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ABSTRACT

The development results of a selection method for the
composite radioisotope coatings (CRC) parameters and
determining their reflective properties in a wide frequency
range are presented. Parameters necessary for calculating
reflective properties are indicated. The basic design
relationships for evaluating the reflective properties of the
objects with a large-scale distribution are given.

The procedure for calculating the real and imaginary parts
of the semiconductor dielectric constant coating layer is
shown. The numerical values of the average reflection
coefficient from the CRC scattering are given, as well as
possible variants of the coating structure.

Key words: composite radioisotope coatings, dielectric
constant, reflective properties, coating structure.

1. INTRODUCTION

Studies in the area of creating broadband radar absorbing
coatings that have the small mass and the size
characteristics have shown the promise of the CRC [1-6].
The basis of these coatings are the Il — V group
semiconductors with radioisotope inclusions, which are
pure sources of a particles: polonium 210 (Po-210),
strontium-90 (St-90), and plutonium-238 (Pu-238). Most
preferred are St-90 and Pu-238 due to their lower
biological hazard. The use of radioisotope inclusions
introduces a number of qualitative additions to the
composite material in comparison with conventional
composite materials. The most important ones leading to a
significant change in the dielectric and related
electrodynamics properties of the coating are:
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- the non equilibrium states sources emergence of the
material electronic subsystem and the surrounding air
environment;

- unsteadiness of the material radio physical properties due
to a constant change in the conductivity internal structure
due to changes in the number of tracks from the
radioisotope inclusions decay products [1, 2, 5].

In the works of A. Sotnikov, O. Vorobyev etc. [1-3, 6-7],
it was shown that the main CRC advantage along with the
expansion of the pass band is the simultaneous
combination of all the basic properties inherent in the
coatings known types separately [2, 3] . That is, the
advantages of the CRC are due to the ability to provide the
required  reflective, absorbing and  radioactive
characteristics in an extended frequency range by choosing
the size, shape, type of inclusions material, structure and
distribution of spatial homogeneity. The implementation
completeness of these advantages in practice is based on
the following factors [3, 4]:

1) the effects on the absorption and reflection of
electromagnetic waves (EMW) incident on the coating, the
electronic subsystem non equilibrium states of the weakly
ionized air medium due to the radioisotope inclusions;

2) the absorbing properties influence of the non
equilibrium states of the electronic subsystem material due
to the radioisotope inclusions;

3) the effects on the EMW scattering of the tracks
unsteadiness arising due to o-particles emitted by
radioisotope inclusions;

4) the influence on the EMW attenuation of the coating
structure heterogeneous and irregular conductivity;



5) the influence of the material nonlinear properties on the
conversion of the detection means signals.

The non equilibrium state in a coating with radioisotope
inclusions can be interpreted as in homogeneity in the
momentum space limited by the dimensions of the coating
and the airborne weakly ionized medium adjacent to it.

The irregular distribution of the CRC radioisotope
inclusions, as well as the unsteady conductive inclusions
structure at a concentration of inclusions at the percolation
threshold, leads to the abnormally high EMW.

1.1 Problem analysis

The theoretical studies results conducted by the authors in
the field (area)of creating effective radar absorbing
coatings indicate the promise of the CRC creation and
application in many areas related to solving problems of
reducing the secondary radiation level of objects. At the
same time, the practical implementation of the proposed
physical mechanisms requires knowledge of the
corresponding CRC parameters, at which the necessary
level of secondary radiation will be provided. In addition,
it is necessary to have an appropriate coating structure and
determine the basic design relationships for evaluating the
reflective properties of objects with a large-scale
distribution. The solution of these problems necessitates
the development of an appropriate methodology for
choosing the composite radioisotope coatings parameters
and calculating reflective characteristics.

The aim of the article is to develop a methodology for
choosing the composite radioisotope coatings parameters
and to evaluate their reflective properties in a wide
frequency range.

