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Four types of heterojunctions were prepared: SnO»-As,(Seg.gTeg.1)3, SNO2-(Asg.67Sbo.33)2S€3,
n-GaAs-As,Ses and n-GaAs-As,S3. For all samples I-V characteristics and photosensitivity spectra
were obtained. These heterostructures can be used for manufacturing rectifying devices and photore-

ceivers.
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1. Introduction

Most semiconductor devices are based on crys-
talline semiconductors because of their perfect tech-
nology of manufacturing. Nevertheless heterostruc-
tures based on amorphous materials including chalco-
genide glassy semiconductors have been the focus of
active research for some time now [1,2]. They are of
interest because their properties can be varied by their
composition [3, 4].

2. Experimental

Four types of heterojunctions, SnO;-As;(Sep.o-
Te0,1)3, SnOQ-(ASQ,meo,gg)zse?,, n-GaAs-As,Ses and
n-GaAs-As,S3, were prepared for the present study.

Heterojunctions based on SnO, were prepared on
a glassy substrate by vacuum evaporation. The order
of layer deposition was as follows: SnO,, thin film of
chalcogenide glassy semiconductor, aluminium. The
thickness d of the chalcogenide films was between 1
and 10 um. The samples were illuminated through
the SnO, layer, being transparent in the investigated
spectral range. This layer was used as one electrode
with the aluminium layer as the other one. For the
preparation of n-GaAs-As,Ses and n-GaAs-As,S3 het-
erojunctions Al-i-GaAs-n-GaAs-chalcogenide glassy
semiconductor structures were made. Heterojunctions
were prepared on the base of monocrystalline com-
pensated GaAs, on the surface on which an epitax-
ial layer of n-type conductivity was grown. The car-
rier concentration in this epitaxial layer was about

1-10%% m~3. The layer of chalcogenide semiconductor
was deposited by vacuum evaporation on the epitax-
ial layer of GaAs. The thickness of the chalcogenide
films was between 0.3 and 5 um. A semitransparent
aluminium layer and a thick aluminium layer were de-
posited on the chalcogenide film by vacuum evapo-
ration. Before deposition of the thick layer, the cen-
tral part of the sample was covered by a mask. Un-
der the mask the semitransparent aluminium layer was
used as a “window” through which the heterostruc-
ture was illuminated. To make another contact, an alu-
minium layer was deposited on the GaAs backside of
the sample.

The measurements were carried out using a special
installation constructed in our laboratory. The band-
width AA can be varied from 0.002 to 0.008 um in
the range 0.4-1.2 um. The minimum measured cur-
rent was 10~12 A, For all samples I-V characteristics
were obtained. These characteristics were measured
under illumination of the sample in the range of max-
imum sensitivity and without illumination. The pho-
tosensitivity spectra were obtained at forward and re-
verse bias.

3. Results and Discussion
3.1. Heterojunctions Based on ShO,

The I-V characteristics for all types of heterojunc-
tion are asymmetrical and nonlinear. A forward cur-
rent flows when the SnO, electrode is positive with
respect to the Al electrode. In the 1-V characteristics
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Fig. 1. Photosensitivity spectra of
the SnO»-(Asg.g7Sbo.33)2Ses  hetero-
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obtained with and without illumination the forward
current is higher than the reverse current. This differ-
ence can be explained by the following assumption. A
hole barrier is formed in the contact region between
metal and semiconductor. When the voltage sign is
positive at SnO, the band bending is decreased in the
chalcogenide film near the contact region between Al
and the chalcogenide glassy semiconductor, and more
holes can reach the aluminium. At reverse bias the bar-
rier height for holes emitted from aluminium decreases
when the voltage increases, and the current increases
to a lesser extent since there is one more hole bar-
rier in the contact region between chalcogenide glassy
semiconductor and SnOs». In the latter case the current
flowing through the structure depends on the electron-
hole recombination velocity at the interface between
the chalcogenide semiconductor and SnO,. Therefore
there is a low reverse current compared to a high cur-
rent at forward bias.

