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(54) ELECTROMAGNETIC WAVE REFLECTARRAY

(567)  Provided is an electromagnetic wave reflectar-
ray (10), including a first substrate (SUB1), a second sub-
strate (SUB2), first wires (WR1) and second wires (WR2)
respectively arranged on the first substrate (SUB1) and
the second substrate (SUB2) along a first direction (DI)
and a second direction (D2), antenna electrodes (110)
and tuning electrodes (120) respectively arranged into
first electrode strings (110S) and second electrode

strings (120S) electrically connected to the first wires
(WR1) and the second wires (WR2) on the first substrate
(SUB1) and the second substrate (SUB2) along the first
direction (D1), and a liquid crystal layer (LCL) disposed
between the first substrate (SUB1) and the second sub-
strate (SUB2). The tuning electrodes (120) completely
cover the orthographic projections of the antenna elec-
trodes (110) on the second substrate (SUB2).

110 WR1
D3 [ TN
N = ~] I S 3 K A ~] I N 3

1~ suBt

_ |~ AL1

D2 D1 gp = -~ LCL
= AL2
SUB2

Al

FIG. 2A

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 167 382 A1 2

Description
BACKGROUND
Technical Field

[0001] The disclosure relates to an electromagnetic
wave reflectarray, and more particularly to an electro-
magnetic wave reflectarray with adjustable electromag-
netic wave transceiving direction and resonance fre-
quency.

Description of Related Art

[0002] Reduction of energy loss of electromagnetic
waves in a transmission path has long been an important
topic in mobile communication. With increasingly higher
frequency of electromagnetic waves used, the energy
loss generated becomes greater when the waves en-
counter obstacles (such as concrete walls, trees, furni-
ture, signboards, and the like). Therefore, communica-
tion dead zones, black spots, or areas of poor signal cov-
erage are prone to be generated in application spaces.
[0003] The above problem may be better handled by
deploying base stations or boosters, but the construction,
the energy consumption, and the subsequent hardware
maintenance thereof all incur considerable costs. Hence,
a reflectarray is widely used to increase electromagnetic
wave signal coverage to solve the above problem. How-
ever, due to the fixed antenna size of the reflective an-
tenna array, the electromagnetic wave transceiving di-
rection cannot be adjusted according to the construction
environment, which causes inconvenience in use.

SUMMARY

[0004] The disclosure provides an electromagnetic
wave reflectarray with adjustable electromagnetic wave
transceiving direction and resonance frequency.

[0005] Anelectromagnetic wave reflectarray of the dis-
closure includes a first substrate, a second substrate,
multiple first wires, multiple second wires, multiple an-
tenna electrodes, multiple tuning electrodes, and a liquid
crystal layer. The second substrate is disposed opposite
to the first substrate. The first wires are arranged on the
first substrate along a first direction and extend in a sec-
ond direction. The first direction intersects with the sec-
ond direction. The second wires are arranged on the sec-
ond substrate along the second direction and extend in
the first direction. The antenna electrodes are disposed
on the first substrate and are respectively arranged into
multiple first electrode strings along the first direction.
The first electrode strings are respectively electrically
connected to the first wires. The tuning electrodes are
disposed on the second substrate, respectively overlay-
ing and completely covering the orthographic projections
of the antenna electrodes on the second substrate. The
tuning electrodes are respectively arranged into multiple
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second electrode strings along the first direction, and the
second electrode strings are respectively electrically
connected to the second wires. The liquid crystal layer
is disposed between the first substrate and the second
substrate.

[0006] In an embodiment of the disclosure, the first
wires of the electromagnetic wave reflectarray are elec-
trically connected to a first voltage source to have a first
voltage. The second wires are electrically connected to
a second voltage source to have a second voltage.
[0007] Inanembodimentofthe disclosure, the firstwire
of the electromagnetic wave reflectarray has multiple first
resistors located between the antenna electrodes, and
these first resistors are respectively electrically connect-
ed to any two antenna electrodes in the first electrode
string.

[0008] Inanembodimentofthe disclosure, the second
wire of the electromagnetic wave reflectarray has multi-
ple second resistors located between the antenna elec-
trodes, and these second resistors are respectively elec-
trically connected to any two tuning electrodes in the sec-
ond electrode string.

[0009] In an embodiment of the disclosure, the first
wires or the second wires of the electromagnetic wave
reflectarray respectively have different voltages.

[0010] Inanembodiment of the disclosure, in the elec-
tromagnetic wave reflectarray, the first wires are electri-
cally connected to afirst digital-to-analog converter array
to have different voltages respectively, and the second
wires are electrically connected to a second digital-to-
analog converter array to have different voltages respec-
tively.

[0011] Inan embodiment of the disclosure, in the elec-
tromagnetic wave reflectarray, the voltage of each first
wire increases or decreases from one side to the other
side of the first wires in the first direction, and the voltage
of each second wire increases or decreases from one
side to the other side of the second wires in the second
direction.

[0012] In an embodiment of the disclosure, each an-
tenna electrode of the electromagnetic wave reflectarray
has a first width and a second width respectively along
the first direction and the second direction. The first width
of each antenna electrode is the same, and the second
width of each antenna electrode is the same.

[0013] In an embodiment of the disclosure, the width
of each antenna electrode of the electromagnetic wave
reflectarray along a third direction increases or decreas-
es from one side to the other side of the antenna elec-
trodes in the third direction.

[0014] In an embodiment of the disclosure, the third
direction of the electromagnetic wave reflectarray is par-
allel to one of the first direction and the second direction.
[0015] In an embodiment of the disclosure, the width
of each antenna electrode of the electromagnetic wave
reflectarray along afourth direction increases or decreas-
es from one side to the other side of the antenna elec-
trodes in the fourth direction, and the fourth direction is
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not parallel to the first direction and the second direction.
[0016] Inanembodimentofthe disclosure, each tuning
electrode of the electromagnetic wave reflectarray has
the same width along the third direction.

[0017] Inanembodimentofthe disclosure, each tuning
electrode of the electromagnetic wave reflectarray has a
bottom portion parallel to the second substrate and a
sidewall portion bendably extending from the bottom por-
tion. The liquid crystal layer is divided into multiple por-
tions separated from each other, and the sidewall portion
of each tuning electrode surrounds one portion of the
liquid crystal layer and one antenna electrode.

[0018] In an embodiment of the disclosure, each an-
tenna electrode of the electromagnetic wave reflectarray
includes at least one conductor patch, and the profile of
the orthographic projection of the at least one conductor
patch on the first substrate is circular, rectangular, annu-
lar, U-shaped, or L-shaped.

[0019] In an embodiment of the disclosure, the ortho-
graphic projection of each antenna electrode of the elec-
tromagnetic wave reflectarray on the second substrate
is completely covered by the orthographic projection of
one tuning electrode on the second substrate.

