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Description

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to the
technical field of electromagnetic wave communications,
and more particularly, to an impedance matching com-
ponent and a hybrid wave-absorbing material.

BACKGROUND OF THE INVENTION

[0002] With continuous development of the science
and technologies, the electromagnetic wave technolo-
gies have found wide application in various aspects of
people’s life gradually. An important property of electro-
magnetic waves is that they can propagate in any media
or even in a vacuum. During propagation of an electro-
magnetic wave from a transmitting terminal to a receiving
terminal, the energy loss has a direct impact on the prop-
agation distance of the electromagnetic wave and on the
signal transmission quality.
[0003] The electromagnetic wave suffers substantially
no energy loss when propagating through a same medi-
um. However, when the electromagnetic wave propa-
gates through an interface between different media, par-
tial reflection of the electromagnetic wave will occur. Usu-
ally, the larger the difference in electromagnetic param-
eter (e.g., dielectric permittivity or magnetic permeability)
between the different media at two sides of the interface
is, the more the reflection will be. Due to the partial re-
flection of the electromagnetic wave, the electromagnetic
wave will suffer an electromagnetic energy loss in the
propagation direction, which has a serious impact on the
propagation distance of the electromagnetic wave and
on the signal transmission quality.
[0004] Accordingly, researches have been made on
impedance matching in order to reduce signal reflection
when the electromagnetic wave propagates through an
interface between different media. However, currently
the researches on impedance matching during the elec-
tromagnetic wave transmission are still limited to be with-
in circuits, and there is still no sophisticated technology
directed to impedance matching during propagation of
the electromagnetic wave in space.
[0005] Further, a wave-absorbing material can absorb
and attenuate energy of an incident electromagnetic
wave, and through the dielectric loss of the material, con-
vert the energy of the incident electromagnetic wave into
thermal energy or other forms of energy. Therefore, the
wave-absorbing material is expected to find wide appli-
cation in electromagnetic pollution control, production of
stealth materials and so on. However, in order to make
the wave-absorbing material absorb an incident electro-
magnetic wave as much as possible, heightened require-
ments are imposed on the impedance-matching property
of the wave-absorbing material. By the term "impedance-
matching property", it means that an impedance of the
wave-absorbing material shall be equal to the free-

space’s impedance as far as possible so that the energy
of the incident electromagnetic wave is absorbed as
much as possible. Meanwhile, the attenuating property
is also important for the wave-absorbing material. By the
term "attenuating property", it means that the incident
electromagnetic wave that is absorbed must be con-
sumed as much as possible. Because of the heightened
requirements on these two properties, it is very difficult
to formulate a wave-absorbing composite material hav-
ing superior wave-absorbing performances. Moreover,
because the wave-absorbing composite material gener-
ally has a poor impedance matching property as being
limited by the physical property of the material itself, a
high reflectance is presented to electromagnetic waves
incident from the free space that propagate through the
wave-absorbing composite material.
[0006] Ruopeng, Liu: et al. "Broadband gradient index
microwave quasi-optical elements based on non-reso-
nant metamaterials", Optics Express, vol. 17, No. 23. 9
November 2009, pages:21030-21041 discloses "Utiliz-
ing non-resonant metamaterial elements, we demon-
strate that complex gradient index optics can be con-
structed exhibiting low material losses and large frequen-
cy bandwidth. Although the range of structures is limited
to those having only electric response, with an electric
permittivity always equal to or greater than unity, there
are still numerous metamaterial design possibilities en-
abled by leveraging the non-resonant elements. For ex-
ample, a gradient, impedance matching layer can be add-
ed that drastically reduces the return loss of the optical
elements due to reflection. In microwave experiments,
we demonstrate the broadband design concepts with a
gradient index lens and a beam-steering element, both
of which are confirmed to operate over the entire X-band
(roughly 8-12 GHz) frequency spectrum."
[0007] Ruopeng Liu: "Designing and building micro-
wave metalmaterials", PhD. Thesis, 31December
2010(2010-12-31), XP055184410, IS-
BN:978-1-10954740-5 discloses some microwave
metalmaterials as it shown in Figs 5.8 and 5.9.
[0008] The US patent application US 2010/156573A1
discloses "Complementary metamaterial elements pro-
vide an effective permittivity and/or permeability for sur-
face structures and/or waveguide structures. The com-
plementary metamaterial resonant elements may include
Babinet complements of "split ring resonator" (SRR)
and "electric LC" (ELC) metamaterial elements. In some
approaches, the complementary metamaterial elements
are embedded in the bounding surfaces of planar
waveguides, e.g. to implement waveguide based gradi-
ent index lenses for beam steering/focusing devices, an-
tenna array feed structures, etc."
[0009] The US patent application US 2010/225562A1
discloses "Broadband metamaterial apparatus, meth-
ods, systems, and computer readable media are dis-
closed, as well as exemplary embodiments that provide
cloaking, beam steering, and beam focusing. In one ex-
emplary implementation, a broadband interface structure
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has a front surface region and a back surface region. The
broadband interface structure is arranged to provide
electromagnetic energy characteristic of an apparent
profile of the back surface region substantially different
than an actual profile of the back surface region for elec-
tromagnetic energy received at the front surface region."
[0010] The US patent application US 2010/225562A1
discloses "Broadband metamaterial apparatus, meth-
ods, systems, and computer readable media are dis-
closed, as well as exemplary embodiments that provide
cloaking, beam steering, and beam focusing. In one ex-
emplary implementation, a broadband interface structure
has a front surface region and a back surface region. The
broadband interface structure is arranged to provide
electromagnetic energy characteristic of an apparent
profile of the back surface region substantially different
than an actual profile of the back surface region for elec-
tromagnetic energy received at the front surface region."
[0011] The JP patent application JP2004193460A re-
lates to provide a radio wave absorber which is superior
in absorption band width of a radio wave and angle char-
acteristics of arrival radio wave and which can be man-
ufactured at low cost.An impedance-matching layer is
arranged on the surface of a radio wave absorbing layer,
formed by arranging a plurality of sheets generating elec-
tric loss and/or magnetic loss in layers, at intervals cor-
responding to the frequency of the radio wave to be ab-
sorbed and/or the incidence angle, and a radio wave re-
flecting layer is arranged on the backside.
[0012] US2002/0097190 discloses an impedance
matching layer between air and a medium formed by a
plurality of layers wherein the volume of the apertures
continuously varies between the adjacent layers.

SUMMARY OF THE INVENTION

[0013] An objective of the present disclosure is to pro-
vide an impedance matching component and a hybrid
wave-absorbing material as defined in the appended
claims, which are intended to reduce the energy loss of
an electromagnetic wave when propagating through an
interface between different media.
[0014] To achieve the aforesaid objective, the present
disclosure provides an impedance matching component,
configured to be disposed between a first medium and a
second medium to eliminate reflection of an electromag-
netic wave when propagating through an interface be-
tween the first medium and the second medium, wherein
the impedance matching component comprises a plural-
ity of functional sheet layers, each of the functional sheet
layers comprises a sheet-like substrate and apertures
formed on the substrate, the substrate is divided into a
plurality of unit cells, each of the unit cells is formed with
one or more of the apertures, and wherein impedances
of the functional sheet layers of the impedance matching
component vary continuously in a stacking direction of
the functional sheet layers, with the impedance of a first
one of the functional sheet layers being identical to that

