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(54) FREQUENCY SELECTIVE SURFACE

(57) Provided in the embodiments of the present
disclosure is a frequency selective surface unit, compris-
ing: a first band-pass branch and a dielectric substrate
used for fixing the first band-pass branch. The first band-
pass branch comprises a first metal wire and two first
metal patches: the two first metal patches are spaced
apart to form a first capacitor having a physical width of L.
L being a positive number; the first metal wire is con-
nected to the two first metal patches to form a first
inductor; and connection positions of the first metal wire
and the two first metal patches are located at L/4 to 3L/4 of
the physical width L of the first capacitor.
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Description

Cross-Reference to Related Application

[0001] This disclosure is based upon and claims the
benefit of priority from Chinese patent application CN
202211021655.8, entitled "Frequency Selective Sur-
face" filed on 24 August 2022, the disclosure of which
is incorporated herein by reference in its entirety.

Technical Field

[0002] Examples of the present disclosure relate to the
field of communications, and in particular, to a frequency
selective surface.

Background

[0003] Frequency selective surface, FSS, is an artifi-
cial electromagnetic material having a special filtering
function, and is widely applied in fields such as radar,
aviation, and communications. In a communication sys-
tem with an increasingly high integration degree, multi-
band integration is an important direction, and an anten-
na with an electromagnetic opening characteristic gra-
dually emphasizes a problem of mutual interference
between frequency bands in the multi-band integration,
and research on a multi-band FSS has become a great
emphasis.
[0004] In previous studies, the multi-band FSS often
uses a multi-layer cascaded FSS technology, or a multi-
resonant stub technology. The multi-layer cascaded FSS
increases the complexity and cost of design and fabrica-
tion, and is greatly limited in the civil field. The multi-
resonant stub technology refers to integrating multiple
stubs within a single FSS unit, and generating passbands
of multiple frequency bands by means of resonance of
the multiple stubs. The issue with this technique is that
when the wavelength of a second passband is much
smaller than that of the first passband, the filtering per-
formance of the FSS structure in the second passband is
difficult to ensure, since the size of the FSS unit is always
determined by the first passband. When the size of the
FSS unit is too large relative to the wavelength of the
second passband, causing the filtering performance of
the second passband to deteriorates sharply. This in-
cludes the case where, after the electromagnetic wave is
transmitted, its direction characteristics generate a first
level of distortion, and when the electromagnetic wave is
incident at a 60-degree wide angle, transmission loss is a
big problem.

Summary

[0005] The examples of the present disclosure provide
a frequency selective surface, so as to at least solve the
problems in the related art that the single-layer FSS can
support fewer passbands and the wide-angle filtering

performance is poor.
[0006] According to one example of the present dis-
closure, a frequency selective surface unit is provided,
including at least one first bandpass stub, wherein the two
first metal patches are spaced apart to form a first capa-
citor of physical width L, L is a positive number, the first
metal wire is connected to the two first metal patches to
form a first inductor, wherein connection positions of the
first metal wire and the two first metal patches are both
located within the range of L/4 to 3L/4 of the physical
width L of the first capacitor; and a dielectric substrate, for
fixing the first bandpass stub.
[0007] According to another embodiment of the pre-
sent disclosure, a frequency selective surface is further
provided, which includes multiple frequency selective
surface units as described above.

Brief Description of the Drawings

[0008]

Figure 1 is a block diagram of a frequency selective
surface unit according to an embodiment of the pre-
sent disclosure;

Figure 2 is a block diagram of a frequency selective
surface unit according to an embodiment of the pre-
sent disclosure;

Figure 3 is a block diagram of a frequency selective
surface unit according to an embodiment of the pre-
sent disclosure;

Figure 4 is a structural block diagram of an FSS unit
according to a scenario embodiment of the present
disclosure;

Figure 5 is a schematic structural diagram of a first
bandpass stub according to a scenario embodiment
of the present disclosure;

Figure 6 is a schematic structural diagram of a sec-
ond bandpass stub according to a scenario embodi-
ment of the present disclosure;

Figure 7 is a schematic structural diagram of a first
bandstop stub according to a scenario embodiment
of the present disclosure;

Figure 8 is a graph of a transmission-coefficient
curve of an FSS according to a scenario embodiment
of the present disclosure;

Figure 9 is a structural block diagram of a first band-
pass stub according to a scenario embodiment of the
present disclosure;

Figure 10 is a structural block diagram of a first
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bandpass stub according to a scenario embodiment
of the present disclosure;

Figure 11 is a structural block diagram of an FSS
according to a scenario embodiment of the present
disclosure;

Figure 12 is a graph of a transmission-coefficient
curve of an FSS according to a scenario embodiment
of the present disclosure.

