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Abstract. Stabilization of the electrical resistivity of CdSe thin films has been
studied by air oxidation at room temperature (300 K). Depending on the film
thickness, the dark- and photoconductance of the films stabilize over 12 to 25 days
of air exposure. The variation of photosensitivity of the films has been explained on
the basis of inherent slow recombination states (k centres) and oxygen-assisted
conversion of selenium vacancy, cadmium vacancy, cadmium interstitial
(Vse—Vcg—Cd;) to cadmium vacancy—cadmium interstitial (Vc4—Cd;) complexes.
The variation of oxygen adsorption with film thickness is studied. The temperature
variation of dark- and photoconductance measurements in these films reveals a
thermal quenching of photoconductivity at about 265 K. The k centres are located
at about 0.23 eV above the top of the valance band. A selenium vacancy-related
level is revealed at about 0.12 eV below E;. This level disappears as a result of
long time exposure of the films to atmospheric oxygen. An oxygen-assisted
excitonic transition is revealed along with the band edge transition in the spectral
distribution of photocurrent of oxygen-adsorbed stabilized films.

1. Introduction studied for sprayed and vacuum evaporated films by Raturi
et al [5] and Sakaiet al [13] and also for single crystals
Cadmium selenide is well known as a very good by Bube and Burton [14]. An increase of photosensitivity
photoconducting material. It has been investigated for due to chemisorption of oxygen has also been reported by
many years for its potential applications in electrography, Kanthala [15] for chemically deposited films. Though the
photoconducting and photovoltaic cells, thin film transistors explanations of different workers for the increase in dark-
and lasers [1]. The use of CdSe in photoconductivity and photoresistance of CdSe films are more or less same,
results in detectors with a faster response than CdTein most of the works the films were annealed in air. During
photodetectors. Polycrystalline CdSe films have been usedannealing in air at elevated temperatures, there are possi-
to fabricate photoelectrochemical cells and an efficiency of bilities such as variation of grain size and stoichiometry
about 5% has been achieved [2]. A significant increase of of the films along with the possibility of oxygen absorp-
conversion efficiency by annealing the films in a 2% oxygen tion by the films. Therefore, the correlation of dark- and
atmosphere has been reported by Szabo and Cocivera [3].photoconductivity with oxygen adsorption in the films has
CdSe thin films have been prepared by different work- not accounted for the effect of grain size or stoichiometry
ers [4, 5] using different techniques. The photoconductive variation in most of the previous works.
gain of the detectors depends on the method of preparation In the present work, we have studied the effect of
[6, 7] and sensitization [8-10]. Freshly prepared CdSe films isothermal air oxidation at room temperature (300 K) on
are generally very sensitive to atmospheric oxygen and thethe stabilization of electrical properties of the vacuum
dark- and photoconductivity depend strongly on the level evaporated CdSe films. In the case of CdSe films, their
of oxygen adsorption in them. After adsorption, the film exposures to atmospheric oxygen for different durations
behaviour depends mainly on its initial conductivity and on produce different I versus JkT characteristics.
the characteristics of the adsorbate—adsorbent binding. SevHowever, exposure of the films to atmospheric oxygen
eral workers [11,12] have studied the oxygen adsorption for longer periods causes a stabilization of dark- and
rate and desorption energies in CdSe thin films. The ef- photoresistance. It has been observed that the dark- and
fect of oxygen on the photosensitivity of the films has been photoresistance stabilizes within 12 to 25 days depending
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on the thickness of the films and the initial stoichiometry
of the surfaces. The spectral response and temperature 80}
variation of dark- and photoconductance are measured
on the air-exposed films to study their stability and the 200
mechanism of variation of photosensitivity of the samples.

