
Appl. Phys. Lett. 110, 264103 (2017); https://doi.org/10.1063/1.4986779 110, 264103

© 2017 Author(s).

SEM imaging of acoustically stimulated
charge transport in solids
Cite as: Appl. Phys. Lett. 110, 264103 (2017); https://doi.org/10.1063/1.4986779
Submitted: 21 March 2017 . Accepted: 06 June 2017 . Published Online: 29 June 2017

Evgeny Emelin, H. D. Cho , Zeke Insepov , J. C. Lee , Tae Won Kang, Gennady Panin, Dmitry

Roshchupkin, and Kurbangali Tynyshtykbayev 

ARTICLES YOU MAY BE INTERESTED IN

 Modulation of acousto-electric current using a hybrid on-chip AlN SAW/GFET device
Applied Physics Letters 110, 243504 (2017); https://doi.org/10.1063/1.4986481

Unexpected significant increase in bulk conductivity of a dielectric arising from charge
injection
Applied Physics Letters 110, 262902 (2017); https://doi.org/10.1063/1.4990677

 Nanometer size hole fabrication in 2d ultrathin films with cluster ion beams
AIP Advances 7, 075014 (2017); https://doi.org/10.1063/1.4996185

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/594559758/x01/AIP/Lakeshore_APM_1640x440_Dec_12-18_2018/Lakeshore_APL_PDF_1640x440_measure_ready_Dec_12-18_2018.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.4986779
https://doi.org/10.1063/1.4986779
https://aip.scitation.org/author/Emelin%2C+Evgeny
https://aip.scitation.org/author/Cho%2C+H+D
http://orcid.org/0000-0002-3338-9150
https://aip.scitation.org/author/Insepov%2C+Zeke
http://orcid.org/0000-0002-8079-6293
https://aip.scitation.org/author/Lee%2C+J+C
http://orcid.org/0000-0002-4855-5318
https://aip.scitation.org/author/Kang%2C+Tae+Won
https://aip.scitation.org/author/Panin%2C+Gennady
https://aip.scitation.org/author/Roshchupkin%2C+Dmitry
https://aip.scitation.org/author/Roshchupkin%2C+Dmitry
https://aip.scitation.org/author/Tynyshtykbayev%2C+Kurbangali
http://orcid.org/0000-0002-4761-7409
https://doi.org/10.1063/1.4986779
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.4986779
http://crossmark.crossref.org/dialog/?doi=10.1063%2F1.4986779&domain=aip.scitation.org&date_stamp=2017-06-29
https://aip.scitation.org/doi/10.1063/1.4986481
https://doi.org/10.1063/1.4986481
https://aip.scitation.org/doi/10.1063/1.4990677
https://aip.scitation.org/doi/10.1063/1.4990677
https://doi.org/10.1063/1.4990677
https://aip.scitation.org/doi/10.1063/1.4996185
https://doi.org/10.1063/1.4996185


SEM imaging of acoustically stimulated charge transport in solids

Evgeny Emelin,1 H. D. Cho,2 Zeke Insepov,3,4,5 J. C. Lee,2 Tae Won Kang,2

Gennady Panin,1,2 Dmitry Roshchupkin,1,6 and Kurbangali Tynyshtykbayev3

1Institute of Microelectronics Technology and High-Purity Materials Russian Academy of Sciences,
Chernogolovka 142432, Russia
2Quantum-Functional Semiconductor Research Center, Dongguk University, 3-ga 26 Pildong Junggu
Seoul 100-715, Korea
3Nazarbayev University Research and Innovation System, 53 Kabanbay Batyr St., Astana 010000, Kazakhstan
4National Research Nuclear University MEPhI, Kashirskoye sh., 31, Moscow, 115409, Russia
5Purdue University, School of Nuclear Engineering, 400 Central Drive, West Lafayette, Indiana 47907-2017,
USA
6National University of Science and Technology MISiS, Leninskiy prospekt 2, 119049 Moscow, Russia

(Received 21 March 2017; accepted 6 June 2017; published online 29 June 2017)

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 LiNbO3

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

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.1–4 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.5,6 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.7–14

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).15–19 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

of acoustic waves with the crystal lattice defects can be

studied.

The aim of this work was to study the charge transport

by SAWs. 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.20 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 LiNbO3 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 K ¼ 60 lm was excited using an Al interdigital transducer

(IDT) structure with a period of 15 lm formed on the crystal

surface using the photolithography method. The IDT at the

resonance excitation frequency of f¼ 58.13 MHz excites a

SAW with the wavelength of K ¼ 60 which propagates in the

YZ-cut of the LiNbO3 crystal along the Z axis at the velocity

of V¼K� f¼ 3488 m/s. To register the charge transport with

the SAW, a graphene IDT (current collector) was formed on

the LiNbO3 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.21

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 lm.

SAW propagation in the YZ-cut of a LiNbO3 crystal was

visualized using a SEM at the accelerating voltage of E¼ 1 kV

and the electron probe current of I¼ 1 na. A higher accelerating
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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

f¼ 58.13 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

LiNbO3 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 lm, which corresponds to the SAW

wavelength of K¼ 60 lm, 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 lm, 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

K¼ 2d¼ 60 lm can be seen on the free crystal surface, which

corresponds to the distribution of positive and negative

charges between the SAW minima and maxima. In the area of

the graphene current collector, a periodic structure with the

period of 120 lm 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,22,23 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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FIG. 1. SAW device: (a) SEM image of the SAW and (b) graphene current

collector. The YZ-cut of a LiNbO3 crystal is shown: K¼ 60 lm and

f¼ 58.13 MHz.

FIG. 2. EBIC image of the charge distribution on the crystal surface: (a) 2D

map and (b) EBIC contrast of the charge distribution.
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