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A SOLAR ELEMENT COMPRISING RESONATOR FOR APPLICATION IN
ENERGETICS

Technical Field of the Invention

The invention relates to a solar system with elements including a resonator
characterized by a high rate of efficiency in transforming the energy of light to electric
energy. The system includes a structure located between a pair of electrodes with the
aim to utilize the element for high-efficiency transformation of the energy of ||ght to

electric energy.

State of the Art o ,
In contemporary photovoltaics, more than fifty-year-old principles of

transforming solar electromagnetic radiation or waves (wideband electromagnetic
radiation within the wavelength range of 100 nm to 10000 nm) are generally applied.
The solar cells are composed of two semiconductor layers (with silicon being the
typical material) located between two metal electrodes. One of the layers (an N-type
materiai) comprises a multitude of negatively charged electrons, whereas the other
layer (a P-type material) exhibits a large number of "holes" definable as void spaces
that easily accept electrons. The devices transforming electromagnetic waves to a
lower-frequency electromagnetic wave, ‘dr a direct component, are known as
transvertors/converters. For this purpose, semiconductor structures with different
concepts and types of architecture are applied, respecting only experimental results
of the electromagnetic wave transformation effect.'} '
The antennas, detectors, or structures vdesigne’d to date are not tuned into
resonance; the applied semiconductor “structures ‘face considerable difﬁculty in
dealing with emerging statlonary electromagnetic ‘waves, and the effi C|ency of energy
transformation has to be increased via additional measures. :
Similar solutions utrllze'the principles of antennas or the transfc)rmation of a
progressive electromagnetxc ‘Wwave to another type of electromagnetlc radiation
(namely a progressive electromagnetlc wave havmg a different polarization or a
stationary electromagneticwave) and its subsequent processing. Certain problems

occur in connection with the incident electromagnetic wave and its reflection as well
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as in relation to the broad- spectrum character of solar ‘radiation. In general, it is not
easy to construct an antenna capable of malntalnlng the desrgned characteristics |nv
the wide spectrum for the penod of several decades v !
A solution has been proposed in which a srngle layered system of tuned
structures is applied to epr0|t the |nC|de_nt solar radiation; the system is based on a
resonant mode semiconductor. o | s |
The Czech patent appllcatlon PV 201142 contalns the description of a
photovoltaic element including a resonator and.arranged on a semiconductor
structure. The structure is formed by an area without electromagnetic damplng,
whose upper plane constitutes the incidence plane and an area with electromagnetlc
damping; both the areas are bounded by virtual (assumed) boundaries of material
property changes, and at least one 2D-3D resonator is surrounded by a dielectric and
arranged in the semiconductor ~_structure. The area with electromagnetic damping
borders on a relative electrode. ‘:'The ~disadvantage of the solution consists in that
upon the incidence of an electromagnetlc wave havmg high power density |n the
infrared radiation spectra A, B C, and D, the semlconductrng substrate may
overheat. This problem then results in the reduction of operating life or even

complete destruction of the element.’

Summary of the Invention

The invention is aimed to propose a new architecture of a solar element having
a resonator arranged on a dielectric structure. 'Based on the utilized construction
technique, the element resonates and produces .high-vaIUe components of t'he,
electric and magnetic fields in such a manner that‘these components are ulitizable
and processible by means of the' well-known technology based on classical electronic
elements. DS

The above-mentioned drawbacks are eliminated by a solar element mcludrng a
resonator and arranged in a structure the element is characterized in that it
comprises a layered dielectric “structure composed of an area with minimum
electromagnetic damping, whose upper plane constitutes the incidence plane. The
layered dielectric structure, permeable for an electromagnetic wave, is defined by the
boundaries of material property changes, and at least one 2D-3D resonator is
arranged in the area with mimimum electromagnetic damping, where the 2D part of

the resonator is arranged in the incidence plane, with the related 3D part located in

e ke
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the ‘dielectric. The area with m|n|mum electromagnetic damping is coupled with at
least one area having a dn‘ferent resonance frequency This area is defined by the
boundaries of material property ‘changes, and at least one 2D-3D resonator is
arranged in the area exhibiting a diffe_rent resonance frequency. While the 2D part of
this resonator is arranged in the:' .ih’éidence plane, j‘ts‘ 3D portion is located in the
dielectric, and the last structure héving a different résonance frequency is coupled
with the solar system in the diréétibn of the electromagnetic wave propagation.