Detailed Description of the Embodiments

[0009] Examples of the present disclosure will be de-
scribed below in detail with reference to the accompany-
ing drawings and in conjunction with examples.
[0010] It should be noted that, terms such as "first" and
"second" in the description, claims, and accompanying
drawings of the present disclosure are used to distinguish
similar objects, but are not necessarily used to describe a
specific sequence or order.
[0011] According to an embodiment of the present
disclosure, a frequency selective surface unit is provided.
Figure 1 is a structural block diagram of a frequency
selective surface unit according to an embodiment of
the present disclosure, As shown in figure 1, the fre-
quency selective surface unit 10 includes at least one
first bandpass stub 110, wherein, the first bandpass stub
110 includes two first metal patches and a first metal wire,
wherein the two first metal patches are spaced apart to
form a first capacitor having a physical width of L, L is a
positive number, a first metal wire is connected to two first
metal patches to form a first inductor, and the connection
positions of the first metal wire and the two first metal
patches are both located within the range of L/4 to 3L/4 of
the physical width L of the first capacitor;
A dielectric substrate120 for fixing the first bandpass stub
110.
[0012] In the described example, a frequency selective
surface unit is provided, including a first bandpass stub
110 and a dielectric substrate 120 for fixing the first
bandpass stub 110, the first bandpass stub 110 includes
two first metal patches and a first metal wire, wherein the
two first metal patches are spaced apart to form a first
capacitor having a physical width of L, L is a positive
number, a first metal wire is connected to two first metal
patches to form a first inductor, and the connection posi-
tion of the first metal wire and the two first metal patches is
located at L/4 to 3L/4 of the physical width L of the first
capacitor, the problems in the related art that the single-
layer FSS can support fewer passbands and the wide-
angle filtering performance is poor are solved, and the
effect of improving the FSS filtering performance is
achieved.
[0013] In an exemplary example, the manner of fixing
the first bandpass stub 110 on the dielectric substrate 120
includes: two first metal patches being fixed on the same
side of the dielectric substrate; or the two first metal

patches are respectively fixed on opposite sides of the
dielectric substrate, and the first metal wires are fixed on
the opposite sides of the dielectric substrate and are
connected through the metallized via.
[0014] In the example of the present disclosure, the
first metal wire may comprise multiple metal segments
fixed on the opposite sides of the dielectric substrate, and
the multiple metal segments are connected through mul-
tiple metallized vias. The shape of the first metal patch
may be circular, triangular, rectangular, or irregular poly-
gonal.
[0015] In an exemplary example, figure 2 is a block
diagram of a frequency selective surface unit according
to an embodiment of the present disclosure, as shown in
figure 2, the frequency selective surface unit 20 further
includes a second bandpass stub 210 in addition to the
components in figure 1, the second bandpass stub 210
and the first bandpass stub 110 can be connected
through a metal wire, and the second bandpass stub
210 includes two second metal patches and a second
metal wire.
[0016] In the example of the present disclosure, the two
second metal patches may be distributed on opposite
sides of the dielectric substrate 120 to form the second
capacitor, the second metal wires may be distributed on
the opposite sides of the dielectric substrate 120 and
connected through the metalized vias to form the second
inductor, and the second inductor and the second capa-
citor are connected in parallel.
[0017] In the example of the present disclosure, the
second metal wire may comprise multiple metal seg-
ments fixed on the opposite sides of the dielectric sub-
strate, and the multiple metal segments are connected
through multiple metallized vias. The shape of the sec-
ond metal patch may be circular, triangular, rectangular,
or irregular polygonal.
[0018] In one exemplary example, figure 3 is a block
diagram of a frequency selective surface unit according
to an embodiment of the present disclosure, as shown in
figure 3, in addition to the components in figure 2, the
frequency selective surface unit 30 further includes at
least one first bandstop stub 310, the first bandstop stub
310 is connected to the first bandpass stub 110 via a
metal wire, and the first bandstop stub 310 includes two
third metal patches and a third metal wire.
[0019] The two third metal patches may be distributed
on opposite sides of the dielectric substrate 120 to form a
third capacitor, and the third metal wire is configured to
connect the second bandpass stub 210 and the first
bandpass stub 110 to form a third inductor.
[0020] In examples of the disclosure, the shape of the
third metal patch may be circular, triangular, rectangular,
or irregular polygonal.
[0021] According to another example of the present
disclosure, there is provided a frequency selective sur-
face including multiple the above frequency selective
surface units.
[0022] In an exemplary example, two adjacent fre-
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quency selective surface units share two third metal
patches, so that two adjacent frequency selective surface
units share a third capacitor.
[0023] In one exemplary example, a third capacitance
of the first bandpass stub is shared between adjacent
frequency selective surface units in diagonally opposing
corner locations of the frequency selective surface.
[0024] In order to enable those skilled in the art to better
understand the technical solutions of the present disclo-
sure, the present disclosure will be described below with
reference to specific scenarios.

