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As for Philae's drill, it was one of the last instruments to
be activated before the lander switched off. Mission
managers know the drill operated as expected, but
because the probe was sitting at angle they don't know
whether it delivered a sample to the instrument, which was
designed to study molecules from the comet by heating
material in an oven and measuring the resulting gas.

Fig. 2. Surface appearance of the comet 67P
from a distance of 40 meters

Rosetta is now ramping up its scientific mission. The ESA
has placed the spacecraft back into a higher orbit,30
kilometres above the comet, but it will dip to 20 kilometres on
3 December for 10 days to gather data on the increasing dust

In summary, use of passive video cameras and
powerful software to sense direction and distance results in
distinct advantages in a mission such as OLEV or Rosetta,
which has to interact with objects that are not equipped
with navigational aids to ease docking, and where low
mass and power consumption is a primary requirement.

Landing on a comet was never going be easy. The
European Space Agency's Philae spacecraft, the first
robotic probe designed to grapple and drill a comet,
bounced and skidded its way across the alien surface
before settling in for what might be a long nap. The
excitement of the landing may be dying down, but
researchers are just beginning to take stock of events —
and Rosetta, Philae's mother ship, might even get its own
chance to touch the comet.
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and gas spewing from 67P as it nears the sun. The plan is to
stay as close to the comet as possible without putting Rosetta
at risk from the comet's increasing activity.
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ABTOHOMHE CTUKYBAHHS 3 HEKOONMEPOBAHUMU KOCMIYHMMU OB’EKTAMU

TpaduuitiHo, cucmemu 8iOHOCHOI Hasizauii ma 6ayeHHs1 Orisi 36MILXKEHHS1 | CMUKY8aHHSI 8 KOCMOCI roknadarnucsi Ha KoornepoeaHi 06'eKmu, makumu wo masnu
ceimnogiobusayi, 8cmaHo8rneHi Ha KocMidHOMY kopabri. ToMy HadilHi cucmeMu Ha Uirboeill OCHO8I Matomb eKcrilyamauiliHi 0OBMEeXeHHS], SIK uini nosuHHi ymu
8CMaHoesIeHi Ha KOPUCHOMY HagaHMaxeHHi. Taki 3a80aHHs1, sIk a8MOHOMHe 36IUXKEHHS | CMUKy8aHHs1, nnaHemapHi nocadku 3oH0a i Hasieaujii pobomie eumazaromb
6inbL 8UCOKO20 pieHs1 asmoHomil. Cucmemu 6a4eHHs Ons yux 3acmocysaHb HeobXiOHO b6yde esecmu 8 eKcrilyamauito 8i0rnoeioHo 3 binbL WUPOKUM Oiara3oHOM yMOos.
NopieHsiHHSI d8OX ycriituHUX Micili 3i 36nUXeHHIM | cmuKysaHHs 8 2014 poui Oae uikasi Mo3HaYeHHs1 Onst PO38UMKY MalibymHix cucmem.

Knroyoei cnoea: cyrnymHukosa 36rUXeHHs1 | CmMUKy8aHHs!, cucmema KOCMIYHO20 bayeHHs], aémomamuyHa Hasieauis
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ABTOHOMHAS CTbIKOBKA ¢ HEKOOMNEPUPOBAHHBIMW KOCMUYECKUMUN OB bEKTAMMU

TpaduyuoHHO cucmemMbl OMHOcUMebHOU Hasu2auyuu U 8UOeHUsT Orsi COMUXKEHUST U CMbIKOBKU 8 KOCMOCe Moriazarnuch Ha KoorepuposaHHble 06beKkmbl, maku,
Ymo umenu ceemoompaxameriu, yCmMaHO8/eHHbIE Ha KOCMUYECKoM Kopabrie. [Tosmomy HadexHble cucmeMb! Ha Uenesoli OCHO8e UMeom 3KCTyamayuoHHbIe
ozpaHuYeHUsi, mak Kak uenu 00/mKkHbl bbimb ycmaHosneHbl Ha uernesol Hagpyske. Takue 3adayu, Kak agmoHOMHOe COru)eHUe U CMbIKosKa, niaHemapHble nocadku
30H0a U asmomamuyeckol Haguzauyuu mpebyem 6oree 8bICOKO20 yposHsi asmoHomMuu. CucmemMbl 8udeHusi Orisi smux npurioxeHuti Heobxodumo bydem esecmu &
3Kcryamauuro 8 coomeemcmeuu ¢ bonee wupokum duana3oHoM ycriosull. CpagHeHue 08yx caMbiX yCriewHbIX Muccull ¢ conuxeHust u cmbikosku 8 2014 200y daem
UHMepeCHbIe HanpaseHusi Onisi pa3sumusi 6yOyLWUX CUCMEM.

