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Abstract: Automated optical scanning systems for analysis of solid surfaces are presented in this work. The prototypes are capable of
detecting various parameters and irregularities related to the surfaces of solid bodies by measuring the amplitude of modulated signals of
the Electromagnetic Echo Effect. The systems allow various sizes of all kinds of surfaces to be scanned and the results to be visualized on a
computer screen. The aim of this work is to present two prototype versions (which use analogue and digital measuring devices) and to show
their capabilities. Their general purpose is to scan different areas of specimens and visualize their sensitivity to the Electromagnetic Echo
Effect onto a plot of coordinates but they are also capable of providing valuable information about structural, mechanical and electrical

surface parameters.
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1. Introduction

The investigation of the surface properties of materials is an
important task with applications in chemistry, physics, technology,
industry, etc. [1-3]. In recent years, together with tactile
profilometers, which are among the most commonly used roughness
measuring devices, some optical and other methods for surface
characterization have been developed. Some of them require contact
to be made with the sample, for example, when scanning with a
stylus, which could lead to some destruction of the surface under
investigation. There also exist techniques, which employ only very
weak interactions with the surface, such as the atomic-force
microscopy (AFM) [1]. Others, like the scanning electron
microscopy (SEM) and the transmission electron microscopy
(TEM), irradiate the sample with a beam of electrons and, thus, no
contact with the surface is made [4].

Such instruments offer high precision and resolution (from
several nanometres to several hundred micrometres), but are very
complex, expensive and require skills to be operated. They also
demand special preparations of the sample and the use of a vacuum
chamber, where the irradiation with electrons is performed.

The abovementioned devices provide information mainly about
the topology of the investigated surfaces and eventually their
roughness. No single apparatus exists, which is capable of obtaining
information about a large spectrum of surface characteristics.

2. Prerequisites and means for solving the problem

We have developed a simple and fast method for surface
characterization via optical systems for 2-dimentional scanning of
solid surfaces of all kinds of materials through irradiation with a
modulated laser beam and induction of the Electromagnetic Echo
Effect (EMEE), formerly known as the Surface Photo-charge Effect
(SPCE). SPCE is the working name of grouped results obtained. In
2019, it was proposed to change this working name to
“Electromagnetic Echo Effect” (EMEE), since it more accurately
describes the experimental results obtained later and better reflects
the nature of the effect. In addition, in this way it will not be
confused with the Photoelectric Effect. The EMEE is represented by
small voltage, detected in all kinds of materials, when illuminated
by an electromagnetic field [5]. It is very fast and with the
appropriate equipment, it is possible to build a scanner operating on
that principle [6]. This method is sensitive, non-destructive, cheap,
fast and easy for implementation.

The purpose of the systems is to measure the response
(sensitivity) of various samples to the EMEE, in order to evaluate
their surface condition and suitability for integration as working
surfaces into a new type of sensors based on laser radiation-solid
interactions. One of the most promising materials for working
surfaces are silicon wafers. These automated scanning devices are
improved versions of a similar system developed for investigation
of conductive materials [7]. They have actually been modified and
optimized for the purpose of detecting “special” points on the
working surfaces, which have much stronger response to EMEE
than the rest of the surface. The system have been built for
development of a new type of fog sensors under a European project
related to security. Since the signals from EMEE are very weak, it is
essential to find these small areas and construct a “sensitivity map”.
This would allow better and stronger signals to be measured and,
thus, the efficiency of the sensors to be improved significantly.

The scanning systems complement the range of scanning
devices, such as SEM and TEM, since they cover larger areas of
several centimetres squared. The scanning systems are automated,
easy to operate with, they do not require special conditions, such as
vacuum, and no special preparation of the sample is needed.
Technical modifications can be made, so that they can scan larger or
smaller areas. Similar systems, which use ultrafast shear acoustic
waves [8], photo-structural changes [9], etc., are also available.

