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Novel and Pragmatic Approach to Design Silicon Alloy Anode by Equilibrium Method

Nurzhan Umiro¥, DeokHo Sed, HyangYeon Kin? andSungSoo Kimt™=
! Graduate School of Energy Science and Technology, Chungnam National University, 99-daehak
Yuseonegu, Daejeon 34134, Republic of Korea.
2 Korea Institute of Industrial Technology, 6 Cheomdavagiro 208, Bulgu,
Gwangju 61012, Republic of Korea.
**E -mail: kimss@cnu.ac.kr

Silicon is honored as one of the most promising anode materials for Litbiumateries (LIBS)
because of its high theoretical specific capacity (4200 mAh/g) compared to commercially available grap
anodes (370 mAh/qg). Over 20 years, Si has been intensively investigated due to considerable volume expe
of up to 300% upon electrbemical lithiation, leading to electrode cracking and rapid capacity fading
Numerous strategies have been reported with excellent cycle performancescialésli]. However, up today,
many material manufacturers and stgstcompanies failed to scalpthose technologies for mapsoduction,
in particular, due to the lack of reproducibility, economical feasibility, etc.

Herein, we demonstrate a novel and pragmatic approach for theprdsgible synthesis of Gilloys
with homogeneous microstructuredaimproved electrochemical performances. Namely, we have designe
and optimized amorphous phaseaBoy composition using reliable and mas®ducible mekspinning
process (Fig.1). Further, amorphous alloy is subjected to the thermal annealing preizesstdrollable re
crystallization and homogeneous growth of n@n@rains in inactive matrix. As a result of breakthrough
strategy the Salloy electrode delivered a high specific capacity of 900 mAh/g for 100 cycles at 0.1 A/g wi
nearly 99% capagjtretention [2].

Novel approach to design Si-alloy via Equilibrium path

‘x STEP 1.
;':Lsil& Amorphous allo pErz
b et o 2
o Gt
i
g

Time / Temperature

Fig. 1. Schematic illustration of -@lloy fabrication process [2].
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High mobility 2D holes in strained epitaxialGermanium guantum well heterostructures

Maksym Myronov
Department of Physics, The University of Warwick, Coventry CV4 7AL, UK
E-mail: M.Myronov@warwick.ac.uk

Carrier mobility is one of the most important parameters of any semiconductor mdetgatining
its suitability for applications in a large variety of electronic devices inclufiitg) effect transistors (FETS).
Bulk or 3D, Germanim (Ge), with its very high intrinsicholeand electron mobilities of 1900 and 3900%¢m
st at room temperature, respectively, is th@st promising candidate material to replace Si channels in future
complementary metaixide semiconductor (CMOS) deeis. When one or more of the dimensions of a solid
arereduced sufficiently to nanometer range, its physicochemical characteristics notablyfroep#nbse of
the bulk solid. With reduction in size, novel electrical, mechanical, chemiaginetic, andtical properties
can be introduced. The resulting structure is then called-alimensional structure or system.

Biaxial compressive strain in nm scale thick Ge epilayer narrows its band gapaases the
appearance of a quantum well (QW) in the vadeband. Holes confined in tlstrained Ge QW form a two
dimensional hole gas (2DHG) and have an increased motiiyboth to their lower effective mass and
reduced scattering factors in this material systearing the recent years a major breakthrougkehbeen
achieved in enhancement of carnmobility in strained epitaxial Ge grown on a standard Si(001) substrate
Extremely highroom and lowtemperature 2DHGmobilities of up to 4,500 cmdV-is[1] and 1,500,000
cm?V-is? [2], respectively, have le demonstrated. These hole mobilities are the higloestnly among the
grouplV Si, SiGe, Ge, SiC and Diamond semiconductors, butaisong ptype IlIi V, 1l71VI and emerging
2D materials.

Appearance of so high 2DHG mobility in strained epitaxial Gedh@ady led talemonstration, for
the first time, of various quantum phenomena and unique propertiesTimeit.include strong Rashba SO
interaction [3], fractional quantum Hall effect [4], Teraheuizantum Hall effect [2], quantum ballistic transport
[5], selforganised fractional quantisati¢@], electronic transport anisotropy [7], ballistic holes with strong
g f act or [8lamd2DHG with wepyyow effective mass of 0.035fi]. The obtained effective mass is
not onlythe lowest for holes among all known semiconductor materials, smtaber than electroeffective
mass in GaAs. Without any doubts, epitaxial strained Ge material will becafient platform for scientists
and engineers to discover new quantum phenomenapgtidations.
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Synthesis, characteristics and electrochemical performances of N;(l-phenylene) bismaleamate and
its fluoro-subsitution compound on organic anode materials in lithiuntion battery

