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Possibilities of increasing the efficiency by more than 20 % for silicon photoelectric converters made in
China have been investigated. It has been established by the method of computer simulation that the life-
times of nonequilibrium charge carriers, which are 520 ps, realized in such photoelectric converters, do not
limit the possibility of increasing their efficiency by more than 20 %. It has been shown that an increase in
the photocurrent density to 43.1 mA/cm? leads to an increase in the efficiency to 20.1 %, and a decrease in
the diode saturation current density to 3.1-10-14 A/cm? leads to an increase in the efficiency to 20.4 %.
Simultaneous change of these diode characteristics leads to an increase in the efficiency to 23.1 %. The pa-
per proposes physical and technological approaches to increase the photocurrent density and reduce the di-
ode saturation current density in ready-made photovoltaic converters. The study of the influence of operat-
ing temperature on the efficiency of crystalline silicon photoelectric converters has been carried out in the
article. It has been shown that with increasing operating temperature the relative decrease in the efficien-
cy of single-crystal devices is — 0.7 relative %/C, which is significantly higher than in the device structures
of European production and due to non-traditional decrease in short-circuit current density. Mathematical
modeling of the influence of light-emitting diode characteristics on the efficiency of crystalline silicon solar
cells showed that a decrease in the efficiency of device structures with increasing operating temperature is
due not only to an increase in diode saturation current density from 10-13 to 3-10-13 A, which is 300 %, but
also by reducing the shunt resistance from 2.5 to 1.5 kOhm. A study of the effect of operating temperature
on the diode saturation current showed that the height of the potential barrier in the studied silicon photo-
voltaic converters is 0.87 eV due to the insufficient level of doping of the base material. The limited height
of the potential barrier leads to an unconventional decrease in the shunt resistance with increasing operat-
ing temperature.
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1. INTRODUCTION

The main problem of large-scale ground-based use
of the most common solar cells (SCs) based on crystal-
line silicon is to ensure the competitiveness of the elec-
trical energy generated by such device structures in
comparison with traditional sources of electricity [1].
This can be achieved by reducing the cost of 1 W of
peak power by increasing the conversion factor (effi-
ciency) of solar energy and reducing the cost of their
manufacturing technology [1].

At present, Western companies have developed and
implemented design and technological solutions (DTSs)
of SCs based on crystalline silicon with an efficiency of
more than 20 % in industrial production [2-4]. The
implementation of such DTSs on an industrial scale
requires the technical re-equipment of domestic elec-
tronic enterprises engaged in the industrial production
of SCs based on crystalline silicon, through the pur-
chase of expensive high-tech equipment that has no
domestic analogues.

At present, as a result of a sharp increase in in-
vestments in production development, leading Chinese
firms have reduced the cost of SC with an efficiency of
18 % by more than 1.4 times, and in the next three
years the cost will be reduced by another 1.3 times
[5, 6]. Thus, it is economically feasible to use Chinese-
made Si-SCs as the initial device structures. At the
same time, analysis of the efficiency of photoelectric
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conversion in such device structures should be consid-
ered an urgent task to study the possibility of increas-
ing the efficiency of ready-made SCs made in China by
over 20 %.

2. METHODOLOGY OF THE EXPERIMENT

In industrial conditions, when controlling the tech-
nological process by analytical processing of the light
current-voltage characteristic (CVC), the output pa-
rameters of the SC are determined: open-circuit voltage
(Uoc), short-circuit current density (Jsc), fill factor of
the light CVC (FF) and efficiency. However, these pa-
rameters represent the technical characteristics of the
device, which do not have an unambiguous connection
with the photovoltaic processes that determine the
operation of the SC. Therefore, along with the output
parameters, it is necessary to analyze the light diode
characteristics that unambiguously determine the
single-diode model of the SC [6]. These diode character-
istics include the photocurrent density (Jpm), diode
saturation current density (Jo), ideality coefficient (A),
shunting (Rsg) and series (Rs) resistance calculated per
unit area of the SC. The theoretical light CVC implicit-
ly describes the relationship between the efficiency and
light diode characteristics of the SC [6]:

(UL=JLRs) U,—JLR
Jo=—Jeut+)o {exp [% - 1} +%, 1)
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where Ji is the load current density, e is the electron
charge, k is the Boltzmann constant, 7 is the solar cell
temperature, UL is the load voltage drop.

