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THE REFLECTION OF TRANSVERSELY POLARIZED WAVE AT ITS INCIDENCE
ANGULARLY ON TWO-LAYER SYSTEM: ANTIREFLECTING COATING - ABSORPTIVE
SUBSTRATE

S.R. KASIMOVA
Institute of Physics of NAS of Azerbaijan
370143, Baku, H.Javid av., 33

The results of theoretical investigations of reflection characteristics of transversely polarized wave at its incidence angularly on
absorptive dielectric substrate with coated layer of antireflecting non- absorptive coating, regulated on thickness, are given. The possibility of
experimental observation of non-reflective wave absorption in considered two-layer system is well founded.

The conditions of effect initiation of total non-reflective
absorption of transversely polarized electromagnetic wave at
its incidence angularly on plane absorbing substrate of
infinite thickness with the layer of non-absorptive dielectric,
coated on it were investigated in the paper [1,2]. It has been
established, that these conditions are fulfilled in the
dispersion region of substrate at well-defined selective values
of coating layer thickness, frequency and wave angle of
incidence. The carrying out of investigations of wave
reflection characteristics of considered two-layer system in
wide change interval of regulated parameters that is
technically difficultly realized for their experimental
definition. Let’s carry out the simplest method of
experimental relieving of total wave absorbance in substrate
at fixed incident radiation frequency, when wave reflection
characteristics of the system are investigated only in the
dependence on wave angle of incidence on it at the given
thickness of coating layer.

Let’s consider the relieving possibility of this effect at
the passing of plane transversely polarized wave through
layer of non-absorbing substance into absorbing substrate of
infinite thickness. According to data of paper [l], the
conditions of non-reflecting wave passing through similar
two-layer system can arise in minimum point of dependence
of wave reflection coefficient module p on thickness / of
antireflecting coating layer and if condition p=0 in this point
is fulfilled. These conditions are described by the following
bond equations between the selective values of refraction
coefficient of substrate n and factor dielectric loss y of one,
wave length of incident radiation Ay, layer thickness /, and
refraction coefficient 7, of antireflecting coating.
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S=arctge"|E's A=211-p5 75 A,, is wave length in the
substance substrate and coating correspondingly at the wave
propagation angularly to plane surfaces, limiting them;
p:sin2 ay; ayis wave angle of incidence; N, is number of zero
minimum of p dependence on /; &' =(&'—p)/(1-p);
g"=¢"N(1-p); &€, =,/(1-p), where &', &" and g
are connected with refraction coefficients n and factor of
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dielectric loss y of substrate and refraction coefficient »; of coating
by known relations correspondingly
g'=n2(1—y2> s e"=2n"y s 6, =n . (3
We use the equation (1-3) for the finding of dependencies
between selective values of dielectric constant &' and
dielectric loss &" of substrate substance, layer thickness /,
and wave refraction coefficient n; of substance of
antireflecting coating, wave length 1, and angle of incidence
of electromagnetic radiation ¢, at which the conditions of
non-reflecting radiation passing in the considered system
coating-substrate are fulfilled The dependencies of &£" on &’
and /)4y on &' at Ny=1 and n;=1.5, calculated on these
equations are given on the fig.1 as illustration. At =0 the
dependence of &" on &' looks like the semicircle, which
crosses the absciss axis at the values ¢’, which are equal to 1
and & correspondingly. The radius of similar circle increases

with ¢, increase and becomes the infinite one on the value at
a0:90°.
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Fig.1. The dependencies between selective values of layer
thickness of antireflecting coating /, dielectric constant
&' and dielectric loss &” of the substance of absorptive
substrate at antireflecting absorption of transversely
polarized incident wave at the angle . The wave
refraction coefficient of coating substance n,=1.5; 1 is
wave length of incident radiation.