The creation of high—valué_ cofnpbnents of the eiéctric and magnetic fields can
be realized conveniently when {he 20-3D resonator is composed of two parts, of
which the first (2D) part is constituted by a transformational element arranged on the
incidence plane and consisting _‘_.6f a pair of electrodes in the form of coupled
conductors, while the second (QD') ‘part is constitutéd by a dielectric and a reflector
arranged both inside the area’ without electromagnetlc damplng and inside the area
through which the electromagnetic wave passes in a no-loss manner; the
transformational element is further arranged- on the dielectric, upon which the
reflector is placed orthogonally. L

The invention utilizes the " spectrum of s}olar radiation in which the
electromagnetic wave power'%flUx density (W/m?) is-high. Within the presented
invention, the solar element in: the form of a 2D-3D résonator arranged on a layeréd
dielectric structure is, for the selected portion of the spectrum, tuned to the frequency
of the incident EMG wave. The elerient is tuned in stich a manner that it focuses on
areas exhibiting high values of.power spectral density (such as the infrared radiation
areas A, B, C, D); simultaneusly, another 2D-3D resonator is tuned to a different
frequency of the selected regi’on of the -spectrum. This resonator then follows the
preceding 2D-3D resonator in ‘the direction '“o_f progress of the incident
electromagnetic wave. Through stich inclusion of other resonators arranged in layefs
or areas (even though theoretically an infinite number of resonators can be included,
the real number remains within several hundreds of these elements), a system of
2D-3D resonators could be ‘built depending on the geographical and climatic
conditions; thus, it is possible to éxpioit the incident eIeCtromagnetic wave to acquire
the maximum of energy for subsequent conversuon into electric energy. In
comparison with the currently applled solar and ‘photovoltaic elements, the
manufacturing technology and desugn of the resonators described herein provide for

long operating life and allow high thermal differences. The concept realized within the
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described invention is characterized by top effncrency achieved in transforming the
energy of light/thermal energy into electric energy. *

The main advantage of the’ newly constructed solar element consists in the
manner of its composition, namely in the layered vdiel{ec':tric structure. This structure is
formed by individual areas of the dielectric material, and each of these areas ‘with
dielectric properties contains a'2D-3D resonator. The thus designed arrangement of
the layered dielectric structure g"énerates a minimum amplitude size and the phase of
the backward eiectromagnetic wave propagating in the direction of the incident
electromagnetic wave emitted by a source such as the Sun. The solar element
exploits the necessary portion ‘o"fenergy, and the“actual layered dielectric structure
will not heat up thanks to the effects brought upon the solar element by the incident
or the incident and back- reflected electromagnetic wave. The 2D-3D resonator is
designed in such a manner that the electromagnetic wave passing through the
dielectric structure propagates further behind the 2D- 3D resonator to other areas with
2D-3D resonators and, at the e'nd of the dielectric""strocture, into the free space or a
solar system capable of harvest’i'ng the remaining energy in the form of residual heat,
an electromagnetic wave, or Irght Thus, the resonator behaves like an ideal
impedance-matched antenna oran ideal energy converter for the proposed wide and
arbitrarily variable frequency spectrum ]

