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(57) Abstract: The present disclosure relates to an antenna apparatus. The antenna apparatus may include a first substrate; a second
substrate opposite the first substrate; a first antenna layer, an insulating layer; and a conductive layer. The first antenna layer may
comprise a plurality of antenna units, each of the plurality of antenna units may comprise a radiation patch and is configured to receive
the signals in one of the different frequency ranges. The insulating layer may comprise a plurality of sub-insulating layers; the conductive
layer may comprise a plurality of conductive electrodes; and the plurality of the sub-insulating layers, the plurality of the conductive
clectrodes, and the plurality of the antenna units may be in one-to-one correspondence. The radiation patch, at least one of the plurality
of conductive electrodes, and at least one of the plurality of sub-insulating layers may constitute a rectifier diode structure.
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ANTENNA APPARATUS AND PREPARATION METHOD THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of the filing date of Chinese Patent Application No.
201810305148.4 filed on April 4, 2018, the disclosure of which is hereby incorporated in its

entirety by reference.
TECHNICAL FIELD

[0002] The present disclosure relates to antenna technology, and particularly to an

antenna apparatus and a preparation method thereof.

BACKGROUND

[0003] At present, main principle of an electromagnetic wave signal sensing method is to
utilize an electromagnetic wave signal to form a DC signal for detection. Specifically, the
method of forming the DC signal is different for signals of different wavelengths. For example,
for microwaves and electromagnetic waves with long wavelengths, an antenna is usually used to
receive electromagnetic waves, and a rectifier diode is then used to form DC current. For
infrared light or visible light with a short wavelength, a semiconductor material or a quantum dot
material is usually used to absorb photons and then form migration of electrons or holes to

produce a direct current.

BRIEF SUMMARY

[0004] An embodiment of the present disclosure provides an antenna apparatus. The
antenna apparatus may include a first substrate; a second substrate opposite the first substrate; a
first antenna layer on a side of the second substrate facing the first substrate; an insulating layer
on a side of the first antenna layer facing the first substrate; a conductive layer on a side of the
insulating layer facing the first substrate. The first antenna layer may be configured to receive
signals in different frequency ranges, and the first antenna layer, the insulating layer and the
conductive layer are all between the first substrate and the second substrate. The first antenna
layer may comprise a plurality of antenna units, each of the plurality of antenna units may
comprise a radiation patch and is configured to receive the signals in one of the different

frequency ranges. The insulating layer may comprise a plurality of sub-insulating layers; the
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conductive layer may comprise a plurality of conductive electrodes; and the plurality of the sub-
insulating layers, the plurality of the conductive electrodes, and the plurality of the antenna units
may be in one-to-one correspondence. The radiation patch, at least one of the plurality of
conductive electrodes, and at least one of the plurality of sub-insulating layers may constitute a

rectifier diode structure.

[0005] Optionally, at least one of the plurality of the antenna units further comprises a
dielectric layer, and a ground electrode; the radiation patch is on a side of the dielectric layer
facing the first substrate; and the ground electrode is on a side of the dielectric layer facing the

second substrate.

[0006] Optionally, the antenna apparatus may further include a conductive wire for
leading out the signals. The conductive wire is on the side of the dielectric layer facing the
second substrate; an orthogonal projection of the conductive wire on the first substrate and an

orthographic projection of the radiation patch on the first substrate overlap.

[0007] Optionally, a conductivity of the radiation patch is higher than a conductivity of

the conductive electrode.

[0008] Optionally, an orthographic projection of the conductive electrode on the first
substrate and an orthographic projection of the radiation patch on the first substrate have a first

overlapping region.
[0009] Optionally, an orthographic projection of the sub-insulating layer on the first
substrate overlaps the first overlapping region.

[0010] Optionally, the radiation patch comprises a plurality of micro-metal patches.

[0011] Optionally, each of the plurality of antenna units has a shape of a square or a
rectangle and the plurality of micro-metal patches is distributed on the first substrate in a cluster

or strip form.

[0012] Optionally, the conductive electrode and the radiation patch of a same antenna

unit have a substantially same pattern.

[0013] Optionally, an orthographic projection of the conductive electrode on the first
substrate covers an orthographic projection of the radiation patch of a same antenna unit on the

first substrate.
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[0014] Optionally, the conductive electrode is made of a transparent conductive material.
[0015] Optionally, the ground electrode has a shape of a square or a circle.

[0016] Optionally, the dielectric layer includes liquid crystals.

[0017] Optionally, the antenna apparatus further comprises a second antenna layer,

wherein the second antenna layer is between the first substrate and the second substrate, and the

second antenna layer is configured to radiate the signals.