2. MAIN MATERIAL
2.1 The main parameters coating definition

To perform the CRC reflective properties objects
calculations and the basic requirements presentation for the
coatings characteristics at the stage of their design, we list
the main parameters that determine their reflective and
absorbing properties. These parameters include:

Radioactive inclusions activity -« ,q [ Ku ];
The o initial energy — particles —-E , [MeV];

The average inclusions radius— r,, [um];

1
2
3
4. The track o average radius— particles — ry, [um];
5 Coating matrix material—sm X

6

. The mean o free path— particles in the matrix — I,
[Hm];
7. The coating characteristic resonant frequencies —wy;
[GHZ];

8.  Atmospheric pressure -p, [atm], at which the
coating will be applied;
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9. The mean o free path- particles in the air -1, (pv)

[cm];

10. The semiconductor thickness layer of the composite
material — h [mm];

11. The semiconductor conductivity layer of the

composite material - oy, [S];
12. The inclusion conductivity material — o4 [S];

13.  The matrix materials and the inclusion density —p,
n

Pd [% 3 1;
cm

14. The matrix radioisotope inclusions concentration —

cm

When substantiating the coatings general requirements, an
important role is played by the overall dimensions
requirements of the coating, which, as a rule, should be of
negligible size and mass and provide the reflection
required electromagnetic radiation characteristics in  a

given frequency range ®pin < ® < Opax -

Since the concentration of radioisotope inclusions in the
semiconductor layer, determined by the condition of the
significant non linearity appearance for surface currents in
the coating, is selected at the percolation threshold

Cm =~ 0.5, the average coating density will be determined
in accordance with the expression [8]:

Pav =Pm{@—c¢q) +pgcq- @
The requirements for mass (M) and coating area (S)

naturally determine its thicknessh = ——.
PavS

2.2 Basic design ratios for evaluating the CRC
reflective properties objects

The reflection properties can be calculated using the
example of a two-layer composite radioisotope coating
with the surrounding air ionization.

The CRC dielectric constant for the normal EMW dip case

along the axis Z can be represented as follows:

(o) =1 (1 as)a(l, -2)o(2)

mew (2)

+0(=2)0(z+ )| ffm (Pr ori,0)5(1)
(2)olz+n) «(1-1(0,5+ vegr (f.0))) |

where e(t) — is the Heaviside function;



&(t)— a time function that describes the non-stationary

coating properties and is determined by the non-stationary
impedance;

Op — a set of the composite material resonant frequencies

with radioisotope inclusions;

Veff (Df,co)— the magnitude of the electromagnetic

radiation attenuation at a frequency ®, depending on the
non equilibrium state of the electronic subsystem a
semiconductor layer in accordance with the nature of the
radioisotope distribution inclusions;

am(Df,cori,co) — the semiconductor layer dielectric

constant , depending on the inclusions and their resonant
frequencies material.

In expression (2), the first term is determined by the non
equilibrium state of the weakly ionized air medium arising
under the radioisotope inclusions influence, the second
term is determined by the inclusions dielectric properties
in the semiconductor layer, as well as by the non
equilibrium state of the material electronic subsystem
along the a particles tracks.

The degree of the resulting air surface layer ionization is
determined by the radioisotope inclusions activity and their
surface density in accordance with the expression:

KS = Krad /Seff . (3)

Due to ionization in a volume of 1 cm® per 1s electrons are

E
formed By =3,7 -1010 Kg

li Iy
arising from nuclear decay does not change very much and
lies in the region of several MeV. In further estimates, we

. The o— particles energy

will consider this energy to be of the E;, ~ 5 MeV order.

The mean o— particles free path in the air is about 3.8 mm
at a pressure of 1 atm [9]. Depending on the object height
with the protective coating in question, the ionized near-
surface layer different thicknesses will take place.

In a weakly ionized air medium, the incident
electromagnetic wave energy is absorbed, and the open

space impedance Z,, (K) is coordinated with the surface

impedance of the CRC semiconductor layerZ, . The

coordination impedance leads to a significant reflection
weakening from the coating surface:

R (« :Zm_ZV(K) 4
e
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21 .
where k = N — is the wave number.

In accordance with expression (4), the surface (R)
reflection coefficient is reduced by the amount that can be
determined from the relation (ratio):

d¢ (K)
n
3R () = —Mmr/ )
\Veém
where Sgnq (K)— where is the non equilibrium state
contribution of the weakly ionized air medium electronic

subsystem to the electromagnetic radiation absorption.