Currently, no other single instrument exists, which is capable of
detecting a large variety of surface structural characteristics, such
as: mechanical defects, changes in surface electrical characteristics,
surface states, chemical composition, the presence of impurities,
etc.

In order to better understand, the nature of the scanning systems
and their principles of operation, we will shortly discuss the
phenomenon that causes generation of the signal of interest, namely
the Electromagnetic Charge Effect (EMEE). In different sources,
phenomena very similar to EMEE have been referred to as Surface
Photo-Charge Voltage (SPCV or SPV), Photocharge Voltage (PV)
and others. The measurement of the EMEE is contactless and fast.
An important characteristic of this effect is its significant
dependence on the specific properties of the irradiated sample. The
amplitude of the EMEE response depends on the type of the
irradiated material. This allows for discrimination between different
materials, which opens a wide area of analytical applications and
reveals vast opportunities for rapid and contactless analysis of
solids, liquids and gases.

The EMEE is a phenomenon consequent to electromagnetic
field-matter interactions. Its essence is that upon irradiation with an

YEAR XIII, ISSUE 7, P.P. 306-309 (2019)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS."

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

electromagnetic field, all solid bodies generate an alternating
potential difference at their surface, the frequency of which is equal
to the frequency of the incident electromagnetic wave. This
potential difference between the irradiated sample and the common
electric ground of the system can be measured with an electrode,
which can be either in contact with the solid body, or in near
proximity; but there is no mandatory need for contact — the
measurement can be entirely contactless. A principle scheme is
illustrated in Figure 1, where a solid body’s surface potential is
measured via an electrode.
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Figure 1. A general scheme for EMEE observation: (L)
electromagnetic radiation source, (M) radiation modulating
generator, (S) irradiated solid sample, (E) signal measuring

electrode, (N) signal measuring device — nanovoltmeter

It has to be noted though, that since the EMEE is a relative
measurement, it has to be taken with respect to the steady state. This
leads to a limitation in the measurement of the effect. It can only be
measured by inducing it with modulated light. The process itself is
quite fast. It has been observed that a 20 ns laser pulse is more than
enough to change the surface potential and generate a full waveform
of the output signal [10]. In fact, EMEE has been registered with
modulation frequencies all the way between 1 Hz and 1 GHz
EMEE has also been observed in a wide range of the
electromagnetic spectrum — from the infrared, throughout the
visible and up to the beginning of the ultraviolet spectrum [10]. The
measured value of EMEE can depend on many factors. Some of
them are: intensity of irradiation, wavelength, area of irradiated
region, surface condition, surface structure, chemical composition,
material type etc. [11]. Carefully choosing an appropriate
wavelength, for example, can maximize the levels of the generated
voltage, since different wavelengths generate electron-hole pairs at
different depths inside the surface, which directly affects the
generated EMEE.

EMEE has been observed in many types of solids, including not
only conductors and semiconductors, but also dielectrics [10]. It is
however most useful for investigation of semiconductor materials,
as it can be used for characterizing and studying poorly understood
compound semiconductors, where other common methods using the
fabrication of ohmic contacts or special device structures may be
difficult. [12] This also means that methods of investigation of
semiconductors via EMEE can be quite valuable for developments
in electronics. This effect can be used to measure the minority
carrier diffusion length. This measure is critical for determination of
the performance of devices, such as photo conducting detectors and
bipolar transistors. In both cases, the ratio of the diffusion length to
the device dimensions determines the gain. Other common uses
include the detection and localization of different impurities and
defects that limit (or boost, depending on the use) device
performance. For example, EMEE can be used to measure the
density of impurity-derived recombination centres. [12] Some other
noted possible applications that take advantage of the fast and
contactless measurement include quality control of the composition
of various goods during manufacturing (e.g. bricks [11], milk [13]),
chemical composition tests (e.g. detection of counterfeit coins [10])
and different remote sensors (e.g. fluid level sensor [14]). In
contrast to other similar effects, the EMEE is a characteristic of all
kinds of solids and this makes it very interesting from scientific as
well as from practical point of view. By this method one can obtain
valuable information about the irradiated solid surfaces, namely
about the presence of mechanical defects and imperfections,
impurities and surface states, surface electrical characteristics such

as a type of conductivity, etc. One can trace the shape of the
produced surface structures, for example, by ion implantation.