[0018] Another example of the present disclosure is a method of preparing an antenna
apparatus. The method may include providing a first substrate; forming a conductive layer on the
first substrate, the conductive layer comprising a plurality of conductive electrodes; forming an
insulating layer on a side of the conductive layer opposite from the first substrate, the insulating
layer comprising a plurality of sub-insulating layers; providing a second substrate opposite the
first substrate; and forming a first antenna layer between the insulating layer and the second
substrate, the first antenna layer comprising a plurality of antenna units, each of the antenna units
being configured to receive signals in a different frequency range. The first antenna layer
comprises a radiation patch; the first antenna layer is configured to receive signals in different
frequency ranges, and the first antenna layer, the insulating layer and the conductive layer are all
between the first substrate and the second substrate. The first antenna layer comprises a plurality
of antenna units, each of the plurality of antenna units being configured to receive the signals in
one of the different frequency ranges; the insulating layer comprises a plurality of sub-insulating
layers; the conductive layer comprises a plurality of conductive electrodes; and the plurality of
the sub-insulating layers, the plurality of the conductive electrodes, and the plurality of the
antenna units are in one-to-one correspondence. The radiation patch, at least one of the plurality
of conductive electrodes, and at least one of the plurality of sub-insulating layers constitute a

rectifier diode structure.

[0019] Optionally, forming the insulating layer on the side of the conductive layer
opposite from the first substrate comprises forming the insulating layer on the side of the
conductive layer opposite from the first substrate by a process of multiple exposures or a gray

scale exposure.
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[0020] Optionally, forming the first antenna layer between the insulating layer and the
second substrate comprises forming a radiation patch on a side of the insulating layer opposite
from the first substrate by a process of multiple exposures or a gray scale exposure; forming a
ground electrode on a side of the second substrate facing the first substrate; and forming a

dielectric layer between the ground electrode and the radiation patch.

[0021] Optionally, after the ground electrode is formed on the side of the second
substrate facing the first substrate, the method further includes: forming a conductive wire on the
side of the second substrate facing the first substrate, the conductive wire being configured to

leading out the signals.

[0022] Optionally, The method for preparing the antenna apparatus may further comprise
forming a second antenna layer on the first substrate or the second substrate, wherein the second

antenna layer is configured to radiate the signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The subject matter which is regarded as the disclosure is particularly pointed out
and distinctly claimed in the claims at the conclusion of the specification. The foregoing and
other objects, features, and advantages of the present disclosure are apparent from the following

detailed description taken in conjunction with the accompanying drawings in which:

[0024] Fig. 1 is a schematic structural diagram of a signal processing apparatus according

to one embodiment of the present disclosure;

[0025] Fig. 2 is a schematic structural diagram of a signal processing apparatus according

to one embodiment of the present disclosure;

[0026] Fig. 3 is a top view of a signal processing apparatus according to one embodiment

of the present disclosure;

[0027] Fig. 4 is a top view of a signal processing apparatus according to one embodiment

of the present disclosure;

[0028] Fig. 5A is a top view of a conductive electrode according to one embodiment of

the present disclosure;
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[0029] Fig. 5B is a top view of a conductive electrode according to one embodiment of

the present disclosure;

[0030] Fig. 6A is a schematic diagram of distribution of antenna units according to one

embodiment of the present disclosure;

[0031] Fig. 6B is a schematic diagram of distribution of antenna units according to one

embodiment of the present disclosure;

[0032] Fig. 6C is a schematic diagram of distribution of antenna units according to one

embodiment of the present disclosure;

[0033] Fig. 6D is a schematic diagram of distribution of antenna units according to one

embodiment of the present disclosure;

[0034] Fig. 6E is a schematic diagram of distribution of antenna units according to one

embodiment of the present disclosure;

[0035] Fig. 6F is a schematic diagram of distribution of antenna units according to one

embodiment of the present disclosure;

[0036] Fig. 7 is a flowchart of a method for preparing a signal processing apparatus

according to one embodiment of the present disclosure.
DETAILED DESCRIPTION

[0037] The present disclosure will be described in further detail with reference to the
accompanying drawings and embodiments in order to provide a better understanding by those
skilled in the art of the technical solutions of the present disclosure. Throughout the description
of the disclosure, reference is made to Figs. 1-7. When referring to the figures, like structures and

units shown throughout are indicated with like reference numerals.

[0038] In the description of the specification, references made to the term “some

%9 CC %9 CC

embodiment,” “some embodiments,” and “exemplary embodiments,” “example,” and “specific
example,” or “some examples” and the like are intended to refer that specific features and
structures, materials or characteristics described in connection with the embodiment or example
that are included in at least some embodiments or example of the present disclosure. The

schematic expression of the terms does not necessarily refer to the same embodiment or example.
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Moreover, the specific features, structures, materials or characteristics described may be included

in any suitable manner in any one or more embodiments or examples.

[0039] The steps illustrated in the flowchart of the figures may be executed in a computer
system such as a set of computer executable instructions. Also, although the logical order is
shown in the flowcharts, in some cases, the steps shown or described may be performed in a

different order than the ones described herein.