Scenario example 1

[0025] Disclosed is an FSS unit. The FSS unit has the
characteristics of a low-cost and miniaturized single layer
with stable multi-band and 60-degree wide-angle perfor-
mance, and can solve the problems in the prior art that the
single-layer FSS can support fewer passbands, the wide-
angle filtering performance is poor, and the cost of a multi-
layer FSS is high.
[0026] Figure 4 is a structural block diagram of an FSS
unit according to an example of the present disclosure.
As shown in figure 4, the FSS unit structure includes a first
bandpass stub 100, a second bandpass stub 200, a first
bandstop stub 300, and three stubs being composed of a
metal structure and partial metallized vias which are
located on opposite sides of a dielectric substrate, three
stubs are connected through a metal wire, each stub
respectively corresponds to a different passband/stop-
band, and electromagnetic waves of a passband fre-
quency band can pass through the FSS structure, there-
by achieving transmission; The electromagnetic wave of
the stopband frequency band cannot pass through the
FSS structure, thereby implementing reflection.
[0027] Figure 5 is a schematic structural diagram of a
first bandpass stub according to a scenario embodiment
of the present disclosure. As shown in figure 5, the first
bandpass stub 100 includes a first metal structure 101, a
second metal structure 102, and a third metal structure
103, where the first metal structure 101 and the second
metal structure 102 have a certain distance therebetw-
een to form a capacitor, and the physical width of the
capacitor is L; the third metal structure 103 is a metal wire,
so as to form an inductor, in which the narrower the metal
wire is, the higher the inductance value is; the positions of
connections between the inductor and the capacitor are
respectively a first connection position 104 and a second
connection position 105, in which the first connection
position 104 and the second connection position 105
can move in a range of (L/4,3L/4), and when 104 and
105 are located at the central L/2 position in the width
direction, a better resonance characteristic can be ob-
tained. By optimizing the position where the inductor is
connected to the capacitor, the first bandpass stub im-
proves the resonance characteristics of the bandpass
stub when the incident light is at a wide angle of 60
degree, thereby achieving stable wide angle perfor-

