphate, CdSO, was used as the
cadmium source in the investigation. The fotlowing
stock solutions were prepared for CdS films deposi-
tion: 1 M CdSO, 1 M ammonium‘ sulphate,
((NH,},50,), 1 M (NH,},CS, and 1 M aluminium
sulphate,AlL (S0,),. The deposition solution-was preas
pared to give a final composition of 0.0025M CdSO,,
0.009M (NH,),CS, 0.025M (NH,},S0, at a final pH
of 9.5 and deposition temperature of 85°C. See table
1. The deposition solution beaker initially contained
100ml of deionized water which was heated up to
the desired deposition temperature. The calculated
volumes of cadmium and ammoniuim stock solutions
{Lambert et al 1968) which when mixed with the

100ml deionized water will give the desired final com-
positions of the depositon solutions as indicated above
and in Table 1, were added at the desired deposition
temperature. The pH of the deposition solution, under
continuous stirring, was adjusted to the final value of
9.5 by slowly adding NH,OH. When the deposition
temperature and the pH of the solution stabilized at
the desired values of 85°C and 9.5 respectively, sub-
strates were immersed in the solut#n, with the plas-
tic cover in place. Calculated volumes of thiourea fram
the stock solution was slowly added to the deposi-
tion solution to start the grow*h of CdS$ films on the
substrates surface. CdS films were deposited on the

two substrates T8r 40 minutes . To prepare do
CdS films, different weight percentages of alumin
i.e. 0.0005 & 0.001wt % Al obtained from co
sponding calculated proportion (Lambert et at 19
from AlL(SQ,), stock solution were added to cal
lated volumes of CdSO, and (NH,),S0O, stock s
tions in a small evaporating dish This mixture \
then added to the deionized water at the requi
deposition temperature, After the deposition of
CdS film,the substrates were removed andacleal
by flushing with distilled water to remove any
face-adsorbed particles, and then dried in air .(
film on one substrate surface was removed wit
cotton swab moistened with dilute HCI, before m
surements were carried out on it. Film thickness \
calculated gravimetrically from the mass of the
posit using S. 2000 ( BOSCH ) balance, CdS mate
desity of 4.82 g cm ~? and fitm dimensions . E:
glass substrate on which CdS film was deposi
was easily cleaved into 10mm x Bmm samples w
out damaging the thin film, before measurements w
carried out on it.

Ther
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Y - irradiation of CdS films

Pure and aluminium doped CdS thin films
thicknesses 122nm (pure}, 136nm and 147nm w
¥ - irradiated at room temperature in air using a
gamma cell 220 manufactured by the Atomic Ene
of Canada Ltd. A plain microscope glass slide u
as a reference sample was v - irradiated along w
the CdS film deposited on glass slide { i.e samp
The dose rate was 7.27 x 102 Gray/hr,and sam
and reference sample were 7 - irradiated for 1, 2
5, 10, 20, and 281 hours, so that the integrated do:

used ranged from 7.27 x 102 to 2.04 x 10° Gray. (s
Table 1).

Optical characterization

The band structures of the CdS thin films w
investigated by optical absorption measurements
room temperature using a CAMSPEC M201 visi
spectrophotometer in the wavelength range 4(
800nm. Incident photon flux was normal to the C
film and a plain microscope glass slide {a substra
was used as a reference sample during measuremer
The absorbance of the CdS film was obtained by st
tracting the absorbance of the reference sample fr
that for the sample. All measurements were carri
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ut a day after y - irradiation. Digital data from the
pectrophotometer was fed into a personal computer
0 obtain absorption spectra, which was used to cal-
ulate the energy band gap (Eg) using the relation-
hip {0 hv]? versus hv .

lectrical characterization

_ A room temperature, dark sheet resistances
f the pure and doped CdS films before and after y -
radiation were measured with a Keithley model 2000
witimeter, using two coplanar silver paste electrodes
1.0 x 10mm), 3mm apart. The electrical resistivity
f each CdS film was then calculated from the thick-
ess, and the film electrical conductivity, an inverse
f the electrical resistivity, was obtained.

ESULTS AND DISCUSSION

The spectral distribution of absorbance for
ure and aluminium doped CdS films before and af-
er ¥ - irradiation in the range 7.27 x 10% to 2.04 x
0% Gy shows that the intensity of the absorbance is
emarkably affected by both aluminium dopant con-
entration and Yy - ray doses. Changes induced'in
dS film characteristics by y - irradiation are more
ronounced in aluminium doped CdS films than in
ure fitms, probably due to changes in band struc-
ure brought about by the incorporated aluminium
opants.