[0040] Unless otherwise defined, technical terms or scientific terms used in the
disclosure of the embodiments of the present disclosure should be construed in the ordinary
meaning of those of ordinary skill in the art. The terms "first," "second,” and similar terms used
in the embodiments of the present disclosure do not denote any order, quantity, or importance,
but are merely used to distinguish different components. The words "connected" or "coupled"
and the like are not limited to physical or mechanical connections, but may include electrical
connections, whether direct or indirect. "Up," "down," "left," "right," etc. are only used to
indicate relative positional relationships, and when the absolute position of the described object

is changed, the relative positional relationship may also change accordingly.

[0041] For high-frequency signals, because of the high frequency, it is difficult for
ordinary metals to transmit such a high-frequency AC signal. Therefore, the antenna may be
directly used as a rectifier diode electrode to directly convert the signal into a DC signal. Even so,
the general diode cannot meet the high frequency requirements. Thus, a metal-insulator-metal

(MIM) structure may be used to convert the high frequency AC signal to the DC signal.

[0042] Fig. 1 is a schematic structural diagram of a signal processing apparatus according
to one embodiment of the present disclosure. As shown in Fig. 1, the signal processing apparatus
includes a first substrate 10 and a second substrate 20 opposite the first substrate 10. The signal
processing apparatus may further include a first antenna layer 30, an insulating layer 40, and a

conductive layer 50 disposed between the first substrate 10 and the second substrate 20.

[0043] In one embodiment, the first antenna layer 30 is disposed on a side of the second
substrate 20 facing the first substrate 10. The insulating layer 40 is disposed on a side of the first
antenna layer 30 facing the first substrate 10. The conductive layer 50 is disposed on a side of the

insulating layer 40 facing the first substrate 10.
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[0044] In one embodiment, the first antenna layer 30 includes a plurality of antenna units
31, each for receiving signals in a different frequency range. The insulating layer 40 includes a
plurality of sub-insulating layers 41. The conductive layer 50 includes a plurality of conductive
electrodes 51. The plurality of sub-insulating layers 41 and the plurality of conductive electrodes

51 are in one-to-one correspondence with the plurality of antenna units 31.

[0045] In the embodiments, each antenna unit is configured to receive signals in a
different frequency range such as in a range of 300 Mhz to 600 Mhz, or a range of 1Ghz to 2.4
Ghz, or a range of 2.4 Ghz to 4.9 Ghz respectively. convert the received signals into an AC
signals, transmit a part of the AC signals to the corresponding sub-insulation layer and the
conductive electrode, and output another part of the AC signals. A capacitance is formed
between each antenna unit, the corresponding sub-insulating layer and the conductive electrode,
and the capacitance is functionally equivalent to a rectifying diode and converts the AC signals
transmitted from the antenna unit into a corresponding direct current signal. The conductive

electrode is used to output the direct current signal.

[0046] It should be noted that the plurality of sub-insulating layers and the plurality of
conductive electrodes being in one-to-one correspondence with the plurality of antenna units
indicates that the number of the sub-insulating layers, the number of the conductive electrodes,
and the number of the antenna units are the same. The sub-insulating layers may be distributed in
an array, the conductive electrodes may be distributed in an array, and the antenna units may be
distributed in an array. However, the embodiments of the present disclosure are not limited to

such distributions.

[0047] In some embodiments, each antenna unit is independent, and the signal in the
received frequency range refers to an electromagnetic wave signal. In addition, the structure of

each antenna unit may be same or different.

[0048] In addition, the signal processing apparatus provided by the embodiments of the
present disclosure may further include an antenna structure of the existing electromagnetic wave
monitoring system, wherein a processor is combined with a thin film transistor to rectify the AC

signal of the antenna into a DC signal.

[0049] In one embodiment, the signal processing apparatus further includes: a processor

(not in the figure). The processor is respectively connected to the conductive layer and the first
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antenna layer, and specifically, the processor is respectively connected to each of the conductive

electrodes of the conductive layer and each of the antenna units of the first antenna layer.

[0050] In one embodiment, the processor is configured to detect a DC signal outputted by
the conductive electrode, determine whether the signals received by the antenna unit include a
signal of a preset frequency based on the DC signal, receive an AC signal when the signal of the
preset frequency exists in the received signals, amplify the AC signal, and transmit the processed

AC signal.

[0051] In some embodiments, the processor amplifies non-linearly the AC signal. On one
hand, such amplification can improve the power. On the other hand, such amplification can
remove effective information and radiate the processed AC signals out to form a co-channel

interference signal, thereby overcoming the problem of being monitored and leaking information.

[0052] Optionally, the processor may be a central processing unit (CPU) or a micro
controller unit (MCU).

[0053] In some embodiments, the antenna unit includes a microstrip antenna.

[0054] In some embodiments, the material for the sub-insulating layer includes silicon

oxide, silicon nitride, or a composite of silicon oxide and silicon nitride.

[0055] In some embodiments, the number of antenna units for receiving signals in a
certain frequency range is at least one. Considering the spatial energy density distribution, the
antenna units for detecting signals in the same frequency range have the same size, and the
antenna units for detecting signals in different frequency ranges have different sizes. In addition,
the antenna units are arranged in an array between the first substrate and the second substrate.
The larger the area occupied by the antenna units in the array, the larger the area for receiving
the signals. The specific arrangement of the antenna units is not limited herein and can be

determined according to the actual requirements.