The photosensitivity spectra of heterojunctions
based on ASQ(SEO,QTEO,l)s and on (ASo,57Sb0,33)2363
at reverse bias were obtained for different thicknesses
of the chalcogenide film. When the film thickness in-
creases, the sensitive region shifts towards the long-
wavelength region of the spectrum, and the width of
the sensitivity curve decreases. The wavelength corre-
sponding to the maximum of photosensitivity moves
when the film width varies between d = 1 um and
d = 10 um. Figure 1 shows the photosensitivity spec-
tra of the SnO,-(Asg s7Sbo.33)2Ses heterojunction at

0.7

junction at reverse bias for two chalco-
genide film thicknesses: 1,d =1 um; 2,
d=10 um.

0.75 0.8

reverse bias for different chalcogenide film thick-
nesses.

At forward bias, the maximum of the sensitivity
curve shifts to the short-wavelengths with respect to
the maximum observed at reverse bias. As already
noted, there is a hole barrier at the interface between
Al and the chalcogenide film. The hole barrier height
according to photoemission measurements [5] for the
present compositions is about 0.6 eV. The shift of the
maximum sensitivity curve at forward bias is an addi-
tional corroboration of the existence of this barrier. The
more photon energy of absorbed light, the less depth
of photon penetration and the closer to the barrier the
main fraction of the photons is absorbed. Therefore it
is necessary to expend more energy on the generation
of holes. It leads to an up shift of the maximum.

3.2. Heterojunctions Based on GaAs

The 1I-V characteristics of these heterojunctions are
also asymmetrical and nonlinear. In this case the semi-
transparent aluminium film deposited on a chalco-
genide layer is a collector. A forward current flows
when the collector is biased negatively with respect to
a GaAs electrode.

The photosensitivity spectra were measured for
samples with chalcogenide film thicknesses of 0.3 um,
1 umand 5 um. It was possible to change the range of
the maximum sensitivity by variation of the film thick-
ness.
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Fig. 2. Photosensitivity spectra of the GaAs-As,Ses
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The photosensitivity spectra of heterojunctions at
forward bias (1 V) for different thicknesses of chalco-
genide As,Ses films are shown in Figure 2. The curves
of photosensitivity are standardize on the magnitude
of peak response. For heterojunctions with the chalco-
genide film thickness 0.3 um only one peak is observ-
able at hv = 1.43 eV. The peak is concerned with pho-
toconductivity of GaAs. The influence of the semicon-
ductor film leads to an increasing width of the sensitiv-
ity curve. There are peaks at the energies hv = 1.43 eV
and hv =1.85 eV when the film thickness is 1 um. The
peaks are due to the absorption in GaAs and As,Ses,
respectively. When the thickness of the chalcogenide
filmis 5 um (curve 3), the peak due to the absorption in
GaAs is practically unobservable, and photoconductiv-
ity is primarily due to the photoconductivity of As,Ses.
In that case the maximum of the sensitivity curve is lo-
cated at 1.9 eV.

The study of the n-GaAs-As;S3 heterojunction
shows that, contrary to the n-GaAs-As,Ses heterojunc-
tion at low voltages (< 1 V), in the investigated spectral
range the form of the sensitivity curve slightly varies
with change of the chalcogenide semiconductor film
thickness. A small difference is observable only in the
range between 2.0 and 2.4 eV (Fig. 3). For the hetero-
junction with the most thick film the sensitivity curve
is located higher than the curve obtained for the het-
erojunction with thin film. This difference can be ex-
plained by the following hypothesis. When the thick-
ness of the chalcogenide film is 5 um the fraction of
photons absorbed in the film in the mentioned spectral
region is much greater than for the heterojunction with
film thickness 1 um. But, it should be noted that for the
heterojunction with the thinner film the photocurrent is

heterojunction at forward bias for three chalcogenide
film thicknesses: 1, d = 0.3 um; 2, d =1 um; 3,
d=5um.

24

bigger. At low voltages the main peak of the sensitiv-
ity curve is at 1.4 eV. In this case the photoresponse is
defined by the photoconductivity of GaAs.