[0020] In an embodiment of the disclosure, the elec-
tromagnetic wave reflectarray further includes at least
one alignment layer disposed between the liquid crystal
layerand at least one of the first substrate and the second
substrate.

[0021] In anembodiment of the disclosure, the atleast
one alignment layer of the electromagnetic wave reflec-
tarray is multiple alignment patterns disposed in corre-
spondence to the tuning electrodes, and profiles of or-
thographic projections of each alignment pattern and
each tuning electrode on the first substrate are the same.
[0022] In an embodiment of the disclosure, the align-
ment direction of each alignment pattern of the electro-
magnetic wave reflectarray is radial or concentric.
[0023] Based on the above, in the electromagnetic
wave reflectarray of an embodiment of the disclosure,
each of the antenna structures arranged into an array
has the antenna electrode, the tuning electrode, and the
liquid crystal layer located between the two electrodes.
By adjusting the effective dielectric constant distribution
of the liquid crystal layer in these antenna structures, the
radiation pattern or reflection efficiency of electromag-
netic waves after reflected by these antenna structures
may be changed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

FIG. 1is a schematic top view of an electromagnetic
wave reflectarray according to the first embodiment
of the disclosure.

FIG. 2A and FIG. 2B are schematic cross-sectional
views of the electromagnetic wave reflectarray in
FIG. 1.
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FIG. 3is a schematic exploded view of a partof layers
of the electromagnetic wave reflectarray in FIG. 1.
FIG. 4A to FIG. 4F are schematic top views of an-
tenna electrodes according to some modified em-
bodiments of the disclosure.

FIG. 5A is a schematic view of alignment directions
of alignment layers in FIG. 2A.

FIG. 5B and FIG. 5C are schematic views of align-
ment directions of alignment layers according to
some modified embodiments of the disclosure.
FIG. 6 is a schematic top view of an electromagnetic
wave reflectarray according to the second embodi-
ment of the disclosure.

FIG. 7A and FIG. 7B are schematic cross-sectional
views of the electromagnetic wave reflectarray in
FIG. 6.

FIG. 8 is a schematic top view of an electromagnetic
wave reflectarray according to the third embodiment
of the disclosure.

FIG. 9A and FIG. 9B are schematic cross-sectional
views of the electromagnetic wave reflectarray in
FIG. 8.

FIG. 10is a schematictop view of an electromagnetic
wave reflectarray according to the fourth embodi-
ment of the disclosure.

FIG. 11Aand FIG. 11B are schematic cross-section-
al views of the electromagnetic wave reflectarray in
FIG. 10.

FIG. 12is a schematictop view of an electromagnetic
wave reflectarray according to the fifth embodiment
of the disclosure.

FIG. 13is a schematictop view of an electromagnetic
wave reflectarray according to the sixth embodiment
of the disclosure.

FIG. 14is a schematictop view of an electromagnetic
wave reflectarray according to the seventh embod-
iment of the disclosure.

FIG. 15A and FIG. 15B are schematic cross-section-
al views of the electromagnetic wave reflectarray in
FIG. 14.

FIG. 16is a schematictop view of an electromagnetic
wave reflectarray according to the eighth embodi-
ment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0025] The usages of "approximately,” "similarto," "es-
sentially," or "substantially" indicated throughout the
specification include the indicated value and an average
value having an acceptable deviation range, which is a
certain value confirmed by people skilled in the art, and
is a certain amount considered the discussed measure-
ment and measurement-related deviation (i.e., the limi-
tation of measurement system). For example, "approxi-
mately" may indicate to be within one or more standard
deviations of the indicated value, such as being within
+30%, =20%, =15%), =10%, or =5%. Furthermore, the
usages of "approximately," "similar to," "essentially," or
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"substantially" indicated throughout the specification
may refer to a more acceptable deviation scope or stand-
ard deviation depending on measurement properties,
cutting properties, or other properties, and all properties
may not be applied with one standard deviation.

[0026] In the drawings, for clarity, the thickness of lay-
ers, films, plates, areas, and the like are magnified. It
should be understood that when an element such as a
layer, a film, an area, or a substrate is indicated to be
"on" another element or "connected to" another element,
it may be directly on another element or connected to
another element, or an element in the middle may exist.
In contrast, when an element is indicated to be "directly
on another element" or "directly connected to" another
element, an elementin the middle does not exist. As used
herein, "to connect" may indicate to physically and/or
electrically connect. Furthermore, "electrically connect-
ed" may also be used when other elements exist between
two elements.

[0027] References of the exemplary embodiments of
the disclosure are to be made in detail. Examples of the
exemplary embodiments are illustrated in the drawings.
If applicable, the same reference numerals in the draw-
ings and the descriptions indicate the same or similar
parts.

[0028] FIG. 1isaschematictop view of an electromag-
netic wave reflectarray according to the firstembodiment
of the disclosure. FIG. 2A and FIG. 2B are schematic
cross-sectional views of the electromagnetic wave re-
flectarray in FIG. 1 respectively taken alone a section line
A1-A1’ and a section line A2-A2’. FIG. 3 is a schematic
exploded view of a part of layers of the electromagnetic
wave reflectarray in FIG. 1. FIG. 4A to FIG. 4F are sche-
matic top views of antenna electrodes according to some
modified embodiments of the disclosure. FIG. 5A is a
schematic view of alignment directions of alignment lay-
ersin FIG. 2A. FIG. 5B and FIG. 5C are schematic views
of alignment directions of alignment layers according to
some modified embodiments of the disclosure. For clar-
ity, a first substrate SUB1, a liquid crystal layer LCL, a
spacer SP, an alignment layer AL1, and an alignment
layer AL2 in FIG. 2A are omitted in FIG. 1. It should be
noted thatthe numbers of antenna electrodes 110, tuning
electrodes 120, first wires WR1, and second wires WR2
shown in the drawings are only for exemplification and
are not used to limit the disclosure.

[0029] With reference to FIG. 1 to FIG. 3, an electro-
magnetic wave reflectarray 10 includes the first substrate
SUBH1, a second substrate SUB2, multiple antenna elec-
trodes 110, multiple tuning electrodes 120, multiple first
wires WR1, and multiple second wires WR2. The first
substrate SUB1 is disposed opposite to the second sub-
strate SUB2. The antenna electrodes 110 are disposed
on the first substrate SUB1 and are located on the side
of the first substrate SUB1 away from the second sub-
strate SUB2. The tuning electrodes 120 are disposed on
the second substrate SUB2 and are located between the
first substrate SUB1 and the second substrate SUB2.
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[0030] Inthis embodiment, the antennaelectrodes 110
may be arranged into multiple rows and multiple columns
respectively along a direction D1 and a direction D2. In
other words, the antenna electrodes 110 may be ar-
ranged on the first substrate SUB1 to form a reflective
antenna array. For example, in this embodiment, the di-
rection D1 may be selectively perpendicular to the direc-
tion D2, but the disclosure is not limited thereto. The tun-
ing electrodes 120 are respectively disposed in corre-
spondence to these antenna electrodes 110. More spe-
cifically, the tuning electrodes 120 respectively overlay
and completely cover the orthographic projections of
these antenna electrodes 110 on the second substrate
SUB2.

