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DESCRIPTION
CAPACITIVE SENSING APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a capacitive sensing apparatus, a device
having the capacitive sensing apparatus, and a method for generating an image such as a
fingerprint image by the apparatus. The device may be a mobile phone, a smart phone,

a tablet computer, a personal computer, a digital camera, a navigation system or the like.

BACKGROUND

[0002] In recent years, authentication technology implemented in various electronic
devices such as a mobile phone, a smart phone, a tablet computer, a personal computer,
a digital camera, and a navigation system becomes important more and more in order to
prevent unauthorized use thereof. In this regard, a fingerprint authentication is a
strong candidate of the authentication technology used for such devices since a
fingerprint sensor (FPS) is advantageous in size and energy efficiency. Although there
exists several types of FPS sensors, a capacitive FPS is attracting attention from the
viewpoint of a thin shape, low cost and high reliability.

[0003] The capacitive FPS may be implemented in a device that a display panel covers
almost all of a front surface thereof. In this case, the sensor should be arranged under
an overlay such as a transparent glass or film of the display panel. If a thickness of the
overlay is 200um or less, an existing capacitive FPS may detect surface irregularities of
a finger located on the overlay with sufficient resolution to recognize a fingerprint.
However, the overlay with the thickness of 200um or less breaks easily even with a
weak impact. Thus, it is necessary to improve sensitivity of the capacitive FPS so as
to accurately detect the fingerprint via a thick overlay, in order to implement the

capacitive FPS in the full-display type device.



WO 2022/027156 PCT/CN2020/106480

SUMMARY

[0004] Embodiments provide a capacitive sensing apparatus, a device having the
apparatus and a method for generating an image such as a fingerprint image. The
device may be a mobile phone, a smart phone, a tablet computer, a personal computer, a
digital camera, a navigation system, or the like.

[0005] A first aspect of the embodiments provides a capacitive sensing apparatus. In
a first possible implementation form of the first aspect, a capacitive sensing apparatus
comprises: a plurality of driving electrodes to which a first voltage is applied, wherein
the plurality of driving electrodes are arranged side by side along a first direction; a
plurality of sensing electrodes arranged side by side along a second direction crossing
the first direction; a plurality of forming electrodes to which a second voltage having an
opposite sign to the first voltage is applied, where a forming electrode among the
plurality of forming electrodes is located between adjacent two driving electrodes; and
processing circuitry configured to detect variation of capacitance between the driving
and sensing electrodes. In some examples, a pitch of electrodes may be within a range
of 30um to 150um, and the apparatus may be preferably used for generating a
fingerprint image. Also, the first voltage and the second voltage may be applied to the
driving and forming electrodes respectively during predetermined driving periods to
drive the driving and forming electrodes synchronously. On the other hand, reading
signals from the sensing electrodes is performed during predetermined reading periods
different from the driving periods.

[0006] When the first voltage is applied to the driving electrode, an electric field is
generated between the driving and sensing electrodes, and the sensing electrode receives
charge from the driving electrode. Also, when a finger is located on an overlay above
the apparatus, the finger causes to change the electric field and reduce mutual

capacitance between the driving and sensing electrodes. Resolution on detecting
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surface irregularities of the finger may relate to directivity of the electric field between
the driving and sensing electrodes adjacent to each other. Specifically, increasing the
directivity may improve resolution on detection of the surface irregularities of the finger.
In the first possible implementation form of the first aspect, the forming electrode is
located between adjacent two driving electrodes, and the second voltage having an
opposite sign to the first voltage is applied to the forming electrode. Applying the
second voltage to the forming electrode enhances directivity of the electric field
between the driving electrode adjacent to the forming electrode and the sensing
electrode, to upward, thereby improving sensitivity of the apparatus.

[0007] A second possible implementation form of the first aspect provides: the
apparatus according to the first possible implementation form of the first aspect, where
the processing circuitry is further configured to generate an image having pixel values
each corresponding to the detected variation of the capacitance at a position that the
driving and sensing electrodes face each other. According to the second possible
implementation form of the first aspect, a clear fingerprint image may be generated by
the apparatus having the improved sensitivity.

[0008] A third possible implementation form of the first aspect provides: the apparatus
according to the first or second possible implementation form of the first aspect, where
the processing circuitry is further configured to: swap a first group of electrodes each
acting as the driving electrode for a second group of electrodes each acting as the
forming electrode on a first layer on which the driving electrode is located, to change
between two electrode patterns on the first layer; swap a third group of electrodes each
acting as the sensing electrode for a fourth group of electrodes each acting as the
forming electrode on a second layer on which the sensing electrode is located, to change
between two electrode patterns on the second layer; generate an image formed by pixel
values each corresponding to the detected variation of the capacitance at a position that

the driving and sensing electrodes face each other, with respect to each of four electrode
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patterns; and combine four generated images to obtain a combined image.

