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New research has discovered discrepancies in the melting points, plasma generation, and resulting changes in
optoelectronic properties of semiconductor materials A2Bs and AsBs when exposed to laser light, even when the
experimental conditions are the same. Therefore, accurately determining the thresholds at which these complex
semiconductor compounds melt and create plasma remains an unsolved task. This work utilizes nanosecond ruby
laser irradiation to thoroughly examine fundamental characteristics of semiconductor compounds A2Bs and AsBs
when exposed to laser irradiation. This includes investigating the thresholds at which melting occurs, the production
of plasma, and any changes in optoelectronic capabilities. The experimental results demonstrate notable
discrepancies in the melting points and optoelectronic characteristics of various semiconductor materials when
subjected to the same experimental conditions. The variations mostly arise from inherent statistical biases in the
parameters of the sample. By employing photoacoustic and photoconductive techniques, we accurately ascertained
the melting points of cadmium telluride, gallium arsenide, and aluminum gallium arsenide crystals, providing exact
empirical data on the characteristics of these corresponding substances.

In addition, we performed photoconductive spectroscopy tests on cadmium telluride exposed to nanosecond
ruby laser pulses. We noticed a significant impact of the creation of a tellurium layer on the photoconductivity. The
investigations showed that the existence of a tellurium layer results in photoconductivity that varies depending on
the spectrum, with the most significant improvement observed in the short-wavelength region.
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Introduction

The study of the auditory effects caused by laser
radiation has gained significant attention in recent years.
The attention is focused on investigating the diverse
phenomena that occur when laser radiation interacts with
matter. This attention is driven by both the need to
understand these phenomena and their significant
practical implications in optics, acoustics spectroscopy,
and microscopy. Optoacoustics shows great promise in
improving novel non-contact non-destructive testing
techniques and wideband acoustic diagnostics for
condensed materials. Within the field of semiconductors,
specifically in single crystals of CdTe, the use of laser
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stimulation techniques provides the possibility to generate
structures on the surface of the sample that possess precise
optoelectronic characteristics. This capability allows for
the production of many devices, including solar cells, X-
ray and gamma-ray detectors, photodetectors, infrared
filters, and other functional components. Due to the wide
range of possibilities for using pulsed laser technology in
manufacturing optoelectronic devices and instrument
structures made from intricate semiconductor materials, it
is crucial to accurately determine the threshold modes for
laser-induced melting and plasma production.

The main physical mechanisms that cause sound to be
generated when laser radiation interacts with matter
include thermal-optical effects, electrostriction, sudden
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changes in the state of the medium (such as melting,
evaporation, and optical breakdown), optical pressure, and
the generation of electron-hole plasma in semiconductors.
The influence of each mechanism is contingent upon the
strength of the laser radiation, the energy density within
the medium, and the thermal and physical characteristics
of the medium. The most efficient methods for absorbing
media throughout a wide range of intensities, until
reaching the point of optical breakdown, are thermal-
optical effects and evaporation. Extensive theoretical and
practical studies have been conducted in the scientific
literature on several aspects of laser-induced sound
excitation [1-4].

When laser radiation interacts with a condensed
substance that absorbs it, a sequence of separate reactions
occurs. After undergoing partial reflection at the interface,
the incident radiation enters the substance and becomes
absorbed by the surface layer. The thickness of the surface
layer is inversely proportional to the absorption coefficient
o. The energy that is absorbed proceeds via
thermalization, resulting in alterations in the physical and
chemical characteristics of the substance that is exposed
to radiation. It is important to highlight that the extent of

the region exposed to laser radiation is not limited by 1/a
or the depth at which heating occurs. This is because the
pressure pulse created in the irradiated area extends to
wider distances [5-9]. Optical breakdown happens when
the incident radiation intensity reaches a specific
threshold. During this procedure, concentrated plasma
with a high density is generated in the central area. As a
consequence of unrestricted frequency conversion, the
plasma begins to assimilate light, leading to additional
enhancements in the absorbed energy. The -cavity
undergoes thermal expansion, leading to a subsequent
increase in temperature and the initiation of a shockwave.
Visible sparks or incandescent spots can be noticed during
the breakdown of dielectric materials, either directly or by
capturing them on photographic plates [10]. Under
conditions of low heat flux intensity, heat conduction has
a notable impact, while incident radiation mostly
functions to heat the item. If heat conduction is unable to
efficiently disperse the incoming energy, the outer layer
will rapidly increase in temperature and initiate
evaporation. This will result in the redistribution of the
incoming energy flow between the heat flow entering the
object's interior and the heat flow used for material
evaporation.