Knroyesble criosa: criymHukosble COMUXeHUs | CMbIKOBKU, cucmeMa KOCMUYECKO20 8UOeHUS], a8moMamuyecKasl Haguaauyusi
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SELECTIVE ENERGY-SAVING METAL-DIELECTRIC NANOCOMPOSITE
COATINGS BASED ON COPPER

Spectral selective characteristics of metal-dielectric nanocomposite coverings on the basis of copper are investigated. The computing
algorithm of determination of coefficients of reflection and a transmission of nanocomposite metal-dielectric structures on the basis of
copper in dielectric matrixes of SiO2 is developed. Numerical modeling of their optical characteristics in the spectral range from 0.3 to 3
microns for various options of structures is executed. Possibilities of practical realization and application of nanocomposite structures on
the basis of copper as the energy saving are discussed.
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Introduction. Scientific and technological research on
the development of energy-saving coatings in many
countries belong to the priority areas of science and
technology as the main attention is paid to date save
energy resources.

Such coatings can be used as transparent heat filters,

photothermal and photovoltaic cells with improved
efficiency [2].
Special interest are transparent nanocomposite

coatings with energy-saving properties based on nanoscale
metal layers on optically transparent dielectric substrate to
reduce energy losses due to light gaps [5, 6].

Analysis of the current state of energy consumption
shows that the order of half the energy consumption
accounts for the maintenance of thermal and lighting
comfort indoors. Of these, 40% is lost through the light
transparent gaps. In Ukraine such losses equivalent to the
annual expenses of gas in 8 billion cubic meters in May
2014 prices, equivalent to 4 billion dollars. About 50% of
energy loss accounts for the thermal radiation of glass of
light gaps in the near infrared (IR) wavelengths. Removal
of such losses is possible only through the use of heat-
reflective filters based on transparent surfaces. By the
experimental data are listed energy saving coating reduces
heat losses from 50% to 2%.

Energy-saving coatings is being implemented mainly
based on multilayer structures formed from thin films of
silver and dielectric. These coatings have a high cost due
to the use of precious materials. These coatings have
significant drawbacks: high cost; possibility of degradation
characteristics of multilayer coatings; insufficient
mechanical  strength;  sophisticated = manufacturing
techniques and control parameters of multilayer structures;
limited choice of materials for energy-saving features, etc.
[2, 5, 6]. To avoid a large part of these drawbacks is
proposed by the manufacture of nanocomposite metal-
dielectric structures with energy-saving features based on
the widely used in microelectronic technology metals,
including copper [3, 8].

The aim of this work is to develop nanocomposite
metal-dielectric coatings based on copper for use in
energy-saving technologies.

Experiment technique. For the numerical simulation of
optically transparent nanocomposite coatings used metal-
dielectric structure consisting of thin layers of dielectric and
metal on a dielectric substrate.

To calculate the parameters of spectral-selective
characteristics of the electromagnetic response of each
layer and the whole system is developed computational
algorithm based on transfer matrix method [3, 4, 9]. This
method is based on the theory of plane electromagnetic
waves in a layered system [1].

An advantage of the method is that it does not impose
any restrictions on the number of layers and can be used to
calculate both the multilayer and single layer structures.

The calculations were performed under the following
approximations:

= Layered structure consists of N plane-parallel,
homogeneous, isotropic layers;

= Each layer is characterized by the effective
thickness di (i — the index of the layer), the spectral
complex electromagnetic parameters € and | ;

= Coating located between two semi-infinite
homogeneous isotropic medium (in this case there is air
with a refractive index equal to unity).

