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Abstract

The preparation of photoconducting chalcogenide
layers using a ceramic technology combined with a
vapor deposition technology is presented. These
photoconducting, polycrysialline layers A,Bs (CdS,
CdTe) have a high reliability (more then 10000
hours mean time between jailures). The Cr,03 used
in this technology was obtained by quenching of o—
Cr,0; from 1100K in a reactive atmosphere. The
initial o—Cr,03 which contained only few oxygen
vacancies turned into a nonstoichiometric Cr;0;_,
(x=x0-5). The final product consists of a ceramic
pellet from porous sintered Cr,03 with a CdS photo-
conducting layer. This pellet includes the impurities
gettered from CdS as chromites. The photoconduc-
tivity, TSC and photoluminescence spectra are pre-
sented. By analysing the experimental spectra, the
influence of the nonstoichiometric a—Cr,0j is dis-
cussed. © 1997 Elsevier Science Limited.

1 Introduction

The chalcogenide materials (compounds of oxygen,
sulfur, tellurium and selenium) have been exten-
sively investigated for a long time mainly due to
their photoelectric properties. A typical represen-
tative of the A;B¢ chalcogenide compounds is cad-
mium sulfide. A variety of techniques to prepare
photoconducting cadmium sulfide devices have
been reported, such as: powder firing, sintered lay-
ers and sintered pellets, vapor-deposited layers and
evaporated layers. By introduction of certain
donor and acceptor impurities or by diverse ther-
mal treatments, the material photosensitivity has
been increased. However, a certain long-time
degradation of photoconducting cadmium sulfide
has been reported. The presence of mobile donor
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concentration is considered as the main reason for
these degradation processess.? These disadvantages
have been partially overcome.>> The method
reported in this paper presents some advantages in
comparison with other methods. It allows the pre-
paration of, starting from chalcogenide materials,
thin, ultrapure photoconducting layers with low
mobile donor concentration. Acting as photoresis-
tors, these layers show an increased sensitivity for
the low-level illumination (up to 20 1x) as well as a
high reliability (more than 10000 hours mean time
between failures).

2 Materials and methods

2.1 Material preparation

As raw materials we used high purity CdS (Merck
code 2020) and Cr,0O; (Merck code 2483) with a
BET surface area of ~36m? g~! for CdS and 4 m?
g~! for Cr,O;. The nonstoichiometric Cr,O;_
(x~0-5) was obtained by thermal treatment start-
ing from the above mentioned chromium oxide
and has been characterized by Electron Paramag-
netic Resonance (EPR), Differential Thermal Ana-
lyses (DTA) and Thermo Electric Power (TEP)
measurements.®” The ratio of CdS to Cr,O3_, was
9-5: 0-5. For a better homogenization, the mixture
of these compounds has been milled for 1h in an
agate mortar. The resulting powder was pressed in
a double action die (310*kPa). Finally, we
obtained pellets with a diameter of 11 mm and a
thickness of 1-5mm (the only binder used consis-
ted of the water vapors present in air). At higher
pressure we observe the presence of laminations.
The water was removed either by keeping the pel-
lets for 24h in an desiccator containing silicagel,
or by heating them in a graphite crucible. The
pellets obtained were gathered in columns of 10
and then introduced into a graphite crucible with
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two stoppers. The crucible was fixed onto a vertical
rod which executed a vertical alternating move-
ment combined with a rotation (10 rpm) within a
vertical oven with a temperature gradient greater
than 70K cm~!. The crucible movement between
two positions allows the transport of chalcogenide
material by sublimation and condensation. The
method presented uses the well-known property of
chalcogenide materials to sublimate, followed by
dissociation and then followed by condensing onto
a cool wall in accordance with the equation:®

MeX i = Me + 1/2X2gas (1)

where Me represents a metal; X represents the
chalcogen element.

During the sublimation, an additional purifica-
tion of the material takes place by two possible
processes: (i) a reaction between CdS and nonstoi-
chiometric Cr,O;_, and (ii) a separation of less
volatile impurities which remain inside the pellet.’
In this way an optically pure CdS polycrystalline
layer with a thickness of between 20 and 50 um
(individual microcrystalline diameter not greater
than 20 um) can be obtained. These layers are sus-
tained by a Cr,Oj sintered pellet having a Cd,CrO,
core.’ Depending on the composition of the initial
mixture of CdS and Cr,0;_, the final pellets exhi-
bit an average contraction of 5-10%. In order to
provide electrode contacts, we have sprayed liquid
tin through a mechanical mask by means of a CO,
stream.

The activation of the photoconduction has been
investigated as a function of the layer thickness by
heating the samples in air for 10 to 60min at a
temperature between 300 and 400°C.'%14 The
thermal treatment was performed on an isothermal
table in total darkness.

