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Effect of pressure on the electrical properties of GaSe/InSe heterocontacts
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Barrier structures were produced using optical contact between the indium and gallium selenides. The effect of mechanical pressure rangin
from 0 to 100 kPa on the electrical properties of the GaSe/InSe heterocontacts was investigated. The data was analyzed assuming the S|
(semiconductor — insulator — semiconductor) model. Using this model we were able to explain the current — voltage dependence. It was
found that the modification of heteroboundary significantly affects the electric transport.
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Se formaron estructuras barreras usando contdgticas entre dos semiconductores de GaSe y InSe. El efecto de lanpmesénico

desde 0 hasta 100 kPa sobre las propiedadesrielas de los heterocontactos de GaSe/InSe fue investigado. Los resultados son analizados
considerando el modelo de semiconductor — aislador — semiconductor. Utilizando este modelo, explicamos lésticasademiente —

voltaje. Se encondrque la modificadin de heterofrontera afectan significativamente el transpdrtérieo.

Descriptores: Semiconductores; heteroestructuras; propiedaéesrigas.

PACS: 73.40.Lq

1. Introduction Bridgman method. The samples obtained have had hexago-
nal crystal lattice consisting of a large single crystal region
Heterojunctions based on anisotropic InSe and GaSe crystal§th good cleavage property parallel to (001) crystal planes.
are analogues of silicon structures in their operation undefreshly cleaved InSe platelets with 100 to 208 in thick-
exposure to intense radiation [1]. The energy gap of InSgyess, exhibiting:-type conductivity and electrical resistivity
at room temperature is close to 1.2 eV. The energy gap abf about 22-m in the direction parallel to the-axis [nor-
GaSe is 2.0 eV at 300 K. InSe based photodiodes are senally to the (001) planes], have been used as substrates for
sitive to visible and infrared rays. GaSe is a wide directthe addition of the thin GaSe layer by bringing the cleav-
bandgap material that is sensitive in the visible region. Sage surface into direct contact. The thicknesses of the thin
GaSe/InSe heterocontacts are structures with attractive chagaSe layers have been of the order of 28. The thin
acteristics for solar energy conversion [2,3,4]. Gallium andGaSe layers have showrtype conductivity with the electri-
indium monoselenides belong to a vast class of layered semga| resistivity of about 19 Q-m at room temperature. The
conductors. They have a significant anisotropy of chemicatoncentrations of main carriers, from the analysis of Hall
bonds, within and between the layers, which enables preparaffect measurements inGaSe andw-InSe samples, were
tion of natural and clean surface with a high optical quality by,=10'¢ cm—3 andn=10"> cm~2 at 300 K, and carrier mobili-
cleavage. Moreover, a GaSe/InSe heterostructure, fabricateiés werey, =10 cn?/V-s andu,, =800 cnt/V s, respectively.
by bringing the surfaces of two semiconductors into direct Heterostructures were produced by the original method,
optical contact, is a semiconductor — insulator — semiconduchamely: the optical contact of a thinGaSe layer with a sub-
tor (SIS) structure where a layer of oxygen atoms adsorbegfrate produced af-InSe [4]. The area of the heterocontact
from atmosphere acts as a dielectric layer [5]. This layer is imas been of the order of 25 MmSoldered indium has been
non-equilibrium state with a very long relaxation time. applied as an ohmic contact to InSe. Silver colloidal paste
This paper presents investigations of the influence oproved to be a good ohmic contact to GaSe. The heterocon-
static pressure from 0 to 100 kPa, normal to the barrier plangacts were subjected to a uniaxial pressure directed perpen-
on the electrical and photoelectrical parameters-tiSe-p-  dicularly to the interface plane (along thesymmetry axis of
GaSe heterojunction. The changes of the electrical and phanSe and GaSe crystals).
toelectrical parameters of the InSe/GaSe heterojunction are

discussed from the point of view of the modification of the ] )
interface layer. 3. Results and discussion

Figure 1 shows the room temperature forward and reverse
2. Experimental biasI-V characteristics before and after pressiirelO kPa

of the p-GaSen-InSe heterocontact. The value of the pa-
Single crystals of GaSe and InSe, prepared in exact storameters from these characteristics are the voltage difference
chiometric proportion of Ga (In) and Se, were grown by the¢,=0.5 eV, the ideality facton=1.7, the forward saturation
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FIGURE 1. Forward and reverse bias current — voltage plots
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of the p-GaSen-InSe heterocontact before (1) and after pressure FIGURE 2. Spectral dependences of the relative quantum efficiency

P=40 kPa (2)7=300 K.

in relation to the pressure applied to {hsaSen-InSe heterocon-

tact for various values of photon energy, eV: 1 — 2.13, 2 — 2.08,
current Ip=1.2x10"'* A for the initial sample, and 3-1.75,4—1.357'=300 K.

$0=0.97 eV,n=2, andI;=1.1x10"10 A for the pressured
sample.