of the first medium and the impedance of a last one of
the functional sheet layers being identical to that of the
second medium, all the apertures have a same volume,
each of the apertures is filled with a filler of a material
different from the substrate, the fillers filled in the aper-
tures on a same one of the substrates have a same di-
electric permittivity, and the dielectric permittivities of the
fillers filled in the apertures on different ones of the sub-
strates increase or decrease continuously in the stacking
direction.
[0015] To achieve the aforesaid objective, the present
disclosure further provides an impedance matching com-
ponent, configured to be disposed between a first medi-
um and a second medium to eliminate reflection of an
electromagnetic wave when propagating through an in-
terface between the first medium and the second medi-
um, wherein the impedance matching component com-
prises a plurality of functional sheet layers, each of the
functional sheet layers comprises a sheet-like substrate
and man-made microstructures attached on the sub-
strate, the substrate is divided into a plurality of unit cells,
each of the unit cells is formed with one or more of the
man-made microstructures, and wherein impedances of
the functional sheet layers of the impedance matching
component vary continuously in a stacking direction of
the functional sheet layers, with the impedance of a first
one of the functional sheet layers being identical to that
of the first medium and the impedance of a last one of
the functional sheet layers being identical to that of the
second medium, wherein the man-made microstructures
of all the functional sheet layers of the impedance match-
ing component have a same pattern, and the man-made
microstructures of the functional sheet layers vary in size
continuously in the stacking direction of the functional
sheet layers, each of the man-made microstructures
comprises three first metal wires perpendicular to each
other in a three-dimensional (3D) space and intersecting
with each other at a point, second metal wires connected
at two ends of each of the first metal wires respectively
and perpendicular to the respective first metal wires, third
metal wires connected at two ends of each of the second
metal wires respectively and perpendicular to the respec-
tive second metal wires.
[0016] To achieve the aforesaid objective, the present
disclosure further provides a hybrid wave-absorbing ma-
terial, comprising an attenuating layer and an impedance
matching component according to either of the above
two impedance matching component, wherein the first
medium is a free space and the second medium is the
attenuating layer.
[0017] To achieve the aforesaid objective, the present
disclosure further provides a hybrid wave-absorbing ma-
terial, comprising an attenuating layer and an impedance
matching layer wherein the impedance matching is con-
figured to be disposed between free space and the at-
tenuating layer to eliminate reflection of an electromag-
netic wave when propagating through an interface be-
tween the free space and the attenuating layer, wherein
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the impedance matching component comprises a plural-
ity of functional sheet layers, each of the functional sheet
layers comprises a sheet-like substrate and man-made
microstructures attached on the substrate, the substrate
is divided into a plurality of unit cells, each of the unit cells
is formed with one or more of the man-made microstruc-
tures, and wherein impedances of the functional sheet
layers of the impedance matching component vary con-
tinuously in a stacking direction of the functional sheet
layers, with the impedance of a first one of the functional
sheet layers being identical to that of the free space and
the impedance of a last one of the functional sheet layers
being identical to that of the attenuating layer, the man-
made microstructures are formed by a plurality of first
man-made microstructures having a first pattern at-
tached on the first one of the functional sheet layers, and
a a plurality of second man-made microstructures having
a second patterns attached on the last one of the fuctional
sheet layers, wherein patterns of the man-made micro-
structures attached on intermediate ones of the function-
al sheet layers are all combinations of the first pattern
and the second pattern in which the first pattern decreas-
es in size continuously and the second pattern increases
in size continuously in the stacking direction of the func-
tional sheet layers.
[0018] The aforesaid technical solutions at least have
the following benefits: according to the impedance
matching component and the hybrid wave-absorbing ma-
terial of the present disclosure, the impedance matching
component has a graded impedance, with an impedance
thereof at a side being identical to that of a first medium
and an impedance thereof at the other side being iden-
tical to that of a second medium, while impedances of
the intermediate portions change continuously, which
eliminate sudden transitions of the impedance between
the first medium and the second medium. Thereby, the
problems of partial reflection and energy loss of electro-
magnetic waves when propagating through an interface
between different media are overcome. Furthermore, the
hybrid wave-absorbing material of the present disclosure
has improved wave-absorbing performances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a schematic structural view illustrating a
first embodiment of an impedance matching compo-
nent based on the hybrid material process of the
present disclosure;
FIG. 2 is a front view of the impedance matching
component based on the hybrid material process
shown in FIG. 1;
FIG. 3 is an A-A cross-sectional view of the imped-
ance matching component based on the hybrid ma-
terial process shown in FIG. 2;
FIG. 4 is a schematic structural view illustrating a
second embodiment of the impedance matching

component based on the hybrid material process of
the present disclosure;
FIG. 5 is a front view of the impedance matching
component based on the hybrid material process
shown in FIG. 4;
FIG. 6 is an A-A cross-sectional view of the imped-
ance matching component based on the hybrid ma-
terial process shown in FIG. 5;
FIG. 7 is a schematic structural view illustrating a
third embodiment of the impedance matching com-
ponent based on the hybrid material process of the
present disclosure;
FIG. 8 is a schematic structural view illustrating a
fourth embodiment of the impedance matching com-
ponent based on the hybrid material process of the
present disclosure;
FIG. 9 is a schematic structural view illustrating a
fifth embodiment of an impedance matching compo-
nent of the present disclosure which is formed of a
plurality of inhomogeneous metamaterial sheet lay-
ers stacked together;
FIG. 10a is a schematic structural view illustrating a
sixth embodiment of an impedance matching com-
ponent of the present disclosure which is formed of
a plurality of homogeneous metamaterial sheet lay-
ers stacked together;
FIG. 10b is a front view of the impedance matching
component shown in FIG. 10a whose man-made

microstructures are each of a " " form;
FIG. 10c is a side view of the impedance matching
component shown in FIG. 10a;
FIG. 10d is an A-A cross-sectional view of the im-
pedance matching component shown in FIG. 10c,
with impedances of the metamaterial sheet layers
increasing or decreasing steadily in a stacking direc-
tion;
FIG. 11a is a schematic view of an embodiment de-
rived from one of the man-made microstructures
shown in FIG. 10b;
FIG. 11b is a schematic view of another embodiment
derived from the man-made microstructure shown
in FIG. 11a;
FIG. 12a is a cross-sectional view illustrating a sev-
enth embodiment of the impedance matching com-
ponent of the present disclosure;
FIG. 12b is a schematic view of an embodiment de-
rived from one of the man-made microstructures
shown in FIG. 12a;
FIG. 12c is a schematic view of another embodiment
derived from the man-made microstructure shown
in FIG. 12b;
FIG. 13 is a front view illustrating an eighth embod-
iment of the impedance matching component of the
present disclosure;
FIG. 14 is a front view illustrating a ninth embodiment
of the impedance matching component of the
present disclosure;
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FIG. 15 is a front view illustrating a tenth embodiment
of the impedance matching component of the
present disclosure;
FIG. 16 is a schematic structural view illustrating a
metamaterial sheet layer having 3D man-made
microstructures;
FIG. 17 is a schematic view illustrating an application
of the impedance matching component of the
present disclosure;
FIG. 18 is a schematic structural view illustrating a
hybrid wave-absorbing material of the present dis-
closure;
FIG. 19 is a schematic perspective view of an im-
pedance matching layer in a first preferred embodi-
ment of the hybrid wave-absorbing material of the
present disclosure; and
FIG. 20 is a cross-sectional view of the impedance
matching layer in the first preferred embodiment of
the hybrid wave-absorbing material of the present
disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The electromagnetic wave suffers substantially
no energy loss when propagating through a same medi-
um. However, when the electromagnetic wave propa-
gates through an interface between different media, par-
tial reflection of the electromagnetic wave will occur. Usu-
ally, the larger the difference in electromagnetic param-
eter (e.g., dielectric permittivity or magnetic permeability)
between the different media at two sides of the interface
is, the more the reflection will be. Due to the partial re-
flection of the electromagnetic wave, the electromagnetic
wave will suffer an electromagnetic energy loss in the
propagation direction, which has a serious impact on the
propagation distance of the electromagnetic wave and
on the signal transmission quality. The present disclosure
relates to an impedance matching component, which is
intended to overcome the problem of energy loss of the
electromagnetic wave due to partial reflection occurring
when the electromagnetic wave passes through an in-
terface between different media during propagation in
the space.
[0021] When apertures are formed in some regions of
a piece of material having a uniform electromagnetic pa-
rameter arrangement, the electromagnetic parameter ar-
rangement in these regions of the material will be
changed because the air is filled into the apertures. Ac-
cording to the aforesaid principle, the electromagnetic
parameter arrangement in these regions of the material
can be adjusted by analyzing interactions between the
electromagnetic parameters of the material and the elec-
tromagnetic parameters of the air and controlling the
number and the size of the apertures. Then, according
to the electromagnetic parameter arrangements required
in the individual regions, different macroscopic respons-
es of the whole material to an electromagnetic wave can
be achieved. In order to achieve the macroscopic re-

sponses of the material to the electromagnetic wave, the
size of the apertures and portions of the materials where
the apertures are located must be smaller than one fifth
of and are preferably one tenth of the wavelength of the
corresponding electromagnetic wave. Because the im-