A characteristic property of the GaAs-chalcogenide
glassy semiconductor heterojunction is the form of
the sensitivity curve depending on the voltage across
the heterostructure. From the curves obtained for the
GaAs-As,Se3 heterojunction with chalcogenide film
thickness 1 um at +1 V and —1 V one can see that
the photocurrent abruptly increases in the range be-
tween 1.3 and 1.4 V. There is only a peak due to the
absorption in As,Ses. Figure 4 shows that at voltages
from —4 V to —20 V there are two peaks. The main
peak, concerned with photoconductivity of As,Ses, is
observable at hv = 1.97 eV, and the added peak at
hv = 1.43 eV is concerned with the conductivity of
GaAs. In all cases, at forward bias the direction of the
photocurrent conforms with the hole flow towards the
collector. Therefore, the separation of the photocarri-
ers is carried out by the external electric field. At zero
bias and at reverse bias the photocurrent conforms to
the electron travelling towards the collector. The pho-
tocurrent at zero bias is explained by the separation of
photocarriers at the barriers formed at the interfaces.
This fact is corroborated by the fact that at low pos-
itive voltage (~ 1 V) the photocurrent slightly differs
from the magnitude at zero bias.

For GaAs-As,S3 heterostructures the sensitivity
curves obtained at low voltages of both voltage signs
are the same within the limits of error. In both cases
the photocurrent flows from the collector to the thick
aluminium layer on the backside of GaAs. The sensi-
tivity curve measured at zero bias coincides with the
noted curves. At low voltage bias for this heterostruc-
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ture the separation of the photocarriers is carried out at
the barriers existing in the heterostructure. The value
of the photocurrent through the structure is practically
independent of the external voltage bias.

At high voltages (~ 10 V) across the collector the
form of the sensitivity curve substantially differs. For
the samples with thick film there are two peaks at
hv = 1.43 eV and hv = 2.3 eV. For the samples with
thin film the second peak is less crisp, and if the film
thickness increases the peak magnitude decreases. An
analogous behavior is observable when the collector
is biased negatively: there are two peaks of the sen-
sitivity. The peaks are due to the absorption in GaAs
(at hv = 1.43 eV) and in As,S3 (at hv = 2.3 eV).

GaAs-AsySes heterojunction at three
voltages: 1, —20V; 2, —10 V; 3, -4 V.

The decrease of the second peak with decrease of the
film thickness is defined by the reduction of the pho-
ton fraction absorbed in the chalcogenide glassy semi-
conductor.

Furthermore, at high voltages the direction of the
photocurrent depends on the sign of the voltage applied
to the collector. At reverse bias the photocurrent con-
formed to hole flow towards the collector, and at for-
ward bias the carries travelled in the reverse direction.
Thus, the direction and the value of the photocurrent
are determined by the internal barriers, till the external
electric field is small with respect to the fields exist-
ing near the interfaces. It should be noted that the in-
crease of the photocurrent maximum with increase of
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the voltage at forward bias is faster than at the reverse
bias. The location of the photocurrent maximum in the
region due to the absorption in the chalcogenide film is
explained by the holes being the majority carriers in the
glassy semiconductor. At forward bias, photogenerated
holes drift from the chalcogenide glassy semiconduc-
tor to the collector. The mobility for the carriers in
GaAs is much higher than in the semiconductor. Con-
sequently, the recombination processes will not play
an important role, and there will be a rapid increase of
the photocurrent. At hv ~ 1.43 eV, where the photons
are absorbed in GaAs, the values of the photocurrent at
—4V and +4 V are almost the same.

The photocurrent is observable at the forward bias
over a range of energy between 1.0 and 1.3 eV, by
contrast to the photocurrent at the reverse bias. The
existence of the current can be explained by the hole
photoemission from the thick aluminium layer on the
backside of the sample. At the forward bias, pho-
toemitted holes drift to the collector through GaAs and
the semiconductor. This phenomenon was observable
when studying the potential barrier at the Al-GaAs in-
terface [5].
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