[0009] In the third possible implementation form of the first aspect, driving electrodes
and some forming electrodes are located on the first layer, and sensing electrodes and
remaining forming electrodes are located on the second layer. Each electrode on the
first layer may act as the driving electrode when applying the first voltage and act as the
forming electrode when applying the second voltage. In addition, each electrode on
the second layer may act as the sensing electrode when the electrode is grounded and
act as the forming electrode when applying the second voltage. Accordingly, the
processing circuitry may control voltages applied to each electrode to change between
four electrode patterns. The processing circuitry detects variation of the capacitance at
a position where the driving and sensing electrodes face each other, thus detection
positions corresponding to the four electrode patterns are different from each other.
Therefore, the processing circuitry generates an image with respect to each of four
electrode patterns and combines the four generated images to obtain a combined image
having a complete set of pixel values corresponding to all of the detection positions.
[0010] For example, the driving electrodes may be evenly spaced on the first layer,
and the sensing electrodes may be evenly spaced on the second layer that is placed a
predetermined distance away from the first layer. Each of the driving electrodes may
stretch along one direction, and each of the sensing electrodes may stretch along another
direction crossing the one direction. In addition, each forming electrode on the first
layer may be located between adjacent two driving electrodes, and each forming
electrode on the second layer may be located between adjacent two sensing electrodes.
In this case, the processing circuitry detects variation of the capacitance at each crossing
point of the driving and sensing electrodes with respect to each electrode pattern.
Further, the processing circuitry may generate an image based on detected variation of
the capacitance with respect to each electrode pattern and combine generated four

images to obtain a full-pixels image.
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[0011] A fourth possible implementation form of the first aspect provides: the
apparatus according to any one of the first to third possible implementation forms of the
first aspect, where a voltage signal providing the first voltage is coded in a CDM (Code
Division Multiplexing) manner so that voltage signals corresponding to the driving
electrodes are orthogonal to each other.  According to the seventh possible
implementation form of the first aspect, the CDM manner improves a signal to noise
ratio (SNR) on detection signals.

[0012] A second aspect of the embodiments provides another capacitive sensing
apparatus. In a first possible implementation form of the second aspect, the apparatus
comprises: a plurality of sensing electrodes to which a first voltage is applied; a
plurality of forming electrodes to which a second voltage having an opposite sign to the
first voltage is applied, where each forming electrode is located between adjacent two
sensing electrodes; and processing circuitry configured to detect variation of charge
accumulated on each sensing electrode by the first voltage. In some examples, a pitch
of electrodes may be within a range of 30um to 150um, and the apparatus may be
preferably used for generating a fingerprint image. Also, the first voltage causes
charge on each sensing electrode during accumulating periods, and the second voltage is
applied to the forming electrode during the same periods synchronously. On the other
hand, reading signals from the sensing electrodes is performed during a reading period
after the accumulating period.

[0013] When approaching a finger to an overlay above the apparatus 180, capacitance
of the finger causes to increase charge that is accumulated on sensing electrodes facing
the finger. Accordingly, the processing circuitry may detect the finger and/or each
protrusion of the finger surface based on variation of the charge. Resolution on
detecting surface irregularities of the finger may relate to directivity of the electric field
around the sensing electrode. Specifically, increasing the directivity may improve

resolution on detection of the surface irregularities of the finger. In the first possible
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implementation form of the second aspect, the forming electrode is located between
adjacent two sensing electrodes, and the second voltage having an opposite sign to the
first voltage is applied to the forming electrode. Applying the second voltage to the
forming electrode enhances directivity of the electric field around the sensing electrode
to upward, thereby improving sensitivity of the apparatus.

[0014] A second possible implementation form of the second aspect provides: the
apparatus according to the first possible implementation form of the second aspect,
where the processing circuitry is further configured to generate an image having pixel
values each corresponding to the variation of the charge on each sensing electrode.
According to the second possible implementation form of the second aspect, a clear
fingerprint image may be generated by the apparatus having the improved sensitivity.
[0015] A third aspect of the embodiments provides a method for generating an image
by a capacitive sensing apparatus having a plurality of driving electrodes arranged side
by side along a first direction and a plurality of sensing electrodes arranged side by side
along a second direction crossing the first direction, a plurality of forming electrodes,
and processing circuitry. In a first possible implementation form of the third aspect,
the method comprises: applying, by a voltage source, a first voltage to each driving
electrode; applying, by the voltage source, a second voltage having an opposite sign to
the first voltage to each forming electrode, where a forming electrode among the
plurality of forming electrodes is located between adjacent two driving electrodes; and
generating, by the processing circuitry, an image based on variation of capacitance
between the driving and sensing electrodes. In some examples, a pitch of electrodes
may be within a range of 30um to 150um, and the apparatus may be preferably used for
generating a fingerprint image. Also, the first voltage and the second voltage may be
applied to the driving and forming electrodes respectively during predetermined driving
periods to drive the driving and forming electrodes synchronously. On the other hand,

reading signals from the sensing electrodes is performed during predetermined reading
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periods different from the driving periods.

[0016] When the first voltage is applied to the driving electrode, an electric field is
generated between the driving and sensing electrodes, and the sensing electrode receives
charge from the driving electrode. Also, when a finger is located on an overlay above
the apparatus, the finger causes to change the electric field and reduce mutual
capacitance between the driving and sensing electrodes. Resolution on detecting
surface irregularities of the finger may relate to directivity of the electric field between
the driving and sensing electrodes adjacent to each other. Specifically, increasing the
directivity may improve resolution on detection of the surface irregularities of the finger.
In the first possible implementation form of the third aspect, the forming electrode is
located between adjacent two driving electrodes, and the second voltage having an
opposite sign to the first voltage is applied to the forming electrode. Applying the
second voltage to the forming electrode enhances directivity of the electric field
between the driving electrode adjacent to the forming electrode and the sensing
electrode, to upward, thereby improving sensitivity of the apparatus.

[0017] A second possible implementation form of the third aspect provides: the
method according to the first possible implementation form of the third aspect, where
the generating, by the processing circuitry, an image based on variation of the
capacitance specifically comprises: generating the image having pixel values each
corresponding to variation of the capacitance at a position that the driving and sensing
electrodes face each other. According to the second possible implementation form of
the third aspect, a clear fingerprint image may be generated by the apparatus having the
improved sensitivity.