)ptical absorption in unirradiated and y - irradiated
dS films

From figures 2 and 3 (inset), the absorbance
f unirradiated arnd ¥ - irradiated CdS :Al films s

igher than that of unirradiated and ¥y - irradiated pure
>dS films in the visible region. This shows that the
neasured apsorption is dependent on CdS film thick-
ess which was observed in this work to increase
vith aluminium dopant concentration in agreement
vith the observations of Lokhande and Pawar, 1982,
Generally for pure and aluminium - doped CdS
ilms, the intencities of absorption change irreguiady
with increasing gamma ray doses. However, CdS
films gamma irradiated for more than 20 hours {i.e.
ntegrated dose of 2.04 x 10°Gy) have the lowest
absorbance. Absorbance dropped by about 45% in
the visible region. These observed changes in the in-
tensities of absorption are believed to be mainly as-
sociated with gamma ray induced microstructural
changes in the CdS films, because of the fact that
the optical properties of thin films generally are af-
fected by their structure (See next section below).
The absorbance in ¥ - irradiated pure CdS films

is lower than that of unirradiated films for all the y -
radiation doses used. However, the absorbance
changes irregularly with y - ray dose.

Optical band gaps and dark electrical conductivities
of CdS films

Figures 2 and 3 show that y - irradiation has
a pronounced effect on the energy gaps of the CdS
filins, especially at very high doses (2.04 x 10°Gy). ¥

irradiation induced dark electrical conductivity in
CdS film which was dependent on absorbed vy - ray
dose. The conductivity is believed to be due to ion-
ization in CdS films by 7y - rays.

The band gaps and electrical conductivities
of pure and CdS:Al films, unirradiated and irradiated
at low Y - ray doses (< 1.45 x 10Gy) are the same
within the limits' of experimental errors i.e. 2.43 &
0.02eV and 0.068 £ 0.005 (2 - cm) ', and 2.31 £
0.02eV and 0.69 + 0.05 (2 - cm)! for pure and CdS
1Al fitms(0.001wt%Al} respectively. It is pertinent to
note that when a lower concentration of aluminium
i.e. 0.0005 wt%Al was incorporated into CdS film,
the estimated Eg values and dark electrical conduc-
tivities obtained (not included) were intermediate be-
tween that for pure CdS and CdS : Al
films{0.001wt%Al). Because of the fact that the
optical properties of thin films are atfected by their
structure, it is believed that unirradiated CdS films
{pure and doped) and those irradiated at low y-ray
doses have similar structure. Thus low y-ray doses
have not produced measurable structural changes in
the CdS films. Lack of appreciable changes in the
electrical conductivities of the CdS films in the low Y
- ray dose range is probably because the energy im-
parted to the valence electrons by the ionizing radia-
tion {y - rays) may not be enough to raise them to the
conduction band, but only to the exciton band where
the electrons remain electrostatically bound to the
corresponding holes in the valence band. This elec-
tron ~ hole pair {(an exciton) produced by excitation
process has no net charge and therefore do not con-
tribute to the electrical conductivity of the CdS films,

For high v - ray doses (2.04 x 105Gy), the
band gaps of pure CdS films decreased by about 5%
to 2.30 eV, while the band gaps of CdS:Al films de-

creased to (2.20 - 2.27eV), at v - ray doses above
3.63 x 10°Gy accompanied by increase in the elec-
trical conductivity.

In pure CdS filrns, mauced electrical conduc-
tivity is believed to be caused by the ionization effect
of the ¥ - rays in the CdS films, High dose Y - rays
have sufficient energy to cause appreciable ioniza-
tion in the CdS films, such that a large number of
electrons are raised from the valence band to the
conduction band (i.e pair production). Both the elec-
trons and “positive holes” are free to move indepen-
dently through the CdS lattice and the free electrons
are believed to contribute to the enhanced n-type
electrical conductivity in the CdS films. The observed
enhanced electrical conductivity is a manifestation
of the availability of excess charge carriers {electrons}
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Table 1: Summary of the effects of ¥ -irradiation on the optical encrgy gaps and electrical conductivities of pure and aluminium doped CdS films.
[CdS0, ] = 0.0025M; [(NH,),CS] = 0.009M; [(NI1,),50,}= 0.025M, pH = 9.5, T = 85°C; deposition time = 40 minutes. Pure CdS$ (ilm =
122nm; CdS @ Al film = 147am.

