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Abstract
In this article, the relationship between the band gap Eg and the sizes of nanocrystalline phases is
studied. It has been established that in the case of surface sizes of phases d less than 35–40 nm
(thickness 3.5–4 nm), quantum-size effects disappear in the Ga0.6Al0.4P nanocrystalline phases. The
band gap of the Ga0.6Al0.4P nanocrystalline phases, depending on their size, increases from 2.4 eV (at
d = 30-35 nm) to 3.1 eV (at d = 10-12 nm).
Keywords: surface, single crystal, ion implantation, nanocrystalline phase, band gap, quantum-size
effect.
1. Introduction
Binary semiconductors A3B5 and multicomponent heterostructures based on them are widely used in
the creation of various devices of opto-, micro- and nanoelectronics. In particular, multilayer
structures with GaP, GaInP, AlGaInP layers are used and have prospects for the manufacture of laser
diodes, solar cells, photoelectric and optoelectronic devices. Of particular interest is the preparation of
ternary solid solutions of the Ga 1-xAlxAs, GaxIn1-xP type with an adjustable band gap. Therefore, to
date, the composition, structure, electronic and optical properties of multicomponent and multilayer
heterostructures based on A3B5 semiconductors have been well studied. [1-9]. Molecular beam and
solid phase epitaxy methods are widely used to obtain such structures. Our studies conducted in recent
years [10–13] showed that the low-energy ion implantation method is an effective means of creating
nanoscale phases and layers on the surface and in the surface region of materials of various nature.
This work is devoted to the preparation of three-component nanophases and Ga1-xAlxP nanofilms on
the GaP surface by ion implantation and to the study of their composition, electronic and crystalline
structure.
2. Experimental technique
Single crystal GaP (111) samples were chosen as objects of study. Before ion implantation, GaP (111)
was degassed under ultrahigh vacuum (P = 10-7 Pa) at T = 900 K for ~4 hours. The studies were
carried out using the following methods: Auger electron spectroscopy (AES), spectroscopy of
characteristic electron energy loss (SChEEL), ultraviolet photoelectron spectroscopy (UVES) and the
removal of the energy and angular dependences of the secondary electron emission coefficients. To
determine the depth distribution profile of atoms, a layer-by-layer Auger analysis was performed by
sputtering the sample surface with 3 keV Ar + ions at an incidence angle of 80-85 relative to the
normal, the etching rate was трав (5  1) Å/min. Ultraviolet photoelectron spectra were recorded at
photon energies h  10.8 eV. The photon source was a standard gas discharge hydrogen lamp.
3. Experiment Results
We previously found [14] that when GaP is bombarded with Al+ ions with E0 = 1 keV at a high dose
(D = 1017 cm–2), Al atoms uniformly penetrate into the GaP surface region. In this case, the irradiated
GaP layers are strongly disordered and the surface Al concentration is ~30-35 at.%. Table 1 shows the
thickness of the GaAlP layer obtained by implantation of Al ions in GaP(111) with different energies
at a dose of D = Dsat. combined with annealing, as well as their band gap Eg and lattice constant a.
ISSN: 2005-4238 IJAST
Copyright ⓒ 2020 SERSC

1427

International Journal of Advanced Science and Technology
Vol. 29, No. 11s, (2020), pp. 1427-1430

TABLE 1
E0, keV
0.5
1
3
5

D, cm-2
6∙1016
1017
2∙1017
2∙1017

Composition
Ga0.6Al0.4P
Ga0.6Al0.4P
Ga0.6Al0.4P
Ga0.7Al0.3P

h, Å
20-25
30-35
45-50
60-65

Eg, eV
2.34
2.34
2.34
2.3

a, Å
5.45
5.45
5.45
5.43

It is seen that with increasing E 0, the thickness of the three-component film increases. Up to E 0 = 3
keV, a single-crystal film is formed with an approximate composition of Ga 0.6Al0.4P, and at E0 = 5
keV, Ga0.7Al0.3P.
Figure 1 shows the spectra of the characteristic energy loss of electrons GaP(111) and GaP with a
Ga0.6Al0.4P surface film. It can be seen that the shape and intensity of the peaks of the surface and bulk
plasmons of the studied samples are significantly different from each other, and their energy positions
are not significantly different. This is probably due to the fact that when the gallium is partially
replaced by aluminum, the number of valence electrons does not change much.

FIGURE: 1. Spectra of the characteristic energy loss of electrons for 1 - GaP(111); 2 - GaP(111) with
a Ga0.6Al0.4P film.
Figure 2 shows the angular dependence of inelastically reflected electrons η for pure GaP and GaP
with a Ga0.6Al0.4P film measured at Ep = 2000 eV.
It can be seen that the ƞ() curves of these samples are nonmonotonic and the position of the main
peaks practically coincides with each other, i.e. it can be assumed that GaP and GaAlP have the same
crystal structure with close lattice parameters. Studies using the RHEED method showed that the
Ga0.6Al0.4P film crystallizes into a cubic lattice with a lattice constant a = 5.45 Å.
Note that, at D <1014 cm–2, the Ga0.6Al0.4P nanocrystalline phases were not clearly distinguished, and
at D ≥ 1016 cm–2, the boundaries of individual phases overlapped and a continuous film was formed.
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FIGURE: 2. Dependence of η on the angle of incidence φ of the primary electron beam for: 1 GaP(111) single crystal, 2 - GaP(111) with a Ga0.6Al0.4P film 35–40 Å thick

4. Conclusion
Thus, implantation of Al+ ions with Е0 = 1 keV in GaP in combination with annealing yielded
nanocrystalline phases (in the range D = 5 ∙ 10 14 - 8 ∙ 1015 cm-2) and nanofilms (at D = 4 ∙ 1016 cm-2)
Ga0.6Al0.4P with a thickness h = 35–40 Å. It was shown that these phases and films crystallize into a
cubic lattice and the lattice parameters approximately coincide with the GaP lattice parameters (a =
5.45 Å). The band gap of the Ga 0.6Al0.4P nanocrystalline phases, depending on their size, increases
from 2.4 eV (at d = 30-35 nm) to 3.1 eV (at d = 10-12 nm).
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