3. Solution of the examined problem

Prototypes of a measurement system based on the EMEE have
been developed by using different technical implementations. Here
we present two of them. The systems have been built, tested and are
currently operating. They are capable of detecting various
parameters related to the surface of solid surfaces by measuring the
amplitude of modulated signals obtained by EMEE.

Their general purpose is to scan different areas of specimens
and visualize their sensitivity to EMEE onto a plot of coordinates.
To do that, automated movement and automated measurement are
needed. For the movement, a dual-axis linear stage is used. It is
driven by a pair of step motors and controlled by its own controller.
This controller can then be used to drive the stage programmatically
from a PC. The measurement principle — the signal is modulated, so
that a nanovoltmeter can lock to the same frequency and measure
the low amplitude with an enormous noise cancellation. The
measurement device is fully or partially controllable via a computer
interface. The principle block diagram is shown in Figure 2.
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Figure 2. Block diagram of the automated EMEE scanning systems
for solid surfaces
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The generator of the signal of interest is an EMEE sensor,
which often has an integrated semiconductor wafer inside playing
the role of a working surface. Internal specifics about this sensor
will not be discussed here, due to confidentiality considerations. It
will be considered as a whole unit integrated into the system.
Silicon wafers are interchangeable for the purposes of their
investigation along with other purposes of the system. The sample
is irradiated with a modulated laser beam, which stays fixed and is
aligned perpendicularly with respect to the sensor’s open surface.
To move the specimen relative to the laser beam, it is easier to
move the whole sensor. Thus, the sensor is fixed to the surface of an
XY positioning stage driven by two step motors. The system is able
to move automatically the specimen to desired coordinates and
measure in each point inside a predefined by the user rectangular
region. It is also able to scan over a single line (horizontal, vertical
or inclined), or in a single point with specific coordinates. It has
been empirically discovered that the slightest movement or
vibration during a measurement disrupts it. This is why the laser
module should be kept fixed, only the specimen (along with its
sensor) should be able to move and final measurements of each
point should be taken only when both are stationary (i.e. not
continuous measurement but point-per-point measurement).

If a whole “sensitivity map” of a specimen is built, one can take
advantage of the distribution of sensitivity in future integration of
the semiconductor wafer into produced units. The general aim is to
be able to scan and visualize the sensitivity to EMEE of whole areas
of the surface of different wafers and to visualize it onto a plot of
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coordinates. Such areas should be represented by discrete sets of
hundreds, thousands or even millions of sample points.

Due to the nature of EMEE, the best approach to extract any
useful signals and results is to modulate the input signals and expect
modulated output signals with the same frequency. For the purpose,
a standard digital signal generator is used. Its signal controls the
laser, and in turn, the pulsed beam creates very weak fluctuating
electromagnetic fields inside the sensor. These fields are then
sampled. A signal with the same modulation frequency in the range
of nano- and micro- volts is generated (usually in the range between
200 nV and 1 mV, depending on the specimen). The system has to
be well shielded from external noises (both electromagnetic fields
and radiation in the visible spectrum can be considered noises to the
system). Even so, noise levels in the output signal can be more than
a hundred times stronger than the signal of interest. This is why
specialized measurement equipment is used to filter and amplify
EMEE generated signals.

The systems can currently work with two types of analogue
nanovoltmeters lock-in  nanovoltmeters and  selective
nanovoltmeters. The output signal from the nanovoltmeters has to
be digital, so either an ADC (analogue-to-digital converter) from
their output can be used, or for better control over the process, fully
controllable nanovoltmeters can be used.

