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The dieectric properties of hydrogenated Gallium Selenide crystals are investigated. It is shown that the
frequency dependences of ¢' and &" permittivity components in H,GaSe have relaxation character and are

described by the Cole-Cole distribution.
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I ntr oduction

The insertion of hydrogen atoms, which have high
diffusion mobility, into the matrix of layered I11-VI
semiconductors allows to vary smoothly the properties of
initial crystals and can lead to new physical effects as
hydrogen atoms form an intrinsic impurity subsystem.
Furthermore, such hydrogen-containing materiads are
attractive for hydrogen energy [1].

The results of the study of hydrogen insertion into
GaSe layered semiconductor crystals from gas phase are
reported in [2, 3]. It was shown that the concentration of
the hydrogen inserted into H,GaSe at high pressure (4.2 -
4.7 MPa) is 0.47-2.22 formula units. Electrical and
optical (in the exciton absorption region) properties were
aso investigated. Electrical impedance-spectroscopic
measurements of hydrogenated GaSe crystals were
carried out in [4]. Therelaxation character of polarization
processes in these material s was established.

In this work we report the results of investigations of
the relaxation polarization in H,GaSe single crystals.

|. Experimental

The initiadl GaSe crystals (e-modification, space
group D'3,) were grown by the Bridgman method. The
hydrogen insertion from gas phase was carried out by the
volumetric gas method using a Siverts equipment during
two hours. The first group of the samples was
hydrogenated at a temperature of 290 K and at a pressure
of 456 MPa, and the second one — at 470 K and
3.04 MPa. Rectangular samples for the measurements
had dimensions of 55 1 mm® with ohmic contacts,
which were prepared using In-Ga eutectic.
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The dielectric properties of the H,GaSe crystals were
investigated by the dielectric spectroscopy method by
using a “Solartron 1255 FRA” frequency response
andyzer (frequency range is 1-10 MHz, amplitude of a
sinusoidal signa is 100 mV). The real part of dielectric
congtant (¢') was defined as the sample capacity to
geometric capacitance ratio, and the imaginary part is
¢" =¢'-tgd, whered isthedidectric loss angle.

1. Results and discussion

Similarly to metals [5], hydrogen insertion from gas
phase into GaSe single crystals can occur into the
tetrahedral and octahedral cavities between neighboring
layers. Physical processes in hydrogenated crystals are
associated with the diffusion of hydrogen atoms due to
therma lattice vibrations. At low temperatures the
guantum mechanism of diffusion, sub-barrier tunneling
of hydrogen atoms from one intergtitial site to another, is
possible whereas the over-barrier diffusion mechanism
takes place at higher temperatures [6]. Lattice structure
defects (point defects, didocations, stacking faults, etc.)
can be considered as some traps for hydrogen atoms. In
metals hydrogen preferably isin atomic state and rarely
in the state of proton H" or ion H™ in dependence on
binding energy. But in the case of semiconductors
hydrogen can easily interact with dangling bonds or to be
in molecular state due to alow binding energy [7].

The frequency dependences of ¢' and ¢" in the
hydrogenated H,GaSe samples (Figs 1 and 2) have the
shape typical for relaxation processes. They can be
approximated by a function, which takes into account the
relaxation polarization described by Cole-Cole
distribution [8] and the dielectric losses due to
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Fig. 1. Frequency dependences of the effective values of the permittivity ¢'(f) and £"(f) components for H,GaSe
single crystals (sample 1).
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Fig. 2. Frequency dependences of the effective values of the permittivity ¢'(f) and £"(f) components for H,GaSe
single crystals (sample 2).
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wheret isthe averagerelaxation time, o is the parameter,
which determines the width of relaxation time spectrum
(0 < a < 1), o is the conductivity, g is the dielectric
congtant, and o is the cyclic frequency. The closer a to 1
is, the more broad distribution function of relaxation
times becomes, and a a = 1 expression (1) turnsinto the
Debye distribution of freguencies. The Cole-Cole
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distribution has used to describe materials, which are
characterized by more broad dispersion range than in the
case of the Debye distribution.

Our approximation of the experimental data based on
Egs. (2) and (3) was carried out by means of the least
squares method. The initial settings for  the
approximation were chosen darting from the
experimental data and the results of [4]. The obtained
dependences of ¢'(f) and ¢"(f) are shown in Figs 1 and 2
(solid lines). The average errors were 4.9 % for ¢' and 7.9
% for ¢" (sample 1) and 3.9 % for ¢' and 12.4 % for &"
(sample 2).

It is seen from Figs 1 and 2 that the approximation
results quite well correlate with the experimental data.
Some discrepancy can be explained by the contribution
of several various relaxation processes to the
permittivity.

Taking into account the relaxation time value (t ~
0.15- 0.17 ms) obtained from the approximation it can
be assumed that in the H,GaSe crystals the dipole-
relaxation polarization occurs due to a large number of
point defects. According to [9], a high concentrations of
defects, which create energy levels in band gaps,
different dynamic effects caused by a hopping exchange
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by charges between the defects can be observed in wider distribution of the relaxation times in the H,GaSe
semiconductors. As aresult, the quasidipoles oriented in crystals than that in the Debye case. The average value of
the same direction appear (for example, an impurity ion - the relaxation time in the sampl es has been determined. It
the nearest anion or a lattice imperfection) [10]. They was established that in the analysis of the &'(f) and &"(f)
lead to additional polarization and el ectrons participate in dependences the available conduction should be taken

the hopping conduction during the hopping. These into account.
dipoles can cause an increase in the permittivity of the
crystals.
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Penakcauiiina mosasipusanisi y BoieHbMIiCHUX IIapyBaTuX kKpucrajgax GaSe
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JlociikeHo iesIeKTPUYHI BIIaCTUBOCTI BOJGHBMICHHUX KPHCTAJIB celieHiay rajito. [lokasaHo, o orpumani
YaCTOTHI 3aJIEXHOCTI KOMIOHEHT €' 1 €" nienexrpuuHoi npoHukHocTi B H,GaSe marorh penakcaniiiHuii Xxapakrep
1 onucytorscst popmyioro Koyn-Koyna.

KurouoBi ci1oBa: ceneHix rajito, AieneKTpriHa NPOHUKHICTE, MOJSPU3ALis.
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