The occurrence of flash points resulting from plasma
creation is unaffected by the composition and pressure of
the surrounding gas, suggesting that the flash takes place
within the vapor of the target substance. Plasma formation
predominantly takes place at the forefront or upper part of
the laser pulse, while the rear portion does not contribute
to plasma production. The threshold intensity of laser flux
for contaminated surfaces may be significantly lower,
often 10 times or more, compared to that of clean surfaces.
Contamination of the target surface leads to more intense
evaporation, which in turn reduces the accuracy of
theoretical estimations of applied stress intensity
threshold. This is because the production of plasma always
happens before the intense evaporation of the material.
When the optical flux density is near the threshold, the
region where it interacts with the medium shows boiling
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traces. These traces are seen as discrete pits, occasionally
surrounded by a halo of solidified material droplets. Upon
the emergence of a mature plasma cloud, it effectively
absorbs the majority of the incoming optical energy,
causing the previously confined energy release area to
transition into a region of elevated pressure.
Consequently, shockwaves and heating waves travel
towards the optical energy. Optical absorption, in the
meantime, takes place solely inside a limited area next to
the shockwave, resulting in the conversion of the
shockwave into a detonation wave. Afterwards, coherent
rarefaction and heating waves arise and move towards the
surface of the object. The shockwave rebounds off the
solid surface, resulting in a delayed increase in pressure
compared to the time at which the optical signal arrives.
The pressure region in this process is considerably bigger
than the area that is exposed to radiation on the surface of
the target. During the extremely short duration of laser
pulses, thermal diffusion occurs across a distance of a few
micrometers, which is similar to or smaller than the
distance over which light decays in semiconductors. The
optical decay length in Si is 1.26 um, in GaAs it is
0.787 pum, and in CdTe, it is 0.376 pm. These values are
based on a wavelength of 0.5 pum for GaAs and 0.34 pm
for CdTe.

Recent investigations have found notable
discrepancies in the estimation of melting thresholds,
plasma production, and the resulting alterations in the
optoelectronic  characteristics  of  semiconductor
compounds A;Bs and AsBs when exposed to laser light,
even when the experimental conditions are comparable.
The underlying reason for this situation is the
unpredictable statistical variations in the characteristics of
the analyzed samples, including dislocation density,
doping agents, concentrations of different impurities,
surface conditions, and so on. These causes result in
substantial fluctuations in the recorded measurements.

We utilized photothermal acoustic (PTA) and
photoconductive techniques. The photothermal acoustic
method involves detecting thermal waves generated by
modulated light as it interacts with a substance. The
photoconductive approach is employed to assess and
measure the newly generated states following laser
therapy, both in terms of their quality and quantity. We do
research on the stimulation of acoustic reactions,
generation of plasma, and alterations in the
photoconductive spectra of cadmium telluride when
exposed to intense ruby laser pulses. In addition, we
examined the internal friction forces that occur during the
transportation of direct and alternating currents.

By employing these techniques, we can examine the
sound reaction and creation of plasma in cadmium
telluride, gallium arsenide, and aluminum gallium
arsenide crystals when exposed to nanosecond ruby laser
radiation. Additionally, we can ascertain the points at
which these substances reach their melting limits.

I. Laser-induced modification of
semiconductors and photoconductive
methods

When A;Bg crystals, particularly p-CdTe, are exposed
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to nanosecond ruby laser pulses at power densities below
the point of fracture, changes occur both near the surface
of the material and to a depth of around 5 pm, which is
much greater than the optical absorption depth of a-105
cm-1. These changes cause alterations in the electrical,
photoelectric, and optical characteristics [9-13]. The
variations occur due to the development of inherent flaws
within the crystal structure when it is heated, the creation
of thermoelastic tension, and the impact of acoustic and
shock waves.

Laser processing has emerged as a highly effective
method for controlling semiconductor characteristics. The
laser radiation quantum (%#w) can be adjusted to either
surface properties (Aiw>Eg) or bulk properties (Aiw<Ey),
depending on its ratio to the bandgap (Eg). The current
understanding of the interaction mechanisms between
laser irradiation and crystals is still insufficiently
elucidated, despite substantial research [13, 14]. Prior
studies [5, 15] observed the creation of a thin layer of
tellurium on the surface of cadmium telluride when
exposed to a ruby laser with specified pulse power. These
studies also examined the photovoltaic characteristics of
this tellurium film. The surface states during laser
irradiation were examined by References [9-12] using
photoconductive techniques.

Photoconductivity, sometimes referred to as the
photoresistive effect, refers to the increase in electrical
conductivity of a material when it is exposed to
electromagnetic radiation in the visible, infrared (IR), or
ultraviolet (UV) ranges. Photo current refers to the
amplification of electric current in a complete circuit with
a charged voltage source when a semiconductor is
exposed to light. The magnitude of the photo current can
greatly exceed that of the dark current. The fundamental
principle of photoconductivity is the transmission of
energy from photons to electrons through absorption.
Following the absorption of photons by bound-state
electrons in fully occupied valence bands or solids,
electrons have the ability to move in response to an applied
voltage. Photoconductivity is classified into two
categories: unipolar, which involves either electrons or
holes, and bipolar. It is determined by the charge polarity
of the photo carriers. Intrinsic photoconductivity refers to
the process in which electrons are excited and transferred
from the valence band to the conduction band. On the
other hand, impurity photoconductivity occurs due to the
presence  of localized electron levels. The
photoconductivity's magnitude and time variations are
contingent upon the intensity (1) and spectrum content of
the excitation light, as well as the relaxation mechanisms
of photo carriers. Excited photons must possess a
sufficiently high energy to facilitate the movement of
electrons from the valence band or other bound electron
levels to the conduction band or free carrier state. Every
transition corresponds to a certain wavelength line or band
that is associated with stimulated photoconductivity. The
concentration of photo carriers under constant light
exposure is calculated using the equation n = nalz, where
a represents the absorption coefficient (for uniform
absorption, the condition ad << 1 must be satisfied, where
d is the thickness of the sample); # denotes the quantum
yield of photoconductivity, which indicates the proportion
of absorbed photons that generate the excitation of charge