The non equilibrium state influence of the CRC electronic
subsystem on the dielectric constant can be estimated on
the basis of the following relation [5, 8]:

exp (wj 2
q X \ay
8rdm?e? [mf (6)
Imde = — .
o> \K Z i (v vo,vr)
{3

The signal attenuation at a wavelength A in an airborne
surface of a slightly ionized medium can be written in the
following form:

ly (K)

Reff, (%.2.) =Ry () exp| -2vegr, ()

where the effective absorption of

Veﬁ: - s
v
electromagnetic radiation in the weakly ionized air layer.

The EMW passing through the ionized air layer to the
coating surface enters the semiconductor layer with the
non equilibrium state of its electronic subsystem.

The mean a-particles free path with the energy E

(MeV) in a semiconductor material is determined in
accordance with the expression [10]:

3/2
. (8)

4 A M M
I, ~1,741-10 4.0 e Tag
pav Ma me

(03

where A - is the atomic weight of the semiconductor
coating layer material.

The track radius of an o particle in a composite material
can be considered known, since it does not change
significantly with changing parameters in the wavelength

range of interest to us and is of the r, ~ 10_6 cm order.



The semiconductor layer with the inclusions has a large
frequencies spectrum, the values of which determine
the broadband coating degree.

Consider the main resonant frequencies.

Resonance frequencies associated with the average

distance between the tracks Aly,. We estimate these
distances through surface activity and relaxation time.

-1/2
Then Altr z(KSri)
curie, relaxation time
centimeters:

or, measuring activity in micro

in milliseconds, we get in

- 1
Al ~03 — . ©)
tr
VEsT

For the 0,1 mc order relaxation time and the order of
50 uKu/cm? activity , this formula yields the average
resonance frequency value of the order of:

c .
Gorl ~ —JKSIi ~ 20GHz.
0,3

The radioisotope inclusions dimensions provide a resonant
frequency r, in the terahertz range.

The remaining frequencies w, are much lower and are
i

determined by the average distances between inclusions
and the semiconductor coating layer thickness.

The effective signal attenuation at a wavelength A in the
semiconductor coating layer can be written as follows:

!
Regr, (.7) = Rpy (i) exp| —2vers % . (10)

It should be considered that the electromagnetic radiation
attenuation magnitude Veffn is determined by the non

equilibrium state of the semiconductor coating layer
electronic subsystem, to create which it is necessary to use

radioisotope inclusions with the order 70 “}y 9
cm
activity [3].

The signal reflected from the o particles tracks and
radioisotope inclusions, taking into account the attenuation
in a non equilibrium medium, excites the surface
conduction currents, which form the secondary radiation.

The secondary radiation structure is determined by the
coating structure: the complex conductivity spatial
structure and its unsteadiness, which leads to an increase in
the effective energy loss in an in homogeneous unsteady
medium even at sufficiently long waves.

The radioactive inclusions presence in the coating
determines the structure significant unsteadiness within
the above mentioned time of the means signals
accumulation for the secondary radiation recording.
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When certain requirements for the coating parameters (
fq = 0,05mm ), are met, strong fluctuations in the
reflection of electromagnetic waves in time arise.

Such stochastic bursts lead to a decrease in the amplitude
of the reflected signal during bursts (up to 25 dB) and a
significant expansion of the secondary radiation frequency
range. The frequency range extension leads to a significant
decrease in the flux density of the reflected power in a
given frequency band.

2.3 The material calculating example and imaginary
parts of the semiconductor coating layer dielectric
constant

As the material of the coating solid-state part , we choose a
semiconductor of the group AIllIBV - indium phosphate
InP, whose high-frequency permeability is equal

e =15,68.

Taking into account the radioisotope inclusions, the
dielectric constant of which is chosen to be g4 =4,5+i0,2,

the dielectric constant of the semiconductor coating layer
effective value with inclusions can be determined by the
formula [5]:

e — &
Looe, M
28d + 8m
€off m =¢gq (11)
€m ~&d
l-cpg——
28d + 8m

Substituting the above parameters into expression (11), we
obtain Eoff m- 8,7.