mance of the FSS unit.
[0028] A person skilled in the art should know that the
first metal structure 101 and the second metal structure
102 of the first bandpass stub are the first metal patches
in the foregoing embodiment, and the first metal structure
101 and the second metal structure 102 may be in the
same layer, or may be in different layers of the dielectric
substrate, and may be in various shapes such as rec-
tangle, triangle, and circle. The third metal structure 103
is the first metal wire in the foregoing embodiment, and
the third metal structure 103 may be in one layer, and may
also be multiple segments of metal wires distributed on
the opposite sides of the dielectric substrate, and are
connected through metal vias. A first connection location
104 and a second connection location 105 of the inductor
and capacitor connection structure, which may be a
direct connection of a metal structure, and may also be
a connection of a metallized via; the linkage position
range was also (L/4,3L/4).
[0029] The first bandpass stub adopts a wide-angle
design, i.e. a position where an inductor is connected to a
capacitor in parallel; and in the centre of the width L of the
capacitor, the position thereof can be adjusted in a range
from L/4 to 3L/4. By improving the position where the
inductor and the capacitor are connected in parallel, the
filtering performance of the FSS is stable when the in-
cident angle is 60 degrees.
[0030] Figure 6 is a schematic structural diagram of a
second bandpass stub according to a scenario embodi-
ment of the present disclosure. As shown in figure 6, the
second bandpass stub 200 includes a fourth metal struc-
ture 201 and a fifth metal structure 202 on the front side of
the dielectric substrate, a sixth metal structure 203 and a
seventh metal structure 204 on the back side of the
dielectric substrate, and a metallized via 205 connecting
the front side and the back side of the dielectric substrate.
Wherein the fourth metal structure 201 and the sixth
metal structure 203 are respectively located on opposite
sides of the dielectric substrate to form a plate capacitor,
and in a direction perpendicular to the dielectric sub-
strate, the more projected overlapping portions of the
fourth metal structure 201 and the sixth metal structure
203 are, the larger the capacitor is; the fifth metal struc-
ture 202 and the seventh metal structure 204 are con-
nected through a metallized via 205 to form an inductor. In
a specific example, the fifth metal structure 202 and the
seventh metal structure 204 may be metal wires, and the
narrower the metal wire is, the higher the inductance
value is; the capacitor and the inductor are connected
in parallel. The second bandpass stub forms a capacitor
by means of metal structures distributed on two surfaces
of a substrate, and compared with a capacitor structure
located on the same side, a gap between metal structures
on the same side is replaced by a distance of the thick-
ness of the substrate, thereby reducing the length of the
stub on the same plane, and realizing miniaturization.
[0031] A person skilled in the art should know that the
fourth metal structure 201 and the sixth metal structure
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203 in the second bandpass stub are the second metal
patch in the above example, and the fourth metal struc-
ture 201 and the sixth metal structure 203 may be rec-
tangular, or may be circular, triangular, polygonal or other
non-standard shapes. The fifth metal structure 202 and
the seventh metal structure 204 are the second metal
wires in the foregoing embodiment, and the fifth metal
structure 202 and the seventh metal structure 204 may be
two-segment metal wires, or may be multi-segment metal
wires, and are connected through multiple metallization
vias.
[0032] The second bandpass stub uses a miniaturized
design, and a metal structure respectively located on the
opposite sides of a plate forms a capacitor, metal wires
extending out from the opposite sides of the metal struc-
ture are connected through a metalized via to form an
inductor, and the capacitor and the inductor are con-
nected in parallel to form a second pass-band.
[0033] Figure 7 is a schematic structural diagram of a
first bandstop stub according to a scenario embodiment
of the present disclosure. As shown in figure 7, the first
bandstop stub 300 includes an eighth metal structure
301, a ninth metal structure 302, and a twelfth metal
structure 305 on a front side of a dielectric substrate, a
tenth metal structure 303, an eleventh metal structure
304, and a thirteenth metal structure 306 on a back side of
the dielectric substrate. The eighth metal structure 301,
the eleventh metal structure 304, the twelfth metal struc-
ture 305, and the thirteenth metal structure 306 are metal
connecting wires between the stubs, and form an induc-
tor together with other stubs. The ninth metal structure
302 and the tenth metal structure 303 form a capacitor
respectively on opposite sides of the substrate. The first
bandstop stub forms a capacitor by means of a ninth
metal structure 302 and a tenth metal structure 303
respectively belonging to two adjacent FSS units, so that
two adjacent FSS units share one capacitor, i.e. a series
equivalent capacitance value C; compared with the non-
shared unit structures connected in series, where the
capacitance is halved to C/2, thereby achieving the effect
of doubling the capacitance value. Similarly, in the case
where the required capacitance value is determined, the
optimized first bandstop stub structure capacitance value
is reduced by half, i.e. the capacitance metal area is
reduced by half, thereby realizing the miniaturization of
the bandstop stubs.
[0034] A person skilled in the art should know that the
opposite sides of the dielectric substrate of the first band-
stop stub, the ninth metal structure 302 and the tenth
metal structure 303 are the third metal patches in the
foregoing embodiment, and the ninth metal structure 302
and the tenth metal structure 303 may be circular, may
also be triangular, rectangular, polygonal, or other irre-
gular shapes.
[0035] The first bandstop stub is of a miniaturized de-
sign, and a capacitor is formed by metal structures lo-
cated on opposite sides of a plate, wherein the front and
back metal structures respectively belong to two adjacent

units in positive and negative 45 directions. When a
single unit capacitor is 2C, two capacitors of adjacent
units are in a series connection relationship, so that an
actual capacitance value is halved to C. By sharing a
capacitor by adjacent units, a capacitance value equiva-
lent to the unit capacitor C is C. Compared with a unit
capacitor of 2C, a required capacitance value is reduced,
that is, the area of a capacitor metal is reduced, thereby
realizing the miniaturization of bandstop stubs.
[0036] A person skilled in the art should know that the
metal structure mentioned in this scenario embodiment
may be a metal patch, a metal strip, a metal line, and the
like, which is not limited herein.