2.2 Experimental measurements
To characterize the prepared material, we have
measured the spectral distribution of the Photo-
conduction Current (PCC), the temperature
dependency of the Thermostimulated Current
(TSC) and the spectral distribution of the Photo-
luminiscence Current (PLC).>13

The samples were placed and investigated under
high vacuum conditions (10~>torr) by using a
quartz windows cryostat. The TSC as well as PCC
room temperature spectra were determined by
using a SPM 2 Zeiss type monochromator provided
with a quartz prism and an entrance slit of 0-35 mm.
The light source consisted of a tungsten filament
incandescent bulb (6 V, 30 W). The intensity of
both currents was measured using a Keithley 642

electrometer connected to an x—y Hewlett-
Packard 7004 plotter. The samples were polarized
in an electric field of 5Vcm~!. All the measured
intensities were normalized both to the incident
light intensity and maximum intensity of the
photocurrent.

The TSC were measured at liquid nitrogen tem-
perature in total darkness. Prior to being mea-
sured, the sample was illuminated for 20 min with a
monochromatic light (A=0-55um) corresponding
to the 77 K PCC maximum. After illumination, the
samples were polarized as described below and
gradually heated at a rate of 0-1 K s~

The PLC were measured at room tempera-
ture, in a wavelength range 450-1200nm, using
a double grattice monochromator (100 and 1200
lines mm~! respectively) and an Ar laser as a
light source.

3 Results and discussions

In the low temperature range (T < 125K) we
observed the presence of two TSC maxims (105
and 123K) (see Fig. 1). As the experimental TSC
spectra represents Arrhenius curves we calculated
two numerical values of the activation energy from
the rising slope of the two maxims, i.e. 0-12 and
0-18eV. After heating the sample to 345K for
10min we noticed a decrease by two orders of
magnitude of the TSC maximum simultaneously
with a significant diminishing of the PCC. Thus,
the experimentally determined activation energy
could be ascribed to two energetic levels within the
gap. As a possible explanation of both the TSC
and PCC decreasing we suppose a ‘thermal heal-
ing’ of defects produced during the activation
treatment.
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Fig. 1. The temperature dependency of thermostimulated
current of CdS.
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The presence in the high energy range of a
‘shoulder’ of the PCC spectral distribution (see
Fig. 2 ) could be explained by the presence of an
extrinsic photoconduction together with an intrinsic
one.’”

The experimentally recorded PLC spectrum (see
Fig. 3) presents three distinct emission maxims
corresponding to A; =505 nm (El), A3=830 nm
(E3) and A4,=1010nm (E4) while the fourth (E2),
in the range of 570-650 nm, is less visible in com-
parison with E3 and especially E4.

The peculiarities of this spectrum can be
explained by taking into account the previous
results on CdS crystals obtained by crystal growth
in vapor phase with various impurifications.!® Due
to the fact that the PCC spectrum is similar for
both moncrystalline! and polycrystalline samples
and the monocrystalline as well as the polycrystal-
line layers containing large crystallites have been
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Fig. 2. The spectral distribution of the photoconduction
current of CdS at room temperature.
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grown using the same method, i.e. vapor phase
condensation!®'%, we can assign the observed PLC
maxims to the same centers.

The E1 can be attributed to radiative interband
recombination, electrons to holes transitions, as
well as to transitions of free electrons to bound
holes on acceptor levels. The possible nature of
acceptors levels can be regarded as interstitial sul-
fur defect (S 7).!61® This assumption is based upon
the effect of the impurities incorporated onto the
El observed on CdS monocrystals.!¢

The E2 maximum is assigned to the O centers
associated to (Vi, Cd;). The presence of these
centers has also been observed in CdS monocrys-
tals containing Cu as well as Ag impurities associ-
ated with the Cd; as reported.!® The fact that E2 is
less distinguishable is in good agreement with our
assumption concerning the lack of interstitial Cd.
This can also be correlated with the presence of a
reaction between nonstoichiometric Cr,O;_, and
interstitial Cd atoms as explained.® As a result of
this reaction, the concentration of mobile donors,
i.e. interstitial Cd, decreases.

The last two bands, E3 and E4, partially super-
imposed, are probably associated with K and r
centers, whose physical nature consists of (V' V)
and (V',) respectively.

The E3 band, considered to be the most exposed
to the influence of various impurities, has been
assigned!® to both (Vi V) and (Cul, V) centers,
the last one being excluded in our case.

The E4 band has been associated with (V) due
to a weak influence of the donor impurities as well
as to a strong influence of the acceptor impurities
on its position in the spectrum.'® The simplest
model of this center consists of a one charge
acceptor (V) or (Cp), ie. (V) in our case.

The fact that the E4 is more intense than the E3
band enabled us to conclude that the above
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Fig. 3. The photoluminiscence spectra of CdS at room temperature. The spectra E2-E4 are magnified x 5.
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described treatment carries a decrease of the
number of both O and K complex centers. The
predominance of E1 and E4 bands shows the pre-
sence of radiative interband transition, as well as
band to acceptor level transitions (r) confirming
our hypothesis of the extrinsic photoconduction
together with an intrinsic photoconduction.

4 Concluding remarks

By using a combined method we were able to pre-
pare thin, polycrystalline photoconducting layers
in the presence of nonstoichiometric CryO3_,. The
latter considerably influences the layer parameters
by reducing the concentration of O as well as the K
centers and ultimately the concentration of the
interstitial Cd atoms. In this way, we believe an
increased reliability of such devices can be
achieved.