Fu-Ming Wang*
Graduate Institute of Applied Science and Technology, National Taiwan University of Science and
Technology, Taipei, Taiwan
*E-mail; mccabe@tsut.edu.tw

Traditional lithiumion battery composes lithium transition metal oxide as a cathode and graphite as
anode. Due to the global warming and the increment of electric vehicle marketing, the ‘eatboedpolicy
and the requirement of high energy density, several techniguedbken studied in order to replace the graphite
such as metalloid and organic compounds. However, metalloid suffers tremendous problems when alloys
lithium ions, including the huge volume expansion and the electrochemical irreversibility. Thecorgal
compounds also present some drawbacks such as low electronic conductivity and low thermal stab
respectively. In this research, the bismaleamate aflddt®-substitution polymer have been synthesized and
studied in order to prevent above probleifige calculation and electrochemical performance show that the
fluoro-substitution on bismaleamate significantly decreases the energy band gap around 0.02 eV and pro
430.0 mAh ¢ after 350 cycles. Themte performance improves with the low endogynd gap when operates
at 10C/ 10C (190 mAh 9. The BrunauetfEmmettTeller analysis shows that thiuoro-substitution
bismaleamate has four times higher of surface area and ten times bigger of pore size compares with the
bismaleamate. The fluomsubstitution incurs the obvious threimensional steric effect and unsymmetrical
structure, which is able to provide the excellent ionic transfer. Fhey)photoelectron spectroscopy shows
the weak electrowithdrawing effect on fluoresubstitution dramatally inhibits the formation of solid
electrolyte interphase (SEI) and delivers an interesting reaction mechanism for its structure rearranger
OperandoX-ray diffraction pattern confirms the changes of crystal phase of bismaleamate #ndrdts
subsitution. New organic anode material, bismaleamates have excellent performances concerning the cap
c-rate, and cycle life, which are eligible for enabling high potential applications in litleinrand beyond
lithium secondary batteries.
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Morphological Peculiarities from Lithium Plating and Stripping

Juliette Billaud, David McNultySigita Trabesinger*
Battery Electrodes and Cells, Electrochemistry Laboratory, Paul Scherrer Institute
Forschungsstrasse 111, 5232 Villigen PSI, Switzerland
*E-mail: sigita.trabesinger@psi.ch

Enabling metallieli negative electrodes s E T E
. . . g . . LCO .
motivated by a significant increase of energy density, b~ — :

gravimetric ad volumetric (Fig. 1), despite the excess  NAL—1
metallic Li accounted to ensure a stable potential. LRNCMi

nifomn

MO T == Graphite
projected gain in energy density for pastion batteries Lg@%l = e | -
with metallic Li is twice than that possible to achieve wi  -?J— =
graphite, whereas with current angbtential positive N\L:p? _____ ia_f
electrodes of Lion batteries it is about 30 % [1]. Howeve srncwm
Li-metal as an anode is prone to dendritic growth a 0O 200 400 €00 800 1000

Gravimetric energy density (Wh/kg)

therefore, is considered an unsafe option. It has been u"“lfi'g Ue 1. Gravimetric and  volumetri
investigation since early 1970s and the interest declifid W onergy “densities of various  positiv
the invention of Liion battery technology, which was electrodes paired with negative eledes
considered safer alternative. However, recently interest nEL] Energy density vs metallic Li electrod

the metallic Li has 'S denoted in bordeaux.

50 um|
Figure 2. Li deposits after two plating
andone stripping irfbetween them. The
red ellipse highlights an area whe
6deadd Li surroun
previously active Li has been.

Liplates sporadi cal l

been again on a sharp rise [2]. There is still insufficient
fundamental understanding about the fundamental pringiples
governing electrochemical lithium plating/stripping, which often
results in dendrite growth, electrolyte consumption, other
undesired effects. [3]

The present study aims to gain a comprehensive
fundamental understanding of metallic behaviour upon
plating/stripping. As a first step, we performed posirtem SEM
analysis during the first two cycles in various electrolytes, in
addition to studying the cycling performance ini Cu and
symmetric Li Li cells. Our posimortem SEM study revealed that
y, where some of the regions

on those particular spots, while the other regions are free of Li deposits (Fig. 2). The most interes
morphological changes are obtained during thgirstages of stripping and plating.
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Controlled Oxygen Redox for Excellent Power Capability in Layered SodiuBased Compounds