2. Experiments

@
o

CdSe thin films of different thicknesses (0.27-1.Zth)
were deposited by thermal evaporation on thoroughly
cleaned glass substrates at room temperature (300 K). The
rate of deposition was kept constant (120 nm Thjn
Details of the film deposition technique has been described ©
elsewhere [16]. The composition of the films was estimated

by energy dispersive x-ray (EDX) analysis (Camscan series
2DV with link system). The composition of the films varied

with film thickness [17]. The composition deviates from 50 t
the stoichiometric value with increase in film thickness.
However, in all the films the Cd/Se atomic ratio was
> 1.0. The thickness of the films was measured by a
Taylor Hobson form talysurf. It can be seen from the x-ray

AG x 107 (mMho)  —mmemee

%107 (miho) ———e

=}
=}

diffraction (XRD) results that all the films are in hexagonal 0 0 2 4 8 né ;5
phase [16]. Time, t (days) —=

The dark- and photoconductance of the films were Figure 1. Variations of dark- and photoconductance (G) of

measured by a Keithley electrometer amplifier (610C). A , g 46 1m thick CdSe film with air exposure time. The

tungsten—halogen lamp fed by a stabilized power supply inset shows the variation of excess conductance AG (x)
was used for illuminating the samples. The intensity of and photosensitivity (AG/Gp) (O) of the film.

illumination (1400 W n72) was measured by an Eppley

calibrated thermopile. Colloidal graphite (aquadag) was having a carrier concentrations 1017 cm3 at room
used fpr ohmic contacts in the f|Ims._As the film resistance temperature. When the samples are exposed to air their
was high enough (f610' ©) graphite contacts showed | ogiciance changes with duration of exposure to air and
linear /-’ characteristics for the applied voltage range (0~ 5fier 4 Jong time resistance becomes stabilized. The nature
30 V). In order to observe the effect of air oxidation, the ¢ \ariation is same for all the films. The variation of
films were exposed to air after taking the films out of the a1 and photoconductance with duration of air exposure
deposition chamber. The dark- and photoresistance of thejs shown for a typical film in figure 1. The exposure time
films were measured at different intervals of time. The time required for the stabilization of the films depends on the

of exposure to air was measured from the moment of taking fjjm, thickness. The change of resistance in air may be due

the samples OUt_ c_>f the dep_osmon chamber._ . to oxygen adsorption by the films. In case of CdSe, the
The conductivity of the films exposed to air for different jyherent defects are selenium and cadmium vacancies and
periods of time was meas.ured in the tem.perature range 16050 interstitial atoms of the two elements [20]. A change
305 K by a cryostat having a quartz window. A detailed j, concentration of these defects can produce a change
description of the apparatus has been given elsewhere [18]i, the adsorption power of the semiconductor surface.
To study the dispersion qf the c_onductance charac_teristicssmce acceptor-type adsorbed molecules localize near the
(G versusT) of the stabilized films (exposed to air for  conquction electrons, the adsorption power (the sensitivity
a long time) the dark- and photoconductivity of some of 4t the semiconductor to a given type of gas) can be
the films were measured repeatedly. The spectral responsg|atermined as the ratip = (Go— Ga)/Ga, WhereGy is the
of the photocurrent of the stabilized films of different -ynductance before chemisorption of the gas @nds the
thicknesses was measured at room temperature using aRonductance after complete chemisorption. If one takes into
Oriel (7240) monochromator. Photodecay was recorded by a¢ccount the fact that the chemisorbed molecules or atoms
an Omniscribe strip chart recorder (model no 5000). The ¢an pe sensitive to the type of adsorption centre, values of
type of majority carriers and the carrier concentration of the B provide an experimental basis for studying the properties

samples were determined from thermoelectric power (TEP) of the semiconductor surface. In the present investigation,
measurements. For calculation of the carrier concentrationthe g value reduces from 307 to 19 with increase in film

from the TEP, it is assumed that the scattering facter0 thickness. The variation g8 with thickness, composition

andm; = 0.13mo [19]. and particle size of the films is listed in table 1. Since
the Cd/Se atomic ratio for all the films is 1.0 and the

3. Results and discussion conductance changes with the exposure of the films to air,

we can consider the selenium vacancy to be the basic centre
Thermoelectric power measurements on the films reveal for the chemisorption of oxygen in the films. Since particle
that all the as-grown and air-exposed films are n-type size increases with the film thickness and the probability of
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Table 1. Variations of air adsorption power (8), dark- and photoconductance with particle size and composition for films of
different thicknesses.