By approximating the experimentally obtained val-
ues I and UL by theoretical expression (1), it is possi-
ble to determine the output parameters, light diode
characteristics and efficiency of the SC. Analytical
processing of the light CVC of the investigated SCs was
carried out using a PC according to the developed pro-
gram. In accordance with the program, the analytical
expression for the light CVC (1) is converted into the
following expression:

Jo =40 — AU, — Ay exp(43U, + A4JL), (2
R 1 R
where A, = Upu+Jo) SH7 Ay = Ay = JoRsH , As =L7
Rs+Rsy Rs+Rsy Rs+Rsy AKT
_ ERs
47 akT

Using expression (2) and experimentally obtained
values Jr and Uz, by varying the values of the above
coefficients Ao, A1, Az, A3, A4, the program performs the
best approximation of the experimental data I, = I.(UrL)
curve described by the transformed theoretical expres-
sion (2). Usually, during analytical processing, the root-
mean-square deviation does not exceed 10-8, which
corresponds to a relative error in determining the out-
put parameters and light diode characteristics at a
level of no more than 1 %. After finding the specified
coefficients that provide the best approximation, the
output parameters of the SC are determined: Jsc, Uoc,
FF, efficiency. The light diode characteristics Rs, RsH,
A and Io are calculated according to the given coeffi-
cients Ao, A1, A2, A3, A4. The light CVC of the SC were
measured using a laboratory stand, when the design
structures were irradiated with a simulator of solar
radiation in ground conditions with a luminous flux
power of 100 mW/cm2. A 1000 W halogen lamp con-
nected to a stabilized power supply was used as a
source that simulates solar radiation.

The efficiency of photovoltaic processes — generation,
diffusion, drift, separation and collection of nonequilib-
rium charge carriers generated under the influence of
light — essentially depends on their lifetime. Therefore,
when analyzing the efficiency of the SC, we determined
the lifetime of nonequilibrium charge carriers in the
investigated device structures by the open-circuit volt-
age drop method [7].

Investigation of the spectral dependence of the
quantum efficiency @(1) allows you to analyze the inte-
gral efficiency of photovoltaic processes depending on
the energy of the incident radiation [7]. Therefore, such
studies are also necessary when optimizing the coeffi-
cient of thermal expansion (CTE) of SCs. There is a
functional relationship between the short-circuit cur-
rent Isc and the value of Q(1), described with a suffi-
ciently large shunt resistance Rsy by the ratio [7]:

Isc = e [2™5° Q(2) - N(A)dA — I, 3)

where A is the light wavelength, Arep is the red border
of the photoelectric effect, N(1) is the rate of arrival of
photons on the SC surface, Ip is the SC diode current.

In real conditions, the intensity of solar radiation
arriving at the SC surface is such that at the observed
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value of the series resistance of the device structure
Ip << Isc, therefore (3) is converted to the form:

Isc = QD) - N(). 4

The quantity N(A) included in (4) can be expressed
in terms of the light intensity Iri(4) [8], coming to the
surface of the SC:

Isc(A)-E(A)
QM =50 ®)

When studying the spectral dependence of the pho-
toresponse, the SC was placed at the exit slit of a dou-
ble monochromator, and the Isc was measured with a
smooth change in the wavelength of the incident radia-
tion with subsequent calculation of @(1) by ratio (5).
The light intensity Izi(4) is a characteristic of the light
source used, which was a 1000 W halogen lamp.

3. RESULTS AND DISCUSSION

3.1 Experimental Studies of Industrial Samples
of Silicon SCs

For the study, the most effective industrial designs
of SCs made in China were selected. The light CVCs of
10 device structures were measured. The results indi-
cate that the efficiency is between 17.7 and 18.4 % [9].
For the analysis, we chose the light CVC of a SC with a
characteristic efficiency of 18.1 % (Fig. 1, curve 1).
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Fig. 1 — Light current-voltage characteristics:

1 —Jpa=39.0 mA/ecm?2, Jo = 5.4-10-13 A/em?, efficiency = 18.02 %
2 — Jpr =43.0 mA/cm?2, Jo = 5.4-10-13 Alcm?, efficiency = 20.02 %
3 — Jprr=39.0 mA/cm?, Jo = 3.1-10-1¢ A/cm?, efficiency = 20.40 %

Analytical processing of the light CVC made it pos-
sible to determine the output parameters and light
diode characteristics of the SC [10, 11] (Table 1).