[0018] A third possible implementation form of the third aspect provides: the method
according to the first or second possible implementation forms of the third aspect,
further comprising: changing, by the processing circuitry, a first group of electrodes

each acting as the driving electrode and a second group of electrodes each acting as the
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forming electrode, to make a plurality of electrode patterns, where the generating, by the
processing circuitry, an image based on variation of the capacitance specifically
comprises: generating the image having pixel values each corresponding to variation of
the capacitance at a position that the driving and sensing electrodes face each other, with
respect to each electrode pattern on the driving and second layers, and combining four
images.

[0019] In the third possible implementation form of the third aspect, driving electrodes
and some forming electrodes are located on the first layer, and sensing electrodes and
remaining forming electrodes are located on the second layer. Each electrode on the
first layer may act as the driving electrode when applying the first voltage and act as the
forming electrode when applying the second voltage. In addition, each electrode on
the second layer may act as the sensing electrode when the electrode is grounded and
act as the forming electrode when applying the second voltage. Accordingly, the
processing circuitry may control voltages applied to each electrode to change between
four electrode patterns. The processing circuitry detects variation of the capacitance at
a position where the driving and sensing electrodes face each other, thus detection
positions corresponding to the four electrode patterns are different from each other.
Therefore, the processing circuitry generates an image with respect to each of four
electrode patterns and combines the four generated images to obtain a combined image
having a complete set of pixel values corresponding to all of the detection positions.
[0020] A fourth possible implementation form of the third aspect provides: the method
according to any one of the first to third possible implementation forms of the third
aspect, further comprising: coding, by the processing circuitry, a voltage signal
providing the first voltage in the CDM manner so that voltage signals corresponding to
the driving electrodes are orthogonal to each other. According to the fifth possible
implementation form of the third aspect, the CDM manner improves the SNR on

detection signals.
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[0021] A fourth aspect of the embodiments provides a method for generating an image
by a capacitive sensing apparatus having a plurality of sensing electrodes, a plurality of
forming electrodes, and processing circuitry. In a first possible implementation form
of the fourth aspect, the method comprises: applying, by a voltage source, a first voltage
to each sensing electrode; applying, by the voltage source, a second voltage having an
opposite sign to the first voltage to each forming electrode, wherein each forming
electrode is located between adjacent two sensing electrodes; and generating, by the
processing circuitry, an image based on variation of charge accumulated on each
sensing electrode by the first voltage. In some examples, a pitch of electrodes may be
within a range of 30um to 150um, and the apparatus may be preferably used for
generating a fingerprint image. Also, the first voltage causes charge on each sensing
electrode during accumulating periods, and the second voltage is applied to the forming
electrodes during the same periods synchronously. On the other hand, reading signals
from the sensing electrodes is performed during a reading period after the accumulating
period.

[0022] When approaching a finger to an overlay above the apparatus 180, capacitance
of the finger causes to increase charge that is accumulated on sensing electrodes facing
the finger. Accordingly, the processing circuitry may detect the finger and/or each
protrusion of the finger surface based on variation of the charge. Resolution on
detecting surface irregularities of the finger may relate to directivity of the electric field
around the sensing electrode. Specifically, increasing the directivity may improve
resolution on detection of the surface irregularities of the finger. In the first possible
implementation form of the fourth aspect, the forming electrode is located between
adjacent two sensing electrodes, and the second voltage having an opposite sign to the
first voltage is applied to the forming electrode. Applying the second voltage to the
forming electrode enhances directivity of the electric field around the sensing electrode

to upward, thereby improving sensitivity of the apparatus.
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[0023] A second possible implementation form of the fourth aspect provides: the
method according to the first possible implementation forms of the fourth aspect, where
the generating, by the processing circuitry, an image based on variation of the charge
specifically comprises: generating an image having pixel values each corresponding to
variation of the charge on each sensing electrode. According to the second possible
implementation form of the fourth aspect, a clear fingerprint image may be generated by
the apparatus having the improved sensitivity.

[0024] A fifth aspect of the embodiments provides a device such as a mobile phone, a
smart phone, a tablet computer, a personal computer, a digital camera, a navigation
system, or the like, where the device comprises: the apparatus according to any one of
the possible implementation forms of the first aspect, an overlay covering the apparatus,
and a display module located under the apparatus. In one possible implementation
form of the fifth aspect, a thickness of the overlay may be approximately equal to or
more than 300um.

[0025] A sixth aspect of the embodiments provides a device such as a mobile phone, a
smart phone, a tablet computer, a personal computer, a digital camera, a navigation
system, or the like, where the device comprises: the apparatus according to any one of
the possible implementation forms of the second aspect, an overlay covering the
apparatus, and a display module located under the apparatus. In one possible
implementation form of the sixth aspect, a thickness of the overlay may be
approximately equal to or more than 300um.

[0026] A seventh aspect of the embodiments provides a non-transitory
computer-readable storage medium storing a program that causes a computer to perform
the method according to any one of the possible implementation forms of the third
aspect. A eighth aspect of the embodiments provides a non-transitory
computer-readable storage medium storing a program that causes a computer to perform

the method according to any one of the possible implementation forms of the fourth
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aspect.

