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Abstract

It is shown that a long-term keeping of a layered gallium monoselenide at room temperature results in formation of the intrinsic oxide at a

cleaved surface of semiconductor. It is found that the chemical compositions of the intrinsic oxide at the surfaces of the intentionally undoped and

doped samples of GaSe are different. The electrical properties of the GaSe-intrinsic oxide system are presented. It is established that intrinsic oxide

films at the surface of GaSe are characterized by current instability with N-type current–voltage characteristic. The influence of relative humidity

on changes of capacitance and surface resistivity of the intrinsic oxide is also discussed.
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1. Introduction

The interest to investigations of layered GaSe is caused not

only by the possibility of using this material as the basis for

various optoelectronic devices [1,2] but also its promising

applications for preparations of nanoparticles, including

nanotubes [3], as well as in planar nanotechnologies [4,5].

Therefore, the study of aging processes in gallium selenide

becomes an important problem now. It is accepted that a

cleaved surface (CS) of GaSe is perfect not only from the

viewpoint of geometrical structure but also in the sense of its

inertness to sorption of foreign atoms from the atmosphere.

Moreover, according to Ref. [6], even thermal treatment in the

air at T � 400 8C does not lead to formation of any new phases

on the GaSe surface. Nevertheless, the electrical properties of

photosensitive GaSe-based heterostructures prepared by a

method eliminating interdiffusion, in some cases, cannot be

explained without taking into account the presence of a thin

dielectric gap at the interface [7]. Indeed, we have found that

during a long-term keeping at the ambient conditions, a cleaved

GaSe (0 0 0 1) surface undergoes visible changes. Namely,

after 2–2.5 years the surface of the Cd- or Dy-doped samples

gets covered with a thin transparent film of the intrinsic oxide

(Ox). The reflection spectra of these films have interference

maxima and minima in the visible spectral range. The Ox,

appearing on the CS of undoped GaSe single crystals, has a

form of matt coating.

In this paper we present the results of initial investigations of

the electrical properties of the GaSe–Ox system, which make it

evident that the intrinsic oxide layer is the reason of the current

instability with N-type I–V characteristics. It confirms a

qualitative model proposed by us to explain the properties

of diodic photosensitive structures prepared on the basis of

p-GaSe [7,8].

2. Experimental procedure

The experimental investigations were carried for both

intentionally undoped and doped with Cd and Dy p-GaSe single

crystals grown by the Bridgman method from stoichometric

melts. The density of dopants in the melt did not exceed 0.05%.

The resistivity of undoped p-GaSe is high enough, and at

T = 300 K it ranges between 103 and 104 V cm ( p � 1014 cm�3).
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Therefore, for the preparation of various optoelectronic devices it

makes use of GaSe doped with Cd or Dy [1,2,7]. It makes

possible to decrease the resistivity of gallium selenide and, as a

result, to decrease the series resistance of photosensitive

structures. The samples cleaved in the open air had the form

of plane-parallel plates 1–10 mm thick. We kept them at the

ambient conditions (room temperature and relative air humidity

of 58� 10%) at least for 5 years.

The X-ray diffraction (XRD) patterns of the Ox formed on a

GaSe CS were recorded by using a DRON-3 diffractometer

with Cu Ka radiation (l = 1.51418 Å). The surface morphol-

ogy of the Ox was observed by an atomic force microscope

(AFM) in tapping mode. The electrical properties of the Ox

have been measured for both metal–oxide–semiconductor and

semiconductor–oxide–semiconductor structures. To make the

ohmic contacts to gallium selenide, we used the metallic

indium. The In contacts to the semiconductors have been

deposited onto just cleaved GaSe surfaces. Metallic indium and

weakly degenerated Bi2Te3 (Eg = 0.17 eV; p � 2 � 1019 cm�3

at T = 300 K) have been used as the contact materials to the

oxide films for the metal-oxide-semiconductor and semicon-

ductor-oxide-semiconductor structures, respectively. Current–

voltage (I–V) measurements were made according to the

conventional method. Capacitance–voltage (C–V) character-

istics, dependences of C and capacitive resistance RC of the

structures on the frequency in the range f = 100 Hz to 35 MHz

were measured at room temperature by using a quality-factor

meter E4-7. The thickness of the Ox films appeared at the

surface of the doped GaSe samples were estimated by a laser

ellipsometer LEM-2. The technique of the investigations of

changes in electrical properties of a sub-gate layer of the

dielectric and surface resistivity of dielectrics with relative

humidity (RH) of the air is described in Refs. [9,10].

3. Results and discussion

As follows from the X-ray diffraction patterns, indepen-

dently of dopant nature the Ox films appearing at the GaSe:Cd

(Dy) SCs consist preferably of Ga2O3 with inclusions of SeO2,

Ga2(SeO4)3, and Ga2(SeO3)3�6H2O [11] (Fig. 1a). Except for

the case of above-mentioned compounds, the Ox composition

of undoped GaSe samples at SCs (Fig. 1b) also includes

selenium oxides SeO3 and Se2O5.

The AFM images of the Ox films appearing at the GaSe and

GaSe:Cd (Dy) CSs are presented in Fig. 2. As one can see, there

are separate inclusions with vertical and lateral dimensions

Fig. 1. XRD patterns of intrinsic oxide films grown on cleaved surfaces of GaSe

single crystals: (a) doped with Cd; (b) intentionally undoped. (A) trigonal

Ga2O3, (B) tetragonal SeO2, (C) gallium selenate Ga2(SeO4)3, (D) gallium

selenite hydrate Ga2(SeO3)3�6H2O, (E) SeO3 and (F) monoclinic Se2O5. The

symbols & represent the 2u positions of the most intense peaks of trigonal

Ga2O3 phase [11].

Fig. 2. AFM images of the intrinsic oxide films appeared at cleft surfaces of layered GaSe crystals due to long-term keeping under ambient conditions: (a)

intentionally undoped crystal and (b) doped with Dy.
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