Studies on the output parameters and light diode
characteristics were complemented by studies on life-
time. From the open-circuit voltage drop (see Fig. 2a)
[6], it was found that the lifetime of nonequilibrium
charge carriers is 520 ps.

The results of studying the spectral dependence of
the quantum efficiency (Fig. 3, curve 1) show that the
spectral range of photosensitivity of the SC is 0.42-
1.20 pm [12]. The maximum value of Q(1) is observed
in the spectral range from 0.90 to 1.10 um, and starting
from 0.80 um, @(1) noticeably decreases.

06026-2



ANALYSIS OF MECHANISMS TO INCREASE THE INDUSTRIAL ...

Table 1 — Output parameters and light diode characteristics
of the SC obtained as a result of experiment and simulation

Exper- | Modeling the influence of
Parameters | imental Jpr and
Jo Jru

sample Jo
Jsc, mA/em? 39.0 39.0 43.1 43.1
Uoc, mV 578 643 583 658
FF, rel. un. 0.80 0.82 0.80 0.82
1, % 18.1 20.4 20.1 23.1
Jpr, mA/cm? 38.8 39.0 43.1 43.1
Rs, Ohm cm? 0.45 0.45 0.45 0.45
Rsu, Ohm cm? 1013 1013 1013 1013
A, rel. un. 0.9 0.9 0.9 0.9

Jo, Alem? 5.4-10-13]3.1-10-14|5.4-10-13|3.1-10 - 4

STOP 200.0us @k | T B 240mY

U —
ay: 3eeny
| 520 ps
Fall=380us
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Fig. 2 — Investigation of the lifetime of nonequilibrium charge
carriers in industrial samples of SCs made in China (a) and
modeling the effect of the lifetime on their efficiency (b)

3.2 Modeling the Influence of the Lifetime of
Nonequilibrium Charge Carriers on the
Efficiency of Industrial Silicon SCs

Since the value of the efficiency of the investigated
industrial samples of Chinese production was inferior
to the efficiency of the best industrial samples of Euro-
pean production, which exceeds 20 %, then to find ways
to increase the efficiency, a numerical simulation of the
parameters of the investigated SCs was carried out
using a PC. For the simulation, the freely available
PC1D 5.9 software developed at the University of New
South Wales (Australia) was used [13]. With the help of
this software, an electronic model of the SC was creat-
ed. The parameters of the base silicon crystal of the SC,
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Fig. 3 — Spectral dependences of the quantum efficiency of a
Chinese-made SC: 1 — Q(1) SC; 2 — solar spectrum AM1.5G

such as band gap, relative permittivity, intrinsic con-
centration of charge carriers, mobility of electrons and
holes were included in the PC1D 5.9 software. In addi-
tion, the following characteristics of the investigated
SC were taken into account in the modeling:

— the doping level of the base p-type crystal which is
1.5-1016 ¢m - 3;

— the thickness of the n*-layer is 0.1 um and of the
p*tlayer —1.15 pm, the average level of their alloying at
erfe-distribution is 1020 cm3 and 108 cm?, respectively;

— the thickness of the antireflection coating made of
Si13N4 1s 53 nm;

— the relief height of the chaotically textured frontal
surface is 3 microns;

— recombination rates on the front and back surfac-
es Sn=8Sp =103 m/s;

—series and shunt resistances, which were deter-
mined by analytical processing of the experimental light
CVC (Table 1).

The simulation of the SC operation was carried out
for a temperature of 25 °C in the AM1.5G irradiation
mode at a front surface illumination of 1000 W/m2. The
variable parameter in the model was the minority car-
rier lifetime, which varied from 10 to 1000 ps.