894

carriers, and t represents the effective lifetime of free
carrier states determined by relaxation mechanisms. The
finite lifespan of photo-generated current carriers
(electrons, holes, polarons) is ascribed to their
confinement within different defects (traps) or
recombination. The rarely observed phenomenon of
"negative” photoconductivity (o) is associated with the
extra capture of free carriers caused by the absorption of
light. The fundamental equations for conductivity and
conductivity gain are as follows:

1)
()

o =en(, + Hp)
Ao = 0, = eupdn + ey, Ap

The optical conductivity is closely linked to the
production of changes in the density of electrons (Ar) and
the density of hole (Ap) that occur as a result of light
absorption. Hence, there is a clear and direct relationship
between the optical conductivity and the absorption of
light. This statement highlights a definitive differentiation
between the inherent optical conductivity, particularly in
the region of absorption edge, and the optical conductivity
linked to contaminants. Significantly, there exists the
occurrence of exciton photoconductivity. Although
excitons possess no net charge, they can undergo
dissociation, leading to the creation of electrons and holes.
The existence of exciton peaks in the photoconductive
spectrum is closely linked to the exciton absorption
spectrum. At elevated energy levels, the optical
conductivity undergoes a decrease as a result of the
reduced ability of light to penetrate.

a=10°-10° 1/cm
d=1/a=0,1-0,01 mm.

Hence, the influence of the surface on conductivity
outweighs the influence of volume. Furthermore, there is
a significant concentration of faults on the surface. The
equation that describes the absorption of radiation by

. . dI
semiconductor material is denoted as o —al, where

X
I signify intensity. The quantity of photons that have been
absorbed is equivalent to % The number of electron-hole

pairs formed by light is denoted as G =%B, where
B ~ B(hv) represents the photoionization coefficient,
which quantifies the production of electron-hole pairs per
photon. The equation appears to be in the form of

?—: = R,, — G,,. The equation

1
Ao = %ﬁ(fn.un + Tp#p)

describes the rate at which excited charge carriers are
generated and recombined. R, represents the
recombination rate, whereas G, represents the rate of
charge carrier creation.
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Il. Experimental Procedure for
Semiconductor Irradiation using a
Ruby Laser

This study employed a typical semiconductor laser
irradiation approach [8-15], using a ruby laser in Q-
switching mode, and a modulator consisting of a mixture
of alcohol and a synthetic copper concealed cyanide
molecule. The energy of radiation quanta is represented by
the symbol hw, which has a value of 1.78 electron volts
(eV) and corresponds to a wavelength of
693.25 nanometers (nm). The pulse duration, written as
timp, is equal to 20 nanoseconds (ns), and the form of the
pulse closely resembles a Gaussian distribution.

In the irradiation experiment (see Figure 1), the laser
spot is accurately concentrated on the sample surface
within an area of 1 to 2 square millimeters. The laser pulse
power is precisely controlled by using an absorption filter,
allowing for a power variation range of
AI =1.5-2 MW/cm?. The oscilloscope precisely regulates
the duration and power of the laser pulse. Prior study has
identified three specific areas in the laser radiation
intensity during the CdTe irradiation experiment, as
indicated by previous studies [3-5]: 1) Pre-threshold zone
(pre-melting) - Starting from a particular intensity
threshold, a layer of Te film gradually detaches from the
surface of the sample, purifying the surface as all
contaminants on the surface evaporate or ionize.
2) Threshold zone - Surface melting has a spatial
distribution resembling islands, where the initial layer of
atoms undergoes ionization and evaporation. 3) Post-
threshold zone - Melting occurs in the layer near the

Sample

surface at a depth of //a, where o= 10° cm™ represents the
radiation absorption coefficient for a wavelength of
693.25 nm. The duration and power of the pulse have a
significant impact on the melting lifespan and
characteristics. It is predicted that the melt lifetime is
many tens of nanoseconds [16].

When the pulse intensity reaches 40 MW/cm?, plasma
initiation occurs, causing ablation and the significant
evaporation of material from the exposed surface due to
the incident radiation. After the melt solidifies, a surface
layer is formed, which is amorphous and has different
optical properties compared to the bulk material.
Eventually, this surface layer undergoes crystallization.
Irradiation is carried out in a systematic manner by
accumulating doses, where the dose (D) is equal to the
product of the intensity (1), the number of pulses (N), and
the time (t).

D=1'N-"Tpys. 3

Photoconductivity research methodology

Figure 2 depicts the basic diagram of the apparatus
used to test the photoconductivity spectrum. The device
functions based on synchronous detection, which involves
the integration of a light flux modulator M (with a
rotational frequency of 400 rpm), a DC amplifier, and a
synchronous detector into the optical channel, as shown in
the figure. The reference voltage is produced by the
reference voltage sensor in conjunction with modulator M.

