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(doroBoabTAILI

Meman-nanienposionukosi  komnosumui  mikpocmpykmypu Au-GaAs Oyiu ompumani  uWLISAXOM
AHI30MPONHO20 MPABAEHHSA 3 NOOANUUM DOMOCTNUMYIbOBAHUM XIMIYHUM OCAONCEHHAM 011a20pO0OH020
memany (Au) na copmosani nanienpogionuxosi keasiepamku. 3010MO HAHOCULOCS HA CIPYKMYPOBAHY
nosepxuio GaAds y 6uensidi XAomuuHO PO3MIUEHUX HAHOYACMUHOK Memany ma/abo HAHoOpomis Ha
BEpUIUHAX Na2opbie Hanienpogionuxogoi mikpocmpykmypu. Chopmosani cmpykmypu 6uuaiomvcs 3d
00NOMO2010 CKAHYIOHOI eNeKMPOHHOI MIKpOCKONii, ONMuyHOI CHeKmpOoCKOonii ma omoenreKmpuyHux
sumipiosans. Cmeopeni meman-Hanienpogionuxosi mikpocmpykmypu AU-GaAs ¢ nepcnexmusnumu 01
3aCcMocy8anHsi 8  HIAA3MOHHIU — homosonemaiyi, wo RNIOMBEPONHCYEMbCA  NOBEOIHKOK — CHeKmpIg
domonrominecyenyii ma sminamu gopmu cnekmpis ghomocmpymy.

Kurouosi cnosa: conssunuil enemenm, apcenio 2anito, HaHOYACMUHKA, NOBEPXHEBULL NIA3MOH.

Au-GaAs metal-semiconductor composite microstructures have been prepared by an anisotropic etching
of n-GaAs (100) wafers doped with Te (10 to 10" cm?®) with subsequent photostimulated chemical
deposition of noble metal (Au) on formed semiconductor quasigratings. The microrelief topology of GaAs
surface is controlled by the anisotropic etching conditions. Au metal was deposited on the structured GaAs
surface as randomly placed nanoparticles of various shape and size and/or nanowires on the top of the hills
of formed semiconductor microstructure. As the number of Au nanoparticles increases, they tend to localize
on the ledges of the GaAs microrelief forming a system of approximately parallel nanowires. Obtained
periodic structures with submicron to microns periods without Au nanoparticles and with deposited
nanoparticles have been studied by means of scanning electron microscopy, optical spectroscopy
(photoluminescence spectroscopy at room temperature), and photoelectric measurements. The decrease of
the relative intensity of main photoluminescence band for samples with Au nanostructures compared to ones
without nanoparticles deposition and simultaniously changes of the shape of photocurrent spectra of Au-
GaAs microstructures have been observed. Such correlation in behaviour of measured spectra make formed
Au-GaA metal-semiconductor microstructures perspective for the application in plasmonic photovoltaics.

Key Words: solar cell, gallium arsenide, nanoparticle, surface plasmon.
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Introduction

In recent decades, silicon solar cells (SCs) are
widely used in photovoltaics. Variety of techniques
have been developed that allow the most efficient
use of silicon to convert solar energy into electricity
[1, 2]. At the same time, there are active studies of
other semiconductor compounds that may be
promising for solar energy, namely InP, CdS, GaAs,
CIS-CulnSe;;  CIGS-  Cu(In,Ga)Se;;  CIGSS-
Cu(In,Ga)(Se,S)> [3]. Among these materials, it
should be specially mentioned such direct bandgap
semiconductor with zinc blende crystal structure as
gallium arsenide (GaAs). GaAs is characterised with
parameters (bandgap energy, absorption coefficient,
resistance to ionizing radiation, reverse saturation
current density) that give it a number of advantages
not only in comparison with silicon, but also with
other above-mentioned compounds [4]. Due to the
high cost of material, the GaAs-based SCs are
usually made in the form of thin films. At present,
the scientists study structures based on A3B5
semiconductors deposited on a silicon substrate that
could be perspective for highly efficient solar cells.
Moreover, such structures could reduce the cost of
multi-junction solar cells.

In the manufacture of effective SCs it is also
important to use processing technologies that can
improve the characteristics of material. The texturing
of the front surface of the SC is a standard treatment
aimed on reduction of reflection losses. It also
provides the conditions under which the path of light
in the element is not perpendicular to the plane of the
p-n junction that makes it possible to bring the
region of photogeneration of charge carriers closer to
the p-n junction, thereby increasing the efficiency of
carrier collection, especially in the case of low-
energy photons. Moreover, it can provide additional
benefits. Combination of surface relief with metal
elements (for instant, nanoparticles (NPs)) can
stimulate transfer of light energy into excitation of
surface plasmons (SP) in NP or surface plasmon-
polariton (SPP) in their periodical arrays (nanowires
(NWSs) on the top of the grooves) for efficient light
trapping and increase of absorption in extremely thin
layers (Fig. 1) [5, 6].