[0031] Inthis embodiment, the antennaelectrodes 110
only have one size, but the disclosure is not limited there-
to. More specifically, each antenna electrode 110 has a
width W1 and a width W2 respectively along the direction
D1 and the direction D2. The width W1 of each antenna
electrode 110 is the same, and the width W2 of each
antenna electrode 110 is the same as well. Similarly, the
tuning electrodes 120 also only have one size, and the
size of each tuning electrode 120 is slightly greater than
the size of the corresponding antenna electrode 110, but
the disclosure is not limited thereto. In other embodiment,
the size of the tuning electrodes and the size of the an-
tenna electrodes may also be approximately the same.
However, in another embodiment, the tuning electrodes
and the liquid crystal layer may also be disposed only in
a partial area having the antenna electrodes to reduce
the cost of the electromagnetic wave reflectarray. In other
words, the size of the tuning electrodes may be less than
the size of the antenna electrodes.

[0032] The first wires WR1 are also disposed on the
first substrate SUB1. These first wires WR1 are arranged
along the direction D1 and extend in the direction D2.
The second wires WR2 are also disposed on the second
substrate SUB2. These second wires WR2 are arranged
along the direction D2 and extend in the direction D1.
For example, the antenna electrodes 110 may be ar-
ranged into multiple electrode strings 110S along the di-
rection D2, and these electrode strings 110S are respec-
tively electrically connected to the first wires WR1. The
tuning electrodes 120 may be arranged into multiple elec-
trode strings 120S along the direction D1, and these elec-
trode strings 120S are respectively electrically connected
to the second wires WR2.

[0033] The electromagnetic wave reflectarray 10 fur-
ther includes the liquid crystal layer LCL disposed be-
tween the first substrate SUB1 and the second substrate
SUB2. For example, the spacer SP may be disposed
between the first substrate SUB 1 and the second sub-
strate SUB2 to form an accommodating space for the
liquid crystal layer LCL. Moreover, at least one side of
the liquid crystal layer LCL needs to be disposed with an
alignment layer for the liquid crystal molecules thereof to
be arranged along the alignment direction of the align-
ment layer when not subject to an electric field, so as to
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maintain the directivity of the effective optical axis there-
of.

[0034] In this embodiment, the electromagnetic wave
reflectarray 10 may be disposed with two alignment lay-
ers AL1 and AL2. The alignment layer AL1 is disposed
on the surface of the first substrate SUB1 contacting the
liquid crystal layer LCL, while the alignment layer AL2 is
disposed on the surfaces of the second substrate SUB2
and the tuning electrodes 120 contacting the liquid crystal
layer LCL, but the disclosure is not limited thereto. In
another embodiment, one of the alignment layers may
also be omitted and not be disposed according to the
design or process requirements of the electromagnetic
wave reflectarray (e.g., the thickness of the liquid crystal
layer LCL). For example, in this embodiment, an align-
ment direction AD 1 of the alignment layer AL1 may be
anti-parallel to an alignment direction AD2 of the align-
ment layer AL2 (as shown in FIG. 5A). Therefore, in the
absence of an applied electric field, multiple liquid crystal
molecules (not illustrated) of the liquid crystal layer LCL
are aligned along the alignment directions of the align-
ment layers substantially parallel to the two substrates.
[0035] On the other hand, the alignment layer of this
embodiment may be entirely coated on the substrate, but
the disclosure is not limited thereto. In another embodi-
ment, the alignment layer may also be multiple alignment
patterns disposed in correspondence to multiple tuning
electrodes or multiple antenna electrodes, and the align-
ment patterns are the same as the profiles of the ortho-
graphic projections of both the corresponding tuning
electrodes or antenna electrodes on the substrate.
[0036] It should be noted that the antenna electrode
110 and the tuning electrode 120 that overlap along a
direction D3, as well as the portion of the liquid crystal
layer LCL located between these two electrodes may be
regarded as one antenna structure of this embodiment.
The resonance frequency of electromagnetic waves on
the antenna electrode 110 may be adjusted by changing
effective dielectric constants of that portion of the liquid
crystal layer LCL.

[0037] Since the liquid crystal material has dielectric
anisotropy, which means the liquid crystal material has
different dielectric constants (e.g., a dielectric constant
g;,and a dielectric constant L) respectively in a direction
parallel to and in a direction perpendicular to the major
axis (also called as the molecular axis) of the liquid crystal
molecules, the liquid crystal material may be electroni-
cally controlled. To change the effective dielectric con-
stants of the liquid crystal layer LCL in the electric field
direction of electromagnetic waves, the antenna elec-
trode 110 and the tuning electrode 120 may be respec-
tively applied with different voltages for generating an
electricfield that may be used to drive multiple liquid crys-
tal molecules of the layer LCL to rotate between the two
electrodes. Electric fields of different strengths may
cause these liquid crystal molecules to be arranged in
different directions (e.g., the direction of the major axis
of the molecules), generating different effective dielectric
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constants in the electric field direction of electromagnetic
waves, with the effective dielectric constants falling within
the range between the dielectric constant ¢, and the di-
electric constant L.

[0038] For example, in this embodiment, all antenna
electrodes 110 have the same first voltage V1, and all
tuning electrodes 120 have the same second voltage V2.
The first voltage V1 is different from the second voltage
V2. In detail, the first wires WR1 electrically connected
to the electrode strings 110S may be selectively electri-
cally connected to a first voltage source 210 to have the
first voltage V1, while the second wires WR2 electrically
connected to the electrode strings 120S may be selec-
tively electrically connected to a second voltage source
220 to have the second voltage V2.

[0039] In other words, in this embodiment, the above
method of driving these antenna electrodes 110 and
these tuning electrodes 120 may make all the antenna
structures generate the same tuning amount for the res-
onance frequency (i.e., center frequency) of electromag-
netic waves. From another point of view, such the driving
method may adjust the reflection efficiency of these an-
tenna structures for electromagnetic waves of specific
frequencies.

[0040] Furthermore, the antenna electrode 110 of the
embodiment is, for example, a conductor patch, and the
profile of the orthographic projection thereof on the first
substrate SUB1 is a square, but the disclosure is not
limited thereto. In another embodiment, the profile of the
orthographic projection of an antenna electrode 110A on
the first substrate SUB1 may be a circle (as shown in
FIG. 4A). In order to make electromagnetic waves have
different characteristics (e.g., better directivity) after re-
flected by the antenna structures, the configuration of the
antenna electrodes in some embodiments may also be
other aspects. For example, the antenna electrode may
include multiple conductor patches, and the profile of the
orthographic projection of each conductor patch on the
first substrate SUB1 may be rectangular, circular, U-
shaped, L-shaped, or in other shapes that may lead to a
bijection between the phase delay of the reflected signals
and the physical size/electrical size (e.g., electrical
length) of the electrode.