The selective values of wave angles of incident and layer
thicknesses of antireflecting coating, corresponding to them,
at which the wave reflection is totally absent for substances
of substrate and coating with the known values &', &" and
n; for the given frequency of the incident radiation can be
found graphically or on the equations (1)-(3). From the figure
it is followed, that if at the given n; the operating point with
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such values &' and &" is situated in [&', &’'] coordinate
plane inside the limiting dependence &" on &' for «y =0,
then the antireflecting radiation absorption is impossible with
such substrate in two-layer system. If the operating point with
such values &', &" is situated higher, than limiting
dependence ¢’ (&") for =0, then in such substrate
substance should observe the antireflecting absorption of
incident radiation at well-defined wave angle of incidence
and layer thickness of antireflecting coating, corresponding to it.

The selective values of wave angles of incidence ¢ and
thicknesses of coating layer /,, at which the conditions for
antireflecting absorption of incident radiation of the given
frequency in it, calculated on the base of equations (1)-(3) are
given in the table. The different polar liquids, having the
wave dispersion in microwave range were used as the
substrate material [3].

The investigations of wave reflection characteristics from
two-layer system coating-substrate, in which polar liquids
were used as substrate substance, and non-absorptive
substance with n,=1.5 were wused as coating. The
dependencies of wave reflection coefficient module p of
similar systems on the wave angle of incidence o in interval
(0,90°) and at coating thicknesses by close or equal selective
values, obtained from equation (2) were defined. The
complex expression for reflection coefficient of transversely

polarized wave p of considered two-layer system was used
for finding of these dependencies:
. Z,cosa, —Z,cosq,

- s (4)
Z,cosa, +Z,cosq,

where
Zcosa, + Z, cosa,th(ylcosa,)

Z,=2
! : Z, cosa, +Zcosa,th(ylcosa,)

cosa, =4/1—pscosa; =1-ple ; cosa,=41-ple;
}/=i27f\/6‘71 /A is wave propagation constant in material

coating; Z,, Z;, Z are wave resistances relatively vacuum,
coating and substrate materials correspondingly; «;, «, are
wave refraction angles in coating and substrate materials; / is
thickness of coating layer; A is wave length of incident
radiation [4].
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Fig.2. The dependencies of module of wave refraction
coefficient p on the angle of incidence of transversely
polarized wave on the two-layer system coating-
substrate at and near selective thickness of coating layer,
the material of which has the refraction coefficient
n;=1.5. The substrate is 4-ethylpyridine, wave length of
radiation is A=3.22cm.

The dependencies of module of wave refraction
coefficient p of considered two-layer system on radiation
angle of incidence @, on it at the values of thickness of
coating layer, which is equal or close to its first selective
value, calculated on the equation (4) are given on the fig. 2
for the illustration of the obtained results. The 4-ethylpyridine
is chosen as substrate material. The calculation data confirm
that antireflecting wave absorption in the given liquid is
expected at the of polarized incident wave at the angle 54.6°
and at first minimal possible thickness of coating
antireflecting layer, which is equal to 0,557 cm. The
dependencies of p on ¢ of two-layer systems, in which the
methyl alcohol and cyclohexanon are correspondingly used
as substrate, are presented on the fig. 3. At that the /),
thicknesses of first selective antireflecting layers of these
coatings, which are smallest on the value, are chosen
correspondingly 0,137 and 0.637 cm. The same effect can be
obtained at the use of second /j, and following selective
thicknesses of antireflecting layer, which are bigger, than first
ones on the values, which are multiple to of wave half-length

A, in coating substance. However, its appearance will take

place in narrowest region of ¢, change. The last one is
proved by data of fig. 4, on which the dependencies of p on &
for three first selective coating thicknesses of antireflecting
system with methyl alcohol as substrate material.
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Fig.3. The dependencies of module of wave refraction
coefficient p on the angle of incidence « of
transversely polarized wave on the two-layer system
coating-substrate.

1. Substrate is methyl alcohol; refraction coefficient and
layer thickness of coating are correspondingly 1.5 and
0.137 cm; wave length is 0,818cm.