- The first prototype uses an ADC coupled to an analogue
selective nanovoltmeter. This configuration allows for quicker
development, simpler solution and increased scanning speeds. Short
name: analogue scanning system.

- The second prototype uses a programmable and fully
controllable lock-in nanovoltmeter with an integrated processor and
digital controls. This configuration offers better controllability and
higher accuracy, but slower scanning speeds. Short name: digital
scanning system.

These two configurations taken together allow for versatility
and each of them is suitable for a different situation with specific
requirements. The components of the systems are shown in Figure
3:

Figure 3. Photograph of the components of the automated
scanning systems: 1) EMEE Sensor; 2) Dual axis linear stage
Standa 8MTF-75LS0; 3) Dual-axis motor controller Standa
8SMC4-USB-B9-2; 4) Laser module Roithner Laser Technik
RLDH650M-40-5; 5) Protective glasses Kentek KOS-6109; 6)
Digital signal generator Rigol DG1022; 7) Lock-in nanovoltmeter
SRS SR510; 8) Selective nanovoltmeter Unipan Type 237; 9) ADC
converter; 10) PC or laptop; 11) Power supply Standa PUP120-17;
12) Power supply Roithner Laser Technik LPS51; 13) A standard
power supply (5 VDC, 1A); 14) LogiLink UA0042A RS232-to-Serial
converter.

Due to conversions and amplifications of the measured signals,
the output information, which is presented to the user, does not
represent the real values of the measured signals. That is why the Z-
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axis of the graphs obtained with the scanning systems is in arbitrary
units. This is not a problem, since the ratios of the amplitudes of the
signals are kept the same as the original ones and can still be
adequately compared.

4, Results and discussion

All visualizations of experimental scans show the scanned areas
in the XY plane and the amplitude of the measured EMEE signals
in the Z direction (in arbitrary units). All results are visualized by
DPIlot software.

Figure 4 shows visualizations of “special” points (irregularities)
on the surface of a silicon crystal. The fog sensors that we develop
use such crystals and such special points, where the efficiency is
high. Efficiency, in this case, is the difference between the signals,
which the sensor measures, when sensing fog of pure water and fog
with impurities. The scans were performed using the analogue
scanning system.
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Figure 4. Experimental results — visualization of special surface
points on a silicon crystal

This result shows that our systems are able to detect
irregularities on the surfaces of silicon crystals.

Figure 5 shows visualizations of a droplet of distilled water at
two different stages in the process of evaporation. The results in
were obtained by the digital scanning system and indicate that it
allows processes on surfaces to be investigated and controlled in
real time.
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a) b)
Figure 5. Experimental results — visualization of distilled
water droplet: a) full droplet; b) partially evaporated droplet

Figure 6 demonstrate that our systems allow mechanical defects
on surfaces to be controlled. It shows a visualization of the
scratched surface of a silicon crystal obtained by the digital
scanning system. It can be clearly seen that there is a good
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accordance between the visualized results and the actual mechanical
deformations on the surface of the silicon crystal.

A 3D visualization of the surface of an ion implanted specimen
obtained by the analogue scanning system is shown in Figure 7.
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Figure 6. Experimental results — visualization of the scratched
surface of a silicone crystal

[mm]

Figure 7. Results of surface scanning of an ion implanted
specimen studied with the developed system

5. Conclusion

We present two versions of automated systems for optical
scanning of solid surfaces and have demonstrated some of their
capabilities of detecting various surface irregularities, such as:
changes in chemical composition, topology, and mechanical
defects. Visualizations of such scanned characteristics as 3D maps
were shown. We have demonstrated that it is possible to also
control ongoing processes on solid surfaces in real time. The
systems were designed to perform scans of areas of several
centimetres squared, but can be modified to scan larger or smaller
areas. The advantages of the developed systems include simplicity,
fast operation, reliability, relatively low cost, and the ability to
detect various kinds of irregularities. They offer the possibility to be
further developed and improved, in order to perform scans at
varying depths inside solid surfaces. They can be used for quick and
easy surface characterization and surface quality control.

