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ABSTRACT

The preparation is described of CdSe-Sb”e” heterojunctions and details
are given of measurements on their photoelectric properties. Both amorphous
and polycrystalline CdSe layers were investigated and the problems of their
different sensitivities are contrasted. The possible application of these
heterojunctions as photodiodes or solar cells is considered.

AHHOTALINA

B paHHOI paboTe onuwyTcs nNpenapauvsa n GOTO3/IEKTPUYECKME CBOWCTBa
CdSe-Sb2Se3 reteponepexogoB. Kak amMopdHbie Tak U poaunkpucTtannmyeckume CdSe
NAEHKNU 6biMM N3yYeHbl U npobnembl pas3fiMyHbIX (OTOYYBCTBUTE/NIbBHOCTEN OblM noka3a-
Hbl. BO3MOXHOCTb MNpMMEHEHUS 3TUX reTeponepexoioB C Uenbl GoToAMOLOB WU
CO/IbHUYHbLIX GaTapeii 6biia BbiABUHYTA.-

KIVONAT

Jelen cikk a CdSe-Sb2Se3 heteroatmenetek eldallitasat és fotoelektromos

tulajdonséagainak mérését Irja le. Mind az amorf, mind a polikristalyos CdSe

réteggel készilt mintak vizsgalatra keriltek 6sszehasonlitva kilénbdzb érzé-
kenységiket. A cikk utal arra, hogy napelem célokra valé esetleges felhasz-

nalaskor milyen paraméterek tovabbi optimalizalasa szikséges.



INTRODUCT ION

In this paper the photoelectrical properties of CdSe-Sfc>2Se3
heterojunctions are investigated. There is some possibility of
using these heterojunctions as electrooptical transformers
(especially to obtain electrical energy from the optical radia-
tion of the sun). Recently, the main problem to be considered is
the low efficiency resulting from the low conductivity and photo-
conductivity of these devices.

Some of the electrical properties of the heterojunctions
under consideration have already been determined by other authors
Q1,2,3,4;]- Using these p-n junctions as solar cells the most im-
portant parameters ares the values of photoconductivity and pho-
tocurrent, the ratio between forward and reverse currents iIn the
p-n junction, the value of photovoltage and of course the depen-
dence of photocurrent and photovoltage on the applied wavelength.
These parameters are investigated on annealed and non-annealed
CdSe-Sb2Se3 heterojunctions in this paper.

EXPERIMENTAL

The samples had sandwich-like structure (Fig. 1). The ac-
tive areas of samples were 3.14 mm2 (dots with a diameter of
2 mm) . First a transparent In203 layer was deposited on the silica
substrate. Then a CdSe layer was vacuum evaporated to a thick-
ness of 0.8-4 ym. From the measurements the films of about 2.5 ym
thickness proved to be the most sensitive.
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Fig. 1. Structure of samples

After preparation some of the samples were annealed. During
the heat treatment, which lasted several hours at a temperature
of 400 C, the CdSe layer became polycrystalline. The results of
the measurements showed unambiguously that the annealed samples
are for more sensitive to light and they have higher conductivity
values (for the purpose of solar cells) than the non-annealed
ones. Both the annealed and the non-annealed CdSe samples proved
to be n-type.

A p-type Sb2Se-j layer was then deposited on these CdSe
layers. The optimum thickness of this film was 1.8 ym. Finally
a 1 ym thick A1 layer was vacuum evaporated to form the upper
electrode.

The samples were irradiated from the side of the silica
substrate, 1.e. from the side of the CdSe layers. In some samples
the position of CdSe and Sb”e-j layers was inverted, but in this
case the photoelectrical properties, were poor. This fact indicated



too, that iIn our experiment the CdSe layer was more photosensi-
tive than the Sb2Se-j layer.