In accordance with [4, 9], we represent the tangential
terms of E (z,) and H, (z,) are the electric E and

magnetic H fields in the form of a two-dimensional vector:

E.z)
H.(z)
The nature of electromagnetic wave propagation in
layered environments will be determined by the terms of
the continuity of E and H:
Gi(zi) = Gi+1(zi+1) (2)
Given the continuity conditions (2) in [1] that the vectors
G/(z) and G/ z,,) are related as follows:

Gi(z)= (1)

G/(2)=MG/z..) 3)
or
M, M,
Gi(z)= iM,, M, G(z.1) (4)

The characteristic matrix M of i-layer provided
homogeneity is [4, 9]:
cosD, i 1 sinD,
M, = u : (5)
iusinD, cosD,
where
n.cos @ — s - components,
u={ n (6)

' - — —p-components,
cos@

D, = 2—;\Tnidicos @ (7)
where A is the wavelength of electromagnetic radiation;
¢, is the angle of refraction of a i-environment; s is the
polarization component of the electric field in a
perpendicular plane to the plane of incidence; p is the
polarization component in the plane of incidence.

Owing to a condition of continuity (2) on limit of the
section of two environments the transfer matrix through
border is single.

The transfer matrix through all layered structure of M,
according to [1, 9] presents work of characteristic matrixes

of separate layers in it to M, , starting with that on which the
wave falls:

M=ﬁMi. 8)

The full matrix of transfer of layered structure, as shown
in work [9] has an appearance:
W(N+1),O = VN+1MVI;1 9)

where

<
I

(10)

N
—

1 L U -u

Elements of a matrix W of layered structure are Fresnel
amplitude coefficients of a transmission and reflection. For
limit of the section between i and m layers the matrix of
transfer is defined by a ratio:

c |1 -r
W, =-m| = " 11
" tim rlim dim ( )
where
im = timtim - r'imrim (12)

1—s-components,
Cm =7 COSQ
cos@,

13
— p-components, (13)
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where t .t .r..r, are respectively the amplitude

transmission and reflection coefficients for a beam incident
from the i~environment on the border with the m- environment.

Thus, on the basis of ratios (9) we find amplitude
coefficients of a transmission and reflection of multilayered
structure, using data about electromagnetic parameters
and thickness of separate layers.

Energy monochromatic coefficients of a transmission of
T, and R, reflections from a covering for unpolarized light

according to [4, 9] are represented by ratios:

2 2
= naeos | 1Ll [ | (14)
n,cos@ 2
2 2
R,= |r/¥| ;|r4‘| , (15)

where r,r,, are the monochromatic Fresnel amplitude
coefficients of reflection for s- and p-polarized light
components from the coating; t,.t, are the

monochromatic  Fresnel amplitude coefficients of
transmission for s- and p-polarized light components;
cos@, and cos@, are cosines of the angles formed by the

1,0

PR
i |

T O

ray and the normal to the surface of the environment, with
the refractive index n, and n, .

Value of cos@, is defined by the expression given [8]:

cosq, =ni«/n§ -nisin*q (16)
2

On a basis above the presented ratios the algorithm of
calculation in the program MATLAB environment is
developed for power coefficients of a transmission and
reflection of metal-dielectric structures.

The initial data for the calculation of dielectric structures
with energy-saving properties apply values of the optical
parameters of thin-flm layers of copper and dielectric
layers SiO; [7].

Results. Results of numerical modeling of spectral
dependences of coefficients of reflection and transmission
in the range from 0.3 to 3 microns of lengths of waves
metal-dielectric structures with nanoscale layers of copper
and anti-reflect layers on the basis of oxide of silicon (SiO2-
Cu-SiOy) are given in Fig. 1, 2 and 3.

Fig. 1. Spectral dependence of coefficient of reflection of R (a) and coefficient of a transmission of T (b) of structure
of Si0,-Cu-SiO; (the top layer of SiO, = 50 nanometers) at various values of thickness of a metal layer

a)

// HV\‘--&__

b)

Fig. 2. Spectral dependence of coefficient of reflection of R (a) and coefficient of a transmission of T (b) of structure
of Si0,-Cu-SiO; (Cu=4 nanometers) at various values of thickness of a dielectric layer
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Fig. 3. Spectral dependence of coefficient of reflection of R (a) and coefficient of a transmission of T (b)
of structure of SiO,-Cu-SiO, (Cu=30 nanometers) at various values of thickness of a dielectric layer

Follows from Fig. 1 that in the spectral range of 0.3+0.7
microns for copper layer thickness to 40 nanometers
values of coefficient of reflection are observed low (to 0.2).
Thus, in the spectral range over 2 microns for a copper
layer more than 15 nanometers of value of coefficient of
reflection increase to 0.9.

From Fig. 2 and 3 it is visible that change of thickness
of the clarifying layer of SiO, doesn't lead to essential
change of nature of spectral dependence of coefficient of
reflection and a transmission.

