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INJECTION-CONTACT PHENOMENA IN SINGLE CRYSTALS OF InSe, GaSe AND GaS

Yu.G. NURULLAYEV
Baku State University,
370148, Baku, Z. Chalilov st., 23

The current - voltage (I-U) characteristics of high - resistivity InSe, GaSe and Ga$ crystals have been investigated. The observed peculi-
arities of the I-U characteristics are interpreted using the space-charge-limited current (SCLC) theory and the two-barrier model. It has been
shown that the barriers considerably affect the charge carrier transport process only at relatively low temperatures and voltages. With increas-
ing temperature or injection level, due to increase of free charge carrier concentration, the above barriers are gradually eliminated leading to

the quasi-uniform state of the samples.

In this paper the results of studying the infection-contact
phenomena - the space-charge-limited, currents (SCLC) in the
single crystals of A;Bs compounds, i.e. indium and gallium
selenides and gallium sulphide, have been presented.

The current-voltage (I-U) characteristics of high-
resistance InSe, GaSe and GaS single crystals with the resis-
tivity of 10°-10"" Ohm-cm were investigated. The samples
studied were of a sandwich-type structure, i.e. a single-
crystalline layer of a semiconductor with thickness of 0.03 -
0.20 mm between two indium metallic contacts deposited so
that the current passed along the "c¢" axis perpendicular to the
natural cleavage planes of crystals. To obtain the reproducible
data the I-U characteristics were taken after establishing of
the steady-state values of current.

The I-U characteristics of InSe (curve 1), GaSe (curve 2)
and GaS (curve 3) crystals at 77 K are shown in Fig 1. The
current through the samples initially increase according to the
exponential law and further the power sections J~U with
n=1.0; n=2.0; n=m>2 for InSe, GaSe and n=1.0; n=2.0;
n=m>2 for GaS are observed.
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Fig. 1. Current -voltage characteristics of InSe (1), GaSe (2)

and GaS (3) crystals. =77 K.

Such a dependences are evident for the fact that the
space - charge - limited currents place main role in charge
transfer.

Based on the Lampert's theory for the SCLC [1], the con-
centration (N,) and the depth (&,) of trapping levels as well as
the density (n,) and the mobility () of the charge carriers
were estimated from the power regions of the I-U characteris-
tics. It turned out that although the values of N,, n, and u at
T 2 200 K obtained in such a manner are in good agreement
with those obtained from the Hall measurements, the discrep-
ancy between them becomes greater with the temperature
decrease. At T<120 K the values of N, obtained from the
SCLC some times proved to be equal to ~ 10 cm™ and even
more that arouses great doubts. This fact allows to assume
that at relatively high temperatures in samples studied the
charge carrier transport is determined by SCLC at a monopo-
lar injection. With decreasing temperdture in addition to
SCLC, the other competitive mechanisms, which in the final
analysis become predominant are assumed to affect the
charge carrier transport process.

When extending the regions of a sharp increase in the I-U
characteristics for different temperatures, they must intersect
in a single point with the coordinates:
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where N, is the density of states in valence band, d - is a dis-
tance between the contacts, ¢ is a dielectric constant of a se-
miconductor. As a result, the values obtained from (1) and (2)
are N;=7.5-10cm’;N,2~1.6-10" (cm-V-s)™; N,1=3-10em .
The investigation of temperature dependence of the cur-
rent density at different voltages has shown that the course of
the J(T) dependence is considerably defined by the U value
(Fig. 2). At U<U;.,, where J(U) obeys the exponential law,
the dependence of 1g Jon 10*/T consists of two straight-
line parts. The activation energies determined from the slope
of the initial low-temperature regions are 0.07; 0.06; 0.05 eV
and about 0.02; 0.36; 0.56 eV for InSe, GaSe and GaS$, re-
spectively. With increasing U in InSe crystals the first region
disappears gradually and the dependence of 1gJon 10°*/Tis a
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GaSe and GaS as the U value increases the (T) dependence
in a low-temperature region becomes more and more less
pronounced and the slope of the dependence of 1gJon 10%T
in a high-temperature region remains nearly unchangeable.
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Fig. 2. Temperature dependence of the current density in
InSe (a), GaSe (b) and GaS (c) single crystals. U, V
(@)1-02;2-1.0;3-10;4-20;(b)1-0.1;2-1.0;
3-4.0;4-10;(c)1-5.0;2-20;3-100; 4 - 150.

A correlation of results obtained from photoelectric, Hall
measurements and the I-U characteristics for one and the
same sample allows to conclude that the observed depend-
ences of 1gJ on 10°/T and the I-U peculiarities in high-
resistance InSe, GaSe and GaS crystals can be interpreted
only by the use of the SCLC theory and two-barrier model
developed for macro-inhomogeneous semiconductors. Ac-
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cording to this model high-resistivity crystals as whole consist
of low-resistivity (LR) matrix with in a random way distrib-
uted high-resistivity (HR) inclusions, and in their interface
potential barriers (e@,) of recombination type exist. Also in
HR regions the potential barriers of drift type create due to
overlapping of the space charge of the adjacent LR regions.
At the same time shallow, a- and S-trapping levels, as well as
fast S- and slow r-centres of recombination exist in the for-
bidden bands of these crystals. In so doing S-centres and a-
trapping levels are localized in LR, and r-centers and f-
trapping levels are placed in HR inclusions. In particular, it is
assumed that at low temperatures, when U<U;_,, the current