Analysis of the data obtained (Fig. 2b) shows that,
starting from the values of the lifetime of 300 us [14],
its further increase does not affect the efficiency. Since
the experimental value of the lifetime for the investi-
gated industrial samples of SCs was 520 us, this indi-
cates that the quality of the base crystal is not a factor
limiting the efficiency of the investigated SCs at a level
of 18 %.

3.3 Modeling the Influence of the Light Diode
Characteristics on the Efficiency of
Industrial Silicon SCs

Analyzing expression (1), it can be shown that with
increasing Jpy, Rsy and with decreasing Jo, A, Rs the
efficiency of the SC increases. However, to identify the
physical mechanisms that determine the efficiency of
SCs, it 1s more useful to establish a quantitative rela-
tionship between the efficiency of the device structure
and its light diode characteristics [15-17]. This makes
it possible to determine the dominant light diode char-
acteristics, a change in which with a change in the DTS
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of the SC causes a change in its efficiency. As a result,
it becomes possible to significantly reduce the volume
of subsequent experimental studies to establish the
physical laws of the effect of DTS on the efficiency of
SCs. Therefore, in this work, using the developed com-
puter program, we simulated the effect of changing
each of the light diode characteristics of the SC on the
efficiency. In this case, all the light diode characteris-
tics of the SC, except one, are fixed, and this light diode
characteristic takes on a value from the selected inter-
val. Based on a set of light diode characteristics, in
accordance with expression (1), the program calculates
the theoretical light CVC and determines the efficien-
cy. Then the next value of the light diode characteristic
from the selected interval is selected and the next theo-
retical light CVC is calculated, from which the efficien-
cy is determined. As a result, we get the theoretical
dependence of the efficiency on the change in the se-
lected range of one diode characteristic with the rest
fixed. This simulation is repeated for each light diode
characteristic of the SC. Analyzing the theoretical de-
pendences of the efficiency on the change in the light
diode characteristics, we evaluated the quantitative
contribution of the change in each of the light diode
characteristics to the possibility of achieving an effi-
ciency over 20 %.

The simulation results show that an increase in the
shunt resistance and a decrease in the series resistance
with the remaining diode characteristics fixed for a SC
with an efficiency of 18.1 % do not lead to a significant
increase in the efficiency (Fig. 4a, b) [18, 19]. Thus, an
increase in the shunt resistance from Rsy= 1000 to
Rsy=4000 Ohm-cm? leads to an increase in efficiency
by 0.1 %. A decrease in the series resistance from
Rs=0.45 to Rs=0.1 Ohm-cm? leads to an increase in
efficiency by 0.5 %.

A significant increase in efficiency with the remain-
ing diode characteristics fixed can be achieved either by
increasing the photocurrent density or by decreasing
the diode saturation current density (Fig. 4c, d) [20, 21].
Thus, an increase in the photocurrent density by a
factor of 1.1, from Jpy=39.0 to Jpu=43.1 mA/cm?,
leads to an increase in efficiency up to 20.1 % (Table 1,
Fig. 1). A decrease in the density of the diode satura-
tion current from Jo=5.4-10-13 to Jo = 3.1-10 14 A/ecm?
allows to increase efficiency up to 20.4 % (Table 1,
Fig. 1) [21]. Mathematical modeling showed that the
simultaneous growth of Jo=23.1-10-1*A/cm? and
Jpr=43.1 mA/cm? leads to an increase in efficiency up
to 23.1 % (Table 1, Fig. 5).

According to the experimental data (Fig. 3), the short-
wavelength limit of photosensitivity of the studied SC
samples is 0.42 um; therefore, the ultraviolet part of
the spectrum is not converted in the device structures.
So, an increase in the photocurrent density for the in-
vestigated SC can be obtained by applying a lumines-
cent coating to the surface of the finished device struc-
ture. This coating absorbs photons in the ultraviolet
part and generates photons in the infrared part of the
solar spectrum [22, 23]. The luminescent coating based
on lead sulfide quantum dots applied by an economical
chemical method is the most optimal for industrial de-
sign of SCs made in China [24, 25]. Such quantum dots
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Fig. 4 — Modeling the influence of series resistance (a), shunt
resistance (b), photocurrent density (c) and diode saturation
current density (d) on the efficiency of a Chinese-made Si-SC
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absorb light in the spectral range 0.30-0.40 pm and
generate photons with a length of about 1.05 um [24],
which corresponds to the region of maximum experi-
mental values of the quantum efficiency investigated in
the SC (Fig. 3). According to the simulation results
presented in [24], the use of such luminescent coatings
theoretically makes it possible to increase the initial
short-circuit current density by more than 1.1-1.2
times, which, according to the results of our studies, is
sufficient to achieve an efficiency of over 20 %.
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Fig. 5 — Diagrams of the efficiency distribution of the investi-
gated PVs constructed based on the modeling results