The ultimate signal is documented by the recorder.
The radiation source, lamp L, provides light that is
concentrated into the entrance slit of the MDR-3
monochromator using a lens system. A beam of light of a

V
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Fig. 1. Equipment frame of semiconductor irradiation with Ruby laser.
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Fig. 2. Displays a schematic representation of the apparatus used to measure photoconductivity spectra.
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b)
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Fig. 3. a) Shows the flash duration and laser flash (indicated by the arrow) of the ruby laser pump lamp (13-
15 microseconds). b) Shows the flash duration of the ruby laser pump lamp without generating laser light.
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Fig. 4. The photodiode FD-7K records the plasma flash during the gallium arsenide irradiation process at different
laser pulse intensities: 16 MW/cm? (a), 25 MW/cm? (b), 40 MW/cm? (c).

particular wavelength is projected onto the sample from
the output of the monochromator, causing a photocurrent
to be generated. After being amplified by amplifier U2-6
and sent by converter VV9-2, the signal is then fed into the
Multimeter. The light emitted by the light-emitting diode
is sent to the photodiode PD |, which is part of an
optocoupler. This generates a reference voltage for
converter VV9-2, ensuring synchronization.

I11.Samples

The samples consist of CdTe (Eq=1.42eV), Si
(Eg=1.12 eV), GaAs (Eq=1.5eV), and AlGaAs/GaAs.
The laser wavelength conditions, specifically aw < E_,
indicate that the laser light is absorbed by the surface layer
measuring 0.1-1 um. The CdTe samples consist of p-type
single crystals with orientations along the <110> and
<111> directions (flake CdTe). The resistances of the
samples are 1 MQ and 1.5 GQ, respectively, and the
typical dimensions of the CdTe samples range from 1 mm
to 3 mm. The GaAs samples are fabricated by depositing
thin films of AlGaAs onto GaAs substrates with a <111>
orientation. The sample is of n-type with a concentration
of n = 10%, a thickness of 1 um, and a resistance of
700 kQ. The GaAs substrate exhibits a resistance in the
range of 107-108 Q and has an electron concentration of
10%?, indicating it is of n-type. The silicon sample is a
commercially manufactured polished p-type wafer with a
reflectivity of R=37 % and a resistivity of p= 9 Q.cm.
Orientation <111>.
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1V. Results

Plasma production is detected when a pulsed laser
irradiates the material. The laser sparks are captured by the
photodiode FD-7K and the resulting signals are
transmitted to the computer via the FD sound card.
Nevertheless, the true duration of the laser pulse does not
align with the scale depicted in Figure 3.

In order to fully eliminate the red spectrum of the
flash, we employ the SZzS-24 filter. The enclosed
photodiode employs its geometric design to minimize
scattered light of various characteristics. Nevertheless, the
photodiode-based plasma flash detection system may not
consistently capture the plasma threshold due to its limited
sensitivity. Hence, we captured the plasma threshold by
optical means. Plasma is the occurrence of dielectric
breakdown, when the vapor of a substance is evacuated in
a concentrated manner from the melted state above the
surface of a crystal when the temperature T is equal to or
greater than the melting temperature (Tmelt). At the
melting range, the plasma on the surfaces of CdTe, GaAs,
and GaAlAs crystals becomes significantly brighter,
resembling a spot of low intensity. As the laser pulse
intensity rises, both the brightness and the size of the
plasma region likewise increase. As the laser power rises,
the plasma’s color intensifies, resulting in a whiter shade.
When the intensity is high, the shape of the plasma cloud
matches the area that is being irradiated (refer to Figure 5
-6).

Plasma formation can occur even if only a few
number of oxide atom layers evaporate off the surface
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Fig. 5. Picture of plasma flash points.

I1 I I3

Is Is Is

Fig. 6. As the value of I increases, plasma appears on the surfaces CdTe and Gads (I < L <3 <I4<Is< ).

prior to melting. The initiation of plasma generation
primarily relies on the surface treatment techniques
employed and the level of cleanliness achieved. Research
has indicated that the plasma threshold on newly obtained
cadmium telluride samples aligns with the melting
threshold of the chemical. The presence of low-intensity
plasma prior to the melting threshold complicates the
regulation of the melting threshold. At a power density of
7.97 MW/cm?, we observed a marginal augmentation in
the luminescence of untreated cadmium telluride samples
(refer to Figure 7).

Dependence of laser plasma brightness on intensity
15 /
£ 10
=
2
2
5 o
Nl
0 50 100 150 200 250 300
I, MW/cm?®

Fig. 7. Relationship between plasma brightness and
intensity.

V. Investigation and examination of the

factors that cause thermoacoustic
excitation when exposed to laser light

The thermoacoustic excitation dynamics are mainly
governed by radiation parameters, including spot size (ao)
and the relationship between ap radiation intensity and
time (I¢y), as well as the physical properties of the
irradiated medium, such as compressibility (K). When the
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thermal radiation conditions are ideal, the thermal elastic
stress produced in the medium can be approximately
calculated using the expression
P= (Bt Csound®/2-C,)Ey. In this context, Csoung represents the
velocity of sound, Ev is the volumetric density of absorbed
light energy, and (Bt Csound®/2-C,) is a dimensionless value
associated with the Gruneisen constant, which has an
approximate order of 1. The conversion of energy into
acoustic energy is directly proportional to the volume
density of thermal emission, denoted as 1. This may be
calculated using the equation
77=Eac/Esound=(ﬂt'Csound2/2'Cp)Ev/PO'Csoundz, where po
represents the density of the medium. The data are shown
in Tables 1, 2.