[0041] For example, the antenna electrode may be
composed of one square conductor patch 111 and two
rectangular conductor patches 112 arranged at intervals
(as shown in FIG. 4B). The antenna electrode may also
be composed of two circular conductor patches 111C
and 112C arranged concentrically at intervals (as shown
in FIG. 4C). The antenna electrode may also be imple-
mented into an aspectwhere one square conductor patch
111D is surrounded by one square annular conductor
patch 112D (asshownin FIG.4D). The antenna electrode
may also be implemented into an aspect where one
square conductor patch 111E is surrounded by one U-
shaped conductor patch 112E and two L-shaped con-
ductor patches 113E (as shown in FIG. 4E). The antenna
electrode may also be implemented into an aspect where
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two rectangular conductor patches 111F arranged at in-
tervals are surrounded by two U-shaped conductor
patches 112F (as shown in FIG. 4F).

[0042] Onthe otherhand, in order to adapt the antenna
structure to various possible polarization directions of
electromagnetic waves, the alignment directions of the
aforementioned alignment layers may further be adjust-
ed according to the configuration of the antenna elec-
trode. For example, for the electromagnetic wave reflec-
tarray using the antenna electrode 110A of FIG. 4A, an
alignment direction AD1-A of an alignment layer AL1-A
and an alignment direction AD2-A of an alignment layer
AL2-A may be radial (as shown in FIG. 5B). For the elec-
tromagnetic wave reflectarray using an antenna elec-
trode 110C of FIG. 4C, an alignment direction AD1-B of
an alignment layer AL1-B and an alignment direction
AD2-B of an alignment layer AL2-B may be concentric
(as shown in FIG. 5C). It should be noted that the align-
ment layers in FIG. 5B and FIG. 5C may be composed
of multiple alignment patterns whose profiles are similar
to the tuning electrode or the antenna electrode, but the
disclosure is not limited thereto.

[0043] In particular, in consideration of electrical con-
ductivity, conductor patches are generally made of metal
materials, butthe disclosure is not limited thereto. In order
to meet requirements in different usage scenarios, the
conductor patches may also be made of transparent con-
ductive materials. The transparent conductive materials
include, for example, indium tin oxide, indium zinc oxide,
aluminum tin oxide, aluminum zinc oxide, other suitable
metal oxides, or a stack layer of at least two of the above.
For example, if the antenna electrode is made of trans-
parent conductive materials, the electromagnetic wave
reflectarray of the disclosure may be directly integrated
into a glass window of a building. In other words, the first
substrate SUB1 and the second substrate SUB2 may be
ceramic laminates or low dielectric loss substrates (e.g.,
Rogers substrates), or may be glass substrates.

[0044] Other embodiments are described below to ex-
plain the disclosure in detail, and the same components
will be denoted by the same reference numerals, and the
description of the same technical content will be omitted.
For the description of the omitted part, reference may be
made to the above embodiment, and details are not de-
scribed in the following embodiments.

[0045] FIG.6isaschematictop view of an electromag-
netic wave reflectarray according to the second embod-
iment of the disclosure. FIG. 7A and FIG. 7B are sche-
matic cross-sectional views of the electromagnetic wave
reflectarray in FIG. 6 respectively taken alone a section
line B1-B1’ and a section line B2-B2’. For clarity, the first
substrate SUB1, the liquid crystal layer LCL, the spacer
SP, the alignmentlayer AL1, and the alignment layer AL2
in FIG. 7A are omitted in FIG. 6. With reference to FIG.
6 to FIG. 7B, different from the electromagnetic wave
reflectarray 10 of FIG. 1, the antenna electrodes 110A
and the tuning electrodes 120A of an electromagnetic
wave reflectarray 10A of this embodiment have various
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sizes.

[0046] In detail, the antenna electrodes 110A have a
width W3 along the arrangement direction (e.g., the di-
rection D1) of the first wires WR1, and the width W3 of
the antenna electrodes 110A decreases or increases
from one side to the other side in the arrangement direc-
tion of these antenna electrodes 110A. For example, in
this embodiment, the size of each antenna electrode
110A of an electrode string 110S1, an electrode string
110S2, an electrode string 110S3, and an electrode
string 110S4 sequentially arranged in the direction D1
decreases from one side disposed with the electrode
string 110S1 to the other side disposed with the electrode
string 110S4 on the second substrate SUB2. Corre-
spondingly, the size of each tuning electrode 120A of the
same electrode string 120S also decreases from one side
disposed with the electrode string 110S1 to the other side
disposed with the electrode string 110S4 on the second
substrate SUB2,

[0047] However, the disclosure is not limited thereto.
In another embodiment not illustrated, the size of the an-
tenna electrodes and the size of the tuning electrodes
may also decrease or increase along the arrangement
direction (e.g., the direction D2) of the second wires WR2.
In other words, the size of the antenna electrodes and
the size of the tuning electrodes may vary along the di-
rection D1 or the direction D2.

[0048] Since the size of the antenna electrodes 110A
of this embodiment varies along the direction D1, the
phase of electromagnetic waves reflected by these an-
tenna electrodes 110A of different sizes varies as well.
That means, with this setting of size, the main emitting
direction of electromagnetic waves may be changed after
reflected by the electromagnetic wave reflectarray 10A.
In addition, by tuning the effective dielectric constants of
the liquid crystal layer LCL, the phase of electromagnetic
waves reflected by each antenna structure may be indi-
vidually controlled, and beam scanning may be per-
formed near the aforementioned main emitting direction
to increase the electromagnetic wave signal coverage.

[0049] FIG. 8isaschematictop view of an electromag-
neticwave reflectarray according to the third embodiment
of the disclosure. FIG. 9A and FIG. 9B are schematic
cross-sectional views of the electromagnetic wave re-
flectarray in FIG. 8 respectively taken alone a section line
C1-C1’ and a section line C2-C2'. For clarity, the first
substrate SUB1, the liquid crystal layer LCL, the spacer
SP, the alignmentlayer AL1, and the alignmentlayer AL2
in FIG. 9A are omitted in FIG. 8. With reference to FIG.
8 to FIG. 9B, different from the electromagnetic wave
reflectarray 10A of FIG. 6, the size of each antenna elec-
trode 110B and the size of each tuning electrode 120B
of an electromagnetic wave reflectarray 10B in this em-
bodiment may decrease orincrease along multiple direc-
tions.