3.4 Experimental Advancement of Temperature
Effect on the Input Parameters and Light
Characteristics of Industrial Silicon SCs

Analysis shows that an almost linear decrease in ef-
ficiency occurs with increasing temperature (Fig. 6a)
[26]. The reduction factor, which describes the relative
change in efficiency for one degree change in tempera-
ture, is 0.7 %/°C. For the open-circuit voltage and
short-circuit current density, there is also a decrease in
their values with increasing operating temperature
(Fig. 6b, ¢). It was experimentally found that the fill
factor of the light CVC practically does not change with
increasing temperature.

Analysis of the light-emitting diode characteristics
shows that the recorded decrease in efficiency is due to
an increase in the diode saturation current density
(Fig. 7a) and a decrease in shunt resistance (Fig. 7b).

The obtained experimental results can only be par-
tially commented within the framework of traditional
ideas about the influence of temperature on efficiency
of photovoltaic processes in SC, which are summarized
in [27]. According to the traditional view, which corre-
sponds to the experimental study of SCs with increas-
ing temperature, the diffusion length of nonequilibrium
carriers in Si increases. This is because the diffusion
coefficient does not change or increase, and lifetime of
minority carriers increases with increasing temperature.
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Fig. 7 — Influence of operating temperature on diode satura-
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the investigated Si-SC: sample 1 with efficiency = 16.7 % at a
temperature of 25 °C; sample 2 with efficiency = 18.0 % at a
temperature of 25 °C; sample 3 with an efficiency = 18.7 % at
a temperature of 25 °C

An increase in the diffusion length of minority carriers
leads to an increase in the short-circuit current density
with increasing temperature. However, this effect is
insignificant and amounts to about 0.07 %/°C. The
decrease in the open-circuit voltage significantly ex-
ceeds the increase in the short-circuit current density
and is 0.4 %/°C. A smoother form of the light CVC
curve at elevated temperatures leads to a decrease in
the filling factor of the light CVC curve. Therefore, in
general, an increase in temperature leads to a relative
decrease in efficiency by 0.5 %/°C.

According to the obtained experimental data for the
SC of Chinese production, the relative decrease in effi-
ciency is higher and is 0.7 %/°C. In this case, the short-
circuit current density decreases, and the filling factor
of the light CVC characteristics does not change.

According to the existing physical concepts, the di-
ode saturation current density is the most important
light-emitting diode characteristic, which controls the
change of the output parameters of the SC when the
operating temperature changes. Without taking into
account the shunt and series resistances, the theoreti-
cal expression for the diode saturation current density
has the form [2]:

Jo=C-T? exp-(—qE4/kT), (6)

where C is a parameter that changes at operating tem-
perature T, q is the electron charge, E; is the band gap.

In this work, it was shown that at C-7%=1.5-10°
A cm -2 the best correspondence between experimental
temperature changes of the initial parameters and their
theoretical dependences is observed. Since C-‘1® is a
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constant, the exponential increase in the diode satura-
tion current density indicates that the main physical
mechanism of increasing Jo is a thermally activated
increase in the concentration of charge carriers. Since
the experimental dependences Jo(7) are not linearized
in the coordinates InJo — 1000/7, the above mechanism
is not the only one. Its existence is indicated by the
recorded experimental unconventional decrease in the
short-circuit current density with increasing operating
temperature.

