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The InSe-GaSe).,S, heterojunctions were prepared by the method of the optical contact. These structures have the pronounced diode
characteristics (k~10° for x=0.2 at =2 V) and photosensitivity in the region 490-1040 nm. The efficiency changes between 2.36% (GaSe)

and 1.62% (GaS).
1. Introduction.

It is known that compounds GaSe and GaS crystallize in a
layer structure and form a continuous series of solid solutions.
Wide-band monocrystals of solid solutions GaSe,.,S, possess
the high photosensitivity and are perspective materials for
creation of sources and receivers of a radiation in the visible
spectral region. At the same time it is known that the photo-
sensitivity of diode structures is much more than the photo-
sensitivity of one and the same material. Therefore, making of
photosensitive diode structures on the basis of given crystals
is necessary for extension of possibilities of their practical
applications. However, it is known that making of usual p-n
junctions on the basis of solid solutions GaSe,;.,S, is impos-
sible in practice, because they possess, as a rule, by the con-
ductivity of the p-type and it is not possible to change the
type of the conductivity of these crystals by means of the dop-
ing, Therefore, the creation of heterojunctions (HJ) or rectify-
ing contacts metal-semiconductor on their base is the only
one way of making diode structures. However, as far as we
know, there is no information on receipt and investigation of
similar structures. Works [1,2] are the only exceptions which
advise on receipt and investigation of HJ in the system
GaSe;Sx-InSe by the method of fusion of the low-
temperature component InSe on high-temperature compo-
nents GaSe4S¢6 [1] and in the system GaSeg ¢S, 4-InSe by the
method of optical contact [2]. The error of the lattice constant
of single crystals InSe and GaSe,.,S, (in particular at x=0,6)
is 10%. Therefore, we can expect that HJ, manufactured by
the fusion method, possesses the large concentration of
boundary states and their properties, in the main, are deter-
mined by a state of the interface. For removal of this problem,
we made (as in [2]) HJ in the system InSe-GaSe,.,S, by the
method of the optical contact [3-5], when matching of lattice
parameters and thermal coefficients of contacting materials is
not necessary.

Present work devotes to results of investigations of some
electrical and photoelectrical properties of HJ in the system
InSe-GaSe S, manufactured by the method of the optical
contact.

2. Experimental method.

For making of HJ, single crystals n-InSe and p-GaSe,.,S,,
(>=0; 0,2; 0,4; 0,6; 0,8; 1.0) were used, which were obtained
by the method of slow cooling at the constant gradient of
temperatures. Concentration of charge carriers at 300 K was
n=10"-10" cm™ in used crystals of InSe and p=10'°-10"cm™
in crystals of GaSe,.,S,.

HJ were manufactured by the following method. At first,
plane-parallel layers of InSe with a thickness 100-200 um and
GaSe; S, with thickness 50-100 um were made by means of
spalling from big ingots.

Then cuted surfaces of given layers were in the close con-
tact. The structure is kept between two plane layers under the
pressure of the order of 10 kG/cm? during few hours for re-
ceipt of the durable contact. Then surfaces of contacted crys-
tals are coalesced because of intermolecular forces. Strength
of such contact does not yield the volume strength of layer
crystals.

Ohmic contacts to layers InSe and GaSe;.,S, were manu-
factured by fusion of the indium. Ohmage of contacts was
preliminary controlled of volt-ampere characteristic (VAC)
symmetric structures In-InSe-In and In-GaSe,.,S,-In. Surface
sizes of manufactured HJ were of the order of 3x3 mm>
Surface of contacting crystals preliminary was not undergone
by any chemical treatment.

3. Experimental results and their discussion.

Volt-ampere characteristic of all manufactured HJ pos-
sesses by the obvious diode character (Fig.1). Rectification
coefficient is k~10’ or x=0.2 at =2V and smoothly de-
crease, with the increasing of x. It is connected with the in-
crease of the volume resistance of the layer GaSe,.S, with
the increasing of x that restricts the current in the forward
direction. Analysis of VAC at different temperatures shows
that at forward bias are described by the exponential depend-
ence at relatively low voltages
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where IR is the voltage drop in the volume resistance of
samples, which may be determined from the linear section of
VAC.
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Fig.1. The current-voltage characteristic of InSe-GaSe,_,S,
heterojunction for different x: 1-0.2, 2-0.6, 3-1.0.