The layered dielectric structure contains several 'components described in the
following section of the text. Frrstly, it is necessary to specify the area with minimum
electromagnetic damping, which' is bounded by the planes of variation in material
properties; this area with minimum electromagnetic damping is intended to harvest a
portion of the energy of the mcrdent electromagnetic wave on its boundary. The rest
of the energy is left to leave the area, with minimum loss. Then, at least one 2D-3D
resonator is arranged on the" mcrdence plane which, in this case, is identical with the
plane of variation in material properties These parts ensure optimal processing of the
electromagnetic wave; the processrng is realized in such a manner that there occurs
minimal reflection of the electrOmagnetic wave towards the 2D-3D resonator. Behind
the area with minimum electromagnetic damping, which ends at the plane of variation
in material properties, there follows another are'a; this area exhibits a different
resonance frequency of the 2D-'SD resonator and is arranged in the direction of the
electromagnetic wave propagation The area contains at least one 2D-3D resonator

tuned to a frequency different from the first resonator arranged in the area with
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minfmum electromagnetic damping. In the described manner, the structure is
composed within the solar system; the system can be terminated by the last solar
element, and the electromagnetic wave leaves the-_‘sys‘tem into the free space.
Alternatively, the last area of the solar element may consist in a classical component
of the solar system, which. will -'transform or otherwise exploit the rest of the
electromagnetic wave energy by t_:ohverting it into a useful form of energy to be
applied as a source of heat, lig'h"ft or etetric energy. _

Importantly, the desugned solar element havmg a resonator arranged on a
dielectric structure does not utlhze the material to secure the generation of an electrlc
charge, but rather uses the charactenstlcs of the structure to set suitable condmons
for the incidence of an eIectromagnetlc wave and its-transformation to a stationary
form of the electromagnetic field. - o

Thanks to the composition of selectively tuned ereas within the system, the
system behaves in such a manrier that it exploits with maximum efficiency the energy
incident in the form of an electromagnetic wave according to its representation in the
frequency spectrum (spectral power density distribution) of the wave. This enables us
— in comparison with cases when'the resonators .o'rvtheir periodic group are not
modified as described above - to-'comprise -and exploit the desired frequency
spectrum of the incident electromagnetic’ wave using a markedly lower number of
variants of tuned structures within the-.complex of the designed structure and system.

Based on the present.e.d"’ ‘invention, the described solution allows the
adaptation of invididual solar element areas arranged in the resulting structure to
density conditions of the incide’nt el"e"'ctromagneti‘c radietion as present at the concrete
location where the elements are ép‘;plied. In conseqﬁence of this characteristic, it is
possible to utilize (harvest) the ’rrteximum of the incident electromagnetic radiation
and to profit from the change *’of'the radiation to the required form of energy that
facilitates further application (for example as an electric energy source or generator).
The designed solar elements mcludmg resonators are embedded in panels which,
when interconnected, create photovoltalc (solar) fields. '

A significant advantage of the introduced solution consists in the fact that the
solar element construction enables us to set up various (optimum) variants of the
solar system according to the climatic conditions or solar activity. While one of the
solar element structures contai:rj’lfhg several areas fitted with 2D-3D resonators can be

tuned to one resonance freqlheh_cy “corresponding ftg the selected power spectral
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density (realized in forms such as a foil), another structure of solar elements can be
tuned to a different selected frequency of power spectral density. The structures are
arranged one after another in the vdlrectron of the electromagnetic wave progressing
from the source. Therefore, it is‘.po'ssible ~ for the given geographic area, solar
activities, or electromagnetrc wave source ~ to set a system facilitating maximum
exploitation of the electromagnetrc wave as a form of incident energy.

The thus composed solar. elements can be manufactured or assembled in a
factory or set up directly at the proppsed location frpnr_ rhe supplied kit.

Brief Description of the Drauuinéé ,

The principle of the invention will-be- clarified through the use of drawings,
where: Fig. 1 describes the basic -arrangement of, a solar element with a 2D-3D
resonator and indicates the' configuration in tne system; Fig. 2 illustrates an
exemplary embodiment of a selar element including a system of 2D-3D resonators
and connecting components: arranged on a semiconductor structure and indicates
the arrangement of another solar element tuned .to' a different frequency; Fig. 3
shows a schematic view of a 2D-3D resonator arranged in a dielectric; Fig. 4
represents the configuration of a.2D-3D resonator and a reflector; Fig. 5 provides a
view from the direction of ther EMG wave -incidence on the 2D resonator and
describes the partial spatial arrangement of the 2D- 3D resonator in the dielectric as
well as the position of the reflector area within the solar element dielectric;