[0056] It should be noted that the DC signals converted from signals in different
frequency ranges are different. Therefore, the processor can detect the intensity and change of
the electromagnetic wave signal received by the corresponding antenna unit based on the DC
signal output by each conductive electrode, thereby realizing detection and analysis of signals of

different bands.
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[0057] In some embodiments, the first substrate 10 and the second substrate 20 may be a

glass substrate, a plastic substrate, a quartz substrate, or the like.

[0058] The signal processing apparatus provided by some embodiments of the present
disclosure includes: a first substrate and a second substrate opposite the first substrate. The signal
process apparatus may further include a first antenna layer, an insulating layer and a conductive
layer disposed between the first substrate and the second substrate. The first antenna layer is
disposed on a side of the second substrate facing the first substrate; the insulating layer is
disposed on a side of the first antenna layer facing the first substrate; and the conductive layer is
disposed on a side of the insulating layer facing the first substrate. The first antenna layer
includes a plurality of antenna units arranged in an array. Each of the antenna units is configured
to receive signals in a different frequency range. The insulating layer includes a plurality of sub-
insulating layers; the conductive layer includes a plurality of conductive electrodes; the plurality
of sub-insulating layers, the plurality of conductive electrodes and the antenna units are in one-

to-one correspondence.

[0059] In the embodiments of the present disclosure, by providing a plurality of sub-
insulating layers, a plurality of conductive electrodes, and a plurality of antenna units, signals in
a plurality of different frequency ranges can be received, thereby realizing detection of signals in
a plurality of different frequency ranges. At the same time, the combination of the antenna unit,
the sub-insulating layer and the conductive electrode capable of realizing the function of the
rectifying diode is disposed between the first substrate and the second substrate, thereby avoiding

separately disposed rectifying diodes as in the prior art.

[0060] In some embodiments, the signal processing apparatus further includes: a second
antenna layer (not shown in the Figs.). The second antenna layer is disposed between the first

substrate and the second substrate for radiating out the processed AC signals as electromagnetic
waves. In one embodiment, the processor is coupled to the second antenna layer for transmitting

the processed AC signal to the second antenna layer.

[0061] In one embodiment, the second antenna layer includes: at least one antenna, and

optionally, the antenna may be a microstrip antenna or the like.

[0062] Fig. 2 is a schematic structural diagram of a signal processing apparatus according

to one embodiment of the present disclosure. As shown in Fig. 2, at least one antenna unit in the
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signal processing apparatus includes: a dielectric layer 310, a radiation patch 320, and a ground

electrode 330.

[0063] It should be noted that the antenna unit in the embodiments of the present
disclosure may be the structure described in Fig. 2, or may be an antenna structure in the existing
electromagnetic wave monitoring system, which is not limited by this embodiments of the

present disclosure.

[0064] In one embodiment, the radiation patch 320 is disposed on a side of the dielectric
layer 310 facing the first substrate 10; and the ground electrode 330 is disposed on a side of the
dielectric layer 310 facing the second substrate 20.

[0065] In one embodiment, the shape of the grounding electrode is circular or square, and
the material of the grounding electrode is made of metal, which is not limited in this embodiment

of the present disclosure.

[0066] Fig. 3 is a top plan view of a signal processing apparatus according to one
embodiment of the present disclosure. Fig. 3 takes the example of a square ground electrode for

illustration purpose only.

[0067] In one embodiment, the dielectric layer may be made of an insulating material
such as silicon oxide, silicon nitride or a composite of silicon oxide and silicon nitride. The
dielectric layer can also be made of a material with adjustable energy-saving coefficient such as
liquid crystals. In this case, the specific frequency received by the antenna can be scanned within

a certain range by adjusting the dielectric constant of the liquid crystals.

[0068] In some embodiments, as shown in Fig. 2, the signal processing apparatus may
further include a conductive wire 340. The conductive wire 340 is used to lead out the AC signal

sensed by the antenna unit.

[0069] In one embodiment, the conductive wire 340 may be disposed in the same layer as
the ground electrode 330, or may be disposed on the side of the ground electrode 330 facing the
first substrate 10. Fig. 2 and Fig. 3 are examples in which the conductive wire 340 and the
ground electrode 330 are in the same layer. However, the embodiments of the present disclosure

are not limited thereto.

10
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[0070] In one embodiment, the orthogonal projection of the conductive wire 340 on the
first substrate and the orthographic projection of the radiation patch on the first substrate have

overlapping regions.

[0071] In one embodiment, in order to sense the AC signal converted by the micro-metal

patch, the conductive wire is made of the same material as the micro-metal patch.

[0072] In one embodiment, in order to transmit the sensed AC signal, the material of the

conductive wire is different from the material of the ground electrode.