BRIEF DESCRIPTION OF DRAWINGS
[0027] FIG.1 shows an example of a device having a capacitive sensing apparatus for
fingerprint sensing, according to a first embodiment of the present disclosure,

FIGs.2A to 2C show cross-sectional views of the device according to the first
embodiment of the present disclosure,

FIG.3 shows an example of an electrode layout in the apparatus according to
the first embodiment of the present disclosure,

FIG.4A is a schematic diagram for describing arrangement of sensing and
forming electrodes in the apparatus according to the first embodiment of the present
disclosure,

FIG.4B shows waveforms of voltages applied to the sensing and forming
electrodes in the apparatus according to the first embodiment of the present disclosure,

FIG.S is a schematic block diagram for describing elements of the apparatus
according to the first embodiment of the present disclosure,

FIGs.6A and 6B are schematic diagrams for describing electrode patterns made
from the sensing and forming electrodes in the apparatus according to the first
embodiment of the present disclosure,

FIGs.7A and 7B are schematic diagrams for describing electrode patterns made
from the sensing and forming electrodes in the apparatus according to the first
embodiment of the present disclosure,

FIG.8 is a schematic diagram for describing a procedure to combine four
images corresponding to four electrode patterns shown in FIGs.6A to 7B, according to
the first embodiment of the present disclosure,

FIG.9 is a flowchart for describing a method for generating an image by the

apparatus according to the first embodiment of the present disclosure,
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FIG.10 shows an example of an electrode layout according to a first variation
of the first embodiment of the present disclosure,

FIG.11 is a schematic diagram for describing an implementation method of the
apparatus to the device according to a second variation of the first embodiment of the
present disclosure,

FIG.12 is a schematic diagram for describing a coding method of voltage
pulses applied to the sensing electrodes according to the first embodiment of the present
disclosure,

FIG.13 shows an example of an electrode layout in the apparatus according to a
second embodiment of the present disclosure,

FIGs.14A and 14B are schematic diagrams for describing arrangement of
sensing and forming electrodes in the apparatus according to the second embodiment of
the present disclosure,

FIGs.15A and 15B are schematic diagrams for describing electrode patterns
made from the sensing and forming electrodes in the apparatus according to the second
embodiment of the present disclosure,

FIGs.16A and 16B are schematic diagrams for describing improvement of
sensitivity by applying forming voltages according to the second embodiment of the
present disclosure,

FIGs.17A and 17B show an example of an electrode layout in the apparatus
according to a variation of the second embodiment of the present disclosure,

FIG.18 is a schematic block diagram for describing elements of the apparatus
according to the third embodiment of the present disclosure, and

FIG.19 is schematic diagram for describing arrangement of sensing and
forming electrodes in the apparatus according to a third embodiment of the present
disclosure.

DESCRIPTION OF EMBODIMENTS

12
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[0028] The following describes technical solutions of the embodiments, referring to
the accompanying drawings. It will be understood that the embodiments described
below are not all but just some of embodiments relating to the present disclosure. It is
to be noted that all other embodiments which may be derived by a person skilled in the
art based on the embodiments described below without creative efforts shall fall within
the protection scope of the present disclosure.

[0029] (First embodiment) Following describes a first embodiment of the present
disclosure. The first embodiment of the present disclosure relates to a device having a
capacitive sensing apparatus such as a capacitive FPS. For example, the device may
be a mobile phone, a smart phone, a tablet computer, a personal computer, a digital
camera, a navigation system, or the like.

[0030] FIG.1 shows an example of a device having a capacitive sensing apparatus for
fingerprint sensing, according to a first embodiment of the present disclosure. A
device 10 shown in FIG.1 is a full-display type device that a display panel 11 covers
almost all of a front surface of the device 10. As shown in FIG.1, there exists a
sensing area 11a on the display panel 11 for detecting a fingerprint. When a finger FG
is located on the sensing area 1la, the device 10 may perform detection of the
fingerprint and fingerprint authorization based on identification information.

[0031] Following describes a layer structure of the device 10 around the sensing area
11a, with reference to FIGs.2A to 2C. FIGs.2A to 2C show cross-sectional views of
the device 10 along II-II line shown in FIG.1. In an example of FIG.2A, the device 10
has an overlay 21, a FPS/Touch sensor 22 and a display module 23. The overlay 21 is
a transparent glass or film and covers the FPS/touch sensor layer 22.  The FPS/touch
sensor layer 22 may include at least one sensor used as a FPS and/or a touch sensor. A
capacitive sensing apparatus described below is included in the FPS/touch sensor layer
22. The display module 23 may be an organic light emitting diode (OLED), a liquid

crystal display (LCD), or the like, and is located under the FPS/touch sensor layer 22.
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The device 10 may further comprise a polarizer 24 as shown in FIGs. 2B and 2C, and
these variations may be within a scope of the first embodiment of the present disclosure.
[0032] Following describes the capacitive sensing apparatus for generating a
fingerprint image, according to the first embodiment of the present disclosure, with
reference to FIGs.3 to 8.

[0033] FIG.3 shows an example of an electrode layout in the apparatus according to
the first embodiment of the present disclosure. As shown in FIG.3, the apparatus
comprises electrodes evenly spaced on a first layer L1 and electrodes evenly spaced on
a second layer L2 that is placed a predetermined distance away from the first layer L1.
Each electrode on the first layer L1 stretches along one direction, and each electrode on
the second layer L2 stretches along another direction crossing the first direction. In
this example, voltage pulses may be applied to at least a part of the electrodes on the
first layer L1, and at least a part of the electrodes on the second layer L2 may receive
electric charge from the electrodes on the first layer L1.