Fig. 6a illustrates the axonometnovrew of the resonator (formed by the reflector)
above which the dielectric and a transformational component are arranged; Fig. 6b
shows a lateral view of the resonator; Fig. 7a represents the connection of the
transformational component with a nonlinear component in the forward direction; Fig.
7b describes the connection of the transformational component with the nonlinear
component in the reverse direction; Fig. 8 shows the resonant circuit connection (the

circuit consists of a solar element and related electronics).
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Exemplary Embodiment of the Invention

The principle of the construction of a solar element with a resonator arranged
on a semiconductor structure will be clarified by but not limited to the examples
provided below.

The basic version of a.solar element with a 2D-3D resonator arranged on a
dielectric is provided in Fig. 1. This form of the solar element includes a layered
dielectric structure. This structure .is formed by the area 5§ with minimum
electromagneticdamping; the. structure: is limited by the boundaries 6 of material
property changes and by the.:area 20 exhibiting a different resonance frequency.
Furthermore, the area 5§ with minimum electromagnetic damping includes at least one
2D-3D resonator 4. At the location of the incidence plane 3 on the surface of the
area, the 2D part of the resonator 4 is arranged; the 3D part of the resonator
occupies a portion of the area _5_ ‘with minimum ele%:tromagnetic damping. The 3D
part, in this case, is limited by the:'boundary 6 of material property changes. After the
area 5 with minimum electromagnetic damping in the direction of EMG wave
propagation, which is limited by the incidence plane-3 and the boundary 6 of material
property changes, there follows' another area 20 exhibiting a different resonarce
frequency of the 2D-3D resonator. After the last area 20 exhibiting a different
resonance frequency of the 2D-3D resonator, either the free space or a solar system
is coupled to the area 11. == {

The actual 2D-3D resonator 4 is described in Figs. 4, 6a and 6b. This version
of the 2D-3D resonator 4 consrsts of a transformational component 8 and a reflector
7, between which the- drelectnc 10 (such as an rnsulant) is arranged, with the
transformational component 8 constrtuted by a parr ‘of electrodes in the form of
mutually arranged coupled conductors surrounded by the dielectric 10. Furthermore,
the transformational component 8 is arranged on the dielectric 10, upon which the
reflector 7 is placed orthogonally Frg 5 shows the arrangement of the drelectrrc 10in
the layered structure. The ZD 3D resonator 4 produces electric current or voltage
which is conducted by the help of a nonlinear component 15 to the connectrng
element 16; this situation can ‘bé seen in Figs. 7a and 7b, where both types of the
nonlinear component 15 poIarrzatron are described.

Fig. 8 represents an electrrcal altemate diagram of the solar element. The variants
concerned are principially a one way or two-way rectrfrer a shaper, or a signal frlter

These types of connection are wrdely known. A source 19 of alternating current or
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voltages caused by the induc‘f:tien' from an electromagnetic wave is connected
paralielly to the first capacitor 18 and the inductor 14, which in the connection are
constituted by a condenser and“a"cdil These components then create a tuned
alternating circuit, which is tuned to the characteristics and parameters of the incident
electromagnetic wave and whrch resonates. The nonlrnear element 15 shapes the
signal on the resonant crrcurt,v this signal is then filtered (rectified) to a further
utilizable shape. As the next step, 'eonnection to tne' econd capacitor 17 is realized;
in the- connection, the capaciter IS -constituted by ‘a condenser. Also, in the
connection, the connecting components 16 are indicated. These components 16
exhibit electric voltage +U, -U. If a selected electrical load 13 in the form of
impedance Zis connected to the connectmg components 16 (such as clamps), a
variation in the resonant crrcurt occurs and the resonator may change its
characteristics to such an extent that it will not be in a suitable resonance mode.
Therefore, a device 12 is mtroduced before the electncal load 13. With any loading by
“electrical impedance Z on its output this device will cause the situation when, on the
output, the resonator with the nonhnear component 15 15 and the second capacitor 17 17
is loaded by one and the same value of impedance Zi’ which will not change the set
mode of the resonator. S e '
The function (or operati'on).‘o’f" the solar element, which includes a 2D-3D
resonator 4 arranged on a layered dielectric etructure, is as follows: An
electromagnetic wave 1 within the wavelength rarige of 100 nm to 100000 nm
impinges at the wave mcrdence ponnt 2 on the incidence plane 3 of the area § with
minimum electromagnetic dampmg The 2D-3D resonator 4 is periodically repeated
also in individual areas 20 having different resonancevfrequencres (as described in
Fig. 1 and Fig. 2). In the incidence pla'ne 3 of area 5, the formation of at least one 2D-
3D resonator 4 is arranged Th|s ‘resonator may operate (perform its functlon)
individually; aIternatrvely, we can reahze an mterconnectlon between the resonators,
thus creating a field of penodlcally repeatmg solar elements In the incidence plane 3,
these elements are connected parallelly or in series, wrth the formation of at least two
2D-3D resonators 4 on one solar element appearing to be an advantageous solution.
These resonators are mterconnected by means of a connectmg element 9. The first
area 5 with mimimum electromagnetlc dampvlng in the direction of the
electromagnetic wave incidence is tuned to the resonance frequency f; from the