309

Acknowledgements

This work has been funded by FP7-SEC-2012-1 program of the
EU Commission under grant number 312804 and partially
supported by the Bulgarian Ministry of Education and Science
under the National Research Programme"” Young scientists and
postdoctoral students" approved by DCM # 577 / 17.08.

References

[1] N. A. Feidenhans’l, P. Hansen, L. Pilny, M. H. Madsen, G.
Bissacco, J. C. Petersen, R. Taboryski, Comparison of optical
methods for surface roughness characterization, Meas. Sci. Technol.
26 (2015) 085208 (10pp), DOI: 10.1088/0957-0233/26/8/085208

[2] J. M. Bennett, Recent developments in surface roughness
characterization, Measurement Science and Technology vol. 3.12
1992: pp. 1119-1127, December 1992

[3] A. Franks, Nanometric surface metrology at the National
Physical Laboratory, Metrologia vol. 28.6, pp. 471-482, 1991

[4] M. Joshi, A. Bhattacharyya, S. W. Ali, Characterization
techniques for nanotechnology in textiles, Indian Journal of Fibre
& Textile Research, Vol. 33, September 2008, pp. 304-317

[5] O. Ivanov, V. Mihailov, V.I. Pustovoid, A. Abbate, P. Das,
Surface photo charge effect in solids, Optics communication 113
(1995), 509-512pp.

[6] O. Ivanov, M. Kuneva, Quality control methods based on
electromagnetic ~ field-matter  interaction,  Application and
experiences of quality control, Ch. 26 (2011), 509-536pp. DOI:
10.5772/15857

[7] Ivanov O., Svircov D., Michailova Ts., Nikolov P.,
Pustovoit V., Automatized system for measuring the surface density
of current carriers and electrical permittivity of conducting
materials, Spectroscopy Letters, 7, 28, 1995, 1085-1094

[8] T. Pezeril, Laser generation and ultrafast shear acoustic
waves in solid and liquid, Optics and Laser Technology, 83 (2016),
177-188pp.

[9] Yu. Yu. Neymet, I.P. Studenyak, M.Yu.Buchuk, Yu.O. Pal,
S.Kokényesi, L.Daroci, C. Cserhati, R. Bohdan, Study of photo-
structural changes under the influence of laser and e-beam
irradiations in (Ag3AsS3)0.9(As2S3)0.1thinfilms, Thin Solid Films,
616(2016), 717-721pp.

[10] Ognyan Ivanov and Mariana Kuneva, Quality Control
Methods Based on Electromagnetic Field-Matter Interactions,
InTech, pp. 510-536, April 2011

[11] Nam-Chun Park, A. Abbate, and P. Das, Characterization
of Semiconductors by Laser-Generated Photocharge Voltage
Spectroscopy, in 22nd Int. Symp. Compound Semiconductors, Cheju
Island, Korea, 1995, pp. 593-598

[12] (2017, April) Surface photovoltage, Wikipedia. [Online].
https://en.wikipedia.org/wiki/Surface photovoltage

[13] O. Ivanov and S. Radanski, Application of surface photo
charge effect for milk quality control, Journal of Food Science, vol.
74, no. 7, pp. 79-83, August 2009

[14] O. Ivanov, Zh. Stoyanov, B. Stoyanov, M. Nadoliisky, and
Ashok Vaseashta, Fast, Contactless Monitoring of the Chemical
Composition of Raw Materials, in Technological Innovations in
Sensing and Detection of Chemical, Biological, Radiological,
Nuclear Threats and Ecological Terrorism, Ashok Vaseashta, Eric
Braman, and Philip Susmann, Eds.: Springer, 2012, ch. 18

YEAR XIII, ISSUE 7, P.P. 306-309 (2019)


https://en.wikipedia.org/wiki/Surface_photovoltage