[0050] In this embodiment, the size of the antenna
electrodes 110B and the size of the tuning electrodes
120B may vary along the direction D2 as well as along
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the direction D1. For example, the size of each antenna
electrode 110B respectively overlapping an electrode
string 120S1, an electrode string 120S2, an electrode
string 120S3, and an electrode string 120S4 sequentially
arranged in the direction D2 decreases from one side
disposed with the electrode string 120S1 to the other side
disposed with the electrode string 120S4 on the second
substrate SUB2. Therefore, the size of the antenna elec-
trodes 110B in this embodiment varies in a direction not
parallel to the direction D1 and the direction D2 (e.g., a
width W4 of the antenna electrodes 110B varies in a di-
rection D4) more obviously than the electromagnetic
wave reflectarray 10A of FIG. 6.

[0051] Since the size of the antenna electrodes 110A
in this embodiment varies along the direction D1, the
phase of electromagnetic waves reflected by these an-
tenna electrodes 110A of different sizes varies as well.
That is to say, with this setting of size, the main emitting
direction of electromagnetic waves may be changed after
reflected by the electromagnetic wave reflectarray 10B.
On the other hand, by tuning the effective dielectric con-
stants of the liquid crystal layer LCL, the phase of elec-
tromagnetic waves reflected by each antenna structure
may be individually controlled, such that the emitting di-
rection may be adjusted within a specific angle range
near the aforementioned preset emitting direction, there-
by achieving the adjustment of the electromagnetic wave
signal coverage.

[0052] FIG. 10 is a schematic top view of an electro-
magnetic wave reflectarray according to the fourth em-
bodiment of the disclosure. FIG. 11A and FIG. 11B are
schematic cross-sectional views of the electromagnetic
wave reflectarray in FIG. 10 respectively taken alone a
section line D1-D1’ and a section line D2-D2’. For clarity,
the first substrate SUB1, the liquid crystal layer LCL, the
spacer SP, an alignment layer AL, an insulating layer
INS1, and an insulating layer INS2 in FIG. 11A are omit-
ted in FIG. 10. With reference to FIG. 10 to FIG. 11B, an
electromagnetic wave reflectarray 10C of this embodi-
ment and the electromagnetic wave reflectarray 10 of
FIG. 1 are mainly different in the configuration of the tun-
ing electrodes.

[0053] In this embodiment, antenna electrodes 110C
and first wires WR1-A are disposed on a lateral surface
of the first substrate SUB1 facing the second substrate
SUB2 instead, and the liquid crystal layer LCL may be
divided into multiple portions separated from each other.
Atuning electrode 120C has a bottom portion 120bp par-
allel to the second substrate SUB2 and a sidewall portion
120sp bendably extending from the bottom 120bp, and
the sidewall portion 120sp surrounds the antenna elec-
trode 110C and a portion of the liquid crystal layer LCL.
[0054] Since the sidewall portion 120sp of each tuning
electrode 120C may effectively reduce the influence on
the portion of the liquid crystal layer LCL surrounded
thereby from the external electric field generated by the
adjacent antenna electrode 110C and another tuning
electrode 120C, the equivalent electron size of each an-
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tenna electrode 110C on electromagnetic waves may be
controlled in a favorable way. Therefore, these antenna
structures may be arranged more closely, which makes
the difference in equivalent electron size between any
two adjacent antenna electrodes 110C greater, thereby
achieving the effect of multiple ripples of the reflected
electromagnetic waves.

[0055] It should be noted that, based on process con-
siderations and thickness design of the liquid crystal layer
LCL, the electromagnetic wave reflectarray 10C of this
embodiment is disposed with the alignment layer AL only
on the surface of the first substrate SUB1 contacting the
liquid crystal layer LCL. Moreover, in orderto ensure elec-
trical separation between the first wire WR1-A and the
tuning electrode 120C, the insulating layer INS1 is further
disposed between the tuning electrode 120C and the first
substrate SUB1, and the insulating layer INS1 covers the
first wire WR1-A. The insulating layer INS2 may be dis-
posed between any two adjacent tuning electrodes 120C
for electrical separation from each other.

[0056] It should be noted that, in another modified as-
pect of this embodiment, the antenna electrode 110C
may also be disposed on a lateral surface of the first
substrate SUB 1 away from the second substrate SUB2
as the antenna electrode 110 does in FIG. 2A.

[0057] FIG. 12 is a schematic top view of an electro-
magnetic wave reflectarray according to the fifth embod-
iment of the disclosure. With reference to FIG. 12, an
electromagnetic wave reflectarray 10D of this embodi-
ment and the electromagnetic wave reflectarray 10 of
FIG. 1 are different only in that the antenna electrodes
and the tuning electrodes are driven differently. Specifi-
cally, in the electromagnetic wave reflectarray 10D, each
first wires WR1-B has multiple first resistors R1, and each
second wires WR2-B has multiple second resistors R2.
[0058] It should be noted that each first resistors R1 is
electrically connected to any two antenna electrodes 110
in the corresponding electrode string, and each second
resistor R2 is electrically connected to any two tuning
electrodes 120 in the corresponding electrode string. In
addition, different from the electromagnetic wave reflec-
tarray 10 of FIG. 1, two opposite ends of the first wire
WR1-B of the embodiment are respectively electrically
connected to the first voltage source 210 and a third volt-
age source 230 to have the first voltage V1 and a third
voltage V3, while two opposite ends of the second wire
WR2-B are respectively electrically connected to the sec-
ond voltage source 220 and a fourth voltage source 240
to have the second voltage V2 and a fourth voltage V4.
[0059] The antenna electrodes 110 electrically con-
nected to the same first wire WR1-B may have different
voltages through being disposed with the first resistors
R1, while the tuning electrodes 120 electrically connect-
ed to the same second wire WR2-B may have different
voltages through being disposed with the second resis-
tors R2. Accordingly, the operation flexibility of these
electrodes may be increased, and the reflection phase
of electromagnetic waves of each antenna structure may
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be individually controlled, thereby changing the emitting
direction of the electromagnetic waves reflected by the
antenna structures.

[0060] Forexample,thefirstvoltage V1 maybe greater
than the third voltage V3, and the first resistors R1 serially
connected on the same first wire WR1-B have the same
resistance value. Therefore, the voltage of each antenna
electrode 110 of the same electrode string decreases
from a side of the first voltage source 210 to a side of the
third voltage source 230, and the voltage difference be-
tween any two adjacent antenna electrodes 110 is (V3-
V1)/N, where N is the number of the first resistors R1
serially connected on the first wire WR1-B (e.g., three in
this embodiment).

[0061] Similarly, the second voltage V2 may be greater
than the fourth voltage V4, and the second resistors R2
serially connected on the same second wire WR2-B have
the same resistance value. Therefore, the voltage of each
tuning electrode 120 of the same electrode string de-
creases from a side of the second voltage source 220 to
a side of the fourth voltage source 240, and the voltage
difference between any two adjacent tuning electrodes
120 is (V4-V2)/M, where M is the number of the second
resistors R2 serially connected on the second wire WR2-
B (e.g., three in this embodiment).