Film Particle Values of g obtained from
thickness  Cd/Se size
(um) (atomic ratio)  (nm) Dark conductance  Photoconductance
0.34 1.026 48.7 307 133
0.46 1.082 60.9 65 48
1.01 1.222 91.8 19 20
1.70 1.300 94.8 45 16
2 8
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Figure 2. Temperature variations of dark- and Figure 3. Temperature variation of excess conductivity
photoconductivity of a 0.46 um thick CdSe film. (Ac) of a 0.46 um thick CdSe film.
oxygen adsorption is greater on the grain boundaries, the -10

0 T=190K,T=265s
-x—  T=230K,T,=255s
- T=300K,T,=276s
—-  T=260K,Tp=230s

lower particle size (higher effective grain boundary area)
of the thinner films must make some contribution to the
higher oxygen adsorption power of these films.

The variations with duration of exposure of excess
conductance AG = G,;, — Gp) due to illumination and
photosensitivity AG /G p) are shown in the inset of figure
1. It is observed that photosensitivity increases with the
exposure of the film to air. The decrease of the dark- and o
photoconductance of the films in air is due to a reduction of w
the density of free electrons in the grains and the increase in
the grain boundary barrier as a result of diffusion of oxygen \
[21]. Oxygen atoms penetrate into the bulk of a thin film
along the grain boundaries [22].

The temperature variation of dark- and photoconductiv- ) 15 30 45 60 75
ity of a typical CdSe film is shown in figure 2. The tem- t (s) —s
perature variation of excess conductivityd = o, — 0y)
is shown in figure 3. Values of the photorelaxation time
constant {,o) for the films have been obtained from the
slopes of the IfAo), versusr plots. Here(Ao), is the
excess conductivity after cessation of illumination (weak
illumination, 1400 W n1?). Details of the theory of pho- 190 K. The photorelaxation time constant is found to be
torelaxation have been described elsewhere [23]. Figure 4a minimum (=~ 230 9 near 260 K. The behaviour of the
shows I{Ao), versust plots at different temperatures for dark- and photoconductivity can be explained by consider-
a typical film. The photorelaxation time constantof is ing different slow recombination centres in the CdSe film.
found to be nearly 276 s at 300 K and nearly 265 s at The presence of the k centres in CdSe crystals has been

n(AQ) (mbo-ml) —=

Figure 4. Decay of excess photoconductivity (Ac), of a
CdSe film of thickness 1.70 um at different temperatures
after cessation of illumination.
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Figure 6. Variation photocurrent with wavelength of

Figure 5. Temperature variations of photoconductivity (opn) Fig ) . - A
incident light for CdSe films of different thicknesses.

of CdSe films of different thicknesses.

attributed to vacancy-type intrinsic defects [24] or to the level may be due to Gdand the activation energy for
formation of \,;,—Cd complexes, responsible for a ‘diffu- Cd; is found to be 0.31 eV. These values agree more or
sion level’ located at 0.35 eV below the bottom of con- less with the reported values of shallow and deep donor
duction band and at a level 0.26 eV (k centres) above thelevels [20,21,26]. The other slope(0.23 eV) of the

top of the valance band [25]. The nature of the k cen- Ino versus ¥kT plot for dark conductivity represents the
tres in CdSe films has been investigated [21]. Exposure presence foa k centre which is formed during air oxidation