Scenario example 2

[0037] The FSS provided in this scenario embodiment
is an FSS minimum repeatable sub-array, and the sub-
array includes four basic units with consistent functions.
Each base unit includes a first bandpass stub, a second
bandpass stub, and a first bandstop stub. Adjacent basic
units at diagonal positions share the capacitance of the
first bandstop stub 300, and therefore, the same-function
stubs of adjacent basic units are respectively located on
opposite sides of the dielectric substrate, that is, assum-
ing that the first bandpass stub of one basic unit is located
on the front side of the dielectric substrate, the first
bandpass stub of one diagonal adjacent basic unit is
located on the back side of the dielectric substrate.
The size of the miniaturized FSS unit is 20 mm, which
is equivalent to 0.17λ@2.6 GHz and 0.23λ@3.5 GHz.
[0038] During operation, an electromagnetic wave of a
bandstop frequency band is incident on a surface of an
FSS, a first bandstop stub generates LC series reso-
nance, which is equivalent to the metal transmission line,
and the FSS is equivalent to the metal grid, so as to block
the propagation of the electromagnetic wave and reflect
same. When electromagnetic waves of a cut-off fre-
quency band are incident on the surface of an FSS,
the first or second bandpass stub generates LC parallel
resonance to form a high-impedance metal transmission
line, the FSS cannot form a metal grid, and the electro-
magnetic waves pass through the FSS to form transmis-
sion.
[0039] Figure 8 is a graph of a transmission-coefficient
curve of an FSS according to a scenario embodiment of
the present disclosure. As shown in figure 8, it can be
seen that the FSS proposed in the second embodiment of
the scenario realizes a bandstop function with a trans-
mission coefficient of less than ‑15 dB in a frequency
band of 0.6 GHz‑0.96 GHz; in addition, the transmission-
coefficient of two frequency bands, i.e. 2.5 GHz‑2.7 GHz
and 3.4 GHz‑3.8 GHz, is greater than ‑0.5 dB, thereby
realizing a dual-frequency bandpass function; when the
light is incident at a wide angle of 60 degrees, in a
conventional structure, in a first transparent frequency
band, the transmission loss sharply increases, and by
adopting the miniaturized wide-angle unit of the present
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disclosure, the loss is greatly improved.
[0040] In a specific implementation process, the struc-
tural form of a relevant stub (including a first bandpass
stub, a second bandpass stub, and a first bandstop stub)
is not specifically limited, and can be adjusted according
to actual situations.
[0041] For example, the structure of the first relay node
may be located on the opposite sides of the dielectric
substrate. Figure 9 is a structural block diagram of a first
bandpass stub according to a scenario embodiment of
the present disclosure. As shown in figure 9, the first
connection terminal includes a fourteenth metal structure
111 and a fifteenth metal structure 112, which are respec-
tively located on opposite sides of a dielectric substrate to
form a capacitor, the overall width of the capacitor being
L; the first metal wire 113 and the second metal wire 115
are respectively located on opposite sides of the dielec-
tric substrate, and are connected to form an inductor
through a metallized via 114; a first inductive loading
position 116 and a second inductive loading position
117, which are connected to a capacitor through a me-
talized via, in which the range of loading positions is (L/4,
3L/4).
[0042] In the example of the present disclosure, there
is further provided a first bandpass stub having another
structural form. Figure 10 is a structural block diagram of
a first bandpass stub according to a scenario embodi-
ment of the present disclosure. As shown in figure 10, the
first bandpass stub includes a sixteenth metal structure
121 and a seventeenth metal structure 122, which are
located on opposite sides of a dielectric substrate re-
spectively to form a capacitor, the overall width of the
capacitor being L; the third metal wire 123 forms an
inductor; a third inductor loading position 124 and a fourth
inductor loading position 125, wherein the third inductor
loading position 124 is connected to a capacitor through a
metalized via, the fourth inductor loading position 125 is
directly connected to the capacitor, and the ranges of the
loading positions are both (L/4, 3L/4).
[0043] Figure 11 is a structural block diagram of an FSS
according to a scenario embodiment of the present dis-
closure. As shown in figure 11, the FSS includes a second
bandpass stub 100, a first bandpass stub 200, and a first
bandstop stub 300. The positional relationship of the first
bandpass stub, the second bandpass stub and the first
bandstop stub is a common positional relationship
among the three stubs in the embodiment of the present
scenario. Since the specific structural forms of the first
bandpass stub are different, the structural form between
the three stubs may be slightly changed, but the posi-
tional relationship is basically similar.