Hee Jae Kirfy Aishuak Konarov, Seunfiaek Myung’
Department of Nano Technology and Advanced Materials Engineering & Sejong Battery Institute, Sejol
University, Gunjadong, Gwangjirgu, Seoul 05006, South Korea
*E-mail: plzokz@sju.ac.kr
**E -mail: smyung@sejong.ac.kr

Recently, anionic oxygen redox {O’)*become a main research subject for realizing high power
capability [1]. Unfortunately, although the delivered capacity obtained from the transikal redox and
oxygen redox is am of highest among sodium cathodes, the system suffers from not only serious capa
fading but also poor rate capability because of the sluggish kinetics of the oxygen redox [2]. To come up
this drawback, cobalt substitution in layered sodhesedcompounds is conducted to achieve a higfie of
oxygen redox. The rationally designedoN#go Mno¢Con 7O, exhibits outstanding electrode performance,
delivering a discharge capacity of 214 mAk @6 mA d?1) with capacity retention of 87% after 100 cycles.
High rate performance is also achieved at 7C (1.82'Avgth a capacity of 107 mAh'§ Surprisingly, the
Nao dMgo.Mno ¢C 202 compound is able to deliver capacity for 1000 cyeleSC (at 1.3 A g), retaining
72% of its initial capacity of 108 mAHh § X-ray absorption spectroscopy analysis of the -©dge indicates
the oxygerredox species (0 /)%i$ active during cycling. Firgtrinciples calculations show that the &itdoh
of Co reduces the bandgap energy from a2.65 to
facilitates facile electron transfer [3], enabling the lbeigm reversibility of the oxygen redox, even at high
rates. Tothe bestofthehubr s & knowl edge, t hiate oxygen redoxan sbdivlmased r
cathode materials, and it is believed that the findings will open a new pathway for the use ofregygen
based materials for sodivion batteries.
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Extremely stable zeolites developed via liquithediated selfdefecthealing

Kenta lyoki, Kakeru Kikumasa, Takako Onishi, Yasuo Yonezawa, Anand Chokkalingam,
Tatsuya @ubo, andToru Wakihara
Department of Chemical System Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkydu, Tokyo 118656, Japan
E-mail: wakihara@chemsys.tiokyo.ac.jp

The successful application of zeolites in diverse fields largely reli¢sadnhigh stability compared
with other porous materials. However, the property requirements for zeolites have become stringent due to
diverse and demanding applicationsluminosilicate zeolites are utilized for adsorptive and catalytic
applications, wherein they are sometimes exposed to-t@giperature steaming conditions (~1000 °C).
Zeolites are exposed to severe steaming conditions in regenerators to remove coke, and over 400,000
catalysts are discarded due to degradation during thepgr@@sq1]. Recently, zeolites have been used in
exhaust gas treatment processes, such as the selective catalytic reduction of NOXx, catalytic oxidation for
engines, and hydrocarbon trappif], wherein they degrade due to interactions with ‘éghperature
(>800 °C) steam. In automotive applications, degradation is often severe because zeolites are continu
exposed to steam without replacement. Therefore, the development of highly stable zeolites has becor
important issue. As the degradatiof highsilica zeolites originates from the defect sites in their frameworks,
feasible defeehealing methods are highly demanded. Herein, we propose a method for healing defects to ci
extremely stable highilica zeolites. Higksilica (SiQ/AlO; > 240) zeolites with *BEA MFI-, and MOR
type topologies could be stabilized by significantly reducing the defect sites via artiqdidted treatment
without using additional silylating agents. Upon exposure to extremelytéigperature (90150 °Q steam,
the stabilized zeolites retain their crystallinity and micropore volume, whereas the parent commercial zeo
degrade completely (Figure 1). The proposed-agelécthealing method provides new insights into the
migration of species through porousdims and significantly advances the practical applicability of zeolites in
severe environments.

Treated
-

Parent
10 20 30 40

Intensity[a.u.]