RESULTS

During the investigation of the samples with non-annealed
CdSe films a space charge layer resulted when we applied a voltage
between the two electrodes. This space charge layer was indicated
by the hysteresis in the voltage-current curves; the currents at
the same voltages were quite different (in same cases the dif-
ferences reached some orders of magnitude) depending on the sign
of the voltage change and the immediate prehistory. The time
needed for charge relaxation In some cases reached 30 minutes.
After that time the space charge dispersed and the current came
to the same value both for increasing and decreasing voltages.

In the case of annealed (polycrystalline) CdSe layers such
space charge effects did not occur.

Figure 2 shows the voltage-current characteristics of
samples with annealed CdSe layers in the dark state and under
light irradiation. The light source was a tungsten filament
microscope lamp. The light iIntensity on the surface of the sam-
ples was 390 lux.

From the curves it is obvious that in the dark state a
significant difference exists between the forward and reverse
currents of the diodes. The rectifying ratio at U = 2V 1is
I+/1_ = 1.1*10 ~ A/3.25*10 ~ A = 340, 1i.e. a difference of 2.5
orders of magnitude. It is well observable too, that in the re-
verse position the photocurrents at a light intensity of 390 lux
significantly differ from the dark current values (at U = 2 V
the pohotocurrent is 1.6*10_7 A and the dark current 1is
3.25*10_9 A. The diode-like behaviour 1is shown by the reverse
dark current following the I VO 8 law and simultaneously the



Fig. 2. Current-voltage characteristics in the dark state and under
irradiation -1™ = reverse dark current; +1" = forward dark

current; -1 , = reverse photocurrent; +1 , = forward photo-
current (lignt intensity = 390 Iux) i
forward dark current obeying the 1 ~ V3 3 law. In the reverse

direction above 2.5 V, space charge effects occur both iIn the
dark and in the irradiated case. In the forward position up to
10 V such effects were not observable.

In Fig. 3 the reverse photocurrent versus light intensity
is shown at room temperature and at a voltage of 1 V. The photo-
current depends on the light intensity as IpMoto ~ FO 68- The
exponent 0.68 refers to a continuous distribution of trap states

in the gap of the photosensitive material



Fig, 3.
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The photocurrent vs
light wavelength curve in
Fig. 4 shows a maximum sen-
sitivity sharply decreases;
at shorter wavelengths the
decrease iIs slown. The de-
crease at shorter wavelengths
is probably due to the high
density of recombination
centres in the CdSe layers
this means that the electron-
hole pairs produced by pho-
tons of short wavelengths
(near the surface of the
CdSe layer and far from the
p-n junction) recombine be-
fore reaching the junction
and so cannot produce a cur-
rent in the external circuit

4. Photocurrent-wavelength characteristic
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Figure 5 shows the open
circuit voltage of the device
depending on the light inten-
sity. This open circuit voltage
saturates at 350 mV. This
value limits the maximum vol-
tage obtainable from the
solar cell.

Finally, 1iIn Fig. 6 the
loading characteristic of the
photodiode is shown. On the
base of the curve the series
internal- impedance of the de-
vice was 4*10 . This resis-
tance value can be deduced
from the point where the vol-
tage due to the load drops to

half of the open circuit

Fig. 5. Dependence of open-circuit
voltage on light intensity

(log intensity O = 390 Iux)

value.

CONCLUSIONS

The diode-like behaviour and photosensitivity of the de-
vice described in this paper lends support to the hope that its
sensitivity and efficiency may be improved to the point where
it could be regarded as a candidate for a solar cell. More re-
search is needed to decrease the high internal resistivity of
the device (i.e. to improve the conductivity), to increase the
photosensitivity and to eliminate the reduced sensitivity in the
short wavelength region (i.e. to decrease the density of trap
states iIn the CdSe layer).

The present work 1is just meant to be an indication of one
of the fTirst steps to show the possible use of amorphous-poly-



crystalline junctions and/or

> heterojunctions for the
< purpose of photodiodes and
solar cells.
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