pedance of the material is proportional to  the

impedance of the material can be changed by changing
one or both of the dielectric permittivity and the magnetic
permeability. According to the aforesaid principle, by
stacking a plurality of materials having different imped-
ances together to form an impedance gradient layer, sud-
den transitions of the impedance between two media can
be eliminated. Thereby, the problems of reflection and
energy loss of the electromagnetic wave when propagat-
ing through an interface between different media are
overcome.
[0022] FIG. 1 to FIG. 3 are a schematic structural view,
a front view and an A-A cross-sectional view illustrating
a first example of an impedance matching component
based on the hybrid material process of the present dis-
closure respectively. The impedance matching compo-
nent is disposed between a first medium and a second
medium to eliminate reflection of an electromagnetic
wave when propagating through an interface between
the two media. The impedance matching component
comprises a plurality of functional sheet layers 4 that each
have a front surface and a back surface parallel to each
other and that are stacked in a direction perpendicular
to the surfaces of each of the functional sheet layers 4.
Each of the functional sheet layers 4 comprises a sheet-
like substrate 1 and apertures 3 formed on the substrate
1. Each of the substrates 1 is divided into a plurality of
unit cells 2, and each of the unit cells 2 is formed with
one or more of the apertures 3. An impedance of the first
one of the functional sheet layers 4 is identical to that of
the first medium and an impedance of the last one of the
functional sheet layers 4 is identical to that of the second
medium. Impedances of the intermediate functional
sheet layers 4 vary continuously in a stacking direction
of the substrates 1 to form an impedance gradient layer.
The size of each of the unit cells 2 is determined by a
frequency of a corresponding electromagnetic wave, and
is usually one tenth of a wavelength of the corresponding
electromagnetic wave (otherwise, arrangement of the
apertures 3 cannot be viewed as being continuous in the
space).
[0023] In this example, the apertures 3 on the sub-
strates 1 all have the same depth, the apertures 3 on a
same substrate 1 have the same cross-sectional area,
and the cross-sectional areas of the apertures 3 on the
different substrates 1 increase continuously in the stack-
ing direction of the functional sheet layers 4. The aper-
tures 3 in this embodiment are all of a cylindrical form,
and the apertures 3 on a same substrate 1 are uniformly
distributed on the substrate 1. The term "uniformly dis-
tribute" herein means that a circle center of a cross sec-
tion of any aperture 3 is equidistant from circle centers
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of cross sections of the apertures 3 around the aperture
3. Because of presence of the cylindrical apertures 3,
both an equivalent dielectric permittivity and an equiva-
lent magnetic permeability of each of the unit cells 2 are
changed. The apertures 3 of the unit cells 2 on a same
substrate 1 have the same volume, so the apertures 3
are filled with the same amount of air and the unit cells
2 on a same functional sheet layer 4 have the same equiv-
alent dielectric permittivity. The apertures 3 on different
substrates 1 have different volumes which increase con-
tinuously in the stacking direction of the substrates 1, so
the impedance matching component of this embodiment
forms an impedance gradient layer in the stacking direc-
tion of the functional sheet layers 4. In practical imple-
mentations, the apertures 3 of some other different cross-
sectional shape are also possible, for example, the ap-
ertures 3 of a polygonal form such as a triangular form,
a square form and a regularly pentagonal form. Provided
that all the apertures 3 on a same substrate 1 have the
same cross-sectional area and the cross-sectional areas
of the apertures 3 on the different substrates 1 increase
or decrease continuously in the stacking direction of the
functional sheet layers 4, an impedance gradient layer
can be formed to eliminate sudden transitions of the im-
pedance at the interface.
[0024] FIG. 4 to FIG. 6 are a schematic structural view,
a front view and an A-A cross-sectional view illustrating
a second example of the impedance matching compo-
nent based on the hybrid material process of the present
disclosure respectively. In this embodiment, the imped-
ance matching component comprises a plurality of func-
tional sheet layers 4 that each have a front surface and
a back surface parallel to each other and that are stacked
in a direction perpendicular to the surfaces of each of the
functional sheet layers 4. Each of the functional sheet
layers 4 comprises a sheet-like substrate 1 and a plurality
of apertures 3 formed on the substrate 1. Each of the
substrates 1 is divided into a plurality of unit cells 2, and
each of the unit cells 2 is formed with one or more of the
apertures 3. An impedance of the first one of the func-
tional sheet layers 4 is identical to that of a first medium
and an impedance of the last one of the functional sheet
layers 4 is identical to that of a second medium. Imped-
ances of the intermediate functional sheet layers 4 vary
continuously in a stacking direction of the functional sheet
layers 4 to form an impedance gradient layer. The size
of each of the unit cells 2 is determined by a frequency
of a corresponding electromagnetic wave, and is usually
one tenth of a wavelength of the corresponding electro-
magnetic wave (otherwise, arrangement of the apertures
3 cannot be viewed as being continuous in the space).
[0025] In this example, the apertures 3 on the sub-
strates 1 all have the same cross-sectional area, the ap-
ertures 3 on a same substrate 1 have the same depth,
and the depths of the apertures 3 on the different sub-
strates 1 increase continuously in the stacking direction
of the functional sheet layers 4. The apertures 3 in this
example are all of a cubic form, and the apertures 3 on

a same substrate 1 are uniformly distributed on the sub-
strate 1. The term "uniformly distribute" herein means
that a circle center of a circumcircle of a cross section of
any aperture 3 is equidistant from circle centers of cir-
cumcircles of cross sections of the apertures 3 around
the aperture 3.
[0026] In this example, the apertures 3 of the unit cells
2 on a same substrate 1 have the same volume, so the
apertures 3 are filled with the same amount of air and
the unit cells on a same functional sheet layer 4 have the
same equivalent dielectric permittivity; and the apertures
3 on different substrates 1 have different volumes which
increase continuously in the stacking direction of the
functional sheet layers 4, so the impedance matching
component of this embodiment forms an impedance gra-
dient layer in the stacking direction of the functional sheet
layers 4. In practical implementations, the apertures 3 of
some other different cross-sectional shape are also pos-
sible, for example, the apertures 3 of a polygonal form
such as a triangular form, a square form and a regularly
pentagonal form. Provided that all the apertures 3 on a
same substrate 1 have the same depth and the depths
of the apertures 3 on the different substrates 1 increase
or decrease continuously in the stacking direction of the
functional sheet layers 4, an impedance gradient layer
can be formed to eliminate sudden transitions of the im-
pedance at the interface.
[0027] FIG. 7 is a schematic structural view illustrating
a third example of the impedance matching component
of the present disclosure. In this example, the impedance
matching component comprises a plurality of functional
sheet layers 4 that each have a front surface and a back
surface parallel to each other and that are stacked in a
direction perpendicular to the surfaces of each of the
functional sheet layers 4. Each of the functional sheet
layers 4 comprises a sheet-like substrate 1 and a plurality
of apertures 3 formed on the substrate 1. Each of the
substrates 1 is divided into a plurality of unit cells 2, and
each of the unit cells 2 is formed with one or more of the
apertures 3. An impedance of the first one of the func-
tional sheet layers 4 is identical to that of a first medium
and an impedance of the last one of the functional sheet
layers 4 is identical to that of a second medium. Imped-
ances of the intermediate functional sheet layers 4 vary
continuously in a stacking direction of the functional sheet
layers 4 to form an impedance gradient layer. In this em-
bodiment, each of the unit cells 2 of a same substrate 1
is formed with the same number of apertures 3, and the
numbers of the apertures 3 in each of the unit cells 2 on
the different substrates 1 increase or decrease continu-
ously in the stacking direction of the functional sheet lay-
ers 4. In this example, the apertures 3 in each of the unit
cells 2 of a same substrate 1 have the same total volume,
the unit cells on a same functional sheet layer 4 all have
the same equivalent dielectric permittivity, and the total
volume of the apertures 3 in each of the unit cells 2 is
different for different substrates 1 and increases contin-
uously in the stacking direction of the functional sheet
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layers 4. Therefore, the impedance matching component
of this embodiment forms an impedance gradient layer
in the stacking direction of the functional sheet layers 4.
[0028] In the aforesaid three preferred examples, the
apertures 3 in each of the unit cells 2 of a same substrate
1 have the same total volume, and the total volume of
the apertures 3 in each of the unit cells 2 on different
substrates 1 increases or decreases continuously in the
stacking direction of the functional sheet layers 4. This
makes the manufacturing process convenient and the
mold manufacturing process simple.
[0029] In practical implementations, the apertures 3
may also be conical apertures, circular-truncated-cone-
like apertures, or apertures of some other form. Provided
that the apertures 3 on a same substrate 1 have the same
volume and the apertures 3 on different substrates 1 in-
crease or decrease in volume continuously in the stack-
ing direction of the functional sheet layers 4, an imped-
ance gradient layer can be formed to achieve the purpose
of impedance matching.
[0030] FIG. 8 is a schematic structural view illustrating
a fourth example of the impedance matching component
based on the hybrid material process of the present dis-
closure. In this example, the impedance matching com-
ponent comprises a plurality of functional sheet layers 4
that each have a front surface and a back surface parallel
to each other and that are stacked in a direction perpen-
dicular to the surfaces of each of the functional sheet
layers 4. Each of the functional sheet layers 4 comprises
a sheet-like substrate 1 and a plurality of apertures 3
formed on the substrate 1. Each of the substrates 1 is
divided into a plurality of unit cells 2, and each of the unit
cells 2 is formed with one or more of the apertures 3. An
impedance of the first one of the functional sheet layers
4 is identical to that of a first medium and an impedance
of the last one of the functional sheet layers 4 is identical
to that of a second medium. Impedances of the interme-
diate functional sheet layers 4 vary continuously in a
stacking direction of the functional sheet layers 4 to form
an impedance gradient layer. In this example, the aper-
tures 3 on a same substrate 1 are not completely identical
in shape, cross-sectional size and depth; however, an
impedance gradient layer can be formed to eliminate sud-
den transitions of the impedance at the interface so long
as all the apertures 3 on a same substrate 1 have the
same volume and the apertures 3 on the different sub-
strates 1 increase or decrease in volume continuously in
the stacking direction of the functional sheet layers 4. As
compared to the impedance matching components of the
aforesaid two embodiments, the impedance matching
component of this embodiment is difficult to manufacture
and requires a complex mold manufacturing process.
[0031] In the aforesaid example, the electromagnetic
parameter arrangement in some regions of the material
is changed because of the air filled into the apertures. In
practical implementations, the apertures 3 of the afore-
said embodiment may also be filled with a filler of some
other material different from that of the substrate 1 such