[0062] In this embodiment, the first resistor R1 and the
second resistor R2 may be resistors with fixed resistance
values, but the disclosure is not limited thereto. In another
embodiment not illustrated, the resistor on the wire may
also be a variable resistor with an adjustable resistance
value, and multiple variable resistors may be electrically
coupled to a control circuit. The control circuit may de-
termine the resistance values of these variable resistors
according to the required reflection phase distribution of
those multiple antenna structures.

[0063] FIG. 13 is a schematic top view of an electro-
magnetic wave reflectarray according to the sixth em-
bodiment of the disclosure. With reference to FIG. 13, an
electromagnetic wave reflectarray 10E of this embodi-
ment and the electromagnetic wave reflectarray 10 of
FIG. 1 are different in that the antenna electrodes and
the tuning electrodes are driven differently. In this em-
bodiment, the electromagnetic wave reflectarray 10E
may individually control the voltages of the first wires
WR1 and the second wires WR2. More specifically, the
voltage of each wire may be controlled by one corre-
sponding digital-to-analog converter. Therefore, the op-
eration flexibility of the antenna electrodes 110 and the
tuning electrodes 120 electrically connected to these
wires may be increased, and the reflection phase of elec-
tromagnetic waves of each antenna structure may be
individually controlled, thereby changing the emitting di-
rection of the electromagnetic waves reflected by the an-
tenna structures.

[0064] In detail, the first wires WR1 may be electrically
connected to a first digital-to-analog converter (DAC) ar-
ray formed by multiple digital-to-analog converters 310,
and the voltage of each first wire WR1 increases or de-
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creases from one side to the other side of the first wires
WR1 in the arrangement direction (e.g., the direction D1).
For example, four first wires WR1 (or four electrode
strings 110S1 to 110S4) sequentially arranged along the
direction D1 are electrically connected to multiple digital-
to-analog converters 310 to respectively have the first
voltage V1, the second voltage V2, the third voltage V3,
and the fourth voltage V4, and these voltages may in-
crease (or decrease) unidirectionally along the direction
D1 with equal or unequal differences.

[0065] Similarly, the second wires WR2 may be elec-
trically connected to a second digital-to-analog converter
array formed by multiple digital-to-analog converters
320, and the voltage of each second wire WR2 increases
ordecreases from one side to the other side of the second
wires WR2 in the arrangement direction (e.g., the direc-
tion D2). For example, four second wires WR2 (or four
electrode strings 120S1 to 120S4) sequentially arranged
along the direction D2 are electrically connected to mul-
tiple digital-to-analog converters 320 to respectively have
a fifth voltage V5, a sixth voltage V6, a seventh voltage
V7, and an eighth voltage V8, and these voltages may
increase (or decrease) unidirectionally along the direc-
tion D2 with equal or unequal differences.

[0066] It should be noted that the methods of driving
electrodes disclosed in FIG. 1, FIG. 12, and FIG. 13 may
all be applied to the electromagnetic wave reflectarray in
other aspects. Therefore, voltage sources, resistors, or
digital-to-analog converters are not illustrated in some
embodiments of the disclosure.

[0067] FIG. 14 is a schematic top view of an electro-
magnetic wave reflectarray according to the seventh em-
bodiment of the disclosure. FIG. 15A and FIG. 15B are
schematic cross-sectional views of the electromagnetic
wave reflectarray in FIG. 14 respectively taken alone a
section line E1-E1’ and a section line E2-E2’. With refer-
ence to FIG. 14 to FIG. 15B, an electromagnetic wave
reflectarray 10F of this embodiment and the electromag-
netic wave reflectarray 10 of FIG. 1 are different only in
that the wires are configured differently. In this embodi-
ment, wires of the electromagnetic wave reflectarray 10F
are disposed between multiple electrodes without over-
lapping these electrodes along the direction D3.

[0068] For example, the first wires WR1-B electrically
connected to the electrode strings 110S may be respec-
tively disposed on one side (e.g., the right side in FIG.
14) of the electrode strings 110S in the arrangement di-
rection, and the second wires WR2-B electrically con-
nected to the electrode strings 120S may be respectively
disposed on one side (e.g., the lower side in FIG. 14) of
the electrode strings 120S in the arrangement direction.
More specifically, the first wires WR1-B and the electrode
strings 110S may be alternately arranged along the di-
rection D1, while the second wires WR2-B and the elec-
trode strings 120S may be alternately arranged along the
direction D2.

[0069] FIG. 16 is a schematic top view of an electro-
magnetic wave reflectarray according to the eighth em-
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bodiment of the disclosure. With reference to FIG. 16, an
electromagnetic wave reflectarray 10G of this embodi-
ment and the electromagnetic wave reflectarray 10A of
FIG. 6 are different in that the tuning electrode are con-
figured differently. Specifically, the antenna electrodes
110A may be arranged in the same way where the size
of the antenna electrodes 110A varies as in FIG. 6, but
the size of the tuning electrodes 120 is not adjusted in
correspondence to the antenna electrodes 110A of dif-
ferent sizes. For example, in this embodiment, these tun-
ing electrodes 120 have only one size, which is all greater
than the size of each antenna electrode 110A.

[0070] In summary, in the electromagnetic wave re-
flectarray of an embodiment of the disclosure, each of
the antenna structures arranged in an array has the an-
tenna electrode, the tuning electrode, and the liquid crys-
tal layerlocated between the two electrodes. By adjusting
the effective dielectric constant distribution of the liquid
crystal layer in these antenna structures, the radiation
pattern or reflection efficiency of electromagnetic waves
after reflected by these antenna structures may be
changed.

Claims

1. Anelectromagnetic wave reflectarray (10, 10A, 10B,
10C, 10D, 10E, 10F, 10G), comprising:

a first substrate (SUB1);

a second substrate (SUB2), disposed opposite
to the first substrate (SUB1);

a plurality of first wires (WR1, WR1-A, WR1-B,
WR1-C), arranged on the first substrate (SUB1)
along a first direction (D1) and extending in a
second direction (D2), the first direction (D1) in-
tersecting with the second direction (D2);

a plurality of second wires (WR2, WR2-B, WR2-
C), arranged on the second substrate (SUB2)
along the second direction (D2) and extending
in the first direction (D1);

a plurality of antenna electrodes (110, 110A,
110B, 110C), disposed on the first substrate
(SUBH1), the plurality of antenna electrodes (110,
110A, 110B, 110C) respectively arrangedinto a
plurality of first electrode strings (110S, 110S1
to 110S4) along the second direction (D2), and
the plurality of first electrode strings (110S,
110S1 to 110S4) respectively electrically con-
nected to the plurality of first wires (WR1, WR1-
A, WR1-B, WR1-C);

aplurality of tuning electrodes (120, 120A, 120B,
120C), disposed on the second substrate
(SUB2) and respectively overlaying and com-
pletely covering orthographic projections of the
plurality of antenna electrodes (110, 110A,
110B, 110C) on the second substrate (SUB2),
the plurality of tuning electrodes (120, 120A,
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120B, 120C) respectively arranged into a plu-
rality of second electrode strings (120S, 120S1
to 120S4) along the first direction (D1), and the
plurality of second electrode strings (120S,
120S1 to 120S4) respectively electrically con-
nected to the plurality of second wires (WR2,
WR2-B, WR2-C); and