domain of the incident electrorn'ag“netic wave spectrum, after this area, another area
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20 having a different resonance frequency f, is included in the direction of the
progressing electromagnetic wave. Thus, the progress occurs of other N up to the
order of hundreds or thousands of areas 20 exhibiting different resonance
frequencies, and a system “is created; also, there holds that the resonance
frequencies of f; to f, do not have to be repeated in the layers, and this rule ensures
the maximum exploitation o_f.'energy of the incident electromagnetic wave.

An electromagnetic wave ‘1.impinges at the point of incidence 2 on the
incidence plane 3. Here, the electric and magnetic components of the
electromagnetic wave 1 decompose and form the maxima of intensities of the electric
and magnetic fields. This process is realized tha'nks to the designed shape of the
reflector 7, which can be a th|n layer, a cuboid, a pyramid, a cone, a toroid, or a
sphere of their combination, parts penetration. The surface of the reflector 7 may be
formed by a layer of a dlelectnc material, metal, or ‘a combination and shape variety
of both (the components being part of the 2D-3D resonator 4). In order for the above-
mentioned maxima of intensities to add up afithmetically (superpone) when a
connection is realized of two periodically repeated 2D-3D resonators 4, these
resonators are connected 'via 'a connecting element 9 (as described in Fig. 2). This
figure shows an example of the proposed solar element having a 2D-3D resonator
arranged in a dielectric structure where two 2D-3D resonators 4 are arranged at the
location of the incidence plane 3. These resonators are periodically repeated on
other dielectric”structures 5; also, the 2D-3D resonators 4 are mterconnected by

means of the connecting components 9.

An exemplary embodlment of a solar element |nclud|ng a 2D-3D resonator 4
and arranged in a dlelectrlc |s ‘described in F|g 3. This version of the 2D-3D
resonator 4 is arranged in a |ayered dielectric structure The area 5 with minimum
electromagnetic damping is limited by the boundaries 6 of the material property
changes. Mutual arrangem‘e‘:n'tilf'(ﬂconfiguration) of individual parts of the solar element
is shown in Fig. 4. The 2D '3D7resonator 4 consists of a transformational component
8 (which is composed of a palr of electrodes |n the form of coupled conductors)
reflector 7, and a dlelectrlc 10 “The 2D-3D resonator 4 is further embedded in the
layered dielectric structure; the geometry is desrgn'ed in relation to the wavelen_gth of
the incident electromagnetic_ Wave, namely in such a manner that the thickness of the

dielectric structure will be minimally % of the aneJength of the lowest frequency of



WO 2014/040576 PCT/CZ2012/000105
10

the incident electromagnetic radiation The proposed geometry design will ensure the
resulting resonance characteristic | .

