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Problems of Creation of Radar Armament for Warfare where Hypersonic Aircrafts are Used
M. Pitchugin, A. Yatsutsenko, D. Karlov, Yu. Trofimenko, I. Pitchugin, M. Bortsova, O. Chernyavsky

Basic tactic and technical challenges at creation of hypersonic aircrafts detection-disarming complexes in active-passive
multipoint radar system, difficulties of estimating parameters and hazard degree of the detected objects at creating space-air
defense systems with the usage of improved radar systems of radio-radar troops, of antiaircraft means of ground troops, of
antiaircraft means of missile troops and electronic warfare means are regarded. General requirements to the rate and level of
decision-making automation are discussed.

Keywords: radar armament, radio-signals detection, hypersonic aircrafts, coordinates estimation, complete target velocity
vector.
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ANALYSIS OF ELECTRICAL AND MAGNETIC PROPERTIES OF
SEMICONDUCTOR CRYSTALS OF InSe TYPE INTERCALATED BY METALS DUE
TO THEIR MILITARY APPLICATIONS

The applications of magnetoresisatance structures based on semiconductor crystals of InSe for high precision
measurement of the magnetic field are outlined in this article. Possibilities of using magnetic field sensors based on
InSe structures for revealing the armour military vehicles are discussed. The impact of metal impurities on the
layered structure of the semiconductor material as referred to the strong covalent bond within the layers as well as
the weak van-der-Waals bond in the interlayer space is studied. Nyquist diagrams for In,Ses; crystal with the
impurities of chromium, copper and germanium at different temperatures ranging from room temperature to liquid
nitrogen are analyzed. The influence of metal impurities and its concentration on the electrical and magnetic
properties of semiconductor crystals of the InSe type is discussed.

Keywords: semiconductor, impedance, magnetic field, nanostructures.

Introduction. The magnetic field by its nature is
very difficult to shield from. Earth due to the rotation
around its axis creates a magnetic field (20 — 60)
microTesla on its surface. Military armored vehicles
consist of dozens of tons of ferromagnetic material
which is affected by the Earth's magnetic field creating
its own magnetic moment. That leads to the distortion of
the magnetic field, which can be detected using
magnetoresistive structures.
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Analysis of recent research and publications.
Nowadays sensitive magnetic sensors are used in many
technical systems, including modern anti-tank missiles
to identify the center of the target area and a minimal
armor region. Besides compounds based on
magnetoresistive structures are resistant to temperature
extremes, and ionizing radiation, so they are promising
for use in guidance systems of modern microprocessor
warheads [1].
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Magnetoresistive structures can not only provide a
Coulomb blockade of the electric current, but also
create conditions for the emergence of new unique
magnetic properties that serve as the basis for new
approaches to technology issues — information carriers.
In particular, the giant magnetoresistive effect in
nanostructures with alternating semiconductor and
metal layers offers the prospect of a radical restructuring
of materials technology — development of information
carriers and the creation of highly effective quantum
computers.

Basic statements. Magnetic sensors numerically
register these perturbations (anomalies) of the
background magnetic field of the Earth, and modern
methods of digital processing of analog signals allow a
relatively accurate determination of the mass, direction
and speed of the above mentioned objects [2]. Over the
past 30 years magnetoresistive structures boost their
share role on sensor technology sector of the market of
weaponary.

Magnetoresistive structure - objects that have the
ability to alter their current-voltage characteristics
depending on changes in the external magnetic field.
Sensors based on magneto-resistive structures are highly
sensitive to the magnetic field fluctuations (10™°T at
temperatures of liquid helium, and 10™*T at room
temperature) [3]. This property is used in a wide field of
military technologies, such as: navigation, detection of
submarines, missile guidance to the target, and more.

In the 70th of last century the first prototypes of
magnetic field sensors in which small perturbations of
the background magnetic field caused a change in
electrical resistance by 10% were developed. Given the
precision for measuring the electrical resistance already
at that time military equipment incorporating electronic
components based on these structures proved to be
effective and was adopted by the armed forces of
several countries.

