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Injection currents in lamellar crystals of gallium telluride

R.S. Madatov, T.B. Tagiyev, I.A. Gabulov, T.M. Abbasova

Azerbaijan National Academy of Sciences, Institute of Radiation Problems, 31a H.Javid avenue, Baku-143, Azerbaijan
Phone: +38(99412) 39 8318; fax: +38(99412) 39 8318

Abstract. The results of researches of electrical properties and injection currents in lamellar
samples of p-type gallium telluride with the purpose of determination of charge transfer
mechanism both in the Ohm law regime and in the range of its violation in the wide tempera-
ture interval (77+300) K have been given. Specific resistance of the studied samples changed
within 5-10%+6:10° Ohm-cm at room temperatures. The analysis based on the Lampert theory
has shown that the current-voltage characteristics at 77 K are in accord with monopolar
injection current and one discrete level in the gallium telluride bandgap with the energy
0.18 eV and concentration 5.6-10!2 cm™3. It has been found that, in the temperature range of
77+300 K in GaTe single crystals, the mechanism of charge transfer can be ascertained with
currents limited by the spatial charge.
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Electrical properties of lamellar crystals of gallium
telluride have not been thoroughly investigated in com-
parison with other chalcogenides compounds, though its
optical properties have been determined quite well
[1,2,3,4,5]. In the works [6,7,8] electrical properties of
gallium telluride, such as Hall mobilities along and per-
pendicular to C axis of crystals, the temperature depend-
encies of electrical conductivity, etc. have been studied.
It follows from measurements of Hall mobilities that the
anisotropy of electrical properties relatively to C axis of
crystals is higher than that of the other gallium
chalcogenides.

In the work [8], injection currents in GaTe with ohmic
indium contacts perpendicular to C axis of crystals have
been studied, and it has been shown that at room tem-
peratures and high fields the current is determined by the
double injection through a sample.

It is necessary to note that in the paper [§] the authors
made their conclusions on double injection in GaTe us-
ing the only parameter — capture ratio, which signifi-
cantly exceeded unity, though other characteristics of
GaTe samples are identical, as in the case of monopolar
injection.

In the given work, the electrical properties and injec-
tion currents in p-type GaTe monocrystals samples are

thoroughly studied with the purpose of definition of the
charges transfer mechanism both in Ohm law regime, and
in the field of its violations.

Lamellar GaTe monocrystals have been grown by
the Bridgman method and have p-type conductivity. The
specific resistance of the studied samples have changed
within the 5-10*+6-103 Ohm-cm at room temperatures. In
this work the results of the authors [7] have been used as
data on Hall mobilities of holes perpendicular to C axis,
and the value of mobility parallel to C axis was deter-
mined from measurements of anisotropy of the electrical
conductivity by the tetra-probe Shnabel method. The val-
ues of electrical conductivity anisotropy of thick samples
were used to determine the mobility parallel to C axis in
order to exclude a surface influence as far as possible.

The value of mobility estimated in such a way at room
temperatures parallel to C axis was equal to 1+2 cm?/V-sec.
The contacts to the samples were made in vacuum from
indium. The thicknesses of the studied samples were
changed within 55+400 micrometers.

Volt-ampere characteristics of GaTe sample was not
specially doped at different temperatures in the direction
of C axis has shown in Fig. 1 (curve 1, 2, 3,4, 5). Asitis
seen from Fig. 1, that the volt-ampere characteristics of
the samples are significantly changed with the increase
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of temperature, i.e. if at 77 K temperature it is in accord
with I ~ V", where n = 1, 2, 3 and 2, 3 alternate with
changing the voltage, then the dependence 7 ~ V" in dou-
ble logarithmic scale deviates from a straight line at high
temperatures. The analysis based on the Lampert theory
has shown that the volt-ampere characteristic at 77 K is
in accord with monopolar injection current with one dis-
crete level in the band-gap of GaTe with 0.18 eV energy
(the other calculated parameters from Fig. 1 are given in
Table 1). Table 1 shows that the calculated parameters
of volt-ampere characteristics at 300 K are in well ac-
cord with the work data [8], though in this work the dou-
ble injection in GaTe samples with indium contacts is
discussed. The determination of capture ratio values both
in the work [8] and from volt-ampere characteristics at
300 K coincide and they are equal to 36, and at 77 K
capture ratio value 8 = 7.57-10%.
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Fig. 1. Volt-ampere characteristics of GaTe sample at different
temperatures (K): / —290; 2 — 195; 3 — 184; 4 — 173; 5 - 77; 6 —
theoretical.
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Due to the fact that in the work [8] the temperature
studies have not been conducted and besides all the con-
clusions on double injection were made on the basis of
capture ratio and thickness dependence of current den-
sity in the field of sharp rise, we do not consider the re-
sults of this work quite correct, especially as our results
on temperature dependence indicate to monopolar injec-
tion. In addition, it is known that transfer from monopolar
injection to double injection with symmetrical contacts
on the sample is possible only at high fields [11].