The forward bias characteristics can be divided into two
regions, a low-voltage and high-voltage region. In the low-
voltage regioni(e. for voltage of lees than 0.35 V at room

temperature) the measured curves can be fitted to an expres<™

sion of the form [6]:

I=1,+1, = I, [exp (;;;) - 1] AN

where I is the total current}V is the applied voltagefy,

is the current of the cut-off at'=0; I, is the space-charge
recombination currentf; is the tunnel current is the elec-
tronic chargei is the Boltzman constant; arid is the ab-
solute temperature. The forward characteristics found for
the p-GaSeh-InSe heterocontact, which are described by
Eq. (1) for the low-voltage region, could be interpreted in
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terms of the recombination-tunnelling mechanism of the curFicure 3. The reverse bias capacitance — voltage{& V) char-

rent transport. Under low forward bias conditions after pres-acteristic of thep-GaSefh-InSe heterocontact before (1) and after
sure P=40 kPa, one source of current prevails in heteroconpressure’=40 kPa (2) 7'=300 K.
tacts, namely, space-charge recombination in the GaSe/InSe

junction.
The downward curvature in the forward V' plots at suf-

subjected to pressure [7]. The increase of the relative

quantum efficiency of the InSe/GaSe heterocontact is caused

ficiently large applied voltage is due to the series resistanceby a decrease of the layer of oxygen atoms adsorbed at the
Moreover, the reverse bias of the pressured sample hasterface to minimum values of its thickness or area, as well
a better saturation compared to that of the initial samples by an increase of the heterojunction area. The decrease of
(Fig. 1). This can be explained by the presence of oxygenhe quantum efficiency in photon energy ranging above the
layer in the semiconductor / semiconductor interface, whictband gap of GaSe (2 eV) at an increasing pressufe 5f30
arises as a result of the adsorption of extraneous gases frotm 40 kPa (Fig. 2) is caused by the appearance of defects both
the surrounding atmosphere. The pressure can give rise toad the interface and in the bulk of the contacting semicon-
modification of the interface layer that can affect the electri-ductors. For the registered-ray diffraction patterns for the

cal properties.

samples subjected to static pressure we have found broaden-

The modification of the interface layer may cause aing half-width of the diffraction reflexes which indicates of
change in the relative quantum efficiency of GaSe/InSe hetan increase of defect density in the crystalline structure of

erojunctions
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layered indium and gallium selenides.



EFFECT OF PRESSURE ON THE ELECTRICAL PROPERTIES OF GaSe/InSe HETEROCONTACTS 443

[:] in narrow-gap material, while the tunneling current flows
Gale ol 2 Inde through the wide-gap material barrier. These two currents
flow in series and are related by the interface parameters.
0.14 AFe=115 Figure 4b shows the band diagram for an ige@aSe#h-
a0 InSe heterojunction in thermal equilibrium. Since the Fermi
z “k 0.3& B levels align, the built-in barrier is the difference in the work-
oy —t—— 1 — = ‘:1 — Fa1r T T function levels. A discontinuity in the form of a spike and a
012 "}éﬂ..ﬁ'ﬁﬂjj & notch are formed in the valence band edge. As can be seen
Fu from Fig. 3, the value o, of thep-GaSenh-InSe heterocon-
n tact after pressure tends to the value of the contact potential
|:] difference calculated in the context of the Anderson model
for ideal heterojunctions. At the same time, measurements
Cale h Inze of the capacitance-voltage characteristics for the structures
e exposed to pressure indicate that the contact potential differ-
ence still falls short of the value determined from the relation
. 045 \ 1 2 obtained for ideal heterojunctions [6]:

Fe

—

Fr .l ¥ = e e — __Er_’ QPO:(Xp'i‘Egp_EFp)_(Xn"_EFn) (3)
By hY 017 1.2

o.lsg MEy=08 ’ wherey, andy,, are the electron affinities for- andn-type
Fy semiconductors, respectivelly, is the bandgap of a-type

FIGURE 4. Band energy diagram of theGaSe#-InSe heterocon- ~ S€miconductorEr,, is the energy spacing between the va-
tact and the direct of current transport (a); band energy diagram ofénce band top and the Fermi level ipdype semiconduc-
the idealp-GaSeh-InSe heterojunction in thermal equilibrium (b). tor; andEr,, is the energy spacing between the conduction
Er is the Fermi levelEc and Ey are the conduction and valence band bottom and the Fermi level inratype semiconduc-
band edgesA Ec and AEy are the shifts in the conduction and tor. This circumstance indicates that it is impossible to com-
valence band edge, respectively (dimensions electron-volts). pletely eliminate the effect of transition layer formed of oxy-

) ) ) ) gen atoms adsorbed from the atmosphere on the valig, of
In heterojunctions, the depletion layer capacitaficgan  oyen in the presence of pressure.

be expressed as [6]:

o2 _ 2epNa+enlNp) (o — V) ) 4. Conclusions
eepen NaNpA?

As a consequence of an increase in the band-bending mag-
where A is the effective area of the heterojunctiof; is  nitude, the shape of the current—voltage characteristics of the
the voltage difference at zero bias and is determined fronmeterojunctions to pressure changes: the forward character-
the extrapolation of the lineat'—2 — V plot to theV axis; istics of the initial samples can be described by the expres-
N4 and N are the concentrations of the noncompensatedion, where the diode factor has the value 1.7 at room tem-
ionized donors and acceptors; ande,, are the dielectric perature, whereas for the structures subjected to pressure the
constants of the material on the N and P sides, respectivelyliode factorn has the value 2. In the forward bias case, the
andV is the applied bias. Figure 3 shows the reverse biagontact potential differencg, increased from 0.5 to 0.97 eV
C~2 — V characteristics of the-GaSerh-InSe heterocontact after the uniaxial pressure. For theGaSenh-InSe, the pa-
before and after pressure. The capacitance — voltage charaameters of the pressured sample represent an increase in the
teristics of GaSe/InSe heterocontacts showed an increase érrier height,l, (about one order of magnitude) and ideal-
contact potential difference after the uniaxial compressionity factor n compared to those of the initial sample. Thus, it
Again, the values o, indicate that the diode does not obey has been demonstrated that pressure can be used in order to
the ideal Anderson’s theory [6]. improve the electrical characteristics of th&5aSen-InSe

A model for a transport process of the€saSeh-InSe het-  heterocontacts. These results indicate that it is possible to
erocontact is shown in Fig. 4a. The thermal-emission oicontrol change of the parameters of heterojunctions and to
diffusion current, which recombines at the interface, flowsvary the applications in optoelectronic devices.
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