a liquid crystal layer (LCL), disposed between
the first substrate (SUB1) and the second sub-
strate (SUB2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein the plurality of first wires (WR1, WR1-A,
WR1-B, WR1-C) are electrically connected to a first
voltage source (210) to have a first voltage (V1), and
the plurality of second wires (WR2, WR2-B, WR2-
C) are electrically connected to a second voltage
source (220) to have a second voltage (V2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
2, wherein each of the plurality of first wires (WR1,
WR1-A, WR1-B, WR1-C) has a plurality of first re-
sistors (R1) located between the plurality of antenna
electrodes (110, 110A, 110B, 110C), and the plural-
ity of first resistors (R1) are respectively electrically
connected to any two of the plurality of antenna elec-
trodes (110, 110A, 110B, 110C)in one of the plurality
of first electrode strings (110S, 110S1 to 110S4).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
3, wherein each of the plurality of second wires
(WR2, WR2-B, WR2-C) has a plurality of second re-
sistors (R2) located between the plurality of antenna
electrodes (110, 110A, 110B, 110C), and the plural-
ity of second resistors (R2) are respectively electri-
cally connected to any two of the plurality of tuning
electrodes (120, 120A, 120B, 120C) in one of the
plurality of second electrode strings (120S, 120S1
to 120S4).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein the plurality of first wires (WR1, WR1-A,
WR1-B, WR1-C) or the plurality of second wires
(WR2, WR2-B, WR2-C) respectively have different
voltages.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
5, wherein the plurality of first wires (WR1, WR1-A,
WR1-B, WR1-C) are electrically connected to a first
digital-to-analog converter array to have different
voltages respectively, and the plurality of second
wires (WR2, WR2-B, WR2-C) are electrically con-
nected to a second digital-to-analog converter array
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to have different voltages respectively.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
6, wherein a voltage of each of the plurality of first
wires (WR1, WR1-A, WR1-B, WR1-C) increases or
decreases from a side to another side of the plurality
of first wires (WR1, WR1-A, WR1-B, WR1-C) in the
first direction (D1), and a voltage of each of the plu-
rality of second wires (WR2, WR2-B, WR2-C) in-
creases or decreases from a side to another side of
the plurality of second wires (WR2, WR2-B, WR2-
C) in the second direction (D2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein each of the plurality of antenna electrodes
(110, 110A, 110B, 110C) has a first width (W1) and
a second width (W2) respectively along the first di-
rection (D1) and the second direction (D2), the first
width (W1) of each of the plurality of antenna elec-
trodes (110, 110A, 110B, 110C) is the same, and
the second width (W2) of each of the plurality of an-
tenna electrodes (110, 110A, 110B, 110C) is the
same.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein a width of each of the plurality of antenna
electrodes (110, 110A, 110B, 110C) along a third
direction (D3) increases or decreases from a side to
another side of the plurality of antenna electrodes
(110, 110A, 110B, 110C) in the third direction (D3).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
9, wherein the third direction (D3) is parallel to one
of the first direction (D1) and the second direction
(D2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
9, wherein a width of each of the plurality of antenna
electrodes (110, 110A, 110B, 110C) along a fourth
direction (D4) increases or decreases from a side to
another side of the plurality of antenna electrodes
(110, 110A, 110B, 110C) in the fourth direction (D4),
and the fourth direction (D4) is not parallel to the first
direction (D1) and the second direction (D2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
9, wherein a width of each of the plurality of tuning
electrodes (120, 120A, 120B, 120C) along the third
direction (D3) is the same.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
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1, wherein each of the plurality of tuning electrodes
(120, 120A, 120B, 120C) has a bottom portion
(120bp) parallel to the second substrate (SUB2) and
a sidewall portion (120sp) bendably extending from
the bottom portion (120bp), the liquid crystal layer
(LCL) is divided into a plurality of portions separated
from each other, and the sidewall portion (120sp) of
each of the plurality of tuning electrodes (120, 120A,
120B, 120C) surrounds one of the plurality of por-
tions of the liquid crystal layer (LCL) and one of the
plurality of antenna electrodes (110, 110A, 110B,
110C).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein each of the plurality of antenna electrodes
(110, 110A, 110B, 110C) includes at least one con-
ductor patch (111, 112, 111C, 112C, 111D, 112D,
111E, 112E, 111F, 112F), and a profile of an ortho-
graphic projection of the at least one conductor patch
(111, 112, 111C, 112C, 111D, 112D, 111E, 112E,
111F, 112F) on the first substrate (SUB1) is circular,
rectangular, annular, U-shaped, or L-shaped.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein an orthographic projection of each of the
plurality of antenna electrodes (110, 110A, 110B,
110C) on the second substrate (SUB2)is completely
covered by an orthographic projection of one of the
plurality of tuning electrodes (120, 120A, 120B,
120C) on the second substrate (SUB2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, further comprising:

at least one alignment layer (AL, AL1, AL2, AL1-A,
AL2-A, AL1-B, AL2-B), disposed between the liquid
crystal layer (LCL) and at least one of the first sub-
strate (SUB 1) and the second substrate (SUB2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
16, wherein the at least one alignment layer (AL,
AL1,AL2,AL1-A, AL2-A, AL1-B, AL2-B)is a plurality
of alignment patterns disposed in correspondence
tothe plurality of tuning electrodes (120, 120A, 120B,
120C), and profiles of orthographic projections of
each of the plurality of alignment patterns and each
ofthe plurality of tuning electrodes (120, 120A, 120B,
120C) on the first substrate (SUB1) are the same.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
17, wherein an alignment direction (AD 1, AD2, AD1-
A, AD2-A, AD1-B, AD2-B) of each of the plurality of
alignment patterns is radial or concentric.
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Amended claims in accordance with Rule 137(2)
EPC.

1.