Sample Wt% Al Molar Y -radiation  Optical band Dark Electrical Optical band
No. Concentration dose (Gy) gap“(eV) conductivity gap (eV)

{M) of Al {Q-cm)? x 104 ( after 4 months)
1 - - 0 243+ 0.02 0.067+ 0.005 2.43 + 0.02
2. - - 7.27 x 10* 2.44 “ 0.059 “ 243 = 7
3. - - 1.82x10° 243 “  0.069 “ 243 % "
4. - - 3.63x 10° - 2.42 ” 0.068 241t 2"
5. - - 7.27x 10° 2.42 “ 0.071 v 242 % “
6. - . - 1.45 x 10  2.42 “ 0.073 v 242 "
7. - - 2,04 x 10°  2.30 ” 0.162 230 7
1. 0.001 1.856 x 10* O 2.30 + 0.02 0.68 +O 056 2.30 £0.02
2. “ “ 7.27 x10* 2.3 “ 0.66 232 "
3. “ “ 1.82x10® .2.30 ~ 0.70 ~ 230 ~*
4. “ ” 3.63.x 108 .2:.30 ~” 0.72 * 2.30 ”
5. “ “ 7.27x 103 2.27 * 1.24 * 2.31 “
6. “ ” 1.45 x10* 2,20 ” 2.50 “ 2.26 “
7. “ " 204 x 10° 2.2 ” 1.82 " 2.24 "

in the greing, and the towering of potential barrier
heights at the grain boundaries which enhance the
electron mobility. These changes are an indication of
improverment in the crystallinity of the irradiated CdS
fitm, which is believed to have increased the film grain
size, leading to the observed decrease in the optical
energy gap of the pure CdS films.

In CdS : Al film, the observed decreage in
band gap is believed to be due partly to the increase
in donor levels in CdS films brought about by the
incorporated aluminium, a shallow donor in CdS. A
large concentration of alummium {0.00Twt%Al) in
the CdS lattice makes the donor levels degenerate
and merge into the conduction band of CdS thereby
causing tHe conduction band to extend into the gap
(i.e. tailing) which reduces the band gap as observéd
in this work. The decrease in the band gap may be
due to increase in the grain size of the film during
ionization process as suggested above for pure-GdS
film. The observed increase in the n - type electrital
conductivity of CdS:Al film is due to electrons con-
tributed by the incorporated alurminium which acts
as a donor in CdS film, and those made available
through ionization process in the CdS films by the ¥

- ravs, Incorporated aluminium, a trivalent cation sub-
stitutes for a cadmium ion to form a centre, consist-

ing of the trivalent cation, having an electron loosely -

bound in an orbit about the centre, with ionization
energy of 7 0.04eV.
e Cd*? = Al*3 + ¢

Most of the centres are ionized at room tem-

perature 1o release electrons that will contribute to

" the conductivities of Cd$ films. Therefore, as the con-
centrations of incorporated aluminium increases, the
number of such centres with loosely — bound elec-
irons, that could contribute to the dark ¢ urrent also

increases. The higher dark electrical conduciivitie:
of CdS: Al films compare to that of pure CdS films

‘were due to a larger concentration of electrons from

the shallow donor (Al) in CdS films. The

increase in the electrical conductivities of CdS:Al hlms
with film thickness {(or dopant concentrations) (Table1)
due to increase in the charge carrier (electron) der
sity in the films is @ manifestation of the presanc: .-
excess charge Carriers {electrons) in the film grains,
and the lowering of potential barrier heights at the
grain boundaries which enhance the electron mobil-
ity. These changes are an indication of improvement
in the crystallinity of CdS films, which may have
brought about increase in the films grain size. This in
turn can contribute to the observed decrease in band

gaps.