[0073] In one embodiment, the conductive wire and the ground electrode are used to
sense the AC signal oscillated by the radiation patch, and transmit the AC signal to the processor

through the conductive wire.

[0074] In one embodiment, as shown in Fig. 3, the conductive wire 340 is of the H-type.
In order to ensure that the antenna unit can lead out the AC signals, the orthographic projection
of the conductive wire on the first substrate and the orthographic projection of the radiation patch

on the first substrate overlap.
[0075] In one embodiment, the conductive wire 340 is a transmission line.

[0076] In one embodiment, in order to ensure that the signal processing apparatus can
rectify the AC signal converted by the antenna unit, the conductivity of the radiation patch 320 is

greater than the conductivity of the conductive electrode.

[0077] In some embodiments, the materials of the radiation patches included in the
plurality of antenna units may be the same or different, and may be determined according to
actual needs. In one embodiment, in order to simplify the process, the radiation patches of the

plurality of antenna units may be made of the same material.

[0078] In some embodiments, the radiation patch and the conductive electrode are made
of different materials. The radiation patch is made of a metal having a small resistivity such as

gold, and the conductive electrode is made of a transparent conductive material.

[0079] In some embodiments, the material of the conductive electrode includes indium
tin oxide ITO, and the shape of the conductive electrode may be a square shape, and may also be
a circular shape, which is determined according to actual needs, and is not limited in this

embodiment of the present disclosure.
11
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[0080] In one embodiment, the radiation patch in the antenna unit forms a capacitance
with the corresponding sub-insulating layer and the conductive electrode. Because the
conductivity of the radiation patch and the conductivity of the conductive electrode are different,
the work functions of the radiation patch and the conductive electrode are also different. The AC
signal converted by the radiation patch transmits only a positive level under the action of the
radiation patch, the sub-insulation layer and the conductive electrode, and cannot transmit a
negative level. That is, the radiation patch, the sub-insulating layer, and the conductive electrode

are functionally equivalent to the rectifier diode.

[0081] In some embodiments, in order to ensure that the radiation patch, the sub-
insulating layer and the conductive electrode are functionally equivalent to the rectifier diode, the
orthographic projection of the conductive electrode on the first substrate and the orthographic
projection of the radiation patch on the first substrate have a first overlapping region.
Furthermore, an orthographic projection of the sub-insulating layer on the first substrate overlap
the first overlapping region to produce a second overlapping region. That is, the conductive

electrode, the sub-insulating layer, and the radiation patch form a capacitor.

[0082] Fig. 4 is a top view of a signal processing apparatus according to one embodiment
of the present disclosure. As shown in Fig. 4, the radiation patch 320 of each antenna unit

includes: a plurality of micro-metal patches 321.

[0083] In one embodiment, the number of the micro-metal patches 321 in an antenna unit
may be an even number. The specific number of the micro-metal patches 321 in an antenna unit
may be determined according to actual needs. The number of micro-metal patches included in
each antenna unit may be the same or different. FIG. 4 shows an example in which each antenna

unit includes four micro-metal patches.

[0084] It should be noted that in order to avoid the bulk of the microstrip antenna, the

number of micro-metal patches in each antenna does not need to be too large.

[0085] In some embodiments, the shape of the micro-metal patch may be a rectangle or a
square shape. FIG. 4 is an example in which the micro-metal patch is a square shape, and the

embodiment of the present disclosure is not limited thereto.

12
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[0086] In some embodiments, the sizes of the micro-metal patches of the antenna units
for receiving signals in different frequency ranges are different, and specifically, the size

includes the length, width or thickness of the micro-metal patch.

[0087] Fig. 5A is a top view of a conductive electrode according to one embodiment of
the present disclosure. As shown in FIG. 5A, in order to prevent the conductive electrode from
blocking the AC signal, the pattern of the conductive electrode 51 may be the same as the pattern
of the radiation patch of the corresponding antenna unit. That is, the orthographic projection of
the conductive electrode on the first substrate coincides with the orthographic projection of the

radiation patch of the corresponding antenna unit on the first substrate.

[0088] Fig. 5B is a top view of a conductive electrode according to one embodiment of
the present disclosure. As shown in Fig. 5B, the orthographic projection of the conductive
electrode 51 on the first substrate covers the orthographic projection of the radiation patch of the
corresponding antenna unit on the first substrate. In this embodiment, the conductive layer is
made of a material having a high resistivity, and the conductive layer has almost no blocking

effect on the AC signal due to the higher resistivity.

[0089] In some embodiments, the micro-metal patches 321 are distributed on the first
substrate 10 in a cluster or strip form. Figs. 6A-6F are schematic diagrams showing the
distribution of micro-metal patches according to embodiments of the present disclosure. Fig. 6A
illustrates an example in which antenna units 31 are distributed in a cluster form around the first
substrate. Fig. 6B shows an example in which antenna units 31 are distributed in clusters on four
corners of the first substrate. Fig. 6C shows an example in which antenna units 3 1are distributed
in the form of a cluster at the center of the first substrate. FIG. 6D illustrates an example in
which antenna units 31 are distributed in a strip form around the first substrate. FIG. 6E
illustrates an example in which the antenna units 31 are laterally distributed on the entire first
substrate. FIG. 6F illustrates an example in which the antenna units 31are longitudinally
distributed on the entire first substrate. The distribution of the antenna units 31 is not specifically

limited in the embodiment of the present disclosure.