An electromagnetic wave reflectarray (10, 10A, 10B,
10C, 10D, 10E, 10F, 10G), comprising:

a first substrate (SUB1);

a second substrate (SUB2), disposed opposite
to the first substrate (SUB1);

a plurality of first wires (WR1, WR1-A, WR1-B,
WR1-C), separately arranged on the first sub-
strate (SUB1) along a first direction (D1) and
extending in a second direction (D2), the first
direction (D1) intersecting with the second di-
rection (D2);

a plurality of second wires (WR2, WR2-B, WR2-
C), separately arranged on the second substrate
(SUB2) along the second direction (D2) and ex-
tending in the first direction (D1);

a plurality of antenna electrodes (110, 110A, 11
0B, 110C), disposed on the first substrate
(SUB1), wherein the plurality of antenna elec-
trodes (110, 110A, 110B, 110C) are respectively
electrically connected to the plurality of first
wires (WR1, WR1-A, WR1-B, WR1-C) to form
a plurality of first electrode strings (110S, 110S1
to 110S4) along the second direction (D2);
aplurality of tuning electrodes (120, 120A, 120B,
120C), disposed on the second substrate
(SUB2) and respectively overlaying and com-
pletely covering orthographic projections of the
plurality of antenna electrodes (110, 110A,
110B, 110C) on the second substrate (SUB2),
wherein the plurality of tuning electrodes (120,
120A, 120B, 120C) are respectively electrically
connected to the plurality of second wires (WR2,
WR2-B, WR2-C) to form a plurality of second
electrode strings (120S, 120S1 to 120S4) along
the first direction (D1); and

a liquid crystal layer (LCL), disposed between
the first substrate (SUB1) and the second sub-
strate (SUB2);

wherein the electromagnetic wave reflectarray
(10, 10A, 10B, 10C, 10D, 10E, 10F, 10G) is
characterized in that

each of the plurality of first wires (WR1, WR1-
A, WR1-B, WR1-C) has a plurality of first resis-
tors (R1) located between the plurality of anten-
na electrodes (110, 110A, 110B, 110C), and the
plurality of first resistors (R1) are respectively
electrically connected to any two of the plurality
of antenna electrodes (110, 110A, 110B, 110C)
in one of the plurality of first electrode strings
(1108, 110S1 to 110S4).

2. The electromagnetic wave reflectarray (10, 10A,

10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein the plurality of first wires (WR1, WR1-A,
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WR1-B, WR1-C) are electrically connected to a first
voltage source (210) to have a first voltage (V1), and
the plurality of second wires (WR2, WR2-B, WR2-
C) are electrically connected to a second voltage
source (220) to have a second voltage (V2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein each of the plurality of second wires
(WR2, WR2-B, WR2-C) has a plurality of second re-
sistors (R2) located between the plurality of antenna
electrodes (110, 11 OA, 110B, 110C), and the plu-
rality of second resistors (R2) are respectively elec-
trically connected to any two of the plurality of tuning
electrodes (120, 120A, 120B, 120C) in one of the
plurality of second electrode strings (120S, 120S1
to 120S4).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein the plurality of first wires (WR1, WR1-A,
WR1-B, WR1-C) or the plurality of second wires
(WR2, WR2-B, WR2-C) respectively have different
voltages.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
4, wherein the plurality of first wires (WR1, WR1-A,
WR1-B, WR1-C) are electrically connectable to a
first digital-to-analog converter array to have differ-
ent voltages respectively, and the plurality of second
wires (WR2, WR2-B, WR2-C) are electrically con-
nectable to a second digital-to-analog converter ar-
ray to have different voltages respectively.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
5, wherein a voltage of each of the plurality of first
wires (WR1, WR1-A, WRI-B, WR1-C) increases or
decreases from a side to another side of the plurality
of first wires (WR1, WR1-A, WR1-B, WR1-C) in the
first direction (D1), and a voltage of each of the plu-
rality of second wires (WR2, WR2-B, WR2-C) in-
creases or decreases from a side to another side of
the plurality of second wires (WR2, WR2-B, WR2-
C) in the second direction (D2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, I0F, 10G) according to claim
1, wherein each of the plurality of antenna electrodes
(110, 110A, 11 0B, 110C) has a first width (W1) and
a second width (W2) respectively along the first di-
rection (D1) and the second direction (D2), the first
width (W1) of each of the plurality of antenna elec-
trodes (110, 110A, 110B, 110C) is the same, and
the second width (W2) of each of the plurality of an-
tenna electrodes (110, 110A, 110B, 110C) is the
same.
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The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein a width of each of the plurality of antenna
electrodes (110, 110A, 110B, 110C) along a third
direction (D3) increases or decreases from a side to
another side of the plurality of antenna electrodes
(110, 110A, 110B, 110C) in the third direction (D3).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
8, wherein the third direction (D3) is parallel to one
of the first direction (D1) and the second direction
(D2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
8, wherein a width of each of the plurality of antenna
electrodes (110, 110A, 110B, 110C) along a fourth
direction (D4) increases or decreases from a side to
another side of the plurality of antenna electrodes
(110, 110A, 110B, 110C) in the fourth direction (D4),
and the fourth direction (D4) is not parallel to the first
direction (D1) and the second direction (D2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, IOF, 10G) according to claim
8, wherein a width of each of the plurality of tuning
electrodes (120, 120A, 120B, 120C) along the third
direction (D3) is the same.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein each of the plurality of tuning electrodes
(120, 120A, 120B, 120C) has a bottom portion
(120bp) parallel to the second substrate (SUB2) and
a sidewall portion (120sp) bendably extending from
the bottom portion (120bp), the liquid crystal layer
(LCL) is divided into a plurality of portions separated
from each other, and the sidewall portion (120sp) of
each of the plurality of tuning electrodes (120, 120A,
120B, 120C) surrounds one of the plurality of por-
tions of the liquid crystal layer (LCL) and one of the
plurality of antenna electrodes (110, 110A, 110B,
110C).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, wherein each of the plurality of antenna electrodes
(110, 110A, 110B, 110C) includes at least one con-
ductor patch (111, 112, 111C, 112C, 111D, 112D,
111E, 112E, 111F, 112F), and a profile of an ortho-
graphic projection of the atleast one conductor patch
(111, 112, 111C, 112C, 111D, 112D, 111E, 112E,
111F, 112F) on the first substrate (SUB1) is circular,
rectangular, annular, U-shaped, or L-shaped.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
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15.

16.

17.
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1, wherein an orthographic projection of each of the
plurality of antenna electrodes (110, 110A, 110B,
110C) on the second substrate (SUB2)is completely
covered by an orthographic projection of one of the
plurality of tuning electrodes (120, 120A, 120B,
120C) on the second substrate (SUB2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
1, further comprising:

at least one alignment layer (AL, AL1, AL2, AL1-A,
AL2-A, AL1-B, AL2-B), disposed between the liquid
crystal layer (LCL) and at least one of the first sub-
strate (SUB1) and the second substrate (SUB2).

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
15, wherein the at least one alignment layer (AL,
AL1,AL2,AL1-A, AL2-A, AL1-B, AL2-B)is a plurality
of alignment patterns disposed in correspondence
tothe plurality of tuning electrodes (120, 120A, 120B,
120C), and profiles of orthographic projections of
each of the plurality of alignment patterns and each
ofthe plurality of tuning electrodes (120, 120A, 120B,
120C) on the first substrate (SUB1) are the same.

The electromagnetic wave reflectarray (10, 10A,
10B, 10C, 10D, 10E, 10F, 10G) according to claim
16, wherein an alignment direction (AD1, AD2, AD1-
A, AD2-A, AD1-B, AD2-B) of each of the plurality of
alignment patterns is radial or concentric.
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