Representation results show that changing
parameters of structure of a metal-dielectric covering on
the basis of copper it is possible to change values of
coefficient of reflection and a transmission in the spectral
range from 0.3 to 3 microns. The obtained results make it
possible to determine the parameters of metal-dielectric
structures to provide the necessary spectral-selective
characteristics. Analysis of the results of numerical
simulations show the possibility of using metal-dielectric
structures based on copper as energy-saving coatings of
various practical applications.

Structures of SiO,-Cu-SiO2 with nanoscale layers of
copper up to 5 nanometers thick and with the clarifying
layer to 170 nanometers can recommend to be used as
energy saving low-issue coverings for a frigid climate (Fig.
2). And for copper thickness about 15 nanometers and with
the clarifying layer of 50 nanometers — as energy saving
low-issue coverings for warm climate (Fig. 1).

For structures with thickness of a nanoscale layer of
copper of 30 nanometers it is characteristic values of
coefficient of a transmission at the level about 0.5 in the
spectral range of 0.3+0.76 microns. It allows
recommending for use such metal-dielectric structures as
reflex coverings for warm climate (Fig. 3).

Conclusions. The computing algorithm of calculation
of spectral dependences of coefficients of reflection and

MauynsiHcbkuit O., kKaHA. TexH. Hayk, Babuy B., cTya,.,
Kad). MikpoeneKkTpoHiku, haKkynbTeT eneKTPOHiku,

transmission of nanocomposite coverings with metal and
dielectric components on the basis of a method of matrixes
of transfer is developed.

Numerical modeling of spectral characteristics of metal-
dielectric structures on the basis of nanoscale fiims of
copper with transparent dielectric layers is carried out.

Recommendations of practical application of metal-
dielectric structures on the basis of nanoscale fiims of
copper as transparent heat-reflecting filters in energy
saving technologies are made.
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HauioHanbHuM TexHiYHUIM yHiBepcuTeT YkpaiHu "KuiBCbkui noniTexHiyHMm iHCcTUTYT"

EHEPIrO36EPITAHOMI HAHOKOMMO3WUTHI NMNOKPUTTA HA OCHOBI MIAI

HocrnidxeHo crnekmparnbHO-CeneKmueHi xapakmepucmuku MemarnodieneKmpu4yHUX HaHOKOMIMO3UMHUX rMoKpummig Ha ocHosi Midi. Po3pobrieHo obyucntosansHUl
arneopumm eu3sHa4yeHHs1 KkoegbiyjieHmie 8idbummsi ma rporycKaHHs HAHOKOMIMO3UMHUX MemasodienleKmpuyHUX CmpyKmyp Ha ocHosi Midi 8 OieleKmpuYHUX Mampuysix
SiO2. BukoHaHO yuceribHe MOOET8aHHs X ONMUYHUX Xapakmepucmuk & criekmpansHoMy Oiana3oHi 6id0 0,3 0o 3 MKM Onis pisHUX eapiaHmig cmpykmyp.
062080pH0HOMBLCST MOXITUBOCMI LYOOO MPaKMUYHOI peanizauii ma 3acmocysaHHs HAaHOKOMITO3UMHUX CMPYKMYyp Ha OCHO8I Midi 8 siKocmi eHepao3bepiaatoyux.

Knroyoei croea: MemarnolieriekmpuyHi cmpykmypu, CrieKmparnbHO-CEeNeKmuUBHi XapakmepucmuKU, HaHOKOMIO3UMHI MOKPUMMSI, eHEP2036epeKeHHsI.
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HaumoHanbHbIN TexHMYeckuii yHuBepcuTeT YKpauHbl "KneBcknin nonuTeXHMYeckuim MHCTUTYT"

9HEPIOCBEPErAHOLLIME HAHOKOMMNMO3UTHbIE MOKPLITUA HA OCHOBE MEAU

UccnedosaHbl crieKmparnbHO-CEeNekmusHbie Xapakmepucmuku MemainioOuasieKmpudYecKux HaHOKOMIMO3UMHbIX MOKpbimull Ha ocHose Medu. Paspabomat
8bIyUCIUMETbHBIL an2opumm onpedeneHusi KO3gheUUUEHMO8 OMPaXeHUs U MpoIyCcKaHUs HaHOKOMIMO3UMHbIX MemarioOuseKmpuYyeckux Cmpykmyp Ha ocHogse
medu 8 duanekmpudeckux mampuuax SiO2. BbIronHeHo YucreHHoe ModenuposaHue ux OnmuYeCcKuUX Xxapakmepucmuk 8 criekmpasibHoMm OuanasoHe om 0,3 do 3 Mkm
0r1s pasrnu4HbIX 8apuaHmos cmpykmyp. O6Cyx0atomcs 803MOXHOCMU NMPaKMUYecKoli peanu3ayuu U MpUMEHeHUs1 HaHOKOMITO3UMHbIX CMPYKMYyp Ha 0CHoge Medu 8
Kayecmee sHepaocbepe2arouux.