[0090] In one embodiment, each of the plurality of antenna units 31 has a shape of a
square or a rectangle and the plurality of antenna units 31 is distributed on the first substrate in a

cluster or strip form.
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[0091] It should be noted that the structure of the plurality of antenna units in the
embodiments of the present disclosure may be similar, and the difference thereof is only the size

of the antenna unit, such as the length, width or thickness of the micro-metal patch.

[0092] Without being held to a particular theory, the operating principle of the signal
processing apparatus provided by the embodiment of the present disclosure is specifically

described below:

[0093] A plurality of micro-metal patches in the antenna unit receive electromagnetic
wave signals in a certain frequency range, and converts the received electromagnetic wave
signals into AC signals. A part of the AC signals is converted into a DC signal under the
rectification of the micro-metal patches, the corresponding sub-insulation layer and the
conductive electrode. At the same time, another part of the AC signals converted by the antenna
unit is transmitted to the processor under the action of the conductive layer, the dielectric layer,
the ground electrode and the micro-metal patch. The processor detects the DC signal, and
determines whether the received signals have a signal of a preset frequency based on the DC
current. If yes, the processor performs nonlinear amplification processing on the corresponding
AC signals of the received signals, and transmits the processed AC signals to the second antenna
layer. The second antenna layer radiates out the received processed AC signal in the form of

electromagnetic waves for signal interference.

[0094] Since the frequency bands for the first and second antennas are different, mutual
interference does not occur substantially as long as the positions of the first and second antennas

do not overlap.

[0095] Another example of the present disclosure also provides a method for preparing a
signal processing apparatus according to one embodiment of the present disclosure. Fig. 7 is a
flowchart of a method for fabricating a signal processing apparatus according to one embodiment
of the present disclosure. As shown in Fig. 7, the signal processing apparatus provided by the

embodiment of the present disclosure includes the following steps:

[0096] Step 100 includes providing a first substrate. The first substrate may be a glass
substrate, a plastic substrate, a quartz substrate, or the like, and the embodiment of the present

disclosure is not limited thereto.
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[0097] Step 200 includes forming a conductive layer on the first substrate. The
conductive layer may include a plurality of conductive electrodes. In some embodiments, the
step 200 specifically includes: depositing a transparent conductive film on the first substrate, and

forming a conductive layer including a plurality of conductive electrodes by a patterning process.

[0098] Step 300 includes forming an insulating layer on a side of the conductive layer
opposite from the first substrate. In some embodiments, the insulating layer includes: a plurality
of sub-insulating layers. It should be noted that the plurality of sub-insulating layers are disposed

in the same layer.

[0099] In some embodiments, the material for fabricating the sub-insulating layer

includes silicon oxide, silicon nitride or a composite of silicon oxide and silicon nitride.

[00100] In some embodiments, step 300 includes depositing an insulating material on a
side of the conductive layer opposite from the first substrate and processing the insulating
material by using a process of multiple exposure or gray scale exposure to form the insulating

layer.

[00101] It should be noted that the thickness of the sub-insulating layer corresponding to
different antenna units may be the same or different and the embodiment of the present

disclosure does not limit thereto.

[00102] In some embodiments, the width of the wavelength band to be detected is wide in
the embodiment of the present disclosure, and requirements for the material performance are
different for the electromagnetic waves at different frequencies. The insulating layer provided by
the embodiments of the present disclosure can adopt the following two processes. The first
process includes a plurality of exposures. In particular, different masks can be used to perform
the multiple exposure processes to form micro-metal patches of different frequencies. The
second process includes grayscale exposure. In addition to the use of different insulation
materials, the object can be achieved with different technical thickness of the insulating layer. In
order to achieve different insulation thickness in one process, the thickness of the insulation layer

can be controlled by controlling the exposure intensity.
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[00103] Step 400 includes providing a second substrate. In one embodiment, the second
substrate may be a glass substrate, a plastic substrate, a quartz substrate, or the like, and the

embodiment of the present disclosure is not limited thereto.

[00104] Step 500 involves forming a first antenna layer between the insulating layer and
the second substrate. In some embodiments, the first antenna layer includes a plurality of antenna

units, each of which is configured to receive signals in a different frequency range.

[00105] In some embodiments, step 500 specifically includes forming a radiation patch on
a side of the insulating layer opposite from the first substrate by using a process of multiple
exposures or gray scale exposure and forming a ground electrode on a side of the second
substrate facing the first substrate. A dielectric layer is provided between the ground electrode
and the radiation patch.

[00106] In some embodiments, the materials of the radiation patches included in the
plurality of antenna units may be the same or different, and may be determined according to
actual needs. In one embodiment, in order to simplify the process, the radiation patches of the

plurality of antenna units may be made of the same material.