In 1988 a giant magneto resistive effect has been
discovered proving that resistivity in a thin film of non-
magnetic material (Cr), squeezed between two layers of
ferromagnetic (Fe) in the presence of a magnetic field is
twice less than under its absence [4].

The explanation of this phenomenon is based on a
quantum-mechanical theory according to which the
conduction electron spins of the magnetic material have
the same direction in the presence of the magnetic field.
When no external magnetic field is applied,
magnetization of the adjacent ferromagnetic layers is
opposite, due to a weak anti-ferromagnetic interaction.
In a magnetic field direction of the magnetic moments
of the two layers coincides leading to a decrease of
scattering of the conduction electrons in the crystal
lattice sites.

The purpose of the article. To investigate the
effect of giant magnetoresistance effect on magnetic
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sensors based on semiconductor crystals, such as InSe,
GaSe with mixtures of chromium, copper and
germanium. Find out under what temperatures the
structures of InSe, GaSe crystals will experience their
maximum sensitivity to the perturbations of the Earth's
magnetic field. To analyze the impact of metalic
impurity, its concentration and temperature on the
electrical and magnetic properties of semiconductor
crystals such as InSe.

Presenting main material. The studied layered
semiconductor InSe crystal intercalated by Ni is not an
ideal resistor because the alternating ferromagnetic (Ni)
and diamagnetic (InSe) nanolayers create a distributed
capacitance. Therefore, to study these structures the
method for determining the current-voltage characteristics
for alternating current is used [4]. InSe structure is
characterized by the fact that it can be viewed as quasi
twodimensional. In-Se atoms form layers with strong
covalent bond, while interlayer space is filled with a
weak Van der Waals bond. This leads to strong
anisotropy of the properties of these structures.

Introduction (intercalation) of different by their
properties foreign atoms, in particular metallic atoms of
the iron transition group into the structure of the layered
crystal expands the range of new compounds with
unique properties. The appearance of even a small
concentration of magnetic impurities in the InSe crystal
may significantly affect the electrical, magnetic and
optical properties of the crystal. Lattice, in its turn, will
affect the magnetic moment of the intercalant leading to
anomalous kinetic and magnetic properties of such
structures [5].

For example, the introduction of the element of 3d-
iron group in the TiSe, matrix leads to the formation of
Ti-M-Ti covalent centers. In the case of M,TiSe,,
(where M - metal atoms of Ni, Co, Ag) intercalation is
accompanied by a decrease in the lattice constant along
the anisotropy axis [6].

The covalent centers of In-M-In in the NiyInSe
structure can act as traps for free charge carriers, on the
one hand, and as centers of lattice distortion on the
other. Since the introduction of metal atoms of 3d-iron
group into the matrix of the layered semiconductor
crystals significantly affects their properties, then the
magnetization can be assumed to be an important factor
regulating the above mentioned effects under the
influence of an external magnetic field [5-6]. The
influence of metal atoms of 3d-iron group on the matrix
of semiconductor layered crystals was studied in detail
in [7]. Some peculiarities of the behavior of In,Se;
doped by metallic impurities have been discussed in [8].
Impedance spectroscopy measurements in the frequency
range of 10° + 10° Hz were carried out using a
measuring complex "AUTOLAB" by the company
"ECO CHEMIE".
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To investigate the effect of metallic impurities on
the layered In,Se; structure the dependences of the
imaginary impedance component as a function of real
one for: 1) In,Sez with Cr (0,05%); 2) InySe; with Cu
(10%); and 3) In,Se; with Ge (0,2%) are outlined on the

Figures below.
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Fig. 1. Nyquist diagrams for In,Se; with Cr (0,05%)
for various temperatures
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Fig. 2. Nyquist diagrams for In4Se3 with Cu (10%)
for various temperatures
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Fig. 3. Nyquist diagrams for 1n4Se3 with Ge (0,2%0)
for various temperatures
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Conclusions

At low frequencies in all cases Im Z approaches
zero so conductance is led by a real resistance
component. Im Z is stable to temperature changes for Cr
and Cu as opposed to Ge. This may be due to the fact
that Cr and Cu measurements were carried out along the
layers and for Ge case perpendicular to them. This once
again highlights the strong anisotropy of layered
semiconductor structures.