Analysis of the diode characteristics shows that an
abnormally high decrease in efficiency and an uncon-
ventional decrease in the short-circuit current density
are due to the recorded experimental decrease in the
shunt resistance. Current in areas of high conductivity
reduces the contribution of photocurrent to the short-
circuit current and is an additional physical mecha-
nism that reduces efficiency. Modeling the effect of an
increase in the diode saturation current density and a
decrease in the shunt resistance (Fig. 7a, b) showed
that they are proportional.

Since during the research a high rate of reduction of
the efficiency of SCs made in China was experimentally
established, this in operation eliminates their relatively
high initial parameters and determines the feasibility
of their use in a photovoltaic thermal module (PV/T),
which is a hybrid of an SC and a solar collector and
allows due to the circulation of heat carriers to provide
cooling of the silicon device structure. Depending on
the necessary technological requirements, three main
modes of PV/T operation are developed [4]: ensuring
the most efficient generation of electricity, ensuring the
maximum efficiency of thermal energy and ensuring
the maximum total efficiency. In [4], designs were de-
veloped that provide maximum heat output from the
front surface of the PV/T to the environment and from
the rear side to the coolant circuit to ensure maximum
electric power. The main design feature of the module
corresponding to this mode of operation is the absence
of an air gap between the SC and the translucent coat-
ing [28, 29]. In this mode of operation, the temperature
of the coolant in the circuit should not exceed 35 °C.
But since the liquid heated by the module has a low
temperature, it requires further heating, which leads to
the need for additional equipment. For example, this
mode of operation of PV/T provides a combined system
of hot water supply, heating and air conditioning based
on heat pump and PV/T.

4. CONCLUSIONS

It was shown that the lifetimes of nonequilibrium
charge carriers, which are 520 ps, realized for Chinese-
made SC industrial samples, do not limit the possibility
of increasing their efficiency by more than 20 %. The
achieved values of series and shunt resistances of in-
dustrial SC samples of Chinese production, which are
0.45 Ohm cm? and 1000 Ohm cm?2, respectively, do not
need further optimization. It was also shown that the
increase in photocurrent density from 39.0 to
43.1 mA/cm? in industrial samples of Chinese-made
SCs without changing other diode characteristics leads
to an increase in their efficiency up to 20.1 %. For such
an increase in the photocurrent density on the surface
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of the finished device structure, it is necessary to form
luminescent coatings containing lead sulfide quantum
dots. It was found that a decrease in the diode satura-
tion current density from 5.4:10-13 to 3.1-10- 14 A/cm?
in industrial SC designs made in China without chang-
ing other diode characteristics leads to an increase in
efficiency up to 20.4 %. Possible physical and technolog-
ical approaches to reduce the diode saturation current
density of finished SCs are the deposition of plasmonic
coatings or the processing of device structures in a
magnetic field. A simultaneous increase in the photo-
current density and the diode saturation current densi-
ty to the above values makes it possible to increase the
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R. Winston,

Ananis MmexauiamiB nigBUIEeHHA €e(P)eKTUBHOCTI IIPOMHUCIIOBUX KPEMHIEBUX COHAYHUX ODaTrapei

M.B. Kipiuenxko!, P.B. 3aiines!?, K.O. Minaxora!, O.M. Uyraii2,
C.B. Omiitauk?, C.10. Bimuk!, B.O. Cruco!