Observed direct bias of VAC for the system InSe-
GaSeS, 4 at different temperatures shows that forward cur-
rents mainly correspond to the recombination-tunnel mecha-
nism [6]. Tunnelling of holes with participation of acceptors
centres in GaSeq ¢Sq 4 With the position depth AE=0.4eV is the
weak point in the process of the tunnelling. This position
depth was determined from the temperature dependence of
the parameter I,. Dependence of the type I~U" (where n22)
are observed at relatively high voltages. It may be explained
by the injection of charge carriers in GaSe,.,S,. Reverse bias
of VAC correspond to the exponential dependence at rela-
tively high voltages

I~ (Vy=U) &B/ (Ve-0)1/2

where V,, is the contact potential difference, B is some con-
stant.

According to [6], this fact testifies on the tunnel mecha-

nism of a transfer of charge carriers through HJ.
» It is known that photoelectrical properties of HJ are de-
termined by peculiarities of an energetic zone diagram. How-
ever, it is necessary to know values of the contact potential
difference (CPD) for construction of such diagram for HJ
under study. As monocrystals GaSe,.,S, have a relatively
large volume resistance, then definition of CPD on a value of
the current voltage of the cut-off is not accurate. Therefore,
we have determined the CPD on a saturation of photo-emf at
the irradiation of the structure by a flash of the pulsed lamp
with the duration ~3-10° s. In this case, the relaxation of the
photo-emf corresponds to the exponential dependence with
one constant on time of the order of 10-10%s.

Positions of Fermi levels were estimated from investi-
gation of the temperature dependence of the conductivity of
contacting materials. Energetic zone diagram was created on
the basis of the Anderson model [7]. Values of zones breaks
also were determined in the conduction band (AE.) and in the
valence band (AE,) (Table). This table also presents values
(AE.) and (AE,), calculated on the basis of quantities of elec-
tron affinities and widths of forbidden zones of monocrystals

71

InSe (y =4.6 eV, E;~1.2 eV) and GaSe,S,. There are not

values of electron affinities for crystals GaSe,,S, in litera-
ture. Therefore, we determined these values on the basis of
known electron affinities of monocrystals GaSe (¥ =3.4eV)

and GaS ( ¥ =4,0 eV) [8], taking into consideration that posi-

tions of zones boundaries linearly change with the increasing
of x. According to the table, the experimental and calculated
values (AE,) and (AE,) are in a good conformity. Thus, the
boundary of manufactured HJ is sufficiently perfect and their
zone diagrams satisfactorily correspond to the ideal Anderson
model (Fig. 2). It is interesting to note that AE,=0 at x=0,3.
The height of the barrier for holes is less than for electrons
one for all values x. Therefore, we can suppose that mono-
crystals GaSe,.,S, effectively inject holes in InSe and transfer
of minority carriers occurs from InSe in GaSe,..S, at x>0.3
by means of tunnelling through the “"spike" in the valence
zone.

Fig.2. The energy band diagram of InSe-GaSe,_,S, hetero;unc-
tions a) x=0, b) x=0.4.

According to presented diagrams, at x<0.3 structures of
energetic zones of the interface of HJ promote to an effective
separation of non-equilibrium carriers at absorption of a light
both by monocrystals InSe and GaSe,,S,. However, the ap-
pearance of the energetic "spike" in the valence zone at x>0.3
hampers processes of transition of minority holes in GaSe,.,S,
at light absorption by monocrystals InSe. Therefore, accord-
ing to experimental observations, photosensitivity decreases
with the increasing of x in indicated systems in the absorption
region of InSe. For example, Fig.3 presents spectral distribu-
tions of photosensitivity of investigated HJ at the irradiation
from GaSe,,S,.