After impinging on the incidence plane 3, the'electromagnetic wave permeetes
through the layered dielectric: structure. On the qur_face of the structure, at'the
location of the incidence plane g the 2D part of the resonator 4 is arranged, whereas
the 3D part occupies a portion-of the area 5 having mimimum electromagnetic
damping (as illustrated in Figs -3 or 4). The area § with mimimum electromagnetic
damping is instrumental towards setting the conditions of the maxima of eiectrical
and magnetic components in the eiectromagnetic wave incidence plane 3. In this
respect, the layered dielectric structure is -deS|gned in such a manner that the
progressing electromagnetic‘,waye on the layered dielectric structure could couple
and create a resonant area i}vit‘h;"t‘he maximum reson_ahce on the incidence plane 3.
The area § with minimum ’eiéctroinagnetic darnoing is equipped with a relative
electrode 21. The electromegnetic wave further progresses behind the area § with
minimum electromagnetic dévmoi'n‘g‘; the wave progresses in such a manner th’at it
creates only a minimal reflécted wave. The dimen‘sions of the area 5 with minimum
electromagnetic damping are selected to be, in the least, equal to or greater than one
quvarter of the wavelength of the incident electrofnagnetic wave in relation to' the
relative permittivity of diefectric ’jl‘_“"-(for example, both layers may show the thicknees of
10 um for the selected type of niaterial). |

Through achieving th”e >resonant state, there occurs - in at least one solar
element within the group of periodically repeating elements that are ordered one after
another in the direction of the inC|dent electromagnetic wave - a multiple increase of
amplitudes of the original inCident "electromagnetic wave; for the assumed
wavelength of the eiectromagnetic:wave 1 impinging on the incidence plane 3 of the
dielectric structure 5, we cénii"obtain an electric voltage applicable for further
processing by electronic cwcwts 12 that manage the performance and mode of the
periodic/layered structure de3|gned for energy harvesting (energy exploitation,
“power management"). _

A high-quality conductor or dielectric is apo'l_ied ‘as the material of conductive
paths formed in the incidence plane 3, on which the 2D part of the resonator 4 is
arranged; the same high-o'uality conductor is also used for the transformational
element 8, the connecting elernent'fg material, and the nonlinear element 15 material.

The conductor exhibits di‘ffelrer‘it"relative permittivity with respect to the relative
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permittivity of the minimum electromagnetrc damping area 5. The area 5 with
minimum electromagnetic damprng is formed by a combination of the dielectric 10
and a conductive and/or semi- conductrve material. The design of the resonator, its
arrangement, and the selectiOn of the materials we‘re all realized in such a manner
that, in the area 5 with minimum electromagnetlc damprng, the reflection coefficient is
less than 0.5 from the mterval of < 1 1>. _

The designed dielectric structure of the solar element included in the system
operates in the resonant state, which enables us to advantageously obtain on the
resonator 4 multiple (1- 10000) values of amplrtude of the electric component of the
incident electromagnetic wave 1 The proposed periodic arrangement of the solar
system facilitates operation in the resonant mode for frequencies f within the range of
0.1THz to 5000 THz of the incidéht electromagnetic wave spectrum. f'

" The classical solution using antennas and standard resonant circuits usually
‘achieves only the ratio of selectrve propertres and it is not possible to design this
solution for the above-stated’ frequency range of the incident electromagnetic wave.
The approach proposed |njth|s "document, thanks to the application of a higher
number of tuned elements 'in r_the entire photovolteic/solar system, enables us to
achieve energy transformation rn the above-specifiéd frequency range. This condition
can be advantageously utilized ‘for the design of an optimum layered dielectric
structure and for approachrng the ideal state’ of 100% exploitation rate, or
transformation of the electromagnetrc wave 1 rncrdent on the elements to the
generator output. Thus, the proposed approach can be applied to facilitate
permanent use of the desrgned System characterized by high efficiency, operating
life, and independence of thermal parameters of the realized systems. i

