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LASER-STIMULATED

ENHANCEMENT OF THE REFLECTANCE

PACS 78.55.Hx, 78.40.Ha,
71.35.Cc

OF SINGLE-CRYSTALLINE n-GaAs(100)

The results of optical researches concerning the reflection spectra of n-GaAs(100) single crys-
tals with a specific resistance of 10 Qcm (at room temperature) measured in a light wave-
length interval of 0.2—1.7 pym before and after the laser irradiation to an energy dose of 66—
108 mJ/cm2 are reported. The experiment revealed a growth in the reflectance of the examined
crystals after their laser treatment. This integral effect is explained as a result of the difference
between the optical characteristics (the complex refractive index) in the near-surface layer and
in the bulk of the irradiated material.
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Gallium arsenide (GaAs) is one of the main materi-
als that are used as substrates for depositing various
films, producing nano- and heterostructures, and fab-
ricating light-emitting diodes, solar cells, and other
modern electronic devices. The aim of this work is to
study the influence of the laser radiation on the op-
tical properties of n-GaAs(100) single crystals. The
work continues other works of the authors dealing
with the influence of the laser irradiation on the op-
tical properties of semiconductors [1-3].

The laser treatment is used to change the optical
and electrophysical properties of functional materials
used in electronic engineering. In this work, we report
the results of optical researches concerning the reflec-
tion spectra of n-GaAs(100) single crystals measured
in a light wavelength interval of 0.2-1.7 pum before
and after the laser irradiation to an energy dose of
66-108 mJ/cm?.

As experimental specimens, we used semiconduc-
tor wafers of single-crystalline n-GaAs(100) with a
specific resistance of 10 Qcm (at room tempera-
ture). The crystal surface was subjected to a mecha-
nical-chemical treatment. Afterward, the specimens
were treated with a laser. Namely, the crystal sur-
face was uniformly irradiated at room temperature
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(T =300 K) with nanosecond (7 = 7+8 ns) pulses
of a Nd:YAG laser (A = 532 nm) with the energy
density E from 66 to 108 mJ/cm?.

Figure demonstrates the reflection spectra of n-
GaAs(100) depending on the laser irradiation energy.

The quantitative parameter characterizing the re-
flection of electromagnetic waves is the energy re-
flectance R. At a normal incidence and a normal re-
flection of light with respect to the surface of a semiin-
finite isotropic medium, the reflectance is determined
by the formula [4]

(n— n0)2 +x?

R = 5 ,
(n+mno)” +x2

(1)

where n is the refractive index of the studied spec-
imen, ng the refractive index of the medium, from
which light (the electromagnetic wave) falls on the
researched sample, and x the extinction coefficient of
the specimen.

The growth in the reflectivity of n-GaAs(100) sin-
gle crystals under the laser irradiation in an en-
ergy interval of 66-108 mJ/cm? can be explained as
follows. The laser treatment of the researched crys-
tals induces structural changes in a thin near-surface
layer, which makes its own contribution to the in-
tegral reflection effect. In other words, this is a re-
sult of the interference between the light (electro-
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magnetic) waves reflected from the “air/thin near-
surface layer” and “thin near-surface layer/crystal
bulk” interfaces. The reflectance of crystals is de-
termined by the refractive index n and the extinc-
tion coefficient x. It is the difference between the
optical characteristics of the near-surface layer and
the material bulk (the complex refractive index in
the near-surface layer, ny; = ng + iys, differs from
the complex refractive index in the material bulk,
Tly = Ny + IXp) that results in the integral effect de-
picted in Figure.

If the light wave falls normally on the “thin near-
surface semiconductor layer/semiconductor bulk” in-
terface, the reflectance of the system equals [5, 6]

_ P12+ pagexp (2i9) (2)
1+ p12pag exp (2i6)’

where

no—Nl)
n0—|—N1)
Ny — Ns)
(N1 + Na)

p12 = rizexp (ip12) = E
(N1 —Na)

P23 = T'23 €XP (19023)

are the Fresnel reflectances for the external (be-
tween the external environment and the thin near-
surface layer) and internal (between the thin near-
surface layer and the semiconductor bulk) interfaces;
ng is the refractive index of the external environ-
ment; Ny = ny + tx; and No = ng + ixy are the
complex refractive indices in the thin near-surface
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layer and the semiconductor bulk, respectively; @12
and a3 are the phase shifts of the light wave beams
reflected from the surface of the thin near-surface
layer and from the interface between the thin near-
surface layer and the semiconductor bulk, respec-
tively; the quantity 0 = (27“) Nid; d is the thick-
ness of the thin near-surface layer; and A\ the wave-
length.

Neglecting the quantities of the third and fourth
orders of smallness, the reflectance R of the system
composed of a thin near-surface layer of the semicon-
ductor and the semiconductor bulk can be written in
the form

R = (riy + r3; exp(—221d*) + 2r1or93 exp(—z1d*) x
x cosp_) /(1 + riyra, exp(—2z,d*) +

+ 2115753 exp(—z1d”) cos o ), (3)
where

o+ = P12 £ (p23 +n1d"),
N 47T
d ~ d.