1 HauioHanbHutl mexniukull yrigepcumem «XapKisCobKUl NOJIMEXHIYHUL THCMUmymn,
eyn. Kupnuuosa 2, 61002 Xapxis, Vrpaina

2 HauioHasibHUL aepoKoCMivHLL yHisepcumem «XapKi8CoKUll a8lAUIHUL THCMUMYm,
eyni. Yrkanosa, 17, 61000 Xapkis, Ykpaina

JlocmimxeHo MOMKIMBOCTI migBUINeHHA edexTuBHOCTI moHan 20 % mIsa KpeMHieBUX (POTOCTIEKTPHIHMIX
EePeTBOPIBAYIB KUTANCHKOr0 BUPOOHUIITBA. MeTo0M KOMITIOTEPHOTO MOJEJIIOBAHHSA BCTAHOBJIEHO, IO Pe-
aJTi30BaHl B TAKHX (POTOEJIEKTPUYHMX IIEPETBOPIOBAYAX YACH JKATTA HEPIBHOBAKHMX HOCIIB 3apsamy, skl
craananTbh 520 MKC, He 00MeKyIOTh MOInBICTh 30iabinenHsa ix KK momam 20 %. Ilokasamo, 1mo 30i1b-
IIeHHs TyCcTHHU (oTocTpyMy 10 43,1 mA/cm? nipusBogauth g0 3pocranus KKJI no 20,1 %, a sHusKeHHS T'yCTH-
HU JTIOJHOTO CTPyMy HacudueHHs 10 3,1-10-14 A/em? 3ymosimioe 3pocrarus KK/ mo 20,4 %. OguouacHa 3miHa
IIUX TI0JHUX XapaKTePUCTUK TPU3BOauTh 110 3outbimenas KKJI mo 23,1 %. ¥V po6ori mpomoHyioThest (isuKo-
TEXHOJIOTIYHI IIX0M JJIst 301IbIIeHHS TyCTHHU (DOTOCTPYMY 1 3MEHIIIEHHSI I'YCTUHU JI0AHOTO CTPYMY HACH-
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M.V. KIRICHENKO, R.V. ZAITSEV ET AL. J. NANO- ELECTRON. PHYS. 13, 06026 (2021)

YeHHSI B TOTOBHX (DOTOEJIEKTPHUYHUX IIEPETBOPIOBAYAX. Y CTATTI IIPOBEIEHO JOCIIKEHHS BILIMBY POOOUOL
TeMIIepaTypH Ha e(eKTUBHICTH KPUCTATIYHNX KPEMHIEBUX (DOTOEJIEKTPUYHUX IepeTBopooBavis. [lokasawo,
110 31 3POCTAHHIM poboUol TeMItepaTypu BimHocHe 3HmKeHHsS KKJI MoHOKpHCTaIYHUX IIPUIIAIiB CTAHOBUTE
— 0,7 BimH. %/C, 110 ICTOTHO BUIIE, HIsK B MPUJIAIOBUX CTPYKTYPAX €BPOIIEMCHKOr0 BUPOOHUIITBA 1 00yMOBJIE-
HO HETPAIUINIAHAM 3HUMKEHHSIM TYyCTUHHA CTPYyMy KOPOTKOIO 3aMUKaHHs. MaremMaTwuuHe MOJETIOBAHHS
BIUIMBY CBITJIOBUX miomgHux xapakrtepuctuk Ha KK Kpucramiyanx KpeMHIEBUX COHAYHUX €JIEMEHTIB ITOKa-
3aJ10, 10 3MEHIITIeHH e()eKTUBHOCTI MPUJIAJ0BAX CTPYKTYP HIPH 301IbIIeHH] po60d0l TeMIiepaTypu 00yMOB-
JIEHO He TIJIbKHU 3POCTAHHAM T'yCTUHHM JIIO0JHOTO CTPyMy HacuueHHs 3 10-13 go 3:10-13 A, mo ckaagae 300 %,
ajie ¥ 3HWYKEHHSIM IIYHTYI0Y0ro omopy 3 2,5 10 1,5 kOm. ocmimkeHHs BILIMBY po0O0OU0i TeMIlepaTypu Ha Ji-
OJTHUI CTPYM HACHUYEHHS IIO0KA3aJI0, 110 BUCOTA IIOTEHIIHHOT0 6ap'epy B JOCTIPKEHUX KPEMHIEBUX (poToeIe-
KTPUYHUX IlepeTBopioBauax ckianae 0,87 eB, mo o6ymoBieHo HemocTaHIM pIBHEM JIeryBaHHSI 6a30BOr0 Ma-
Tepianay. OOMesKeHICTh BUCOTH IIOTEHITIMHOr0 0ap'epy IMPU3BOAUTD 0 HETPAIUIIINHOIO 3HUKEHHS eJIEKTPOO-
0Py, II0 IIIYHTYE, IPHU 30LJIBIIEHH] POO0Y0l TeMIepaTypH.

Knrouori ciora: Kpemniit, @oroesmexrpuyni nepersopiosaui, Constuna emeprist, PV/T cucremu, Esnexrpuani
napamerpu, Edextusricts, Mogemosanusa, Onrumisarris.
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