Acknowledgements

The authors are indebted to Professor E. M. Kon-
stantinova (Sofia) and to Professor E. B. Kagano-
vici (Kiev) for their valuable help in performing
this work. We are also grateful to Mrs Alexandra
Mihaescu for the revision of the manuscript.

References

1. Bube, R. H., Photoconductivity of Solids, J. Wiley & Sons,
New York, 1960, pp. 88-110, 166. ‘

2. Sheinkman, M. K. and Korsunskaia, N. E., Photochemi-
cal reactions in A;B¢ semiconductors. In The physics of
A3Bs compounds, (ed. A. N. Georgebiani and M. K.
Sheinkman), Nauka, Moscow, 1986, pp. 109-142 (in
Russian).

3. Konstantinova, E. M. and Kanev, S., Photoelectric
converters for the UV and visible spectral regions based
on cadmium sulfide, Electron Technology, 1976, 9, 65-70.

4. Nazarenco I., Dimitriu E., The preparation of photo-
conducting CdS using powder technology. In Proceed-
ings of the Il-nd National Conference on Powder
Metallurgy, Cluj - Napoca, 1983, Vol. I, pp. 283-286 (in
Romanian).

5.

10.

11.

12.

13.

14,

15.

17.

18.

I. Nazarenco, O.G. Duliu

Nazarenco I., Des couches photoconductrices obtenues du
systéme hétérogen CdS-Cr,O; par la méthode du subli-
mation verticale. Scientific Annals of University “A.lL
Cuza” Iassy, 1990-1991, XXXVI-XXXVII, sIb, 105-110.

. Nazarenco I., Cojocaru L. N. and Duliu O. G., The

investigation of non-stoichiometric Cr,O; raw material
for photoconducting system A,;B¢: a—Cr,03 (I). Interna-
tional Ceramic Monographs, 1994, 1, eds C. C. Sorell and
A. J. Ruys, Australasian Ceramic Society, Sydney, pp.
521-526.

. Nazarenco, 1., Duliu, O. G., Cojocaru, L. N., The inves-

tigation of nonstoichiometric Cr,O; raw material for
photoconducting dystem A;Bg: Cr,Os (II). In Proceedings
Supplement of Balkan Physics Letters, Vol. 1I(1) ed. E.
Rizaoglu, Istanbul, (1994) pp. 289-293.

. Abrikosov, N. H., Bankina, V. F., Poretzkaia, L. V.,

Skudnova, E. V. and Cijevskaia, S. N., Semiconductor
calcogenides and alloys, Nauka, Moscow, 1975 pp. 57-59
(in Russian).

. Nazarenco, 1., Popescu, M. and Apostol E., Photocon-

ducting layers CdS-Cr,0;. In Proceedings of the National
Conference ““Progreses in Physics”, Bucharest, 1987, p.
154 (in Romanian).

Woodburry, H. H., Stoichiometric effects of O, on CdS,
Journal of Physics and Chemistry of Solids, 1966, 27, 1257
1261.

Bragagnolo, J. A., and Boer, K. W., The effects of heat
treatment on photoelectric properties of CdS class I crys-
tals, Physica Status Solidi (a), 1974, 21, 291-301.

Wright, C. and Boer, K. W., Transitions between class 1
and class IT CdS crystals induced by heat treatment, oxy-
gen deabsorption and electron bombardment, Physica
Status Solidi, 1970, 38, K51-55.

Weber, E. H., Surface photoconductivity of CdS influ-
enced by chemisorption and desorption of oxygen, Phy-
sica Status Solidi, 1968, 28, 649-662.

Smintdnid, V. A., The properties of real surface of CdSe
thin films, Izvestija Akademie Nauk SSSR; Neorganiceskie
materialy, 1982, 318, 1479-1482 (in Russian).

Nazarenco, I. and Duliu, O. G., Etude des couches pho-
toconductrices CdS obtenues du sistem heterogen
CdS:Cr,0; par la metode de sublimation verticale, Scien-
tific Annals of University “A.l. Cuza’ lassy, Physics of
Solids, 1994 XL, slb, 51-56.

. Ermolovici, 1. B., Matvievskaia, G. 1., Pekar G. S.,

Scheinkman and M. K., Photoluminescence of CdS
monocrystals doped with various donors and acceptors,
Ukrainskij Fiziceskij Jurnal, 1973, 18, 732-741 (in Russian).
Paveletz, A. M., Ermolovici, I. B., Fedorus, G. A and
Scheinkman, M. K., Phodoconductivity and photolumi-
nescence of CdS: Cu: Cl sintered layers, Ukrainskij Fizi-
ceskij Jurnal, 1974, 19, 406414 (in Russian).

Kaganovici, E. B., Sukaci, G. A. and Svecinikov, S. V.,
Investigation of the photoluminescence spectra of CdS:
Cu: Cl photoconducting layers, Ukrainskij Fiziceskij
Jurnal, 1986, 31, 1794-1800 (in Russian).