[0034] In the first embodiment of the present disclosure, a first group of the electrodes
on the first layer L1 acts as a driving electrode (TX) to which a first voltage is applied,
and a second group of the electrodes on the first layer L1 acts as a forming electrode
(FX) to which a second voltage is applied. In addition, a third group of the electrodes
on the second layer L2 acts as a sensing electrode (RX) to receive the electric charge
from the driving electrode, and a fourth group of the electrodes on the second layer L2
acts as a forming electrode (FX) to which a second voltage is applied. Each forming
electrode (FX) on the first layer L1 is located between adjacent two driving electrodes
(TX), and each forming electrode (FX) on the second layer L2 is located between
adjacent two sensing electrodes (RX).

[0035] FIG.4A shows arrangement of sensing and forming electrodes in the apparatus
according to the first embodiment of the present disclosure. In an example of FIG.4A,

the driving electrodes (TX) and the forming electrodes (FX) are alternately arranged on
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a substrate and are covered by an overlay such as a transparent glass or film.
Optionally, the overlay may also cover the electrodes on the second layer (L2).

[0036] FIG.4B shows waveforms of voltages applied to the sensing and forming
electrodes in the apparatus according to the first embodiment of the present disclosure.
In FIG4B, a first voltage V1 indicates an amplitude of the first voltage pulse (TX
voltage pulse) applied to the driving electrodes (TX), and a second voltage V2 indicates
an amplitude of the second voltage pulse (FX voltage pulse) applied to the forming
electrodes (FX). The second voltage V2 has an opposite sign to the first voltage V1 in
each time period. The first voltage V1 and the second voltage V2 are applied to the
driving and forming electrodes respectively during predetermined driving periods to
drive the driving and forming electrodes synchronously. On the other hand, reading
signals from the sensing electrodes is performed during predetermined reading periods
different from the driving periods.

[0037] If the first voltage V1 is applied to the driving electrode (TX), an electric field
is generated between the driving electrode (TX) and the sensing electrode (RX), and the
sensing electrode (RX) receives charge from the driving electrode (TX). When a
finger FG 1s located on the overlay 21, the finger FG causes to change the electric field
and reduce mutual capacitance between the driving electrode (TX) and the sensing
electrode (RX).

[0038] Resolution on detecting surface irregularities of the finger FG relates to
directivity of the electric field generated between the driving electrode (TX) and the
sensing electrode (RX) facing each other. Specifically, increasing the directivity may
improve resolution on detection of the surface irregularities of the finger FG.
Applying the second voltage V2 to the forming electrode (FX) enhances directivity of
the electric field between the driving electrode (TX) and the sensing electrode (RX)
facing each other, to upward. This may improve sensitivity of the apparatus.

[0039] Following describes elements included in the apparatus according to the first
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embodiment of the present disclosure with reference to FIG.5. FIG.5 is a schematic
block diagram for describing elements of the apparatus according to the first
embodiment of the present disclosure. A capacitive sensing apparatus 50 is an
example of the apparatus according to the first embodiment of the present disclosure.
[0040] As shown in FIG.5, the apparatus 50 comprises a plurality of driving electrodes
51a, 51b, S1c ..., a plurality of sensing electrodes 52a, 52b, 52¢ ..., a plurality of forming
electrodes 53a, 53b, 53¢ ..., a voltage source 54, processing circuitry 55, a detector 56,
and a storage 57.

[0041] The processing circuitry 55 controls the voltage source 54 to apply the first
voltage V1 to each driving electrode and to apply the second voltage V2 to each
forming electrode. The processing circuitry 55 may be an integrated circuit (IC) so
called Touch IC implemented in a touch panel, or a processor such as a central
processing unit (CPU), a field-programmable gate array (FPGA) or an application
specific integrated circuit (ASIC). The processing circuitry 55 is connected to the
storage 57 such as a read-only memory (ROM), a random access memory (RAM), a
flash memory, a solid state drive (SSD), a hard disk drive (HDD), or the like. The
storage 57 may store a program to cause the processing circuitry 55 to control operation
of the apparatus 50.

[0042] In addition, the processing circuitry 55 controls the detector 56 to detect
variation of capacitance between the driving and sensing electrodes based on received
electric charge from the driving electrodes by the sensing electrodes. Further, the
processing circuitry 55 generates an image having pixel values each corresponding to
the detected variation of the capacitance at each crossing point of the driving and
sensing electrodes. Optionally, the processing circuitry 55 may control the voltage
source 54 to change the electrode pattern on the first layer L1 and the second layer L2,
and generates another image based on the detected variation of the capacitance at each

crossing point of the driving and sensing electrodes.
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[0043] Specifically, the processing circuitry 55 may swap the first group of electrodes
each acting as the driving electrode (TX) for the second group of electrodes each acting
as the forming electrode (FX) on the first layer L1. Further, the processing circuitry 55
may swap the third group of electrodes each acting as the sensing electrode (RX) for the
fourth group of electrodes each acting as the forming electrode (FX) on the second layer
L2.

[0044] Swapping on the first layer L1 provides changes between a first pattern shown
in FIG.6A and a second pattern shown in FIG.6B. FIGs.6A and 6B are schematic
diagrams for describing electrode patterns made from the sensing and forming
electrodes in the apparatus according to the first embodiment of the present disclosure.
Likewise, swapping on the second layer L2 provides changes between a third pattern
shown in FIG.7A and a fourth pattern shown in FIG.7B. FIGs.7A and 7B are
schematic diagrams for describing electrode patterns made from the sensing and
forming electrodes in the apparatus according to the first embodiment of the present
disclosure. Accordingly, the processing circuitry 55 may switch between the first to
fourth patterns mentioned above.