Figure 1 XRD patterns of MRlype zeolite after 1158C steaming for 3 hours.
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All-Purpose Electrode Design of Flexible Conductive
Scaffold toward High-Permanence LiS Batteries

Yongguang Zhangj, Yusen Hé Yan Zhaé, Zhumabay Bakendv
1 School of Materials Scier and Engineering, Hebei University of Technology, China
2 Institute of Batteries LLC, School of Engineering and Digital Sciences, National Laboratory Astana
Nazarbayev University, Kazakhstan
*E-mail: yongguangzhang@hebut.edu.cn

The main obstacles thankler the @velopment oéfficientlithium sulfur(Li-S) batteryare the polysulfide
shuttling effect in sulfur cathode and the uncontrollable growth of dendritic Li in the dteddn, wereport
an al-purpose flexible electroddat can be serveabthin sulfur cathode andli metalanode and meanwhile
the application in wearable and portable storage electronic devices is discusdtkiflrelectrodeconsists
of a bimetallic CoNi nanoparticles embeddmatousconductive scaffold wittmultiple Co/Ni-N active sites
(CoNi@PNCF3%. Both experimental and theoretical analysis show that, when used as the ciibdiaNi
and Co/NiN active sites implanted on thporous CoNi@PNCFs significantlypromot the chemical
immobilizationtowards soluble lithium posulfidesand its rapid coversioninto insoluble LiS, and therefore
effectivelymitigates polysulfide shuttling effedfleanwhile the 3D matrix constructed withorous carbonous
skeleton and multiple active centexsccessfully induce homogenoluisgrowth, realizing a dendritéree Li
metal anodeThe Li-S batteryassembleavith SICoNi@PNCFsathode and LEoNi@PNCFsanode, achieve
a high reversible specific capacity @5 mAh g' and long cycle performane 5 C(capacity fading rate of
0.016 % over B0O cycles).
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3 gy Tl lecN@PNCF’s‘:

SICONI@PNCFSLICON @pcr ‘ ]
1 20 ‘

=21

INESS-2020 15



44._.‘._.\_-:1\_.! _~n=n
" CAC)

o T

‘ -! ll" = = [ - - =]

ke [ B
The 8" International Conference on Nanomaterials and Advanced Energy Storage Systems (INEQ620)

Valorization of biomass waste into high efficient materials for CBRN protection

Zulkhair Mansuro¥, Seitkhan Azdt*", Almagul Kerimkulova?
lnstitute of Combustion Problems, Almaty, Kazakhstan
%al-Farabi Kazakh National Univeity, Almaty, Kazakhstan
3Satbayev University, Almaty, Kazakhstan
*E-mail: zmansurov@kaznu.kz
**E -mail: seytkhan.azat@gmail.com

Nowadays, the cleaning of aspiratiand ventilation emissions from harmful substances is one of the
main air protection measures for most of the industrial enterprises. The specific feature of most of the indu:
emissions refers to the content of a large number of harmful gaseousnemmsgoio addition to solid and liquid
particles (dusts, gases, mists) [1]. The cleaning of the gas flows from such contaminants requires correspo
knowledge of the theory to develop gas purification methods. The adsorption method becomes more and
valuable among other known methods of industrial emissions cleaning as it allows almost complete remov
the contaminations of the gas flows.

Many countries (Russia, USA, China, etc.) study intensively the problem of air cleaning. The scient
from the Institute on Combustion Problems perform studied fnnected with the manufacture of modified
carbon adsorbents for medical applications, waste waters cleaning from heavy metals ions, biomole
division, etc. But the elaboration of carbon sotbdar toxic gases sorption has not been studied so far. Thit
omission is treated in the present communication.

This work is dedicated to the development of a method for the manufacture of modified carbon sorb
made for absorption of organic and inorigavapors. The microstructure analysis of the samples reveals the
the activation promotes the formation of a higher number of small pores and the development of a sp
texture of the sorbents leading to carbon content increase when compared tdhatitélt sample. The final
samples have apparent mesoporous confirmed by the form of the isotherms referring tetémeplerature
adsorption of nitrogen and the results of pore size distribution using the DFT method.
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AQuenchedo Polyampholytes as Catalysts

Sarkyt Kudaibergenov*
! Satbayev University, Laboratory of Engineering Profilnaty, 050013,
Satpayev Str. 22, Republic of Kazakhstan
2 Institute of Polymer Materials and Technology, Almaty, 050019,
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E-mail: skudai@mail.ru

The Aguenchedd or st r cgeprgdent amphoteric ghacmabeoculeycansigtihg
of static positive and negative charges [1,2]. The volphase, swellingleswelling, sebhealing, viscoelastic,
and mechanical properties of Aqguen c-saltdohionp todethen mj
with their stimulir e sponsi ve character [ 3] . Application
biotechnology, biomedicine, oil recovery, desalination, catalysis and supercapacitors [4,5]. Understandin
the fundamental relationships tiveen the microstructure and property of crosslinked amphoteric

macromol ecul es wi ||l open renewed interest to p
particular.
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Investigating the Feasibility of Energy Harvesting using
Material Work F unctions