as iodine crystals, copper oxide, crystals, quartz, poly-
styrene, sodium chloride or glass. In the embodiments
shown in FIG. 1 and FIG. 2, the apertures 3 on all the
substrates 3 may be filled with the same material, each
of the functional sheet layers 4 has a uniform impedance
arrangement, and the functional sheet layers 4 can form
an impedance gradient layer.
[0032] In practical implementations according to an
embodiment of this disclosure, all the substrates 1 may
be formed with the apertures 3 having the same volume,
the filler filled in the apertures 3 of a same functional
sheet layer 4 has a same dielectric permittivity, and the
dielectric permittivity of the filler filled in the apertures 3
of the different functional sheet layers 4 increases or de-
creases continuously in the stacking direction of the func-
tional sheet layers. Through design of positions, the
number and the arrangement of sizes of the apertures 3
and selection of the type of the filler material, the equiv-
alent electromagnetic parameters of the unit cells 2 of
each of the substrates 1 can be adjusted within a larger
range so as to satisfy various requirements on control of
the electromagnetic wave. Each of the substrates 1 is
made of a ceramic material, a polymer material, a ferro-
electric material, a ferrite material or a ferromagnetic ma-
terial, and the polymer material may be polytetrafluor-
oethylene (PTFE), an Fr4 material or an F4b material.
The apertures 3 may be formed on the substrates 1
through injection molding, stamping, or digitally control-
led punching. If the substrates 1 are made of a ceramic
material, the substrates 1 having the apertures 3 may be
made through high-temperature sintering. In all the afore-
said embodiments, the apertures 3 may be through holes
or blind holes.
[0033] FIG. 9 is a schematic structural view illustrating
an example of an impedance matching component used
between two inhomogeneous media. The metamaterial
is a kind of novel material that is formed by man-made
microstructures 12 as basic units arranged in the space
in a particular manner and that has predetermined elec-
tromagnetic responses. The metamaterial comprises
man-made microstructures 12 comprising metal wires
having a predetermined pattern, and a substrates 11 on
which the man-made microstructures are attached. A plu-
rality of man-made microstructures 12 are arranged in
an array form on the substrate 11, the substrate 11 is
divided into a plurality of lattices, and each of the man-
made microstructures 12 and one of the lattices on which
the man-made microstructure 12 is attached form one
unit cell. The substrate 11 may be made of any material
different from that of the man-made microstructures 12,
and use of the two materials imparts to each of the unit
cells an equivalent dielectric permittivity and an equiva-
lent magnetic permeability, which correspond to the re-
sponses of the unit cell to the electric field and the mag-
netic field respectively. The electromagnetic response of
the metamaterial is determined by electromagnetic re-
sponse of the man-made microstructures 12 which, in
turn, is largely determined by topologies of the metal wire
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patterns of and the geometric dimensions of the man-
made microstructures 12.
[0034] By designing the pattern and the geometric di-
mensions of each of the man-made microstructures 12
of the metamaterial that are arranged in the space ac-
cording to the aforesaid principle, the electromagnetic
parameters of each point in the metamaterial can be set.
Because the impedance is directly proportional to

 the impedance can be changed by changing at

least one of the dielectric permittivity and the magnetic
permeability. As has been proved through experiments,
for the man-made microstructures 12 having the same
pattern, the geometric dimensions thereof are directly
proportional to the dielectric permittivity. Therefore, by
appropriately designing the patterns of the man-made
microstructures 12 and designing arrangement of the
man-made microstructures 12 of different dimensions on
the metamaterial sheet layers, an impedance gradient
layer can be formed by the metamaterial, with an imped-
ance of the impedance gradient layer at one side being
identical to that of the first medium and an impedance of
the impedance gradient layer at the other side being iden-
tical to that of the second medium. The continuous chang-
es in the intermediate portion eliminate sudden transi-
tions of the impedance between the first medium and the
second medium. Thereby, the problems of reflection and
energy loss of the electromagnetic wave when propagat-
ing through an interface between different media are
overcome.
[0035] The impedance matching component of this ex-
ample comprises a plurality of metamaterial sheet layers
13 parallel to each other and stacked in a direction per-
pendicular to a surface of each of the metamaterial sheet
layers 13. Each of the metamaterial sheet layers 13 is
divided into multiple unit cells. Impedances of the unit
cells vary continuously in a stacking direction of the met-
amaterial sheet layers 13, with the impedance of the unit
cells of the first one of the metamaterial sheet layers 13
and the impedance of the unit cells of the last one of the
metamaterial sheet layers 13 being identical to the im-
pedances of the first medium and the second medium
with which the first metamaterial sheet layer 13 and the
last metamaterial sheet layer 13 are in contact respec-
tively. When the impedance matching component of the
present disclosure is used for impedance matching be-
tween inhomogeneous media, the first metamaterial
sheet layer 13 and the last metamaterial sheet layer 13
are inhomogeneous. By designing the patterns and the
dimensions of the man-made microstructures 12 on the
unit cells of the first metamaterial sheet layer 13 and the
last metamaterial sheet layer 13, continuous variations
in impedance of the unit cells of the intermediate meta-
material sheet layers 13 can eliminate sudden transitions
of the impedance between the first medium and the sec-
ond medium to achieve impedance matching. In practical
implementations, the patterns and the dimensions of the
man-made microstructures 12 attached on the unit cells

of the first metamaterial sheet layer 13 and the last met-
amaterial sheet layer 13 can be designed according to
the impedances corresponding to the first medium and
the second medium; and the man-made microstructures

