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SEM imaging of acoustically stimulated charge transport in solids
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Acoustically stimulated charge transport in solids was studied using the scanning electron
microscopy method (SEM). The surface acoustic wave on the surface of the YZ-cut of a LiNbO;
crystal was visualized by registration of low-energy secondary electrons in SEM, and the charge
distribution on the crystal surface was visualized using the electron beam induced current method.
To register the induced current, an interdigital transducer structure was formed from graphene on
the crystal surface. It was shown that the charge distribution on the crystal surface corresponds to
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the distribution of the acoustic wave field on the crystal surface. Published by AIP Publishing.

[http://dx.doi.org/10.1063/1.4986779]

Applications of surface acoustic waves (SAWs) are of
great interest for solar energy for the acoustically stimulated
transport of charge carriers generated in semiconductors and
dielectrics under the influence of light.'™ A prospective appli-
cation of SAWs in solar cells could provide a 90% increase
in the cell efficiency. SAWs propagating in piezoelectric
crystals (piezoelectric semiconductor GaN and GaAs crystals
included) have opposite potential values in the SAW minima
and maxima due to the piezoelectric effect. Electrons and
holes generated by light in a semiconductor or in the subsur-
face layer of a piezoelectric crystal are correspondingly dis-
tributed between SAW minima and maxima. The charges are
then transported by SAWs to the solar cell exit at the acoustic
wave velocity. Taking advantage of the SAW presence in
solar cells, the area of charge “harvest” from the surface of a
semiconductor structure or a piezoelectric crystal can be
increased, and correspondingly, the solar cell efficiency can
be increased too.

Perspectives in solar energy are associated with the abil-
ity to use graphene, which can be used as a structure in
which the electron-hole pairs are generated under the influ-
ence of radiation.”® Moreover, a graphene film is a good
medium for SAW propagation. The possibility of charge
transport by SAWs in graphene and the possibility of moni-
toring a SAW under an electric potential applied to graphene
were reported in a number of works.”'*

The SEM method can be used to study the SAW
propagation in piezoelectric crystals. This method enables
the visualization of acoustic wave propagation through
registration of low-energy secondary electrons sensitive to
electric fields accompanying the SAW propagation in pie-
zoelectric crystals (the electric fields between SAW minima
and maxima).lj_l9 In this case, the acoustic wave field on
the crystal surface can be visualized, acoustic wavelengths
and power flow angles can be measured, and the interaction
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of acoustic waves with the crystal lattice defects can be
studied.

The aim of this work was to study the charge transport
by SAWSs. To visualize the charge transport, the electron
beam induced current method (EBIC) method was used,
which permits the visualization of charge distribution on the
crystal surface by measuring the current flowing through the
sample.?® Charges introduced by the primary electron beam
and those generated in the crystal subsurface area are distrib-
uted between the SAW minima and maxima according to the
potential sign and are then carried by SAWs at the acoustic
wave velocity towards the current collector at the exit.

The YZ-cut of a LiNbOj crystal was used to visualize the
acoustically stimulated charge transport. Figure 1 shows a
SEM micrograph of the SAW device used to study the charge
transport on the crystal surface. The SAW with a wavelength
of A = 60 um was excited using an Al interdigital transducer
(IDT) structure with a period of 15 um formed on the crystal
surface using the photolithography method. The IDT at the
resonance excitation frequency of f=58.13 MHz excites a
SAW with the wavelength of A = 60 which propagates in the
YZ-cut of the LiNbOjs crystal along the Z axis at the velocity
of V= A x f=3488 m/s. To register the charge transport with
the SAW, a graphene IDT (current collector) was formed on
the LiNbO; crystal surface. The graphene film was formed on
the crystal surface using the transfer technique. The initial
graphene film was grown on the surface of a Ni film using the
CVD method.”!

The graphene IDT structure (Fig. 1) was fabricated
using the photolithography method and subsequent plasma-
chemical etching of the structure in the oxygen plasma. The
period of the graphene IDT structure is 60 um.

SAW propagation in the YZ-cut of a LiNbOj3 crystal was
visualized using a SEM at the accelerating voltage of E=1kV
and the electron probe current of / = 1 na. A higher accelerating

Published by AIP Publishing.
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FIG. 1. SAW device: (a) SEM image of the SAW and (b) graphene current
collector. The YZ-cut of a LiNbO; crystal is shown: A=60um and
f=58.13MHz.

voltage is impermissible because at higher voltages, the crystal
surface becomes negatively charged and the image becomes
strongly distorted. Figure 1(a) shows an image of the SAW
excited by the IDT at the resonance excitation frequency of
f=158.13 MHz and propagating to the graphene current collec-
tor (graphene IDT). Figure 1(b) displays a micrograph of the
graphene current collector and an image of the acoustic wave
field near it.

Charge distribution on the surface of the YZ-cut of the
LiNbO; crystal was simultaneously visualized using the EBIC
method. An EBIC image of the crystal surface was obtained
by measuring the current on the graphene collector during the
process of electron beam scanning using SEM. Figure 2
presents an image of the crystal surface obtained using the
EBIC method. Figure 2(a) shows a periodic structure corre-
sponding to the charge distribution on the crystal surface. The
gap width of IDT is 30 um, which corresponds to the SAW
wavelength of A=60um, i.e., the charges are distributed
between the minima and maxima of the surface acoustic
wave. A light contrast corresponds to positive charges, while
the dark contrast corresponds to negative charges. In the area
of the graphene current collector, current is distributed in
accordance with the structure period. The gap d between the
IDT fingers in this area is 60 um, which is also a period of the
graphene IDT. Figure 2(b) displays the distribution of the
EBIC contrast on the crystal surface along the Z axis. A peri-
odic modulation of the EBIC contrast with the period of
A =2d =60 um can be seen on the free crystal surface, which
corresponds to the distribution of positive and negative
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FIG. 2. EBIC image of the charge distribution on the crystal surface: (a) 2D
map and (b) EBIC contrast of the charge distribution.

charges between the SAW minima and maxima. In the area of
the graphene current collector, a periodic structure with the
period of 120 um and of a very high contrast (ratio of minima
and maxima) is observed, which conforms to the graphene
IDT registration of charges delivered by the SAW.

Thus, this work reports the visualization of the distribu-
tion of charges, which were introduced into a dielectric sub-
strate by a primary electron beam and those generated during
the interaction of the beam with the crystal lattice, between
the SAW minima and maxima using the EBIC method. The
transport of charge carriers by the surface acoustic wave to
the graphene collector is also presented.

The proposed method is significantly simpler and more
reliable compared to the electrostatic force microscopy
(EFM) method,?**? in a sense that the latter method is not
suitable for imaging dynamic surface pictures of the fast
moving surface acoustic waves.
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