Torybek Kenzhekhanov, Durbek Abduvali, Gulnur Kalimuldibasmond Adair
Mechanical & Aerospace, Nazarbayev University,4Suttan, 010000, Republic of Kazakhstan
*E-mail: dadair@nu.edu.kz

There is an omoing search for miniaturized efficieahergy harvesting devices which will capture
energy from the environment and transform and supply enough electrical power for the autonomous oper
of small low powerdemand electronic devices [1]. The concept of energy harvesting is especiallyvataacti
it could be applied when battery replacement is difficult or when recharging in a conventional sense may p
to be not cost effective. Also this concept could be used successfully when continuous operation witl
maintenance is required.

Electrorc devices, with low power demand, can be energized using vibration energy harvesters wt
gather and transform energy from mechanical vibrations. This investigation looks at the feasibility of a met
of energy harvesting from mechanical vibrations gisire naturally occurring charging phenomenon within a
system of two bodies which possess different work functions. A work function is defined as the minimi
thermodynamic work (i.e. energy) needed to remove an electron from a solid to a point in tha vact
immediately outside the solid surface. A work function is not a characteristic of the bulk material but rathe
a property of the surface of the material and depends on the material crystal face and presence of contam
The critical difference beteen a work function energy harvester (WFEH) and the electrostatic energy harves
is that the former does not require any electrdisldctricmaterials that has a quamrmanentlectric
chargeor dipole polarisatior or external power sources.

In this work, a brief review of similar technologies, namely piezoelectric, electromagnetic ar
electrostatic energy harvesters is first given. This is followed by the development of a theoretical model an
investigation of different WFEH operation modes amithiaturization of a WFEH, with conclusions on a
possible optimum mode of operation and method of miniaturization. The design of an experiment to tes
developed theory is then presented followed by some preliminary results. Generally it is foMviBERahas
potential for use in energy harvesting applications with the possibiligywofg equal or better output power
when compared to traditional electrostatic harvesters.
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Smart window design with aerosol trap, greenhouse gardening and powered by solar panels

Svetlana Mikhailovg Leonid Mikhailov*, Guzal Ismailova, Nursultan Kenes,
Raiymbek Yersaiyn, Ruslan Mahmutov
IETP, alFarabi Kazakh National University, 71-&arabi avn. 05008 Almaty, Kazakhstan
*E-mail: svetik.mikhailova@gmail.com
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Photovoltaic panels usage in urban conditions only for energy production is unprofitable, since ene
from traditional energy sources is much cheaper and the infrasgdicturansporting energy to consumers in
cities has already been formed. Fundamental difference between the proposed device in social and eco
terms is that the individual consumer is offered not energy from the power plant, but a household device
a combination of LED illuminator with and sunligitggulating external blinds [1, 2]. Along the way, it will
help to solve global human problems of ecology, by cleaning the air from smog, contaminated aerosols
using "green" energy. Even when the s@anel is not lit, it can act as a dust and aerosol collector, a heat ar
light screen for the room.

The aim of this development is usage of solar energy in windowed household systems for the follov
consumer functions: 1) night and regulated daytiooalighting; 2) for cleaning the air basin of the city from
smog and aerosols; 3) for additional heat and sound insulation. Relevance of the study is also associate:
measures to reduce greenhouse gas emissions through the use of alternative rebimelps @0 solve the
problem of their coseffective use.

A working designed model was created being scaled down 1:5, where consumer functions are te
and refined after modeling in AutoCAD. A device based on solar panels provides the combinati@nabf sev
consumer properties and a combination of three sttt modules placed on a single metal structure, fixed
in the aperture and on the window frame. The model has five static and three dynamic modes of oper:
Electromechanical and photoelectriarpof the prototype device was manufactured and the study of th
technical characteristics was carried out. Note that power calculations were performed for-gbaldull
prototype version. A fulsize model of the device was made on the window at Faofilfhysics and
Technology of aFarabi KazNU.
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Dynamic Chemical Passivation of Absorber Layer Trap States ahits Reattime Effect on the Device
Performance in BackContact Perovskite Solar Cells

Askhat N. Jumabekov
Department of Physics, Nazarbayev University,-Sultan, 010000, Kazakhstan
*E-mail: askhat.jurabekov@nu.edu.kz