12 may be of a " " form, a triangular form shown in
FIG. 9, or any other form satisfying the requirements on
the impedance.
[0036] Hereinbelow, an example in which the imped-
ance matching component of the present disclosure is
used between two homogeneous media will be de-
scribed.
[0037] FIG. 10a to FIG. 10d are a schematic structural
view, a front view, a side view and an A-A cross-sectional
view illustrating an example of the impedance matching
component of the present disclosure respectively. In this
example, both the first medium and the second medium
are homogeneous media, the impedance matching com-
ponent is comprised of a plurality of metamaterial sheet
layers 13 each having a uniform impedance arrange-
ment, and each of the metamaterial sheet layers 13 com-
prises a sheet-like substrate 11 and a plurality of man-
made microstructures 12 attached on the substrate 11.
The metamaterial sheet layers 13 are stacked integrally
in a direction perpendicular to a surface of each of the
metamaterial sheet layers 13, and impedances of the
metamaterial sheet layers 13 increase or decrease grad-
ually in a stacking direction of the metamaterial sheet
layers 13, with the impedance of the first one of the met-
amaterial sheet layers 13 and the impedance of the last
one of the metamaterial sheet layers 13 being identical
to an impedance of the first medium and an impedance
of the second medium respectively. The term "homoge-
neous" described herein means that each of the unit cells
of a metamaterial sheet layer 13 has the same electro-
magnetic parameters.
[0038] The impedance matching component of this ex-
ample comprises the metamaterial sheet layers 13
stacked together, and a plurality of identical man-made
microstructures 12 are arranged in an array form on the
substrate 11 of a same metamaterial sheet layer 13. The
man-made microstructures 12 attached on the different
metamaterial sheet layers 13 have the same geometric
shape and increase or decrease in size gradually in the
stacking direction of the metamaterial sheet layers 13.
In practical implementations, the electromagnetic param-
eters of the metamaterial sheet layers 13 at two sides of
the impedance matching component can be designed
according to the impedances of the first medium and the
second medium, with the impedances of the intermediate
metamaterial sheet layers 13 varying continuously to
form an impedance gradient layer.
[0039] In this example each of the man-made micro-

structures 12 is of a " " form, which comprises a ver-
tical first metal wire 201 and second metal wires 202 con-
nected at two ends of the first metal wire 201 and per-
pendicular to the first metal wire 201 respectively.
[0040] FIG. 11a illustrates an example derived from
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the example shown in FIG. 10b. In this embodiment, each
of the man-made microstructures 12 not only comprises
the first metal wire 201 and the second metal wires 202

constituting the " " form, but also comprises third metal
wires 203 connected at two ends of each of the second
metal wires 202 respectively and perpendicular to the
respective second metal wires 202.
[0041] FIG. 11b illustrates an example that is further
derived from the man-made microstructure 12 shown in
FIG. 11a. As compared to the man-made microstructure
12 shown in FIG. 11a, each of the man-made microstruc-
tures 12 of this example further comprises fourth metal
wires 204 connected at two ends of each of the third
metal wires 203 respectively and perpendicular to the
respective third metal wires 203. In this way, an infinite
number of forms may be derived for the man-made micro-
structures 12 of the present disclosure that are respon-
sive to the electric field. Each of the second metal wires
202 has a length smaller than that of the first metal wire
201, each of the third metal wires 203 has a length smaller
than that of each of the second metal wires 202, each of
the fourth metal wires 204 has a length smaller than that
of each of the third metal wires 203, and so on.
[0042] The first metal wire 201 is only connected with
the second metal wires 202, and does not intersect with
any other metal wire. Any Nth metal wire is only connected
with the corresponding (N+1)th metal wires and a corre-
sponding one of the (N-1)th metal wire(s), and does not
intersect with any other metal wire, where N is larger than
or equal to 2.
[0043] In an example shown in FIG. 12a, the metal
wires of each of the man-made microstructures 12 com-
prise two first metal wires 201 perpendicular to each other
and connected in a "+" form, and second metal wires 202
connected at two ends of each of the first metal wires
201 respectively and perpendicular to the respective first
metal wires 201. A plurality of identical man-made micro-
structures 12 are arranged in an array form on a same
metamaterial sheet layer 13; and the man-made micro-
structures 12 attached on the different metamaterial
sheet layers 13 have the same geometric shape and in-
crease or decrease in size gradually in the stacking di-
rection of the metamaterial sheet layers 13.
[0044] FIG. 12b and FIG. 12c illustrate examples de-
rived from one of the man-made microstructures 12
shown in FIG. 12a. In addition to the first metal wires 201
and the second metal wires 202 shown in FIG. 12a, the
metal wires shown in FIG. 12b further comprise third met-
al wires 203 connected at two ends of each of the second
metal wires 202 respectively and perpendicular to the
respective second metal wires 202. In addition to the first
metal wires 201, the second metal wires 202 and the
third metal wires 203 shown in FIG. 12b, the metal wires
shown in FIG. 12c further comprise fourth metal wires
204 connected at two ends of each of the third metal
wires 203 respectively and perpendicular to the respec-
tive third metal wires 203. Each of the man-made micro-

structures 12 of the present disclosure may further com-
prise fifth metal wires connected at two ends of each of
the fourth metal wires 204 respectively and perpendicular
to the respective fourth metal wires 204, and so on.
[0045] In examples shown in FIG. 13 to FIG. 15, the
man-made microstructures 12 of the impedance match-
ing component are of the form of a non-isosceles triangle,
a parallelogram and an irregular closed curve. Likewise,
the man-made microstructures 12 of any other axially
symmetric or non-axially symmetric structure are also
possible. The man-made microstructures 12 of these em-
bodiments are the same as those of the aforesaid em-
bodiments except the geometric shapes thereof. Provid-
ed that the metamaterial sheet layers 13 of the imped-
ance matching component form one impedance gradient
layer, sudden transitions of the impedance between dif-
ferent media can be eliminated so as to avoid energy
loss of the electromagnetic wave when propagating
through an interface between the different media.
[0046] The metamaterial sheet layer 13 shown in FIG.
16, showing another embodiment of the present disclo-
sure, three-dimensional (3D) man-made microstructures
12. The 3D man-made microstructures 12 are uniformly
arranged in the sheet-like substrate 11 in an array form
and in parallel with each other. In design of the man-
made microstructures 12, the impedance gradient of the
impedance matching component can be adjusted by de-
signing the length relationships between the metal wires.
[0047] Each of the man-made microstructures 12 of
this embodiment comprises three first metal wires 201
perpendicular to each other and intersecting with each
other at a point, sixth second metal wires 202 connected
at two ends of each of the first metal wires 201 respec-
tively and perpendicular to the respective first metal wires
201, and so on.
[0048] In the impedance matching component of the
present disclosure, the electromagnetic parameters of
each point in the metamaterial can be set according to
the principle that topologies of the patterns of and the
geometric dimensions of the man-made microstructures
have an impact on the electromagnetic parameters of
the metamaterial. The impedance is directly proportional

to  so the problems of reflection and energy loss

of the electromagnetic wave when propagating through
an interface between different media can be overcome
by appropriately setting the electromagnetic parameters
of each point in the metamaterial and using the metama-
terial to form an impedance matching component whose
impedance varies gradually. FIG. 17 is a schematic view
illustrating an application of the impedance matching
component of the present disclosure. The impedance
matching component 10 of the present disclosure is dis-
posed between two different media; and patterns and
dimensions of the man-made microstructures 12 of the
metamaterial sheet layers, which make contact with the
first medium and the second medium respectively, of the
impedance matching component can be designed ac-
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cording to the electromagnetic parameters of the first me-
dium and the second medium. When the two media are
both homogenous media, for convenience of under-
standing and description, a plurality of identical man-
made microstructures are attached on a same metama-
terial sheet layer of the impedance matching component;
and the man-made microstructures attached on the dif-
ferent metamaterial sheet layers have the same geomet-
ric shape and increase or decrease in size gradually in
the stacking direction of the metamaterial sheet layers.
In practical designs, the different metamaterial sheet lay-
ers may also adopt the man-made microstructures hav-
ing different patterns provided that the impedances of
the metamaterial sheet layers increase or decrease grad-
ually in the stacking direction of the metamaterial sheet
layers to achieve impedance matching between the ho-
mogenous media, which shall all be covered within the
scope of the present disclosure.
[0049] Referring to FIG. 18, there is shown a schematic
structural view illustrating a hybrid wave-absorbing ma-
terial of the present disclosure. The hybrid wave-absorb-
ing material of the present disclosure comprises a con-
ventional wave-absorbing material as an attenuating lay-
er, and an impedance matching layer that has the im-
pedance matching function is disposed on the conven-
tional wave-absorbing material serving as a base. Be-
cause of disposition of the impedance matching layer,
only the attenuating property of the conventional wave-
absorbing material needs to be considered when the con-
ventional wave-absorbing material is used. Therefore,
the conventional wave-absorbing material of the present
disclosure refers to any kind of common wave-absorbing
material having a high loss factor, including ferrites hav-
ing high magnetic medium loss, conductive polymers
having high resistive loss, carbon black having high die-
lectric loss, BaTiO3, FeTiO3, PbTiO3 and so on. The at-
tenuating layer is not merely limited to the aforesaid ex-
amples for the conventional wave-absorbing material,
which all have an excellent attenuating property and an
impedance Zn.
[0050] After the conventional wave-absorbing material
base having an excellent attenuating property is chosen,
the impedance matching layer formed of the metamate-
rial must be designed in such a way that an impedance
to an electromagnetic wave incident from the free space
varies gradually from the impedance Z0 in the free space
to the impedance Zn in the conventional wave-absorbing
material base. Thereby, the electromagnetic wave is not
reflected when propagating through the hybrid wave-ab-
sorbing material, and is finally absorbed by the conven-
tional wave-absorbing material.
[0051] The so-called metamaterial is a kind of novel
material that is formed by man-made microstructures as
basic units arranged in the space in a particular manner
and that has predetermined electromagnetic responses.
The metamaterial comprises man-made microstructures
comprising metal branches having a predetermined pat-
tern, and a substrate on which the man-made microstruc-