In order to prove monopolarity of injection, we have
studied thickness dependencies of volt-ampere charac-
teristics within 55+400 micrometers in the first and sec-
ond quadratic sections with the change of voltage values
on the sample. The exponent of current density depend-
ence is limited by a volume charge has been determined
from Fig. 2 and depending on the thickness for different
samples it is equal or exceed 3.

According to Lampert’s theory, such a change is pos-
sible both in the case of monopolar and double injection,
if the currents are limited by the volume charge. How-
ever, special experiments on electrical luminescence and
lack of section with negative differential resistance in
volt-ampere characteristics indicate to flow of monopolar
current in GaTe samples.

In a general case, volt-ampere characteristics of GaTe
samples are shown in Fig. 1, and it can be presented as
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Fig. 2. Thickness dependence of current density in the first (curve 1)
and the second quadratic sections (curve 2) of volt-ampere char-
acteristics at 77 K.
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where N, = 1.6:101% cm 3, U, — free holes mobility, df—
effective thickness of a sample, T} is a characteristic tem-
perature for exponential distribution. The formula (1) is

written in the monopolar case for exponential distribu-
tion of traps in the band-gap, when N, ,1 is described as

1 E-E,
N; (E) = Nexp T ,E>E,

The supposed approximation N ,l (E) (12, 13) s justi-
fied by the fact that there are defects in GaTe monocrys-
tals connected with stoichiometric [2, 6] and structural
violations conditioned by the low energy of dislocations
in the layer plane [10].

GaTe structure is referred to monoclinic syngony with
special B2/m group [14]. In GaTe lattice the atoms of
metal are in three crystallographically independent po-
sitions and, besides, the surroundings of all the gallium
atoms in them are tetrahedral with different length of Ga-
Te bonds. It would be natural to suppose that the levels
with different energy will correspond to defects connected
with lack or replacement of gallium in the band-gap. The
comparison (1) with the exli)erimental results showed a
good accord in the case N, = 1.2:10"%cm3and / = 2.
Such a comparison is presented in Fig. 1 (curve 6) at
kT,=0.0066eV. This gives us opportunity to judge about
the change of volt-ampere characteristics of the samples
with change of temperature (Fig. 1).

Such a behavior of volt-ampere characteristics is typi-
cal in the case of exponential distribution of traps in a
band-gap of semiconductor in the monopolar regime of
current limited by spacial charge.

The degree of modification of volt-ampere character-
istics (1) can be independently determined from the thick-
ness dependence of current density, and it has been found
that / =2.

The dependence N tl from characteristic energy for ex-
ponential distribution of traps was constructed (Fig. 3) in
order to find concentration of traps in a maximum of states
density and to determine its energetic position in the band-
gap. It was determined that the parameters N, =
=5.6:102cm3 and E, = 0.18 eV. The latter value is in
satisfactorily accord with the activation energy, which
equals to 0.18 eV of dark electrical conductivity of sam-
ples in the ohmic regime presented in Fig. 1 within the
range 77+200 K.

It is necessary to note that the change of the Fermi
quasi-level with charge accumulation and applied volt-
age is typical for exponential distribution of trapes in the
band-gap of semiconductor
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Fig. 3. Dependence N! on 1/kT, for exponential distribution of
trap levels in the band-gap of the crystal.

where E/(v) is an averaged by the sample value Ethat is

E
determined by the correlation: I = e#N,, v exp(— _f)
doy kT

because the field value is determined as e = v/d,is aver-
aged by the sample.

Such dependence for GaTe samples is presented in
Fig. 5, from where the area of the Fermi quasi-level change
(0.4+0.18 eV) in the band-gap with charge accumulation
has been determined. It is necessary to note that (1) is
written for the case when distribution of traps by energies
starts from a certain discrete level in the band-gap (E)),
and not from the bottom of conduction band or a ceiling
of a valence band. As we noted above, such a distribution
of traps is possible in the case when there are stoichio-
metric violations in crystals connected with lack of cati-
ons in the crystalline lattice sites.

The quantity of total traps concentration (N tl ) in
GaTe band-gap is approximately equal to 10'*cm—, the
concentration of traps in the maximum of state density
corresponding to the energy 0.18 eV is approximately
equal to 10'2cm 3, temperature and field dependencies of
Fermi quasi-level position allow us to assume that asym-
metric distribution of levels starts from 0.18 eV, and not
from the ceiling of the valence band, where states density
is 10" cm=3.
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Fig. 4. Temperature dependence of electrical conductivity of

GaTe sample.
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Fig. 5. Dependence of Fermi quasi-level location on the voltage
applied to the sample.

Fig. 6. Band model with one discrete level of trap and exponen-
tial distribution of traps in a band-gap of GaTe.
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In literature [2, 3, 6], the level with 0.18 eV energy is
also connected with stoichiometric violations in GaTe
crystals on the basis of studies of galvanomagnetic
(0.152eV) and photoelectric (0.165 eV) properties. Tak-
ing into account the above-mentioned experimental re-
sults, the band model for GaTe with one trap level and
exponential distribution of traps in a band-gap can be
presented as in Fig. 6. The suggested model well explains
the experimental results obtained by the method of meas-
urements of currents limited by the volume charge and
temperature dependences of electrical conductivity in
GaTe monocrystal samples.
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