Table 1.
Data used for theoretical calculations of thermal
stress in semiconductors under pulsed laser irradiation

data are in degrees | data are in degrees
K C
GaAs GaAs GaAs GaAs
1.65-10" | 1.50-10" | 1.72-10" | 7.80-10"
ﬁ’ I/K 5 5 5 6
Csmyky 3300 5000 5000 8430
m/s
Cp,
IkgrK 209 163.3 330 700
4,30-10 6.51-10" | 3.96-10
constant 1 1 1
Table 2.
Data for theoretical calculation of absorbed heat
E.=(1-R)I-a
CdTe GaAs Si
a, 1/m 2940000 2000000 238000
A=(1-R) 0,564 0,66 0,66

The thermoelastic mechanism of acoustic excitation
in condensed matter is constrained by the initiation of
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evaporation under laser irradiation, rendering the
absorption of energy beyond the evaporation threshold
insignificant. The sound efficiency of thermoacoustic
technologies is less than 1< 10™. Nevertheless, the dense
composition and intense heat generated by lasers
interacting with solids enable the production of
sufficiently potent sonic waves throughout a broad
spectrum of frequencies.

The results of calculations are shown in Figures 8-10.

Dependence of thermal stresses on intensity

1.2:10°
1.0-10° -
8-108 GaAs
d--
-9 6-108
/ CdTe
4-108 I I 1T | | |
2-108 si
0
0 2 4 6

I, MW/cm?

Fig. 8. Theoretical calculation of thermal stress on the
crystal surface under pulsed irradiation.

Dependence of shear stress on intensity

3510¢
310° cdT
e
25108
£ 2108
£1510°
© GaAs
1108
R —
. 7 1 | i
=10 —— — | =i
0
0 1 2 3 4 5 6

L, MW/em?

Fig. 9. Theoretical calculation of thermal shear stress on
the crystal surface under pulsed irradiation,
Omax = - t-G-AT-(1-p)".

Heat release in the sample during pulsed irradiation

25100
CdTe
2-10°
ME 1.5-109 /
5 1109 Gals
5-108 / si
~ | |
0

0 14100 20 340 410° 5100 610 7-10%
L W/m?

Fig. 10. Heat release from the near-surface layer of a

crystal under laser irradiation as a function of intensity

E,=(I-R)-Iat

The maximum temperature in the pulse laser
excitation area can be determined using the formula

1A
T:Mﬁarctg(,/éu()(r), where K=2/r?. Here, o

represents the characteristic beam size, | stands for
intensity, A represents the absorption coefficient,
represents thermal conductivity, y represents thermal
diffusivity, and z represents the duration of the laser pulse.
According to literature calculations[17], the laser
irradiation of 8 MW/cm? causes the crystal surface
temperature to exceed the melting point, as shown in Table
3.

Table 3.
I, MBm/cm® | T, K | AT=T-300, | Gmax, MPa
K
0 300 0
0.5 380 80 18.9
1 444 144 34
2 487 187 53
4 976 676 107
5 1220 920 134
6 1464 1164 160
8

V1. Analysis of the experimental results
pertaining to photoconductivity.

Figure 11 exhibits the photoconductive spectrum of
CdTe crystals. The spectra of the original sample displays
distinct bands, with a maximum intensity at Amax= 845 nm,
which is in line with the width of the bandgap. Following
irradiation with a ruby laser pulse (with a power density
of 2 MW/cm?), the photoconductivity values exhibit a rise,
however the specific form and position of the maximum
remain unaltered.

1.0 +

0.8

0.4 L

Photoconductivity, arb. units

0.2

800 820 840 860 880

A,nm

Fig. 11. Spectral dependence of photoconductivity of p-
CdTe crystals: 1 - Untreated sample; 2 - after irradiation
with a ruby laser pulse at 4 MW/cm?; 3 - irradiated when
the irradiation intensity reaches the tellurium evaporation
threshold.

The formation of a tellurium layer occurs on the
surface of cadmium telluride when it is exposed to
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radiation. In order to confirm the connection between
these modifications and the presence of the tellurium
layer, we conducted a meticulous cleaning process on the
cadmium telluride samples that had been exposed to
radiation. This involved using a methanol solution
containing 1 n KOH to clean each layer individually.
Following a 10-minute rinse period, a reduction in
photoconductivity values was noted. Additionally, when
the tellurium film was exposed to laser pulses at or above
the threshold intensity of 7 MW/cm?, it evaporated.
Following three wash cycles, the tellurium film fully
regained its original properties. Hence, it can be inferred
that the alterations observed in photoconductivity values
during the irradiation process are a result of the creation
of a Te layer on the surface of CdTe. Put simply, the
presence of a tellurium layer that develops on the surface
of cadmium telluride when exposed to laser radiation
affects the way photoconductivity depends on the
wavelength of light. The most significant enhancement in
photoconductivity is observed in the shortwave area of the
electromagnetic spectrum. This phenomenon can be
attributed to the decrease in the rate at which charged
particles recombine on the surface following exposure to
radiation, resulting in alterations in the lifespan of charge
carriers that are not in equilibrium. This phenomenon has
been verified by investigations into the Kkinetics of
photoconductivity in both pristine CdTe films and CdTe
films that have been exposed to nanosecond ruby laser
pulses.