[00107] In one embodiment, the plurality of sub-insulating layers, the plurality of

conductive electrodes and the plurality of antenna units are in one-to-one correspondence.

[00108] In one embodiment, in order to ensure the conductivity of the radiation patch, the

radiation patch used is made of gold.

[00109] In some embodiments, the width of the wavelength band to be detected is wide in
the embodiment of the present disclosure, and requirements for the material performance are
different for the electromagnetic waves at different frequencies. The radiation patch provided by
the specific embodiment of the present disclosure can adopt the following two processes. The
first process includes a plurality of exposures. As the frequency range gradually increases, the
resistance required for micro-metal patches is getting lower and lower. If different materials are
used, different masks can be used for multiple exposure processes to form micro-metal patches
of different frequencies. The second process involves grayscale exposure. Different requirement
on resistance of micro-metal patches are needed for electromagnetic waves of different

frequency ranges. Different resistance can be achieved by using different metal materials as well
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as different technical thicknesses of the micro-metal patches. In order to achieve different metal
thicknesses in a single process, the thickness of the metal material is controlled by controlling the

exposure intensity.

[00110] In the embodiments of the present disclosure, a plurality of conductive electrodes,
a plurality of sub-insulating layers and a plurality of antenna units are simultaneously prepared,

which simplifies the process flow and saves costs.

[00111] The method for fabricating a signal processing apparatus according to one
embodiment of the present disclosure includes providing a first substrate and forming a
conductive layer on the first substrate. The conductive layer includes a plurality of conductive
electrodes. The method further includes forming an insulating layer on a side of the conductive
layer opposite from the first substrate. The insulating layer includes a plurality of sub-insulating
layers. The method further includes providing a second substrate and forming a first antenna
layer between the insulating layer and the second substrate. The first antenna layer may include a
plurality of antenna units. Each antenna unit is used for receiving signals in a different frequency
range. The plurality of sub-insulating layers, the plurality of conductive electrodes and the
plurality of antenna units are in one-to-one correspondence. In the embodiments of the present
disclosure, by providing a plurality of sub-insulation layers, a plurality of conductive electrodes
and a plurality of antenna units, signals in a plurality of different frequency ranges can be
received, thereby realizing detection of signals in a plurality of different frequency ranges. At the
same time, the antenna unit, the sub-insulating layer and the conductive electrode capable of
realizing the function of the rectifying diode are disposed between the first substrate and the

second substrate, thereby avoiding separately disposing the rectifying diode as in the prior art.

[00112] In some embodiments, after the grounding electrode is formed on the side of the
second substrate facing the first substrate, the method further includes forming a conductive wire

for leading out the signals on a side of the second substrate facing the first substrate.

[00113] In some embodiments, the method for fabricating a signal processing apparatus
according to one embodiment of the present disclosure further includes forming a second
antenna layer for radiating signals on the first substrate or the second substrate. Specifically, the
step may be before the step 200, or after the step 200, the embodiment of the present disclosure

is not limited thereto.
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[00114] The drawings of the embodiments of the present disclosure refer to only the
structures involved in the embodiments of the present disclosure, and other structures may refer
to the general design. For the sake of clarity, the thickness and size of the layers or
microstructures are exaggerated in the figures used to describe embodiments of the disclosure.
When an unit such as a layer, a film, a region or a substrate is referred to as being "on" or
"under" another unit, the unit can be "directly” on or under the another unit, or there are

intermediate components between the two units.

[00115] The principle and the embodiment of the present disclosures are set forth in the
specification. The description of the embodiments of the present disclosure is only used to help
understand the method of the present disclosure and the core idea thereof. Meanwhile, for a
person of ordinary skill in the art, the disclosure relates to the scope of the disclosure, and the
technical scheme is not limited to the specific combination of the technical features, and also
should covered other technical schemes which are formed by combining the technical features or
the equivalent features of the technical features without departing from the inventive concept.
For example, technical scheme may be obtained by replacing the features described above as

disclosed in this disclosure (but not limited to) with similar features.

18



WO 2019/192245 PCT/CN2019/072386

CLAIMS

What is claimed is:

L. An antenna apparatus, comprising:

a first substrate;

a second substrate opposite the first substrate;

a first antenna layer on a side of the second substrate facing the first substrate

an insulating layer on a side of the first antenna layer facing the first substrate;

a conductive layer on a side of the insulating layer facing the first substrate;

wherein the first antenna layer is configured to receive signals in different frequency
ranges, and the first antenna layer, the insulating layer and the conductive layer are all between
the first substrate and the second substrate;

wherein the first antenna layer comprises a plurality of antenna units, each of the plurality
of antenna units comprises a radiation patch and is configured to receive the signals in one of the
different frequency ranges; the insulating layer comprises a plurality of sub-insulating layers; the
conductive layer comprises a plurality of conductive electrodes; and the plurality of the sub-
insulating layers, the plurality of the conductive electrodes, and the plurality of the antenna units
are in one-to-one correspondence; and

wherein the radiation patch, at least one of the plurality of conductive electrodes, and at

least one of the plurality of sub-insulating layers constitute a rectifier diode structure.