[0045] The processing circuitry 55 may generate an image based on the detected
variation of the capacitance at the crossing point of the driving and sensing electrodes
with respect to each of the first to fourth patterns, and store first to fourth images
corresponding to the first to fourth patterns respectively in the storage 57.  Since pixels
forming the image may be obtained only at the crossing points of the driving and
sensing electrodes (see dashed rectangles in FIGs.6A to 7B), the first to fourth images
look like those shown in FIG.8. FIG.8 is a schematic diagram for describing a
procedure to combine four images corresponding to four electrode patterns shown in
FIGs.6A to 7B, according to the first embodiment of the present disclosure. In order
to complete an image of the fingerprint, the processing circuitry 55 combines the first to

fourth images to generate a full-pixels image of the fingerprint as shown in FIG.8.
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[0046] (Method for generating the full-pixels image) Following describes one
example of a method for generating the fingerprint image according to the first
embodiment of the present disclosure with reference to FIG.9. FIG.9 is a flowchart for
describing one example of a method for generating an image by the apparatus according
to the first embodiment of the present disclosure.

[0047] At a step S11, the processing circuitry 55 captures a first image based on
outputs from the sensing electrodes (RX lines) in the first pattern (see FIG.6A). For
example, the processing circuitry 55 controls the voltage source 54 to apply the first
voltage V1 to each driving electrode and to apply the second voltage V2 to each
forming electrode, so that the electrodes in the apparatus 50 forms the first pattern.
Also, the processing circuitry 55 controls the detector 56 to detect variation of
capacitance between the driving and sensing electrodes based on outputs from the
sensing electrodes, and generates an image having pixel values each corresponding to
variation of the capacitance at a crossing point of the driving and sensing electrodes.
[0048] At a step S12, the processing circuitry 55 controls the voltage source 54 to
swap the driving electrodes (TX lines) for the forming electrodes (FX lines) on the first
layer L1 to change from the first pattern to the second pattern (see FIG.6B). Further,
the processing circuitry 55 captures a second image based on outputs from the sensing
electrodes (RX lines) in the second pattern.

[0049] At a step S13, the processing circuitry 55 controls the voltage source 54 to
swap the driving electrodes (TX lines) for the forming electrodes (FX lines) on the first
layer L1 and the second layer L2 to change from the second pattern to the third pattern
(see FIG.7A). Further, the processing circuitry 55 captures a third image based on
outputs from the sensing electrodes (RX lines) in the third pattern.

[0050] At a step S14, the processing circuitry 55 controls the voltage source 54 to
swap the driving electrodes (TX lines) for the forming electrodes (FX lines) on the

second layer L2 to change from the third pattern to the fourth pattern (see FIG.7B).
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Further, the processing circuitry 55 captures a fourth image based on outputs from the
sensing electrodes (RX lines) in the fourth pattern.

[0051] At astep S15, the processing circuitry 55 combines the first to fourth images to
generate a full-pixels image. When a process of the step S15 is completed, the series
of processes shown in FIG.9 ends.

[0052] (First variation of the first embodiment) Following describes a first variation
of the first embodiment of the present disclosure with reference to FIG.10. FIG.10
shows an example of an electrode layout according to a first variation of the first
embodiment of the present disclosure. As shown in FIG.10, the sensing electrodes
(RX lines) and/or the driving electrodes may be composed of metal mesh. In this case,
it is preferable to arrange dummy mesh between the adjacent two sensing electrodes in
order to make each sensing electrode inconspicuous. Using the metal mesh may
reduce resistance of the electrode.

[0053] (Second variation of the first embodiment) Following describes a second
variation of the first embodiment of the present disclosure with reference to FIG.11.
FIG.11 is a schematic diagram for describing an implementation method of the
apparatus to the device according to a second variation of the first embodiment of the
present disclosure.

[0054] As described above with reference to FIGs.2A to 2C, the apparatus according
to the first embodiment of the present disclosure may be installed in the FPS/touch
sensor layer 22 on the display module 23 (Out-cell case). On the other hand, the
apparatus according to the first embodiment of the present disclosure may be
implemented in a display such as OLED directly as shown in FIG.11 (On-cell case).
In this case, electrodes used for TX lines and/or FX lines may be arranged on a thin film
encapsulation (TFE) structure.  Also, electrodes used for RX lines and/or FX lines may
be arranged on an insulator layer on the TX lines and be covered by an overcoat layer.

[0055] (Coding method) Following describes a coding method of voltage pulses
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applied to the driving electrodes with reference to FIG.12. FIG.12 is a schematic
diagram for describing a coding method of voltage pulses applied to the sensing
electrodes according to the first embodiment of the present disclosure.

[0056] As shown in FIG.12, a voltage signal providing the first voltage V1 may be
coded in a CDM (Code Division Multiplexing) manner so that voltage signals applied to
the different driving electrodes are orthogonal to each other. In an example of FIG.12,
four RX outputs 3.8, 0.2, -0.2, 0.2 are obtained when TX1 to TX4 pulses are applied to
TX1 to TX 4 lines respectively. In this case, the processing circuitry 55 performs
decoding processing based on the following equation (1) and obtains an output signal
0.8 (0.8=4-3.2). Using the CDM manner improves a signal to noise ratio (SNR) on

detection signals.

1111 3.8 4
1 -1 1 -1)[0z]_(32)
11 -1 —1){-02 4 |
1 -1 -1 1/\02 4

[0057] (Second embodiment) Following describes a second embodiment of the
present disclosure with reference to FIGs.13 to 16.