In accordance with the selected parameters of the coating
material, numerical calculations of its real frequency
dependence and imaginary parts of the dielectric constant
were performed taking into account the non equilibrium
state of the electronic subsystem. The calculation results
are presented in the form of graphs in Figure. 1 and 2.

Rele)
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Figure 1: Dependence of the semiconductor coating layer
dielectric constant real part average value on the frequency
The dependence calculating results of the CRC reflection
coefficient on the frequency for three values of the layer
thickness (h=1mm, 2mm, 0,5mm) are shown in Fig. 2, 3.
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Figure 2 : The average value dependence of the
semiconductor coating layer dielectric constant imaginary
part on the frequency
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Figure 3:- The dependence of the EMW CRC reflection
coefficient average value on the frequency

The graphs analysis shown in Figure 2 and 3 shows that
the real and imaginary parts values of the semiconductor
coating layer dielectric constant with radioisotope
inclusions are of the same order in a wide frequency band.
This provides a reflection coefficient of the same order in a
wide frequency band.

Thus, a technique to choose the CRC parameters and
evaluate its reflective properties is proposed.

To expand the coating frequency range (for example, in
the direction of increasing the operating frequency), it is
necessary to use radioisotope inclusions with greater
activity. The thickness (h) semiconductor coating material
with different radioisotope inclusions activity values can
be considered by this parameter as a set the coating
material separate layer. In this case, the CRC reflection
coefficient determination scattering will be carried out as if
for a multi layer structure.

The study results of the absorption main physical
mechanisms and scattering incident on the EMW
composite radioisotope coating make it possible to develop
a number of coating structures for application to real
objects, taking into account the peculiarities of their use
and operation.

Obviously, the differences in the requirements for the
reflective properties of ground and air objects determine
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the differences in the coating construction principles,
associated with the use of a different physical mechanisms
set for the absorption and scattering of electromagnetic
waves, which ensure the required objects reflective
properties.

2.4 Features of the CRC air objects construction

Satisfying stringent requirements, for example, to reduce
the radar visibility of airborne objects, depending on the
object type in terms of habitability, causes a certain
difference in the coating construction principles. Coatings
applied to aircraft should not use the EMW absorption
mechanisms associated with the ionization of airspace
adjacent to an object. Therefore, the most effective CRC
structure for application to inhabited airborne objects will
be a structure in which the absorption and scattering
mechanisms of electromagnetic waves arising in the
semiconductor layer are used.

In this case, the coating structure will have the form shown
in Figure 4.

Efalling down

semiconductor layer

%//ﬂ w”w‘ //% o~ particles tracks

Figure 4: The coating structure
For this CRC structure, the dielectric constant in
accordance with the expression (2) will be determined by
the following expression:

e(0.k) =em (Of o, 0)&(t)
«(1-i(05+ ves (Df0)))

To protect the ground equipment, the most effective
coating structure model is shown in Figure. 5.

radioisotope inclusions

(12)

Efalling down

Ereflection

semiconductor layer

\ radioisotope inclusions
; "Q.'»*“}}\ §\ \\\ \\\\\§'
D //’f’////////’f’////

/f, .
"';\ o~ particles tracks

Figure 5: The coating structure, providing a decrease in
the objects reflective properties due to the scattering of
electromagnetic waves on the unsteady structure of tracks
— particles and absorption due to the emerging non
equilibrium states of the material electronic subsystem
along the tracks.



3. CONCLUSION

A technique has been developed for choosing the CRC
multi layer parameters, which consists of taking into
account the reflective properties physical mechanisms of
reducing the material based on the radiation exposure to
dielectric materials.

It is shown that the real and imaginary parts values parts of
the semiconductor coating layer dielectric constant with
radioisotope inclusions are of the same order in a wide
frequency band. This provides a reflection coefficient of
the same order in a wide frequency band.

Coating structures are proposed that implement a different
set of physical mechanisms taking into account radiation
safety requirements.

Using the selection recommendations of the main CRC
parameters will provide the required values of reflective
and absorbing and properties of coatings in a wide
frequency range.
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