density is J ~ expl - % , where ep is the effective
height of the drift barrier equal to the activation energy of the
current determined from a low-temperature part of the de-
pendence of 1gJ on 10°/T. With ingreasing temperature due
to increase of majority charge carrier concentration, the
height of the barrier, e, and decreases and at relatively high
temperatures the drift barriers disappear, i.e. the condition
characteristed of quasi-homogeneous semiconductor is pro-
vided. Under the given conditions, in this part of the J(T)
dependence the current through the sample is determined by
the impurity conductivity. The impurity activation energy
values determined from the slope of the J(T) dependence
curves for InSe, GaSe and GaS are 0.20; 0.36 and 0.56 eV,
respectively. But in InSe crystals the equilibrium charge car-
rier concentration (n,) is high, (10'-10" cm’). Therefore, in
the given conditions, the current through the samples of InSe
crystals is mainly determined by these carriers and the J(T)
dependence is described by a single straight line with a slope
equal to the activation energy of impurity levels. In GaSe and
Ga$ crystals at U>U;_, the drift barriers become negligible.
However, in this case, the J(T) dependence consists of two
parts, i.e. the low- and the high-temperature regions. In a
low-temperature region the J depends on T much weaker,
while in a high-temperature region with increasing T it also
increases and the activation energy is equal to 0.36 and 0.56
eV for GaSe and GaS, respectively. This situation is probably
due to the fact that at relatively high temperatures the equilib-
rium charges carrier concentration increases and considerably
exceeds the injected carrier concentration. Therefore these
carriers and increases with temperature [2] mainly determine
a total current density.

As at low T some part of the charge carriers the
concentration of which has been determined from the Hall
measurements, 1y, is localized in high-resistance regions and
is almost not involved in the charge carrier transfer in the
SCLC conditions, the concentration n, determined from the
SCLC theory will be less than ny With increasing T the
barriers at the boundaries of low- and high-resistance regions
"disappear” and hence the discrepancy between ny and n
decreases. Within the framework of the suggested model at

relatively low temperatures u =Zo My pg<p and with
Ny

increase of T, n, approaches ny and the discrepancy between
pand gy also disappears.

The drift barriers considerably effect the charge carrier
transport process only at relatively low temperatures and ap-
plied voltages. With increasing temperature or the infection
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plied voltages. With increasing temperature or the infection
level (as the applied voltage increases), due to increase of free
charge carrier concentration, these barriers gradually disap-
pear. As a result, the sample converts to electrically quasi-
uniform state [3, 4].

Based on the above considerations. It is assumed that the
discrepancy between the values of N,, u and n, determined
from SCLC at low rather attributed to a spatial non-
uniformity crystals studied.
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Y.Q. Nurullayev
InSe, GaSe VO GaS MONOKRISTALINDA INJEKSIYA - KONTAKT HADISOLORI

Isde yiiksok omlu InSe, GaSe ve GaS$ kristallarin volt-amper xarakteristikalart (VAX) 6yrenilmisdir., Ahnan neticeler hacmi
yiiklorle mahdudlagmis cereyan nezeariyyesi ve ikigat ¢eper modelinin komayi ile izah olunur.

Miieyyen olunmusdur ki, ¢eperler yalmiz asafi temperatur ve gerginliyin kigik qiymetlerinde kegiriciliye nezere alinacagi
deracede to'sir gosterir. Temperatur vo ya injeksiya artdiqca yiikdagiyicilarin konsentrasiyasinin artmasi naticesinde bu geper
tadricen yox olur ve niimune kvazibircins hala kegir.

FO.T". Hypysuiaes

HHXEKIIMOHHO-KOHTAKTHBIE ABJEHHASI B MOHOKPHUCTAJLJIAX InSe, GaSe H GaS

HccnenoBaHsl CTaTHIECKHE BONBT-aMIIEPHEIE XaPAKTEPHCTHKH BRICOKOOMHBIX kpHcTauioB InSe, GaSe n GaS. HaGmoznaeMsie ocoGeH-
HOCTH BOJIbT-aMIIEPHBIX XapPaKTEPHCTHK HHTEPIPETHPOBaHbI ¢ npuBicieHueM Teopuu TOO3 u aByxGaprepHoii Mogemu. INokasano, yto Ga-
PHEPHI OKA3bIBAIOT 3HAYMTEIRHOC BAMSHHE HA MPOLIECC TOKOTIPOXOKACHHUS JIHIIb NIPH OTHOCHTENBHO HU3KHX TEMIEPATYpax M HANPKEHHAX.
C pocToM TeMIIepaTyphl HIIH YPOBHS MHKEKUHH H3-32 YBEIMYCHHS KOHICHTPALHH CBOOOIHBIX HOCHTENEH 3apsaa 5TH Gapbephl IOCTENCHHO
CHHMaIOTCA, B pe3yJITATE 4€ro 00pa3bl IEPEXOAAT B KBA3HOAHOPOAHOE COCTOSHHE.
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