[0058] FIG.13 shows an example of an electrode layout in the apparatus according to a
second embodiment of the present disclosure. In the second embodiment of the
present disclosure, electrodes on the first layer L1 have a rectangular shape and are
arranged in tiles. Cross-sectional view taken along a A-A line in FIG.13 is as shown
in FIG.14A, and a transparent view from above of electrodes on the first layer L1 and
the second layer L2 is as shown in FIG.14B. FIGs.14A and 14B are schematic
diagrams for describing arrangement of sensing and forming electrodes in the apparatus
according to the second embodiment of the present disclosure.

[0059] In an example of FIG.14A, the driving electrodes (TX) and the forming
electrodes (FX) are alternately arranged on a substrate and are covered by an overlay

such as a transparent glass or film. In addition, the driving electrodes (TX) adjacent to
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each other are connected via an bridge line (TX bridge). Therefore, the driving
electrodes connected with each other are arranged side by side along a first direction
crossing a second direction in which the sensing electrodes (RX) extend. Likewise,
the forming electrodes (FX) adjacent to each other are connected via an bridge line (FX
bridge), and the forming electrodes connected with each other are arranged side by side
along the first direction.

[0060] As shown in FIG.14B, the driving electrodes connected with each other form a
TX line along the first direction (X-direction in FIG.13). Likewise, the forming
electrodes connected with each other form a FX line along the first direction. The first
voltage V1 (see FIG.4B) is applied to the TX line, and the second voltage V2 (see
FIG.4B) is applied to the FX line. Optionally, a part of electrodes on the second layer
L2 may be configured to act as the forming electrodes as with the first embodiment of
the present disclosure.

[0061] Optionally, the processing circuitry 55 may swap a first group of electrodes
each acting as the driving electrode (TX line) for a second group of electrodes each
acting as the forming electrode (FX line) on the first layer L1. Swapping between the
TX line for the FX line provides changes between two electrode patterns shown in
FIGs.15A and 15B. FIGs.15A and 15B are schematic diagrams for describing
electrode patterns made from the sensing and forming electrodes in the apparatus
according to the second embodiment of the present disclosure. Since those two
electrode patterns have different crossing points of the TX and RX lines, the processing
circuitry 55 controls the voltage source 54 to perform changes between the two
electrode patterns, and generates two images corresponding to the two electrode patterns
respectively based on variation of the capacitance at each crossing point of the TX and
RX lines. Further, the processing circuitry 55 combines the two images to generate a
full-pixels image.

[0062] Following describes improvement of sensitivity by applying forming voltages
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with reference to FIGs.16A and 16B. FIGs.16A and 16B are schematic diagrams for
describing improvement of sensitivity by applying forming voltages according to the
second embodiment of the present disclosure.

[0063] In an example of FIG.16A, a distance H between a surface of electrodes on the
first layer L1 and a metal sample on the overlay is 700um, a pitch of the electrodes on
the first layer L1 may be within a range of 30um to 150um, and the metal sample has a
width of 100um. Under these conditions, detected capacitance distribution becomes as
shown in FIG.16B. In FIG.16B, a solid line indicates the capacitance distribution
under a first condition that V2 is equal to -0.9 times V1, a dotted line indicates the
capacitance distribution under a second condition that V2 is equal to -0.5 times V1, and
a dash-dotted line indicates the capacitance distribution under a third condition that V2
is equal to V1. The third condition corresponds to a condition of an existing FPS. As
clearly shown in FIG.16B, a width W1 of the solid line is narrower than a width WO of
the dash-dotted line. This indicates that applying the second voltage V2 having an
opposite sign to the first voltage to the FX lines improves resolution on detection of
surface irregularities of an object located on the overlay. Also, comparison between
the solid line and the dotted line represents that the resolution increases as the
magnitude of V1 approaches that of V2. This tendency does not depend on a shape of
the electrodes and is the same in the first embodiment of the present disclosure.

[0064] (Variation of the second embodiment) Following describes a variation of the
second embodiment of the present disclosure with reference to FIGs.17A and 17B.
FIGs.17A and 17B show an example of an electrode layout in the apparatus according
to a variation of the second embodiment of the present disclosure. As shown in
FIG.17A, the driving and sensing electrodes as well as the forming electrodes are
arranged on one layer. The driving electrodes are connected with each other via the
TX bridge as shown in FIG.17B and form a TX line along a horizontal direction.

Likewise, the forming electrodes connected with each other form a FX line along the
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horizontal direction. On the other hand, the forming electrodes connected with each
other form a RX line along a vertical direction. The first voltage V1 (see FIG.4B) is
applied to the TX line, and the second voltage V2 (see FIG.4B) is applied to the FX line
as with the first and second embodiments of the present disclosure. The electrodes
layout described above may be within a scope of the second embodiment of the present
disclosure.

[0065] (Third embodiment) Following describes a third embodiment of the present
disclosure with reference to FIGs.18 and 19. The third embodiment of the present
disclosure relates to a self-capacitance type FPS.

[0066] FIG.18 is a schematic block diagram for describing elements of the apparatus
according to the third embodiment of the present disclosure. As shown in FIG.18, the

apparatus 180 comprises a plurality of sensing electrodes 181a, 181b, 181c ..., a

plurality of forming electrodes 182a, 182b, 182c ..., a voltage source 183, processing
circuitry 184, a detector 185, and a storage 186.