Structures with alternating layers of semiconductor
and metal provide the fundamental possibility to control
the magnetic properties. These structures have sharp
anisotropy of magnetic susceptibility. Therefore, if such
a sensor is fixed on the axis and set for rotation with
some frequency (likewise radar station) then this system
may allow tracking down the motion of the heavy
armoured vehicles.

The investigated semiconductor crystals with
impurities of 3d-elements can extend the functionality
of modern magnetic sensors designed to detect heavy
armor.
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AHaJIi3 eIeKTPUYHUX Ta MArHITHUX BJIACTHBOCTel HAMBNPOBiTHUKOBUX KpucTadiB Tumy InSe, inTepkanboBaHUX
MeTaJIaMH, 3 OIJISIAY Ha iX BilicbKoBe 3acTOCYBaHHS

B.O. Cepentox

Y cmammi euxonanuii ananiz nepcnekmug 3acmocy8anHs MAazHiMope3uCmueHUX CmpyKmyp Ha 0CHO8i Hanienpo8iOHUKOBUX
Kpucmanie muny InSe 0na npeyu3itino2o GUMIPIOBAHHA MA2HIMHO20 noas. Po3enanymo modciugicmes 3acmocy8ants ceHcopis
MAZHIMHO20 nosi Ha 0cHo8i cmpykmypu InSe 013 susgenHs 8iliCbKO60I OpoHemexHiKu. J{oCnioxceHo 6niue OOMIULOK Memanie Ha
wapysamy CmpyKkmypy HanienpogioHuKogozo Mamepiany AK HA CUTbHULL KOBANEHMHUL 38130K 6cepeduHi wapy, max i Ha
cnabkutl Bau-0ep-Baanvcosuil 36’30k y miowcuiaposomy npocmopi. Ilpoananizoeano diacpamu Hatikeucma ons kpucmany In,Ses
3 OoMiWKaMu Xpomy, MIOI ma 2epMawiio Npu pPI3HUX MEMNEpamypax — 6i0 KIMHamHOi 00 memnepamypu piokozo a3omy.
OOTpyHmMOBaAHO 6NAUE OOMIWKYU Memany ma ii KOHYeHmpayii Ha eleKmpudHi ma MASHImHI 61acmugocni HanienpoBIOHUKOBUX
Kpucmanie muny InSe.

Knrouosi cnosa: nanisnpogionux, iMneoanc, MazHimue noje, HAaLOCMpPYKmypu.

AHaau3 AICKTPUYECCKUX U MATHUTHBIX CBOWCTB MOJIYIPOBOAHUKOBBIX KPUCTA/JIOB THIIA InSe, HHTCPKAJIUPOBAHHBIX
MeETAa/UIaMH, ¢ TOYKH 3PECHUS UX BOCHHOIr0 NIPUMEHECHUSA