2. The antenna apparatus of claim 1, wherein at least one of the plurality of the
antenna units further comprises a dielectric layer, and a ground electrode; the radiation patch is
on a side of the dielectric layer facing the first substrate; and the ground electrode is on a side of

the dielectric layer facing the second substrate.

3. The antenna apparatus of claim 2, further comprising a conductive wire for
leading out the signals;

wherein the conductive wire is on the side of the dielectric layer facing the second
substrate; an orthogonal projection of the conductive wire on the first substrate and an

orthographic projection of the radiation patch on the first substrate overlap.
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4. The antenna apparatus of claim 3, wherein a conductivity of the radiation patch is

higher than a conductivity of the conductive electrode.

S. The antenna apparatus of claim 2, wherein an orthographic projection of the
conductive electrode on the first substrate and an orthographic projection of the radiation patch

on the first substrate have a first overlapping region.

6. The antenna apparatus of claim 5, wherein an orthographic projection of the sub-

insulating layer on the first substrate overlaps the first overlapping region.

7. The antenna apparatus of any one of claims 2-6, wherein the radiation patch

comprises a plurality of micro-metal patches.

8. The antenna apparatus of any one of claims 1-7, wherein each of the plurality of
antenna units has a shape of a square or a rectangle and the plurality of antenna units is

distributed on the first substrate in a cluster or strip form.

9. The antenna apparatus of any one of claims 2-8, wherein the conductive electrode

and the radiation patch of a same antenna unit have a substantially same pattern.

10. The antenna apparatus of claim 8, wherein an orthographic projection of the
conductive electrode on the first substrate covers an orthographic projection of the radiation

patch of a same antenna unit on the first substrate.

11.  The antenna apparatus of any one of claims 1-10, wherein the conductive

electrode is made of a transparent conductive material.

12.  The antenna apparatus of any one of claims 2-11, wherein the ground electrode

has a shape of a square or a circle.

13. The antenna apparatus of any one of claims 2-12, wherein the dielectric layer

includes liquid crystals.

14.  The antenna apparatus of any one of claims 1-13, further comprising a second

antenna layer, wherein the second antenna layer is between the first substrate and the second
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substrate, and the second antenna layer is configured to radiate the signals, and orthographic
projection of the first antenna layer on the first substrate and orthographic projection of the

second antenna layer on the first substrate do not overlap.
15. A method of preparing an antenna apparatus, comprising:
providing a first substrate;

forming a conductive layer on the first substrate, the conductive layer comprising a

plurality of conductive electrodes;

forming an insulating layer on a side of the conductive layer opposite from the first

substrate, the insulating layer comprising a plurality of sub-insulating layers;
providing a second substrate opposite the first substrate; and

forming a first antenna layer between the insulating layer and the second substrate, the
first antenna layer comprising a plurality of antenna units, each of the antenna units being

configured to receive signals in a different frequency range;

wherein the first antenna layer is configured to receive signals in different frequency
ranges, and the first antenna layer, the insulating layer and the conductive layer are all between
the first substrate and the second substrate;

wherein the first antenna layer comprises a plurality of antenna units, each of the plurality
of antenna units comprises a radiation patch and is configured to receive the signals in one of the
different frequency ranges; the insulating layer comprises a plurality of sub-insulating layers; the
conductive layer comprises a plurality of conductive electrodes; and the plurality of the sub-
insulating layers, the plurality of the conductive electrodes, and the plurality of the antenna units

are in one-to-one correspondence; and

wherein the radiation patch, at least one of the plurality of conductive electrodes, and at

least one of the plurality of sub-insulating layers constitute a rectifier diode structure.

16. The method of preparing the antenna apparatus of claim 15, wherein forming the

insulating layer on the side of the conductive layer opposite from the first substrate comprises
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forming the insulating layer on the side of the conductive layer opposite from the first substrate

by a process of multiple exposures or a gray scale exposure.

17. The method of preparing the antenna apparatus of any one of claims 15-16,
wherein forming the first antenna layer between the insulating layer and the second substrate

comprises:

forming a radiation patch on a side of the insulating layer opposite from the first substrate

by a process of multiple exposures or a gray scale exposure;
forming a ground electrode on a side of the second substrate facing the first substrate; and
forming a dielectric layer between the ground electrode and the radiation patch.

18. The method for preparing the antenna apparatus of claim 17, after the ground
electrode is formed on the side of the second substrate facing the first substrate, the method
further includes: forming a conductive wire on the side of the second substrate facing the first

substrate, the conductive wire being configured to leading out the signals.

19. The method for preparing the antenna apparatus of any one of claims 15-18,
further comprising forming a second antenna layer on the first substrate or the second substrate,

wherein the second antenna layer is configured to radiate the signals.
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