tures are attached. A plurality of man-made microstruc-
tures are arranged in an array form on the substrate, and
each of the man-made microstructures and a portion of
the substrate occupied thereby form one metamaterial
unit. Any adjacent ones of the man-made microstructures
shall be spaced apart by a distance of one tenth to one
fifth of the wavelength of an incident electromagnetic
wave so as to make a continuous electromagnetic re-
sponse to the incident electromagnetic wave. The sub-
strate may be made of any material different from that of
the man-made microstructures, and use of the two ma-
terials imparts to each of the metamaterial units an equiv-
alent dielectric permittivity and an equivalent magnetic
permeability, which correspond to the responses of each
of the metamaterial units to the electric field and the mag-
netic field respectively. The electromagnetic response of
the metamaterial is determined by electromagnetic re-
sponse of the man-made microstructures which, in turn,
is largely determined by topologies of the patterns of the
metal branches of and the geometric dimensions of the
man-made microstructures.
[0052] The impedance of each of the man-made micro-
structures can be derived from the formula
Z=R+jωL+1/jωC, where R represents a resistance of the
man-made microstructure, and L and C represent an in-
ductance and a capacitance of the man-made micro-
structure respectively. When the electromagnetic wave
propagates through each of the man-made microstruc-
tures, positive and negative charges are accumulated
between the metal branches spaced apart from each oth-
er to form a capacitor of the man-made microstructure,
and the metal branches per se form an inductor of the
man-made microstructure. The capacitance is correlated
with the area of and the spacing between the metal
branches, and the inductance is correlated with the
lengths of the metal branches. Therefore, the impedance
can be adjusted by adjusting the dimensions of and the
spacings between the metal branches.
[0053] According to the aforesaid principle, an imped-
ance matching layer that is made of the metamaterial
and has an impedance varying gradually is designed.
The impedance matching layer is comprised of a plurality
of metamaterial sheet layers, with an impedance of the
outermost metamaterial sheet layer being identical to the
impedance Z0 of the free space and an impedance of
the innermost metamaterial sheet layer being identical
to the impedance Zn of the conventional wave-absorbing
material base. Through a series of metamaterial sheet
layers, the gradual variation from the impedance Z0 to
the impedance Zn is achieved to eliminate sudden tran-
sitions of the impedance between the free space and the
conventional wave-absorbing material base. Thereby, it
can be ensured that the electromagnetic wave incident
from the free space is not reflected by the hybrid wave-
absorbing material of the present disclosure.
[0054] Referring to FIG. 19 and FIG. 20, FIG. 19 and
FIG. 20 are a schematic perspective view and a cross-
sectional view of an impedance matching layer in a first
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preferred embodiment of the hybrid wave-absorbing ma-
terial of the present disclosure respectively. The number
of the metamaterial sheet layers shown is only illustrative,
but is not intended to limit the number of the metamaterial
sheet layers of the present disclosure. The impedance
matching layer 21 comprises a plurality of homogeneous
metamaterial sheet layers stacked integrally in a direction
perpendicular to a surface of each of the metamaterial
sheet layers. Each of the metamaterial sheet layers com-
prises a sheet-like substrate 110 and a plurality of man-
made microstructures attached on the substrate. An im-
pedance of the outermost metamaterial sheet layer is
identical to the impedance Z0 of the free space, and an
impedance of the innermost metamaterial sheet layer is
identical to the impedance Zn of the conventional wave-
absorbing material base. The so-called "homogeneous
metamaterial sheet layer" means that each point of the
metamaterial sheet layer has the same electromagnetic
parameters. A plurality of first man-made microstructures
100 having a first pattern is attached on the outermost
metamaterial sheet layer, a plurality of second man-
made microstructures 300 having a second pattern is
attached on the innermost metamaterial sheet layer, and
patterns of man-made microstructures attached on the
intermediate metamaterial sheet layers are combinations
of the first pattern and the second pattern in which the
first pattern decreases in size continuously in the stacking
direction and the second pattern increases in size con-
tinuously in the stacking direction.
[0055] In this embodiment, each of the man-made
microstructures 100 on the outermost metamaterial

sheet layer is of a " " form, which comprises a vertical
first metal branch 101 and second metal branches 102
connected at two ends of the first metal branch 101 and
perpendicular to the first metal branch 101 respectively.
Each of the man-made microstructures 300 on the inner-
most metamaterial sheet layer is of an "H" form, which
comprises a horizontal third metal branch 301 and fourth
metal branches 302 connected at two ends of the third
metal branch 301 and perpendicular to the third metal
branch 301 respectively. The patterns of the man-made
microstructures on the intermediate metamaterial sheet

layers are combinations of the " " form and the "H"
form in which in the stacking direction of the metamaterial

sheet layers, the " " form decreases in size continu-
ously and the "H" form increases in size continuously.
Thereby, an intermediate gradient layer is formed.
[0056] Of course, in other examples and embodi-
ments, the impedance matching component as depicted
in FIG. 1 to FIG. 17 of the present disclosure may also
be adopted as the impedance matching layer of the hy-
brid wave-absorbing material of the present disclosure.
The detailed technical features of the impedance match-
ing component have been described in the examples and
embodiments shown in FIG. 1 to FIG. 17, and thus will
not be further described herein.

[0057] The substrates of the hybrid wave-absorbing
material of the present disclosure may be made of a ce-
ramic material, a polymer material, a ferroelectric mate-
rial, a ferrite material or a ferromagnetic material, and the
polymer material is preferably an epoxy resin, PTFE, an
F4B material or an FR4 material. The man-made micro-
structures may be attached on the substrates through
etching, electroplating, drilling, photolithography, elec-
tron etching or ion etching. The man-made microstruc-
tures shall be arranged on each of the substrates at a
spacing of one tenth to one fifth of the wavelength of an
incident electromagnetic wave so as to make a continu-
ous electromagnetic response to the incident electro-
magnetic wave.
[0058] The aforesaid technical solutions at least have
the following benefits: according to the impedance
matching component and the hybrid wave-absorbing ma-
terial of the present disclosure, the impedance matching
component has a graded impedance, with an impedance
value thereof at a side being identical to that of a first
medium and an impedance value thereof at the other
side being identical to that of a second medium. The con-
tinuous changes in the intermediate portion eliminate
sudden transitions of the impedance between the first
medium and the second medium. Thereby, the problems
of partial reflection and energy loss of the electromag-
netic wave when propagating through an interface be-
tween different media are overcome. Furthermore, the
hybrid wave-absorbing material of the present disclosure
has improved wave-absorbing performances.

Claims

1. An impedance matching component, configured to
be disposed between a first medium and a second
medium to eliminate reflection of an electromagnetic
wave when propagating through an interface be-
tween the first medium and the second medium,
wherein the impedance matching component com-
prises a plurality of functional sheet layers (4),
each of the functional sheet layers (4) comprises a
sheet-like substrate (1) and apertures (3) formed on
the substrate(1), the substrate (1) is divided into a
plurality of unit cells(2), each of the unit cells(2) is
formed with one or more of the apertures (3),
and wherein impedances of the functional sheet lay-
ers (4) of the impedance matching component vary
continuously in a stacking direction of the functional
sheet layers (4), with the impedance of a first one of
the functional sheet layers (4) being identical to that
of the first medium and the impedance of a last one
of the functional sheet layers (4) being identical to
that of the second medium,
the impedance matching component characterized
in that,
all the apertures (3) have a same volume, each of
the apertures (3) is filled with a filler of a materiald-
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ifferent from the substrate (1), the fillers filled in the
apertures (3)on a same one of the substrates
(1)have a same dielectric permittivity, and the die-
lectricpermittivities of the fillers filled in the apertures
(3) on different ones of the substrates (1) increase
or decrease continuously in the stacking direction.