Another possibility is formation of nanosize
semiconductor hills on the surface. Due to quantum
size effect their energy spectrum is shifted to high
energy side, that could result in photocurrent gain in
blue spectral region due to reduce of surface
recombination losses. It worth noting that not only
front surface of the cell can be made relief. Relief

2021, 3

Bulletin of Taras Shevchenko
National University of Kyiv
Series Physics & Mathematics

solar light

Thin film semiconductor

I(')

Fig.1. Interaction of light with metal-semiconductor
microstructure

rear surface of semiconductor and metal back contact
can also scatter transmitted light and support SPP on
that interface. Texturing of semiconductor surface
can be performed by different methods, for example,
anisotropic chemical etching or ultrafast laser
treatment [7]. Obtained relief is formed as a result of
self-organization and/or interference of the incident
laser radiation with surface electromagnetic waves.
Its morphology depends on treatment conditions.

Experimental details

The metal-semiconductor composite
microstructures have been fabricated on the n-GaAs
(100) wafers doped with Te (10" to 10% cm?).
Surface microrelief of the quasigrating type topology
has been prepared by the method of wet chemical
anisotropic etching in 2HF:2H,S04:1H,0, during 3
or 5 minutes. Varying the etching conditions (etchant
temperature and etching duration) allowed to change
the relief depth and mean period of microstructures.
The photoinduced chemical deposition of Au from
aqueous salt AuCls solution has been realized to
prepare the nanoparticles of various shape and size
located predominantly at the top of microrelief. If
amount of deposited Au is large enough its
nanoparticles can form the NWs on the top of the
grooves of the quasigratings. Au NPs deposited on a
flat GaAs surface do not display preferred directions
and usually are randomly distributed on the surface.

The morphology of treated GaAs surfaces has
been analysed using a scanning electron microscope
(SEM) AURA 100 (SERON Technology Inc.).

The photoluminescence (PL) spectra have been
recorded with the setup based on a single-grating
spectrometer MDR-3 under an excitation of Ar+
continuous laser Aex = 488 nm (Eex =2.54 eV).

The Keithley SMU (Model 2420) device, which
is a measuring source, has been used to measure the
current-voltage characteristics.
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Results and discussion

Morphology of microrelief formed on the
surface of GaAs formed by anisotropic etching is
presented in Fig. 2. The formed structure is
guasigratings with submicron to microns periods.
The relief depth was no more than 0.7 um. These
patterns is characterised by the triangular shape of
the grooves. We did not quantify the filling of the
structured surface with Au NPs. At this step, we
controlled only the significant changes in the GaAs
surface morphology. At certain amount, Au NPs
localize on the ledges of the microrelief forming a
system of approximately parallel NWs (see Fig. 2,b).
Mean size of Au NPs aggregates which form NWs is
evaluated as about 100 nm.

Fig. 2. SEM images of surface GaAs quasigrating
structures (a) and surface Au-GaAs quasigrating
structures with Au on the top of the grooves (b)

Photoluminescence (PL) spectra of Au-GaAs
quasigrating structure are presented in Fig. 3. The
main PL band around 1.4eV is caused by
recombination of free excitons or also localized
excitons characteristic for direct bandgap GaAs
semiconductor. Observed PL band is rather wide
with long high-energy wing. This band is complex.
This band shape could indicate the quantum
confinement of excitons in GaAs nanostructures or
the influence of transitions connected with impurities
and defects in oxide layer that is formed during the
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etching procedure. Moreover, the behaviour of PL
spectra of metal-semiconductor composite even at
room temperature could be indicative for evaluation
of the effectiveness of such microstructure with
deposited NPs. The observed decrease of PL
intensity for samples with Au nanostructures can be
attributed to screening of GaAs with gold or to more
efficient separation of carriers. The latter is
consistent with increase of photocurrent for this kind
of cells.
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Fig. 3. PL spectra of Au-GaAs structures without and
with different amounts of deposited Au NPs,
Aexc. = 488.0 nm, T=300 K

Photocurrent spectra of Au-GaAs cells with
quasigrating surface topology (Fig. 4) demonstrate
substantial increase in blue-green spectral range
comparing to Schottki barrier GaAs cells with flat
surface. Fine structure of these spectra depends on
the amount of deposited gold weather it is present in
the form of individual particles or nanowires on the
top of the grooves.
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Fig. 4. Spectral dependence of short-circuit
photocurrent of Au-GaAs quasigrating structures
with different amounts of deposited Au NPs
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Conclusions

Our results demonstrate that the deposition of
noble metal (Au) nanoparticles on the textured
surface of GaAs direct bandgap semiconductor
results in the photocurrent enhancement. The
microrelief topology of GaAs surface could be
controlled by the conditions of chemical anisotropic
etching. It was found that the formation of Au
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nanowires is more beneficial for the purposes of
plasmonic photovoltaics. Nano sized metal features
on the structured surface of semiconductor provide
an increase of the light transformation into the
surface plasmons and surface plasmon-polaritons,
and consequent increase of photocurrent.
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