to air produces slow recombination centres in CdSe films only and reduces the concentration of selenium vacancies
which enhances the electron lifetime and hence the pho-because of the diffusion of these vacancies to the surface of
tosensitivity. The energy separation between the levels of the crystallites which acts as a sink. The subsequent self-
slow recombination centres responsible for thermal quench-compensation process displaces interstitial cadmium atoms
ing of photoconductivity (see figure 5) has been found to to the regular lattice sites. This reduces the concentrations
be Q23+ 0.02 eV [21 and references therein]. The for- of both donors and cadmium vacancies. A similar effect
mation of slow recombination centres, acting as acceptorshas also been observed earlier [21,27,28] in the case of
in the absence of illumination, and the diffusion of oxygen photoconductivity of air-annealed CdSe films. However,
reduce the value oA G (figure 1). The slow recombination the quenching temperature reported by different workers
centres with an activation energy 0.23-0.25 eV were the k differs significantly. We have observed a quenching at
centres formed in undoped CdSe films irrespective of the about 265 K which agrees well with the observation of
oxidation or other conditions and were regarded as intrinsic Robinson and Bube [28]. It is interesting to note that the

lattice defects [21].
Since the slope of la versus YkT plot for an n-type

photorelaxation time constant has a minimum value near
this temperature. Lyubchenket al [27] have observed a

material gives the activation energy of donors then, in the multiple quenching phenomenon at different temperatures

present study, the values of the slopes of wersus YkT

depending on the variation of carrier concentration of the

plots for the dark conductivity of CdSe films (figure 2) 0.12 sample with temperature. They studied the dependence of
and 0.31 eV appear to be the activation energies of donors.the thermal quenching temperature on carrier concentration.
The value 0.12 eV for the shallow donor level is consistent Thermal quenching of conductivity at about 273 K and
with the trap depth of a single crystal described by Bube 247 K has also been observed in compressed CdSe powder
and Barton [14] who pointed out that such shallow traps by Satoet al [29]. The increase of photoconductivity with
are responsible for the high conductivity of CdSe crystals. increase in temperature beyond the quenching temperature
Since in the present investiagtion CdSe films are n-type andmay be due to annihilation of the trapping centres with the
Se vacancies are the main donors, it can be predicted thaincrease of temperature.

this shallow donor level is formed due to Se vacancies and The spectral response of the photocurrent was studied
0.12 eV is activation energy for ¥ [20,21]. Smyntyna in the range 450—-750 nm. The results for films of different
[21] has already reported that the initial value G}, is thicknesses are presented in figure 6. In all the films
governed by the concentration of the main donors (seleniuma peak appears at about 710 nm that is near the band
vacancies), and the derease®} observed as a result of edge of CdSe films [17]. The slight shift of the peak
long-time air oxidation is accompanied by a change in the towards higher wavelengths may be due to release of
main donor state from ¥ to Cd; thus the deep donor strain or to a small variation of composition with film
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Table 2. A comparative presentation of microstrain, composition, optical bandgap and band-to-band and excitonic peak
positions in the spectral distribution of photocurrent of CdSe films of different thicknesses.

Peak positions in photocurrent

Film For band edge For exciton
thickness  Cd/Se rms strain Bandgap formation transition
(um) (atomic ratio)  (€?)Y? (x107%) (eV) (eV) (eV)

0.27 1.019 48.21 1.90 1.77 1.71

0.34 1.026 38.84 1.85 1.77 1.70

0.46 1.082 32.46 1.62 1.76 1.69

0.72 1.191 28.72 1.69 1.75 1.68

1.01 1.222 35.68 1.70 1.75 1.67

thickness. Two peaks appear near 460 nm and 600 nm.air. As oxygen has no effect on the modification of particle
These are due to transitions between higher-order bandgapsize or stoichiometry [3] and our films were not annealed
of CdSe crystallites [30]. Transitions near the same at high temperature, the change of electrical parameters in
wavelength have also been observed by Szabo and Cociverghis case is controlled by the oxygen incorporated into the
[3] in the absorption and reflection spectra of CdSe films films.
deposited on ITO substrates. The appearance of a hump
above the bandgap wavelength of the films (shown in
figure 6) is probably due to creation of free carriers by
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