Scenario example 3

[0044] The structure of the FSS provided in the embo-
diment of the present scenario includes three bandpass
stubs and one bandstop stub, i.e. a first bandpass stub, a
second bandpass stub, a third bandpass stub and a first

bandstop stub.
[0045] Figure 12 is a graph of a transmission-coeffi-
cient curve of an FSS according to a scenario embodi-
ment of the present disclosure. As shown in figure 12, in
this embodiment of the scenario, a bandstop function of a
transmission coefficient of a frequency band of
0.6GHz‑0.96GHz being less than ‑15dB is implemented
by using a first bandstop stub; by adding a third bandpass
stub 400, the transmission coefficient of the FSS struc-
ture in three frequency bands of 2.5GHz‑2.7GHz,
3.4GHz‑3.8GHz and 4.8GHz‑5GHz is greater than
‑0.7dB, thereby realizing the three-frequency bandpass
function. The size of the miniaturized FSS unit of embo-
diment 4 is 20 mm, which is equivalent to 0.17λ@2.6
GHz, 0.23λ@3.5 GHz, and 0.33λ@4.9 GHz, and the filter
performance at a 60-degree wide angle is stably main-
tained in all of the three transparent frequency bands.
[0046] In summary, during the design process, appro-
priate bandpass/bandstop stubs and the number thereof
can be selected according to requirements. In order to
realize the FSS bandstop function, at least one first
bandstop stub needs to be comprised; to realize the
single-band bandpass function of the FSS, a second
bandpass stub or a first bandpass stub is required; in
order to realize an FSS multi-band bandpass function,
one second bandpass stub + multiple first bandpass
stubs are required to be connected in series, or multiple
first bandpass stubs are directly connected in series, i.e.
when the multi-band bandpass is performed, the number
of the second bandpass stubs is 0 or 1, and the other
bandpass stubs are all first bandpass stubs.
[0047] A person skilled in the art should know that the
above are embodiments of specific scenarios of the
present disclosure, which do not constitute any limitation
to the present disclosure, and after knowing the content
and principle of the present disclosure, a person skilled in
the art can make changes to the implementation forms
without departing from the principle of the present dis-
closure, but these changes based on the principle of the
present disclosure are still within the scope of protection
of the claims and the present disclosure.
[0048] The present disclosure provides an FSS struc-
ture, including a dielectric substrate and a resonant stub,
realizing passband/stopband characteristics of the FSS
structure. A resonant stub includes two parts, i.e. the
inductor and a capacitor, and different stubs adopt dif-
ferent optimized structures. By means of a combination
of bandpass/bandstop stubs, the effects of bandstop of a
frequency band and multi-band-pass can be achieved, all
bandstop/bandpass frequency bands can be separately
adjustable, and the filtering performance is stable in the
case of 60-degree wide-angle incidence.
[0049] The FSS unit of the present disclosure opti-
mizes the filter performance stability of the FSS under
60-degree wide-angle incidence by improving the induc-
tive loading position of the bandpass stub; by means of
miniaturized bandpass stubs and bandstop stubs shar-
ing a capacitor with adjacent units, a miniaturized design
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of the FSS unit is realized, so that under the same unit
size, an FSS structure can integrate more frequency
bands, and all bandstop/bandpass frequency bands
are separately adjustable; Based on the single-layer di-
electric substrate design, the process is simple and cost-
effective.
[0050] The present disclosure relates to the technical
field of frequency selective surfaces, and is applied to
multi-band device integration in the field of communica-
tions, and belongs to a 5G A+P integrated product and a
potential 6G key technology. Specifically, the present
invention may be applied to the field of network commu-
nications, for example, an integrated communications
device of an A+P type, and a device with a higher inte-
gration level in the future.
[0051] The foregoing descriptions are merely exemp-
lary embodiments of the present disclosure, but are not
intended to limit the present disclosure. For those skilled
in the art, the present disclosure may have various mod-
ifications and variations. Any modifications, equivalent
replacements, improvements and the like made within
the principle of the present disclosure shall fall within the
scope of protection of the present disclosure.