The creation of a Te film on the surface of CdTe
occurs due to the heating of the CdTe surface to a specific
temperature under the influence of intense laser radiation.
At this temperature, one of the constituent elements of the
complex (often cadmium) has the potential to undergo
melting and vaporization. Tellurium has a greater
evaporation temperature and it remains in an amorphous
state on the surface. Put simply, cadmium is more prone
to vaporization than tellurium and will therefore evaporate
from the surface before tellurium does. Upon reaching a
specific threshold, the intensity will cause tellurium to
undergo evaporation.

The photoconductive spectrum is significantly
affected by surface characteristics, such as the existence
of an oxide deposit, etching, and processing properties
(level of polishing). The peak is associated with the
absorption occurring in close proximity to the bandgap.
The peak wavelength for cadmium telluride is around
845 nm, which corresponds to a photon energy of 1.46 eV.
It should be noted that this value is an approximation, as
impurity states are typically found near the band. The
broadening is associated with the presence of an impurity
layer located near the valence and conduction bands,
which possesses a certain density of states.

In our scenario, the tellurium layer that is produced on
the irradiation surface undergoes amorphous formation
due to the quick cooling of the melt. Subsequently, it
gradually crystallizes. The band structure (energy
spectrum) of amorphous semiconductors is well
recognized to be notably distinct from that of crystalline
semiconductors. It is characterized by a pronounced
reduction in the density of states along the boundaries of
the valence and conduction bands. The gap also
encompasses states that are linked to the amorphous
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structure. The conductivity on the side with short
wavelengths (high photon energy) is determined by
surface states and the rate at which generation and
recombination occur in the gap. At lower photon energies,
the conductivity is influenced by levels located within the
gap, which are associated with doping, uncontrolled
contaminants, and amorphous structure. The expansion of
the lines following irradiation can be attributed to the
existence of several extra states within the energy gap, as
well as the formation of additional states at the periphery
of the cadmium telluride band subsequent to laser
processing.

The rise in photocurrent (1, photoelectric current) can
be attributed to the elevated conductivity of the tellurium
film, resulting in a significant reduction in resistance
within the near-surface layer. The gap of Te is widely
recognized to be 0.33 eV, which is significantly less than
the gap of CdTe. The augmentation of photocurrent within
the crystal subsequent to laser irradiation is pivotal for the
advancement of photoelectric detectors.

VIl.  Theinternal friction of CdTe
during the transmission of direct and
alternating currents.

In order to assess the relationship between the internal
friction and the elastic modulus E of CdTe crystals
following mechanical cutting and grinding at various
temperatures, we utilized a composite piezoelectric
vibrator operating at a frequency of approximately
116 kHz. Additionally, we employed a driving resonance
oscillation technique with a frequency of around 2 kHz
[1]. The trials were carried out in a vacuum environment
with a pressure of at least 10 Pa, and the strain & was
around 106 The internal friction had a maximum
measurement error of 10%, but the measurement error for
the relative change in elastic modulus did not surpass
0.1%. The experiment utilized cadmium telluride samples
measuring 2x2x16 mm?3. In order to facilitate the flow of
electric current through the sample, we applied a layer of
indium paste, measuring 2 mm in width, to both sides of
the sample. Additionally, we added indium paste to the top
of the sample and proceeded to solder fine silver wires to
the indium contacts.

By subjecting the sample to an electric current, we
observed and evaluated the alterations in elastic modulus
resulting from the current's influence, the thermal effects
induced by it, and the subsequent changes in elastic
modulus due to heating.

The experiment found that when the sample was
heated to 85 K while a current was applied, the change in
elastic modulus (4E) divided by the initial elastic modulus
(Eo) was around 7.2%. Here, Eo represents the absolute
value of the elastic modulus before the current passes
through, and E represents the absolute value of the elastic
modulus after the current passes through. At a temperature
of 85 K, when there was no current flowing, the change in
energy (4E) relative to the initial energy (Eo) was 4.2%.
Hence, without considering any heating effects, the
influence of current flow on the fluctuation of AE/E, can
be approximated to be 3%.
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No correlation between internal friction and ultrasonic
deformation amplitude was observed when there was no
current passing and the ultrasonic deformation amplitude
increased. Nevertheless, when the sample was subjected
to a temperature of 370 K and a constant current of no
more than 0.9 A, while maintaining a constant ultrasonic
strain §=2.107®, we observed arise in internal friction when
the current was raised, as depicted in Figure 12.
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Fig. 12. Current dependence of internal friction in Cd7e
under constant ultrasonic deformation (§=2.10°): 1 - 315
K,2-335K,3-355K,4-365K,5-373K.

The observed rise in internal friction depicted in
Figure 11 can be attributed to the interaction between
electrons possessing specific energy levels and oscillating
dislocation segments, which occur as a result of ultrasonic
deformation. This interaction prompts the dislocation
segments to detach from point defects. The qualitative link
between internal friction and direct current remains
unaffected by the absolute value change of ultrasonic
strain amplitude. However, it is worth noting that the
range of ultrasonic amplitude fluctuation can exceed
5.10°5. At a temperature of 470 K, an inverse relationship
is observed between the critical value of direct current and
temperature. By analyzing the fluctuation in the slope of
the correlation curve between internal friction and current
under a consistent ultrasonic strain, as shown in Figure 11,
we can infer the presence of anchored dislocations.
Therefore, the observed rise in the correlation between
internal friction and current suggests the release of
dislocations. The forward and reverse curves of the
internal friction current exhibit full overlap, indicating the
absence of any permanent alteration in the dislocation
structure during the measuring procedure.