A necessary prereqursrte for the utilization of the basic element (at the very
minimum) as an electric energy source consists in connectmg the electronic external
circuit 12, which enables us to achreve the state that, at any loading (load impedance
Z 13 assumes the values from the interval 0 to « Ohims) of the circuit 12 output, the
variation of electrical load Z; on'the input of the cir‘doi‘t 12 will not manifest itself. Thus,

the basic component or group ‘¢f components will remain in the resonant state.
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Industrial Applicability

The described solar elénent can be utilized as a harvester or generator of
electric energy, possibly also as a sensor or nonlinear converter. The advantage
proposed by the presented solution consists in its4 insensitivity to higher temperatures
inside the area of the element which is especnally convenient for apphcatlons in

energetics and within |arger unlts ,



WO 2014/040576 PCT/CZ2012/000105
13

PATENT CLAIMS

1. A solar element including a resonator arranged on a structure, characterized
in that it is formed by a layered dielectric structure consisting of an area (5) witn
minimum electromagnetic damping, whose upper plane constitutes the incidence
plane (3), and the layered dielectric structure is permeable for an electromagnetic
wave and limited by the boundaries (6) of variations in material properties, while at
least one.2D-3D resonator (4) is arranged in the area (5) with minimum
electromagnetic damping, wherein the 2D part of the resonator is arranged in the
incidence plane (3), with the related 3D part located in the dielectric (10) whereas the
area (5) with minimum electromagnetic damping is coupled with at least one area
(20) having a different resonance frequency, the area (20) is limited by the
boundaries (6) of variations in material properties, and at least one 2D-3D resonator
(4) is arranged in the area (20) having a different resonance frequency, wherein the
2D part of the resonator (4) is arranged in the incidence plane (3), while the rélated
3D part is located in the dielectric (10), whereas the last area (20) having a different
résonance frequency in the direction of the eleEtromagnetic wave propagation is
coupled with a solar system (11)." -

2. The solar element in!:cluding a resonator aCcording to claim 1, characterized
in that the 2D-3D resonator (4) is formed by two parts, of which the first 2D part is
constituted by a transformational, element (8) arranged on the incidence plane (3)
and consisting of a pair of.electrodes,,_ in the form of coupled conductors, while the
second 3D part is constituted by a dielectric (10) and a reflector (7), whi:ch is
arranged inside the areai,-(bsr);;yv_j»th minimum ‘electromagnetic damping, and the
transformational component (8) is arranged on -the dielectric (10), with whicp the

reflector (7) is matched.

3. The solar element ihCluding a resonator according to claim 2, characterized
in that the 2D-3D resonator (4) is formed by two parts of which the first 2D part is
constituted by a transformational element (8) arranged on the incidence plane (3)
and consisting of a pair of electrodes in the form.of coupled conductors while the
second 3D part is constitute;d,_;l)_y a dielectric .(10) and a reflector (7), which is
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arranged inside the area*(ZO) with a different ‘resonance frequency, anq the
transformational component (8) is arranged on the dielectric (10), with which the
reflector (7) is matched. '

4. The solar element including a resonator -according to claims 2 and 3,
characterized in that the reflector (7) is, in relation to the dielectric (10), arranged
orthogonally to the incidence plane (3).

5. The solar element including a resonator according to claims 1 to 4,
characterized in that thfe"'af'éa (5) with minimum electromagnetic damping may
comprise a 2D-3D resonator (4) exhibiting a resonance frequency consistent with
frequency of 2D-3D resoﬁatgrs (4) arranged in other areas (20) with different

resonance frequency within'the solar system.
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SUMMARY OF REFERENTIAL‘ SYMBOLS

. electromagnetic wave
. location of wave incidence
incidence plane o

. basic resonator

1

2

3

4

5. dielectric structure
6. boundary of variation in material properties

7. basic resonator reflector |
8. transformational com'pone:ht

9. connecting component of basic resonators o
10. dielectric -

11. free termination of the Iast area of tuned structures or a coupled
terminating solar system :

12. electric circuit

13. load

14. inductor

15. nonlinear component
16. connecting component -
17. second capacitor

18. first capacitor

19. source of current or voltage caused by induction from an
electromagnetic wave

20. dielectric structure of differently tuned resonators
21. relative electrode "