B.0O. Cepentox

B cmamuve svinonnen ananuz nepcnekmug npuMeHenus MAazHumope3uCmueHslx CMpyKmyp Ha OCHOBe NOJYNPOBOOHUKOBbIX
Kpucmannos muna InSe 0na npeyusUOHHO20 U3MEPEHUs MASHUMHO20 noas. Paccmompena 603MOACHOCHb NPUMEHEHUS CEHCOPOS
MASHUMHO20 NOA Ha OCHoge cmpyKkmypel InSe Ona obuapyscenus oennou dponemexnuxu. HMccieoosaro énusamnue npumecelt
Memannog Ha CLOUCMYIO CIPYKIYPY NOAYNPOEOOHUKOBO20 MAMEPUANA, KAK HA CUTLLHYIO KOBATIEHMHYIO C6513b 6HYMPU CILOSl, MAK
u Ha crabylo Ban-oep-Baanvcosyio cesasv 6 meoccnoesom npocmpancmse. Ipoananusuposanst ouazpammel Havikeucma 0ns
Kkpucmanna InySes ¢ npumecsamu xpoma, meou, U 2epMaHus NPU PA3IULHbIX MEMNEPAMYPAx om KOMHAMHOU 00 meMnepanypul
arcuoxo2o azoma. OOOCHOBAHO GIUAHUE NPUMECU MEMANNA U €20 KOHYEeHMPAyuu Ha d1eKmpudeckue u MazHumHble ceoucmea
NOYNPOBOOHUKOBbIX Kpucmannos muna InSe.

Knroueswie cnosa: nonynposoonux, umneoanc, MazHumuoe noie, HaHOCMpyKmypbl.
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Hayionanvua axademis cyxonymuux siticek imeni cemovmana Ilempa Cazcaiioaunoeo, Jlvsis

MATEMATHUYHI METOJM BUPILIEHHSA 3AJIAYI KOMIIJIEKCHOI OLIIHKH
KOMILJIEKTY BOMOBOI'O EKIIIIPYBAHHS 3 YPAXYBAHHSM
OCOBJIMBOCTEM ® YHKIIIOHAJIbHOI'O IIPU3HAYEHHS

3 sukopucmanHaM enemenmié meopii HeuimKux GiOHOWeEeHb ma Memody aHauni3y iepapxili po3pobieHo
PO3PAXYHKOBY CXeMY OMPUMAHHS 0OTPYHMOBAHOI KOMINIEKCHOI OYIHKU MEKCIMUIbHUX MAMEPIANi, NPUHAYEHUX O
KOMNieKmy8anHs 60108020 eKinipysanHa Oitys. 3a 6UBHAYANbHY XAPAKMEPUCIUKY 63AMO AKICMb MKAHUHU,
NOKAA0eHOI 8 OCHOBY (hopmyeanHsi 0052y 6iticbkogocayacoosys. [lpuiinamo 00 yeazu Oecsimv Kpumepiis, ujo
xapakmepusyioms QYHKYIOHANbHICIb NOALOBOI POpMU 3 YPaXy8aHHAM cheyughiku UKOHY8anux OOUOBUX 3a0ad, Ha
OCHOGI AKUX OMPUMAHO KIIbKICHI NApamempu HAA6HUX Munie meKcmuibHux Mamepiaiie.

Kntouoei cnosa: mexcmunb, 001ioge eKinipy8amHs, KAMY@DIANCHI MKAHUHY, (DYHKYIOHATbHE NPUSHAYEHHS,
AKICHI § KINbKICHI NOKA3HUKU OYiHKU 001068020 eKinipyeanHs, Kpumepii (yHKYIOHATbHOCMI, meopis NpuliHAmms
piulens, meopis HeuimKux i0HOCUH, MAMPUYi NOPIBHAHb, PAHICYBAHHI KPUMEPIi8 (YHKYIOHATbHOCH.

HATIPaBJISAE€THCS HA 1HAWBIAYaJbHUNA 3aXUCT BiHCHKOBO-

B cryn CIIY’)KOOBIIIB — OCOONMBO PO3BINHUKIB, MiXOTHHIIB,
Ha cporomni B kpainax HATO (oco6muo CIIIA ~ IHXCHEpIiB, TEXHIKIB-MEXaHIKIB, TOOTO BCIX THX, XTO

Ta BenmmkoOpuTanii) BiI3HA4Ya€ThCS HOBAa TEHICHILIS: Gesnocepennbo Gepe ywacth y Oorosux misx. Tomy

OinbIme 60% BCIX BIAICBKOBHX 3aKkymiBenp ~ LLIBOBA CTPYKTYpa BiHCBKOBOIO OHODKETY KpaiHH Mae
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