2. An impedance matching component, configured to
be disposed between a first medium and a second
medium to eliminate reflection of an electromagnetic
wave when propagating through an interface be-
tween the first medium and the second medium,
wherein the impedance matching component com-
prises a plurality of functional sheet layers (4),
each of the functional sheet layers (4) comprises a
sheet-like substrate (11) and man-made microstruc-
tures (12) attached on the substrate (11), the sub-
strate (11) is divided into a plurality of unit cells(2),
each of the unit cells(2) is formed with one or more
of the man-made microstructures (12),
and wherein impedances of the functional sheet lay-
ers (4) of the impedance matching component vary
continuously in a stacking direction of the functional
sheet layers (4), with the impedance of a first one of
the functional sheet layers (4) being identical to that
of the first medium and the impedance of a last one
of the functional sheet layers (4) being identical to
that of the second medium,
wherein the man-made microstructures (12) of all
the functional sheet layers (4) of the impedance
matching component have a same pattern, and the
man-made microstructures (12) of the functional
sheet layers (4) vary in size continuously in the stack-
ing direction of the functional sheet layers (4),
theimpedance matching component characterized
in that,
each of the man-made microstructures (12) compris-
es three first metal wires (201) perpendicular to each
other in a three-dimensional (3D) space and inter-
secting with each other at a point, second metal wires
(202) connected at two ends of each of the first metal
wires (201) respectively and perpendicular to the re-
spective first metal wires (201), third metal wires
(203) connected at two ends of each of the second
metal wires (202) respectively and perpendicular to
the respective second metal wires (202).

3. A hybrid wave-absorbing material, comprising an at-
tenuating layer and an impedance matching compo-
nent according to claim 1 or 2, wherein the first me-
dium is a free space and the second medium is the
attenuating layer.

4. A hybrid wave-absorbing material, comprising an at-
tenuating layer and an impedance matching layer
wherein the impedance matching is configured to be
disposed between free space and the attenuating
layer to eliminate reflection of an electromagnetic

wave when propagating through an interface be-
tween the free space and the attenuating layer,
wherein the impedance matching component com-
prises a plurality of functional sheet layers (4),
each of the functional sheet layers (4) comprises a
sheet-like substrate (11) and man-made microstruc-
tures (12) attached on the substrate (11), the sub-
strate (11) is divided into a plurality of unit cells(2),
each of the unit cells(2) is formed with one or more
of the man-made microstructures (12),
and wherein impedances of the functional sheet lay-
ers (4) of the impedance matching component vary
continuously in a stacking direction of the functional
sheet layers (4), with the impedance of a first one of
the functional sheet layers (4) being identical to that
of the free space and the impedance of a last one of
the functional sheet layers (4) being identical to that
of the attenuating layer,
the hybrid wave-absorbing material characterized
in that,
the man-made microstructures (12) are formed by a
plurality of first man-made microstructures (12) hav-
ing a first pattern attached on the first one of the
functional sheet layers (4), and a plurality of second
man-made microstructures(12) having a second pat-
tern attached on the last one of the fuctional sheet
layers(4),
wherein patterns of the man-made microstructures
(12) attached on intermediate ones of the functional
sheet layers (4) are all combinations of the first pat-
tern and the second pattern in which the first pattern
decreases in size continuously and the second pat-
tern increases in size continuously in the stacking
direction of the functional sheet layers (4).

Patentansprüche

1. Impedanzanpassungskomponente, die zur Anord-
nung zwischen einem ersten Medium und einem
zweiten Medium konfiguriert ist, um Reflexion einer
elektromagnetischen Welle bei Durchlaufen einer
Grenzfläche zwischen dem ersten Medium und dem
zweiten Medium zu beseitigen, wobei die Impedan-
zanpassungskomponente eine Vielzahl von Funkti-
onsschichtlagen (4) umfasst,
wobei jede der Funktionsschichtlagen (4) ein plat-
tenförmiges Substrat (1) und in dem Substrat (1)
ausgebildete Öffnungen (3) umfasst, wobei das Sub-
strat (1) in eine Vielzahl von Einheitszellen (2) un-
terteilt ist, wobei jede der Einheitszellen (2) mit einer
oder mehreren der Öffnungen (3) ausgebildet ist,
und wobei Impedanzen der Funktionsschichtlagen
(4) der Impedanzanpassungskomponente in einer
Stapelrichtung der Funktionsschichtlagen (4) konti-
nuierlich variieren, wobei die Impedanz einer ersten
der Funktionsschichtlagen (4) mit derjenigen des
ersten Mediums identisch ist und die Impedanz einer
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letzten der Funktionsschichtlagen (4) mit derjenigen
des zweiten Mediums identisch ist,
wobei die Impedanzanpassungskomponente da-
durch gekennzeichnet ist, dass alle Öffnungen (3)
ein gleiches Volumen aufweisen, wobei jede der Öff-
nungen (3) mit einem vom Substrat (1) verschiede-
nen Material gefüllt ist, wobei die Füllstoffe, die in
die Öffnungen (3) in einem gleichen der Substrate
(1) gefüllt sind, eine gleiche Dielektrizitätskonstante
aufweisen und die Dielektrizitätskonstanten der Füll-
stoffe, die in die Öffnungen (3) in verschiedenen der
Substrate (1) gefüllt sind, in der Stapelrichtung kon-
tinuierlich zunehmen oder abnehmen.

2. Impedanzanpassungskomponente, die zur Anord-
nung zwischen einem ersten Medium und einem
zweiten Medium konfiguriert ist, um Reflexion einer
elektromagnetischen Welle bei Durchlaufen einer
Grenzfläche zwischen dem ersten Medium und dem
zweiten Medium zu beseitigen, wobei die Impedan-
zanpassungskomponente eine Vielzahl von Funkti-
onsschichtlagen (4) umfasst,
wobei jede der Funktionsschichtlagen (4) ein plat-
tenförmiges Substrat (11) und auf dem Substrat (11)
angebrachte künstliche Mikrostrukturen (12) auf-
weist, wobei das Substrat (11) in eine Vielzahl von
Einheitszellen (2) unterteilt ist, wobei jede der Ein-
heitszellen (2) mit einer oder mehreren der künstli-
chen Mikrostrukturen (12) ausgebildet ist,
und wobei Impedanzen der Funktionsschichtlagen
(4) der Impedanzanpassungskomponente in einer
Stapelrichtung der Funktionsschichtlagen (4) konti-
nuierlich variieren, wobei die Impedanz einer ersten
der Funktionsschichtlagen (4) mit derjenigen des
ersten Mediums identisch ist und die Impedanz einer
letzten der Funktionsschichtlagen mit derjenigen
des zweiten Mediums identisch ist,
wobei die künstlichen Mikrostrukturen (12) aller
Funktionsschichtlagen (4) der Impedanzanpas-
sungskomponente ein gleiches Muster aufweisen
und die künstlichen Mikrostrukturen (12) der Funk-
tionsschichtlagen (4) in der Stapelrichtung der Funk-
tionsschichtlagen (4) in der Größe kontinuierlich va-
riieren,
wobei die Impedanzanpassungskomponente da-
durch gekennzeichnet ist, dass jede der künstli-
chen Mikrostrukturen (12) drei erste Metalldrähte
(201) aufweist, die in einem dreidimensionalen (3D)
Raum senkrecht zueinander verlaufen und sich an
einem Punkt schneiden, wobei zweite Metalldrähte
(202) an zwei Enden von jedem der ersten Metall-
drähte (201) verbunden sind und senkrecht zu den
jeweiligen ersten Metalldrähten (201) verlaufen, wo-
bei dritte Metalldrähte (203) an zwei Enden von je-
dem der zweiten Metalldrähte (202) verbunden sind
und senkrecht zum jeweiligen zweiten Metalldraht
(202) verlaufen.

3. Hybrides Wellenabsorbtionsmaterial, umfassend ei-
ne Dämpfungsschicht und eine Impedanzanpas-
sungskomponente nach Anspruch 1 oder 2, wobei
das erste Medium ein freier Raum ist und das zweite
Medium die Dämpfungsschicht ist.