Table
X | _Calculated Values | Experimental Values | 44,(nm)
AE, (eV) | 4Ey, (€V) | 4E,, (eV) | AE,, (eV)
0 1.20 -0.40 1.20 -0.40 600-1060
0.2 1.08 -0.13 1.10 -0.15 560-1060
04| 096 0.14 1.0 0.10 520-1060
06| 084 0.50 0.80 0.53 480-1060
1.0] 060 0.90 0.65 0.85 450-1060
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Fig.3. The dependence between the photoelectric voltage and
the wavelength light in InSe-GaSe,_,S, heterojunctions
for different x: 1-0, 2-0.2, 3-0.6.

Regions of the spectral sensitivity A4 at different values x
are presented in the table. We can see that the long-wave
boundary of the spectrum corresponds to the width of the
forbidden zone of monocrystal InSe for all values x. At the
same time, short-wave boundaries of spectra are restricted by
the region of the strong absorption of monocrystals GaSe,_,S,.
In this case, the light is absorbed in surface region of
monocrystals GaSe,.,S,. Thus, minority carriers do not reach
the region of HIJ, because of a small diffusion length of given
carriers in layer crystals. Therefore, separation of photocarri-
ers does not occur between phases.

Measurement of the junction capacitance (C) as a function
of reverse bias (V) can be used to determine the built-in volt-
age (V,) and the effective doped concentration (v;) near the
junction. This relation can be written as [9]:

1/C*=2 (V4-V) /S?qee Ny

where S is the junction area, g is the fundamental unit charge
and &, ¢ are the permitivity of free space and semiconductor
material, respectively.

The variations of 1/C? versus V for InSe-GaSe,.,S, het-
erojunctions are given in Fig.4. From the plot of figure, we
find Vv, (0,5; 0,75; 1) and N; (8.5:10"° em™; 7,2-10%cm’;
6,2-10" cm'3) for x=0; 0,4; 0,6, respectively.
|
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Fig.4. 1/C? versus V plot for abrupt InSe-GaSe, S, hetero-
junctions for different x: 1-0. 2-0.4, 3-0.6.

The variation of current density versus the applied voltage
under illumination power density P=100 mW/cm? for a InSe-
GaSe,..S, heterojunctions show that by the variation of the
value of x from x=0 to x=1 the efficiency changes from
2,36 % to 1,62 %.

The photoelectric parameters of these heterojunctions ex-
hibit the high stability under illumination.
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InSe-GaSei.xSx HETEROKECIDLORI O9SASINDA ENERJI CEVIRICILORINDO FiZiKi PROSESLOR

Optik kontakt iisulu ile InSe-GaSe1«Sx heterokegidleri hazirlanmigdir. Hazirlanmig heterokegidler yaxs: ifade olunmus diod
xarakteristikalarina (x=0,2 terkibi iiclin U=2V olduqda k~10%) ve genis intervalda (490-1040 nm) fotohassashga malikdir. Faydal is

amsal1 2,36 % (GaSe) ve 1,62 % (GaS) intervahinda deyisir.
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AT, Ka3sim-3age, B.M. Canmanos, J.T. Mypcanos, A.A. Araesa

OHUINYECKHUE NPOLHECCHI B IPEOBPA3ZOBATEJISAAX DHEPTUM HA OCHOBE
T'ETEPOIIEPEXOJOB InSe- GaSe,.,S,.

MeronoM ONTHYECKOr0 KOHTAaKTa OBLIM W3rOTOBNCHH rereponepexonsi InSe-GaSe;.,S,. U3roroBneHHbIe CTPYKTYpsl 061a1a10T ApKO
BBIP2KCHHEIMH AHOJHBIMH XapaKTEPUCTHKaMHI (k~10° npu U=2B 1A cocraBa x=0,2) 1 GoTOYYBCTBUTENBLHOCTHIO B HIMPOKOM JUANA30HE

490-1040 aM. KoaddpuumenT nonesnoro aekictbus mensercs B uHTepsane 2,36 % (GaSe) u 1,62 % (GaS).

Hama nocmynaenus: 18.12.98 Peoaxmop: 3.HU. Hckenoepsade