Knroyesnble crioea: MemarnnoOuanieKmpuyecKue CmpyKmypbl, CrieKmpasibHO-CeeKmueHbie XapakmepucmuKU, HAHOKOMITO3UMHbIE MOKPLIMUST, S3HEP20COEPEXEHUSI.
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SYNTHESIS OF NANOELECTRONIC DEVICES WITH PROGRAMMABLE STRUCTURES

The synthesis of reliable programmable nanoelectronic devices based on the technology of quantum automata has been
described.While constructing majority circuits of combinational and sequential types the theory of finite automats is using. The order of
construction and programming of various types of arithmetic-logic devices has been analyzed.

Keywords: quantum nanodots, majority elements, field programmable gate array.

Introduction. The contradictions between specialization
and universatility can be eliminated through the development
of field programmable gate array (FPGA), which algorithms
of work can be changed at the request of the designer of a
particular computer equipment, that is by creating the
arithmetic logic circuits with programmable features.

Relevance of research. The development of theory
and practice of using a majority principle is an urgent
problem at present time, because the performance of
nanoelectronic computing systems with programmable
structures significantly reduces their cost and greatly
simplifies the phase of automated circuit design. One
programmable nanocircuit replaces from 30 to 150
integrated circuits with medium scale of integration.

Problem statement. The problem of developing the
design principles of the reliable computer technology is
very important nowadays. Application of mathematical and
circuit analysis along with computer aided design can

significantly improve the reliability of designing devices.

Main material. The most promising area of
nanoelectronics is creation of multi-functional subsystems
when one module combines a large number of logic
elements into a single functional unit, intended to
implement complex logic functions. These subsystems
must satisfy the following basic requirements:

= have a minimum number of external connections;

= have a hardware compatibility;

= use the same type of cells if it is possible;

= have a property extension, that is to have a flexible
structure.

To implement systems with variable structure (adaptive
system), besides, it needs to be able to programmatically
change the technical parameters of the subsystems during
or before work. In terms of cheapening of nanoelectronic
subsystems and improving the reliability of their work they
should be performed on the same type of cells with the
same configuration of connections between cells [1].

Programmable nanoelectronic device, which consists
of three universal majority elements (UME), duly
connected to each other (fig. 1), can be used as such cell
to build majority adaptive systems (MAS). Informational
(X5, X5, X4, X, ) @and control signals (r,, r,, r, ) are submitted
to the inputs of UME [2].

With the help of FPGA of this type all the functions of
two or three arguments can be implemented, including
functions of sum, difference, carry and loan, functions of
one, two and three memory elements, and some functions

of four or five arguments. The feature of FPGA is that its
logical possibilities and connections may be changed by
the program that allows it to be used for constructing of
MAS. The most important functions in majority basis,
implemented on the base of FPGA, are shown in table 1.

DD1 _
Xz —>2 ¢—p4———f4
X —
ra — l f1
@ ppy
S1 =22 fz
r
S f2
DD3 In.;1 m
r—2 fs
X1 —]
Xo—l_ ¢———*f;

Fig.1. Block diagram of a universal programmable
nanoelectronic device

FPGA is a functionally complete unit, because in its
composition are functionally complete UME.

Synthesis of majority systems on the base of FPGA is
recommended to do according to the following order:

1. The bolean functions, which are specified or
obtained, are presented in majority basis.

2. The minimization of obtained majority function is
performed.

3. The row, which is equivalent to the minimum form of
the majority function, is sought in table 1.

4. A block diagram of the given subsystem is created,
considering the opportunities of UME and specified number
of inputs.

The functioning of the systems on quantum cellular
automata (QCA) is based on the interaction of Coulomb
forces of quantum dots for performing logic functions. They
are designed to reduce the use of transistors and to solve
the problems of density and connection of devices. The
cellular automata consists of grouped quantum dots,
connected with tunnel junctions and capacitors. Quantum
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