4. Hybrides Wellenabsorbtionsmaterial, umfassend ei-
ne Dämpfungsschicht und eine Impedanzanpas-
sungsschicht, wobei die Impedanzanpassung zur
Anordnung zwischen freiem Raum und der Dämp-
fungsschicht konfiguriert ist, um Reflexion einer
elektromagnetischen Welle bei Durchlaufen einer
Grenzfläche zwischen dem freien Raum und der
Dämpfungsschicht zu beseitigen,
wobei die Impedanzanpassungskomponente eine
Vielzahl von Funktionsschichtlagen (4) aufweist,
wobei jede der Funktionsschichtlagen (4) ein plat-
tenförmiges Substrat (11) und in dem Substrat (11)
angebrachte künstliche Mikrostrukturen (12) auf-
weist, wobei das Substrat (11) in eine Vielzahl von
Einheitszellen (2) unterteilt ist, wobei jede der Ein-
heitszellen (2) mit einer oder mehreren der künstli-
chen Mikrostrukturen (12) ausgebildet ist,
und wobei Impedanzen der Funktionsschichtlagen
(4) der Impedanzanpassungskomponente in einer
Stapelrichtung der Funktionsschichtlagen (4) konti-
nuierlich variieren, wobei die Impedanz einer ersten
der Funktionsschichtlagen (4) mit derjenigen des
freien Raumes identisch ist und die Impedanz einer
letzten der Funktionsschichtlagen (4) mit derjenigen
der Dämpfungsschicht identisch ist,
wobei das hybride Wellenabsorbtionsmaterial da-
durch gekennzeichnet ist, dass die künstlichen
Mikrostrukturen (12) durch eine Vielzahl von ersten
künstlichen Mikrostrukturen (12) mit einem ersten
Muster, das auf der ersten der Funktionsschichtla-
gen (4) angebracht ist, und eine Vielzahl von zweiten
künstlichen Mikrostrukturen (12) mit einem zweiten
Muster, das auf der letzten der Funktionsschichtla-
gen (4) angebracht ist, ausgebildet sind,
wobei Muster der künstlichen Mikrostrukturen (12)
auf zwischenliegenden der Funktionsschichtlagen
(4) Kombinationen des ersten Musters und des zwei-
ten Musters sind, wobei in der Stapelrichtung der
Funktionsschichtlagen (4) das erste Muster in der
Größe kontinuierlich abnimmt und das zweite Muster
in der Größe kontinuierlich zunimmt.

Revendications

1. Composant d’adaptation d’impédance configuré de
manière à être disposé entre un premier support et
un deuxième support en vue d’éliminer la réflexion
d’une onde électromagnétique lors de sa propaga-
tion à travers une interface entre le premier support
et le deuxième support, caractérisé en ce que le
composant d’adaptation d’impédance comprend
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une pluralité de couches en feuilles fonctionnelles
(4),
chacune des couches en feuilles fonctionnelles (4)
comprend un substrat en forme de feuille (1) ainsi
que des ouverture (3) formées sur le substrat (1), le
substrat (1) est divisé en une pluralité de cellules
individuelles (2), et chacune des cellules individuel-
les (2) est formée de manière à comporter une ou
plusieurs de ces ouverture (3),
et caractérisé en ce que les impédances des cou-
ches en feuilles fonctionnelles (4) du composant
d’adaptation d’impédance varient continuellement
dans le sens d’empilement des couches en feuilles
fonctionnelles (4), l’impédance de la première des
couches en feuilles fonctionnelles (4) étant identique
à celle du premier support et l’impédance de la der-
nière des couches en feuilles fonctionnelles (4) étant
identique à celle du deuxième support,
le composant d’adaptation d’impédance étant ca-
ractérisé en ce que,
toutes les ouvertures (3) ont le même volume, cha-
cune des ouvertures (3) étant remplie d’un produit
d’apport réalisé en un matériau qui est différent de
celui du substrat (1), les produits d’apport qui sont
ajoutés dans les ouvertures (3) du même substrat
(1) ayant la même permittivité diélectrique, et les per-
mittivités diélectriques des produits d’apport remplis
dans les ouvertures (3) des différents substrats (1)
augmentant ou diminuant continuellement dans le
sens d’empilement.

2. Composant d’adaptation d’impédance configuré de
manière à être disposé entre un premier support et
un deuxième support en vue d’éliminer la réflexion
d’une onde électromagnétique lors de sa propaga-
tion à travers une interface entre le premier support
et le deuxième support, caractérisé en ce que le
composant d’adaptation d’impédance comprend
une pluralité de couches en feuilles fonctionnelles
(4),
chacune des couches en feuilles fonctionnelles (4)
comprend un substrat en forme de feuille (11) ainsi
que des microstructures artificielles (12) attachées
sur le substrat (11), le substrat (11) étant divisé en
une pluralité de cellules individuelles (2), et chacune
des cellules individuelles (2) étant formée de maniè-
re à comporter une ou plusieurs de ces microstruc-
tures artificielles (12),
et caractérisé en ce que les impédances des cou-
ches en feuilles fonctionnelles (4) du composant
d’adaptation d’impédance varient continuellement
dans le sens d’empilement des couches en feuilles
fonctionnelles (4), l’impédance de la première des
couches en feuilles fonctionnelles (4) étant identique
à celle du premier support, et l’impédance de la der-
nière des couches en feuilles fonctionnelles (4) étant
identique à celle du deuxième support,
caractérisé en ce que les microstructures artificiel-

les (12) de toutes les couches en feuilles fonction-
nelles (4) du composant d’adaptation d’impédance
ont la même configuration, et en ce que la grandeur
des microstructures artificielles (12) des couches en
feuilles fonctionnelles (4) varie continuellement dans
le sens d’empilement des couches en feuilles fonc-
tionnelles (4),
le composant d’adaptation d’impédance étant ca-
ractérisé en ce que,
chacune des microstructures artificielles (12) com-
prend trois premiers fils métalliques (201) disposés
perpendiculairement l’un par rapport à l’autre dans
un espace tridimensionnel (3D) et se croisant l’un
l’autre en un certain point, des deuxièmes fils métal-
liques (202) connectés aux deux extrémités de cha-
cun des premiers fils métalliques (201) respective-
ment et perpendiculaires aux premiers fils métalli-
ques (201), ainsi que des troisièmes fils métalliques
(203) connectés à deux extrémités de chacun des
deuxièmes fils métalliques (202) respectivement et
perpendiculaires aux deuxièmes fils métalliques res-
pectifs (202).

3. Matériau hybride d’absorption d’ondes comprenant
une couche d’atténuation et un composant d’adap-
tation d’impédance selon la revendication 1 ou 2,
caractérisé en ce que le premier support est un
espace libre et le deuxième support est la couche
d’atténuation.

4. Matériau hybride d’absorption d’ondes, comportant
une couche d’atténuation et une couche d’adapta-
tion d’impédance, caractérisé en ce que l’adapta-
tion d’impédance est configurée de manière à être
disposée entre l’espace libre et la couche d’atténua-
tion afin d’éliminer la réflexion d’une onde électro-
magnétique lors de sa propagation à travers une in-
terface entre l’espace libre et la couche d’atténua-
tion,
caractérisé en ce que le composant d’adaptation
d’impédance comprend une pluralité de couches en
feuilles fonctionnelles (4),
chacune des couches en feuilles fonctionnelles (4)
comprend un substrat en forme de feuille (11) ainsi
que des microstructures artificielles (12) attachées
sur le substrat (11), ce substrat (11) étant divisé en
une pluralité de cellules individuelles (2), et chacune
des cellules individuelles (2) étant formée de maniè-
re à comporter une ou plusieurs de ces microstruc-
tures artificielles (12),
et caractérisé en ce que les impédances des cou-
ches en feuilles fonctionnelles (4) du composant
d’adaptation d’impédance varient continuellement
dans le sens d’empilement des couches en feuilles
fonctionnelles (4), l’impédance de la première des
couches en feuilles fonctionnelles (4) étant identique
à celle de l’espace libre, et l’impédance de la dernière
des couches en feuilles fonctionnelles (4) étant iden-
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tique à celle de la couche d’atténuation,
le matériau hybride d’absorption des ondes étant ca-
ractérisé en ce que,
les microstructures artificielles (12) sont formées par
une pluralité de premières microstructures artificiel-
les (12) dont une première configuration est attachée
sur la première (4) des couche en feuilles fonction-
nelles (4), ainsi que par une pluralité de deuxièmes
microstructures artificielles (12) dont une deuxième
configuration est attachée sur la dernière des cou-
ches en feuilles fonctionnelles (4),
caractérisé en ce que les configurations des mi-
crostructures artificielles (12) attachées sur des cou-
ches en feuilles fonctionnelles (4) intermédiaires
sont toutes des combinaisons de la première confi-
guration et de la deuxième configuration où la gran-
deur de la première configuration diminue continuel-
lement tandis que la grandeur de la deuxième con-
figuration augmente continuellement dans le sens
d’empilement des couches en feuilles fonctionnelles
(4).
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