We conducted research on the impact of alternating
current on internal friction while simultaneously
subjecting the material to ultrasonic deformation. The
signal generator G3-117 supplies both the alternating
current that passes through the sample and is in phase with
the voltage delivered to the piezoelectric vibrator, causing
ultrasonic deformation. These two quantities are obtained
from separate output terminals of the same signal
generator.

Figure 13 demonstrates that when the alternating
current reaches a critical value of approximately 50 mA,
an augmentation in internal friction is evident, while the
elastic modulus diminishes as the current increases. The
study discovered that by altering the alternating current to
match the voltage's frequency and phase, ultrasonic
deformation occurs. Interestingly, the critical value of
alternating current is nearly ten times smaller than the
critical value of direct current. Observing the increase in
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internal friction with increasing direct current requires this
condition to be met.

Hence, the impact of a consistent alternating current
on the development of internal friction and the
concomitant reduction in the magnitude of the elastic
modulus has been observed in CdTe crystals. The
detachment of oscillating dislocation segments from point
defects is clearly caused by the electron flow during
ultrasonic deformation.
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Fig. 13. The current relationship of the internal friction
coefficient (1) and the elastic modulus (2) of CdTe with
alternating current under the conditions of 294 K and
constant ultrasonic strain (8=2.107).

VIIIl.  Discussion

The research findings suggest that when exposed to
nanosecond ruby laser pulses, the melting point of CdTe
single crystal is reached at an irradiation intensity of
8 MW/cm?, while the melting point of gallium arsenide is
reached at an irradiation intensity of 6 MW/cm?2, The
investigations demonstrate that the point at which plasma
is formed on the sleek surface of cadmium telluride atoms
aligns with its melting point. The study highlights that the
purity and surface treatment method have an impact on the
threshold for plasma production on CdTe, GaAs, and
AlGaAs crystals. Oxides and other chemical compounds
on the crystal surface reduce the minimum level required
for plasma production.

The finding that the threshold for plasma generation
on the sleek surface of cadmium telluride atoms aligns
with the threshold for melting is highly significant. This
association facilitates comprehension of the optical
characteristics of CdTe and offers novel perspectives on
its surface physical properties. The study indicates that the
alignment between the melting point and the point at
which surface plasma forms in CdTe reveals that intense
energy input causes the disruption of the smooth atomic
surface, resulting in its transformation into a plasma state.
The relationship between CdTe and plasma state can
possibly alter the optical properties of the former. This is
because materials in a plasma state often demonstrate
distinct optical characteristics compared to solid materials.
Consequently, this alteration may have implications for
the utilization of CdTe in optical devices. Studying the
relationship between the threshold for plasma generation
on the smooth surface of cadmium telluride and its melting
threshold is highly important for comprehending its
optical features and offers valuable insights for



Change of the Optoelectronic Properties of Semiconductor Compounds Induced by Nanosecond Laser Irradiation ...

investigating similar connections in other materials. usage. To enhance comprehension of this correlation,

Moreover, the research suggests that the point at future research could investigate the following areas:
which plasma forms on the surfaces of CdTe, GaAs, and broadening the study's scope to examine if comparable
AlGaAs crystals is strongly influenced by the purity and correlations exist between the threshold for surface plasma
type of surface treatment. This finding holds great formation and surface treatment in different materials;
importance for practical uses. The level of purity and the conducting additional research and innovation to improve
specific technique used for surface treatment have a direct control over the chemical composition and morphology of

impact on the threshold required for plasma generation. material surfaces through new surface treatment
Implementing a high-purity surface treatment can techniques, and assessing their effect on the threshold for
decrease the occurrence of oxides and other chemical plasma formation; systematically examining the impact of

compounds, thereby reducing the threshold for plasma experimental conditions on the threshold for surface
formation. Consequently, employing suitable surface plasma formation to gain a better understanding of the
treatment techniques can modify the chemical material's optical characteristics under varying conditions.
characteristics of the material surface, attain a reduced Subsequent investigations can go deeper into the
threshold for plasma generation, and facilitate the mechanisms underlying these correlations, broadening the
induction of a plasma state. By exercising control over study's range to encompass more materials and surface
surface treatment procedures, one may effectively regulate treatment techniques. By undertaking these endeavors, we
the chemical composition and morphology of the material can acquire a more thorough comprehension of the
surface. This is of utmost importance for the successful electronic  characteristics and optical efficacy of
utilization of lasers, optical devices, and optoelectronics. substances, thereby fostering the advancement of
Comprehending the influence of oxides and other materials science and optical apparatus.
chemical compounds on the threshold for plasma

production is essential for developing surface treatment

techniques customized to meet unique application Levytskyi S. —Ph.D., Senior Research Fellow, specialist in
demands. optics of optoelectronic devices;
It is imperative to acknowledge the constraints of the Cao Z. — Ph.D.student;

study. While this research offers insights into the  Kopa 0. — candidate of pedagogical sciences, deputy head
relationship between the threshold for surface plasma  of the department service and combat use of units of the
production and surface treatment in CdTe, GaAs, and National Guards of Ukraine;
AlGaAs crystals, it is important to acknowledge its limits. Koba M. — senior lecturer of the Department of Legal
Limitations such as constraints on Sample range and Support service and combat act|v|ty
treatment procedures, as well as the suitability of

photoacoustic methods for material systems with low

absorption or low optical power circumstances, restrict its
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C. JIepuupkuiil, I1. ITao?, O. Ko6a3, M. Ko6a®