2. Substrate is cyclohexanon; refraction coefficient and
layer thickness of coating are correspondingly 1.5 and
0.637cm; wave length is 3.2cm.
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Fig.4. The dependencies of module of wave refraction
coefficient p on the angle of incidence ¢ of transversely
polarized wave on the two-layer system coating-substrate
at refraction coefficient n,=1.5 and selective thicknesses
of coating layer 0.137(1), 0454(2) and 0.770 cm(3). The
substrate material is methyl alcohol, wave length is 3.2 cm.
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The obtained results are unambiguously put out on the expected at well-defined selective values of wave angle of
possibility of experimental observation of antireflecting incidence and layer thickness of antireflecting coating at
absorption of transversely polarized electromagnetic radiation ~ known values of dielectric properties of substrate and
of the given frequency at its incidence angularly on the coating.
antireflecting absorptive dielectric substrate. This effect is

Table
The table of selective values of angle of incidence ¢ of transversely polarized wave, thickness of coating layer /y;, ly,, [y
of antireflecting system coating —absorptive substrate at value of coating refraction coefficient n,=1.5. &', &", n, y are
dielectric and optic parameters of liquids, used as substrate at the temperature 20°C; 4 and 4, is wave length in vacuum and in
the substance of antireflecting layer correspondingly.

Liquid A, cm &' g" n y ap,grad lpj,em | [p,em | [pzcm Ag, CM
Methyl alcohol 3.20 8.03 8.80 | 3.16 | 0.441 68.6 0.608 1.969 3.30 2.721
Methyl alcohol | 0.818 5.35 320 | 241 | 0.276 49.7 0.137 0.454 0.770 0.633
Cyclohexanon 3.20 11.67 | 584 | 3.52 | 0.236 67.4 0.637 1.990 3.344 2.706
2-ethylpyridine 3.22 5.732 | 2.65 | 2.45 | 0.220 47.7 0.549 1.783 3.016 2.467
4-ethylpyridine 3.22 5.757 |1 3.95 ] 2.52 | 0.310 54.6 0.557 2246 | 4.134 2.377
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UDAN ALTLIQ-SOFFAFLANDIRICI ORTUK: iKILAYLI SISTEM® BUCAQ ALTINDA DUSON SAQULI
POLYARIZASIYALI DALGANIN 9KSI

Udan dielektrik altliqa ¢okilmis soffaflanmis udmayan, qalinhiqli doyisken ortilys bucaq altinda diison saquli polarizasiyali
dalganin oks olunma xarakteristikalarinin nazari tadqiqatinin naticalori verilmisdir. Baxilan ikilayl sistemdos dalganin oks olunmadan
udulmasinin tacriibi 6yronilmesinin miimkiinlityti ssaslandirilmigdir.

C.P. KacumoBa

OTPA’KEHHE MOMEPEYHO-TIOJSIPU30BAHHOM BOJIHBI ITPA EE MAJEHUU ITOJT YTJIOM HA
JABYXCJIOMHYIO CUCTEMY: IPOCBETJISIIOIIEE NIOKPBITUHE-ITIOTI' TOIIAIOIIASA ITOJUVIOXKKA

[IpuBenensl pe3yJbTaThl TEOPETUYECKUX MCCICIOBAHMH XapaKTEPUCTHK OTPKEHHS MHOIEPEYHO-NOJSIPU30BAHHON BOJHBI IIPH ee
MaJeHUd TOJA YIJIOM Ha TOTVIOLIAOIIYI0 IUANEKTPHUECKYIO0 IOJUIOKKY C HAaHECEHHBIM Ha HEE PEryJlMpyeMOoro IO TOJNIIUHE CIOS
MIPOCBETIISIONIEIO HEMOIJIOMIAIOMIEro MOKPHITHS. OOOCHOBaHa BO3MOXKHOCTh 3KCICPUMEHTAIBHOTO HaOMIONCHUS 0e30TpakaTeIbHOTO
TOTJIOLIEHNS BOJIHBI B pacCMaTpUBAaEMOM IBYXCIIOIHOM cucTeMe.
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