Claims

1. A frequency selective surface unit, comprising:

at least one first bandpass stub, wherein each
first bandpass stub comprises a first metal wire
and two first metal patches, wherein the two first
metal patches are spaced apart to form a first
capacitor of physical width L, L is a positive
number, the first metal wire is connected to
the two first metal patches to form a first inductor,
wherein connection positions of the first metal
wire with the two first metal patches are both
located within the range of L/4 to 3L/4 of the
physical width L of the first capacitor; and
a dielectric substrate, for fixing the first band-
pass stub.

2. The frequency selective surface unit according to
claim 1, wherein the two first metal patches are fixed
on same side of the dielectric substrate; or the two
first metal patches are respectively fixed on opposite
sides of the dielectric substrate, and the first metal
wire is fixed on the opposite sides of the dielectric
substrate and connected through a metallized via.

3. The frequency selective surface unit according to
claim 2, wherein the first metal wire comprises multi-
ple segments of metal wires fixed on the opposite
sides of the dielectric substrate, and the multiple
segments of the metal wires are connected through
multiple metallized vias.

4. The frequency selective surface unit according to
claim 1, wherein shape of the first metal patches is
circular, triangular, rectangular, or irregular polygo-
nal.

5. The frequency selective surface unit of claim 1,
further comprising:
a second bandpass stub, wherein the second band-
pass stub is connected to the first bandpass stub via
a metal wire, the second bandpass stub comprises
two second metal patches and a second metal wire,
wherein the two second metal patches are distribu-
ted on opposite sides of the dielectric substrate to
form a second capacitor, the second metal wire is
distributed on the opposite sides of the dielectric
substrate and connected through metallized via to
form a second inductor, wherein the second inductor
is connected in parallel with the second capacitor.

6. The frequency selective surface unit according to
claim 5, wherein the second metal wire comprises
multiple segments of metal wires fixed on the oppo-
site sides of the dielectric substrate, and the multiple
segments of the metal wires are connected through
multiple metallized vias.

7. The frequency selective surface unit according to
claim 5, wherein shape of the second metal patches
is circular, triangular, rectangular, or irregular poly-
gonal.

8. The frequency selective surface unit according to
claim 1, further comprising:
at least one first bandstop stub, wherein each first
bandstop stub is connected to the first bandstop stub
via a metal wire, the first bandstop stub comprises
two third metal patches and a third metal wire, where-
in the two third metal patches are distributed on
opposite sides of a dielectric substrate to form a third
capacitor, the third metal wire connecting a second
bandpass stub and the first bandpass stub to form a
third inductor.

9. The frequency selective surface unit according to
claim 8, wherein shape of the third metal patches is
circular, triangular, rectangular, or irregular polygo-
nal.

10. A frequency selective surface, comprising multiple
frequency selective surface units according to any
one of claims 1‑9.

11. The frequency selective surface according to claim
10, wherein two adjacent frequency selective sur-
face units share two third metal patches, so that two
adjacent frequency selective surface units share a
third capacitor.
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12. The frequency selective surface according to claim
11, wherein adjacent frequency selective surface
units located at diagonal positions share a third
capacitor of a first bandpass stub.

5

10

15

20

25

30

35

40

45

50

55



9

EP 4 564 608 A1



10

EP 4 564 608 A1



11

EP 4 564 608 A1



12

EP 4 564 608 A1



13

EP 4 564 608 A1



14

EP 4 564 608 A1



15

EP 4 564 608 A1

5

10

15

20

25

30

35

40

45

50

55



16

EP 4 564 608 A1

5

10

15

20

25

30

35

40

45

50

55



17

EP 4 564 608 A1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 202211021655 [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