As one can see from Figure, the intensity of high-
energy peaks in single-crystalline n-GaAs(100) in-
creases after the laser irradiation. These are the peaks
at By (Asv — Aio), E1 + Ay (Asy — Aie), and
Ey (3v —3c) [5,7]

The accumulated body of the results concerning the
capabilities of a laser treatment of thin near-surface
layers in metals, semiconductors, and insulators testi-
fies to advantages of its application and the necessity
of further researches aimed at revealing and study-
ing the regularities and specific features in the action
of the laser irradiation with various parameters on
the functional materials used in electronic engineer-
ing. The study of the mechanisms of laser irradiation
is also important for the further progress in the devel-
opment of a laser equipment. There are the thermal
and non-thermal mechanisms of laser radiation ac-
tion. The latter include the impact, photochemical,
and plasma mechanisms of laser treatment. In most
cases, the thermal mechanism of laser treatment pre-
vails at the laser irradiation.

Plenty of calculations were made to determine the
temperature profile in the area of the laser beam ac-
tion and its evolution in time. The calculations were
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performed for various semiconductor materials char-
acterized by various physical parameters, and for var-
ious laser operation modes. The difficulties arising
at theoretical calculations — namely, the variation of
thermal constants of researched materials in time, the
account for non-thermal mechanisms of nonequilib-
rium charge carrier recombination, and others — tes-
tify that it is expedient to continue further the re-
searches dealing with the laser action on thin near-
surface layers in the materials.

The following mechanisms are classed to non-
thermal ones:

1) the ionization mechanism: ionization and varia-
tion in the charge state of defects in the semiconduc-
tor substrate under the action of laser pulses gives
rise to the annealing of radiation-induced defects and
their complexes;

2) the mechanism of radiationless recombination:
the influence of Auger processes, including the surface
Auger recombination;

3) the mechanism of radiative recombination: the
reorganization of sections in the semiconductor struc-
ture that were not directly subjected to laser irradia-
tion, but are located in the region of the recombina-
tion radiation propagation;

4) the shock-wave mechanism: it becomes active
in the structure under the action of powerful light
pulses; in this case, the sign-alternating fields of me-
chanical stresses generate vacancies with a high mo-
bility, which promotes the diffusion of impurity (in-
terstitial) atoms toward deformations (the motion of
interstitial and impurity atoms is called gettering);
the methods of laser gettering make it possible to
avoid additional defects in the crystal and create a
required configuration of the deformation field (local
sections).

The structural gettering is the absorption associ-
ated with the presence of n-GaAs(100) sections that
have a defect structure. Those sections can actively
absorb point-like defects and capture impurities. In
gallium arsenide, the role of a getter is played by
Gay 03, AsyOs5, and other layers.

It should be noted that the light wave penetra-
tion depth into the specimen equals a~!. For typi-
cal semiconductors, o ~ 10*+10% cm~! above the
absorption edge. At so large absorption coefficient
values, light propagates only in a very thin (about
1 pm or less) layer near the specimen surface. The
method of light reflection has been used for a long
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time. It is traditionally applied, while measuring the
optical constants and studying the optical proper-
ties of functional materials used in electronic engi-
neering.

To summarize, our optical researches of reflection
spectra carried out for n-GaAs(100) single crystals
with a specific resistance of 10 Qcm (at room tem-
perature) and subjected to the laser irradiation with
an energy expose dose of 66-108 mJ/cm? in a spectral
interval of 0.2-1.7 pm showed the following:

i) laser irradiation stimulates structural modifica-
tions in a near-surface layer of single-crystalline n-
GaAs(100);

ii) the experimental results testify to a higher re-
flectance of the crystals concerned after their laser
treatment;

iil) the integral effect of reflectance enhancement in
the examined specimens is explained by the difference
between the optical characteristics in the near-surface
layer and the bulk of the material: the complex refrac-
tive indices in the near-surface layer, ns = ng + ixs,
and in the material bulk, n, = n, + ix,, become
different.
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JIABEPHO-CTUMYJIBOBAHE 3BIJIBIITEHHS
BIIBUBAIOYOT 3IATHOCTI MOHOKPUCTAJITYHOT' O
n-GaAs(100)

Peszowme

Y naniit pobori mpejcraBieHi pe3ysbTaTH ONTUYHHUX JOCJIi-
JIZKEHb CIEKTPIB Bii6uTTst MoHOKpucTasis n-GaAs(100) 3 nuro-
Mum onopom 10 Om-cm (npu KiMHaTHIH TemmepaTypi) B miana-
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30Hi 0,2-1,7 MKM [10 Ta MicJIst J1a3epHOro OIPOMiHEHHS B iHTEp-
Bauli enepriit 66-108 m/ Ix/ cM2. EXCIIEpEMEHTAIIBHO [TOKAZAHO
301IbIIIEHHsT BiIOMBarOYOl 3JaTHOCTI JOCJIPKYyBaHUX KPUCTa-
JIiB TIpM JtaHiil jiazepHiit o6pobiti. Jlanuit inTerpanbumii edext
MOSICHEHO BIJIMIHHOCTSIMA ONTHUYHUX XaPAKTEPUCTUK IIPUIIO-
BEPXHEBOro Iapy Ta o6’eMy marepiaidy (KOMILIEKCHHH TOKa-
3HUK 3aJIOMJIEHHSI TIPUIIOBEPXHEBOTO LIAPY Ms = Mg + iXs Bia-
PI3HSIETBCS BiJl KOMIIJIEKCHOIO IMOKA3HUKA 3aJIOMJIEHHS 00’ €My
Marepiany fly = Ny + iXv)-
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