3MiHa ONTOEJIEKTPOHHUX BJIACTHUBOCTEN HAMIBIPOBIIHUKOBUX CIOJIYK i/l
JAI€I0 HAHOCEKYHIHHUX IMITYJIbCIB JIA3€PHOr0 ONPOMiHEHHS

Yuemumym ¢hisuxu nanienposionuxie im. B.€. Jlawxapvosa HAH Yipainu, Kuis, Yrpaina, levytskyi@ua.fm
2Dizuxo-mexninuti incmumym Hayionanvnozo mexuiunozo ynisepcumemy Yxpainu "Kuiscoxuii nonimexmnivnuii incmumym imeni
leopa Cixopcvrozo”, Kuis, Yxpaina

SKui .. Haui " oiit Vipaivu. Kuis. Vieoa
uiscoruti incmumym Hayionanohoi 26apoii’ Yxpainu, Kuis, Ykpaina

HoBi mocmikeHHsT BUSIBUIIM PO301KHOCTI B TEeMIIepaTypax IUIaBJICHHS, YTBOPEHHI IUIa3MHU Ta, SIK HACHIJOK,
3MiHH B ONTOEIEKTPOHHUX BJIACTHBOCTSX HAIIBIPOBITHUKOBUX MarepianiB A2Bs 1 A3Bs min nmiero maszepHOro
CBITJIA, HABITh SKIIO YMOBH EKCIIEPUMEHTY OJHAKOBi. TOMy TOYHE BHU3HAYCHHSI IIOPOTiB, NPH SIKMX i CKJIaaHI
HAaIiBIIPOBITHUKOBI CHONYKH IUIABIISTHCS 1 CTBOPIOIOTH IIJIa3My, 3aJIMIIAETHCS HEBUPIIIEHUM 3aBIaHHAM. Y JaHIi
po6OTi BHKOPHUCTOBYEThCS HAaHOCEKYHIHE ONpPOMIiHEHHs pYOIHOBHM Jla3epoM [UISi PETEIbHOTO BHBYCHHS
(byHIaMeHTaTbHUX XapaKTEPUCTUK HaMiBIPOBIIHUKOBUX crONyK A2Bg i A3Bs miz miero na3epHOro onpoMiHEHHs.
Le BrurOUae DOCHiHKEHHS MOPOTiB, 32 SKUX BiAOYBa€ThCS IUIABICHHS, YTBOPEHHS IUIa3MU Ta OyIb-sKi 3MiHU B
OIITOEJIEKTPOHHUX MOJMJIMBOCTSIX. EKCIeprMeHTalbHI pe3ylbTaTd IEMOHCTPYIOTh MOMITHI pPO30DKHOCTI B
TeMIeparypax IJIaBJICHHS Ta ONTOCIEKTPOHHUX XapaKTePUCTHKAX Pi3HUX HaIMiBIPOBITHUKOBUX MaTepialliB y THX
CaMHX eKCIIEPHMEHTAIFHIX yMOBax. Bapialii 31e01IbII0r0 BHHUKAIOTE Y€pe3 BIACTUBI CTATUCTHYHI TOXHOKU B
nmapameTpax BHOIpKkd. BukopucToByrouM (GOTOAKyCTHYHI Ta (OTOMPOBIAHI METOAU, MH TOYHO BCTAHOBHIIU
TEMIIEPaTypH IUIaBICHHS KPUCTAJIB TeIyPHIY KaaMil0, apCeHiy Tajii0 Ta apCeHiAy aTIOMiHIIO-Talilo, HaJalouu
TOYHI eMITIpUYHI JaHi MI0J0 XapaKTePUCTHK IIUX BiAIIOBIJHUX PEIOBHH.

Kpim Toro, Mu mpoBenu BUIPOOyBaHHsI (HOTOMPOBIIHOI CHIEKTPOCKOMIT Ha TeTypUIl KaaMiO il BILTABOM
HAHOCEKYHIHHX IMITy/bCiB PyOiHOBOIO sazepa. MU NOMITHIM 3HAauHMil BIUIMB CTBOPEHHS LIapy TeIypy Ha
(doTonpoBinHicTh. JoCHipKeHHs NOKa3aiy, IO iCHYBaHHS IIapy TeIypy HPH3BOAUTE 10 (OTONPOBIIHOCTI, SKa
3MIHIOETHCS 3aJIKHO BiJ CIIEKTPY, IPUYOMY HAOUIBbII 3HAYHE TTOMIMIICHHS CIIOCTEPIraeThCs B KOPOTKOXBHIIbOBIi
obmacri.

Kurouosi cioBa: CdTe, GaAs, AlGaAs, na3zepHe onpoMiHeHHs, (POTOTepMOaKyCTHKa, (POTONPOBIIHICTb.
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