Hybrid organieinorganic perovskites have been identified as one of the most promising classes
materials for photovoltaic and optoelectronic applications, due to their excellent electronic and opt
properties, combined with theiage of fabrication. The efficiency of perovskite solar cells (PSCs) has increas:
at a remarkably fast pace, with the current maximum certified power conversion efficiency (PCE) react
25.2%. Conventional soligtate hybrid organimorganic perovskitdased solar cells have a sandwich type
structure in which the perovskite absorber layer is positioned between bottom and top electrodes, typice
transparent conducting oxide (TCO) layer on glass, and an evaporated thin layer of gold or silver,algspecti
Such an architecture for PCSs allows illumination of the cells only from the TCO side. Alternatively, the ba
contact architecture offers the possibility of positioning both electrodes on one side of the absorber layel
shining light directly ontie photoactive layer [1, 2]. This helps to avoid the occurrence of transmission loss
caused by the charge collecting TCO electrode in the conventional sandwich structure for PSCs, and may
some potential application in constructing four or two teahiandem solar cell devices. The bacntacted
device architecture is also useful for conducting fundamental studies as it has an exposed photoactive
permitting in situ measurements on the effects of chemical treatment, passivation and annéHlprgskent
a successful application of backntact PSCs in studying the dynamic effect of a chemical passivation of tf
perovskite absorber layer and it is réate influence on the device performance.
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Fabrication of back-contact solar cells by microsphere lithography

Z. Umatova, A. Jumabekov
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The back contact solar cells are a promising alternative to the traditional sandwich type devices.
most convenient and low cost method to fabricate {wackad¢ solar cell devices is using microsphere
lithography [1] as it can be performed without expensive photolithography tools and cleanroom. -The s
assembly of polystyrene microbeads [2] was performed on top of APFESifopropyl)triethoxysilane)
functiondized surface of tin oxide layers on conductive glass substrates and deposited with magne
sputtering. The deposition of microsphere beads on the substrates is achieved via electrostatic attraction
between positively charged molecular monoldygrctionalized substrate and negatively charged misizad
polystyrene microbeads with carboxyl surface groups. Resulting-dmtkct electrodes are used for
fabrication of perovskite solar cell devices.

Copper was chosen as a cathode layer in ordefaot &xisting processes on plastic substrates due t
lower oxidation temperatures [3] compared to nickel [4].
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Simulation of Antireflection Coatings System Based on DLC/Porous Si
and TiO2/SiO;for Si Solar Cells

Sholpan Nauryzbekoy&air NussupoyDina Bakranova
KazakRBritish Technical University, Almaty, Kazakhstan
*E-mail: d.bakranova@kbtu.kz

The exploitation of diamontike carbon (DLC) films in a wide range of practical applications attracts
scietific interest [1]. More than 35% of solar radiation reflects from the surface of a silicon solar cell. Tk
phenomenon negatively affects the quantity of generation of elewtierpairs. Inhibiting of reflection can be
achieved by applying antéflecion coatings (ARC) on the silicon surface, with refractive indices n betweel
n =1 @Air) and n = 4.0%i). In the visible spectrum n = 1.5 for porous silicon, n = 2.4 for the DLC film, n =
1.5 for SiQ and n = 2.12.5 for TiG, [2]. By changing the thickess of the layers, the minimum of Inhibiting
can be shifted to different parts of the spectrum. The deposition dayeo films allows for expanding the
useful range. A porous silicon layer has important advantages: the textured surface, the pobstmlitging
the bandgap, the ease of manufacture of the layer, and the variation of the refractive index by electroche
anodization. Silicon DLC films are characterized by high mechanical, chemical, and radiation resistance

a) b)
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Figure 1- Reflection spectra of a) DLC/Porous Si/Si and b) A80D,/Si
obtained using the Lumerical FDTD program.

The modeling of the reflection coefficient with a commercial simulation base revealed the optimt
ratios of the thicknesses d of the DLC/Rms&Gi and Ti@SiO,. Encouraging results were obtained with the
following layer parameters: n(DLC) = 2.4, d(DLC) = 90 nm; and n(PS) = 2.2, d(PS) = 50 nm. Reflection i
wide range of 500700 nm was about 10% (Fig. 1a). The following parameters were etht@inthe twelayer
TiO2/SIO, system: n(TiQ) = 2.1, d(TiQ) = 150 nm; n(Si@) = 1.5, d(SiQ) = 90 nm. The reflection was less
than 1.5% in the range of 5860 nm (Fig. 1b). It is possible to significantly reduce reflection and increas
the efficiency ofsolar cells.
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