Measurements of bandgaps and electrical con-
ductivities of some CdS film samples were repeated
after four months. The band gaps and electrical con-
ductivities of the CdS films v - irradiated at a high

‘dose of 2.04 x 10°% Gy were found to be permanent

most probably due to 7y - radiation induced perma-
nent changes in the film lattice structures. Below
this v - radiation dose, the bandgaps and electrical
conductivities of the CdS films were found to be
transitory because Eg and electrical conductivities
.increased and decreased towards pre-irradiation val-

ues. In a good transparent thin film electrode like
CdS thin film, suitable as a window material for solar
cell application, the optical transmission and the elec-
trical conduction of the electrode shoull be as large
as possible. However, the interrelationship between
optical transmission and the electrical conduetion ex-
cludes in most cases, the simultanebus achievement
of maximum transmission and conduction (Haacke
,1976). Reasonable electrical conductivity values and

r
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Figure 2: (o b v ¥ versus hv plot of bufler solution grown CdS films.for .

different y. -radiation doses, o is the absorption coefficient and hv is the
photon energy (eV). (Fig.2 [inscts] arc the optical absorption spectea of
unirvadiated and y - ivadiated CdS films, and [o hv[? versus hv plot for
CdS film gamma irradiated at 2.04 x 10* Gy, {CdSO,J= 0.0025M;
JNTE)ICS) = 0.009M;[ (NI1), SO )= 0.025M; pHl = 9.5, deposition time
(1) = 40minutes. i

(110 Gy; (2) 7.27 % 10°CGy; (3) 1.82 x 10° Gy: (4) 3.63 x 10" Gy; (5) 7.27 x
10" Gy; (6) 1.45 x 10 Gy, (7) 2.04 x 10° Gy.

high transmittance {i.e low absorption) obtained in
this work at high v - ray doses {2.04 x 10°Gy } will
make the CdS films, especially CdS:Al films, useful
window materials.

It is pertinent to point out that .isually ob-
served change in colour of the microscope glass sub-
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Figure 3: (ahv)® versus hv plot of buffer solution grown, CdS:
Al filmi(0.001wt % Al) for different y -tadiation doses.a is the
absorption cocfticient and hv is the photon energy (eV).

Fig 3 {insets| arc the optical absorption spectra of unirradiated and Y - irra-
diated CdS: Af films, and IO(hv]: versus v plot for CJS:AL {itin gamma
irradinted ot 2.04 x 10° Gy.[CdSO,] = 0.0025M; [(NH.), CS] = 0,000M:
[(NH), SO 1= 0.025M; pH = 9.5; deposition time( t }=40 minutes

(0Gy (2)7.27 x 107Gy , (3) 1.8Z x 10°Gy i(4) 3 63 x 10° Gy 3(5)
12X Gy, (6 VA5 x 10 Gy (7) 2.04 < 105 Gy,

strate o¢curred upon ¥y - irradiation to especially high
absorbed doses, in line with the observations of other
investigators (Attix et al 1968, chap, 13). The glass
substrates which were colourless {(clear and trans-
parent} turned brown especially at high y - ray doses.
The optical absorption of the glass substrates in-
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creased with ¥ - ray dose. This was, however, taken
care of during optical absorbance measurements by
subtracting the absorbance of the reference sample
from that for the sample.

Post ~ irradiation fading of glass substrate
colour was negligible for high ¥ - ray dose of 2.04 x
10°Gy, but below this dose, the magnitude of fading
increases as the Y - ray dose decreases over a périod
of four months

CONCLUSION

The results obtained in this work show that;

(i} The absorbance, optical energy gap and
measured dark electrical conductivity of
pure and aluminium doped CdS thin films
are dependent aon aluminium dopant con-
centration (or CdS film thickness), and ¥
- ray doses, in the visible wavelength re-
gion {400 ~ 700nm}.

{ii} Changes in,energy gap, electrical
conductivity,and absorbance induced by
Y - irradiation are more pronounced in
CdS: Al film than in pure CdS films prob-
ably due to possible changes in band
structure and film grain size brought about
by the incorporated aluminium,

(i) High dose 7Y-irradiation{2.04 x 10°Gy) of
pure and aluminium doped CdS films in-
duced electrical conductivity in them
which was permanent, and transitory be-
low that dose.

{iv) Reasonable bandgap value of 72.30eV,"
enhanced dark electrical conductivity, and
low absorption {i.e. high transmittance)
in CdS:Al thin films irradiated at high y-
ray doses (2.04 x 10°Gy) suggest that
the CdS films have a comparatively good
transparent conducting electrode proper-
ties which will make it useful as a good
window material for solar cell applications
even in a nuclear radiation environment
where y - ray doses lie within the dose
range studied in this waork,

{v} Irradiation of pure and aluminium doped
CdS thin films at low 7 - ray doses {<
2.04 x 105Gy} does not alter the struc-
ture or the optical and electrical charac-
teristics of the films.
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