[0067] The processing circuitry 184 controls the voltage source 183 to accumulate
charge on each sensing electrode by applying the first voltage V1, and to apply the
second voltage V2 to each forming electrode. The processing circuitry 184 may be an
IC so called Touch IC implemented in a touch panel, or a processor such as a CPU, a
FPGA or an ASIC. The processing circuitry 184 is connected to the storage 186 such
as a ROM, a RAM, a flash memory, a SSD, a HDD, or the like. The storage 186 may
store a program to cause the processing circuitry 184 to control operation of the
apparatus 180.

[0068] In addition, the processing circuitry 184 controls the detector 185 to read
charge that is accumulated on each sensing electrode. When approaching a finger to
an overlay above the apparatus 180, capacitance of the finger causes to increase charge

that is accumulated on sensing electrodes facing the finger. Accordingly, the

processing circuitry 184 may detect the finger and/or each protrusion of the finger
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surface based on variation of the charge. Further, the processing circuitry 184
generates an image having pixel values each corresponding to the variation of the
accumulated charge at a position of each forming electrode.

[0069] The forming electrodes may be arranged as shown in FIG.19. FIG.19 is
schematic diagram for describing arrangement of sensing and forming electrodes in the
apparatus according to a third embodiment of the present disclosure. In an example of
FIG.19, each branch of the forming electrode is located between adjacent two sensing
electrodes. The branches of the forming electrode may be connected via bridge lines
although FIG.19 shows the forming electrode formed integrally.

[0070] The foregoing disclosure merely discloses exemplary embodiments, and is not
intended to limit the protection scope of the present invention. It will be appreciated
by those skilled in the art that the foregoing embodiments and all or some of other
embodiments and modifications which may be derived based on the scope of claims of

the present invention will of course fall within the scope of the present invention.
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CLAIMS
1. A capacitive sensing apparatus comprising:

a plurality of driving electrodes to which a first voltage is applied, wherein the
plurality of driving electrodes are arranged side by side along a first direction;

a plurality of sensing electrodes arranged side by side along a second direction
crossing the first direction;

a plurality of forming electrodes to which a second voltage having an opposite
sign to the first voltage is applied, wherein a forming electrode among the plurality of
forming electrodes is located between adjacent two driving electrodes; and

processing circuitry configured to detect variation of capacitance between the
driving and sensing electrodes.

2. The apparatus according to claim 1, wherein the processing circuitry is further
configured to generate an image having pixel values each corresponding to the detected
variation of the capacitance at a position that the driving and sensing electrodes face
each other.

3. The apparatus according to claim 1 or 2, wherein the processing circuitry is further
configured to:

swap a first group of electrodes each acting as the driving electrode for a
second group of electrodes each acting as the forming electrode on a first layer on
which the driving electrode is located, to change between two electrode patterns on the
first layer;

swap a third group of electrodes each acting as the sensing electrode for a
fourth group of electrodes each acting as the forming electrode on a second layer on
which the sensing electrode is located, to change between two electrode patterns on the
second layer;

generate an image formed by pixel values each corresponding to the detected

variation of the capacitance at a position that the driving and sensing electrodes face
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each other, with respect to each of four electrode patterns; and
combine four generated images to obtain a combined image.
4. The apparatus according to any one of claims 1 to 3, wherein

a voltage signal providing the first voltage is coded in a CDM (Code Division
Multiplexing) manner so that voltage signals corresponding to the driving electrodes are
orthogonal to each other.

5. A capacitive sensing apparatus comprising:

a plurality of sensing electrodes to which a first voltage is applied,

a plurality of forming electrodes to which a second voltage having an opposite
sign to the first voltage is applied, wherein each forming electrode is located between
adjacent two sensing electrodes; and

processing circuitry configured to detect variation of charge accumulated on
each sensing electrode by the first voltage.

6. The apparatus according to claim 5, wherein

the processing circuitry is further configured to generate an image having pixel

values each corresponding to the variation of the charge read from each sensing
electrode.
7. A method for generating an image by a capacitive sensing apparatus having a
plurality of driving electrodes arranged side by side along a first direction, a plurality of
sensing electrodes arranged side by side along a second direction crossing the first
direction, a plurality of forming electrodes, and processing circuitry, the method
comprising:

applying, by a voltage source, a first voltage to each driving electrode;

applying, by the voltage source, a second voltage having an opposite sign to the
first voltage to each forming electrode, wherein a forming electrode among the plurality
of forming electrodes is located between adjacent two driving electrodes; and

generating, by the processing circuitry, an image based on variation of
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capacitance between the driving and sensing electrodes.
8. The method according to claim 7, further comprising:

changing, by the processing circuitry, a first group of electrodes each acting as
the driving electrode and a second group of electrodes each acting as the forming
electrode, to make a plurality of electrode patterns,

wherein the generating, by the processing circuitry, an image based on
variation of the capacitance specifically comprises:

generating the image having pixel values each corresponding to variation of the
capacitance at a position that the driving and sensing electrodes face each other, with
respect to each electrode pattern on the first and second layers, and combining all
generated images.
9. The method according to claim 8, wherein the generating, by the processing circuitry,
an image specifically comprises generating the image having pixel values each
corresponding to the variation of the capacitance at a position of each sensing electrode.
10. The method according to claim 8 or 9, further comprising:

coding, by the processing circuitry, a voltage signal providing the first voltage
in a CDM (Code Division Multiplexing) manner so that voltage signals corresponding
to the driving electrodes are orthogonal to each other.
11. A method for generating an image by a capacitive sensing apparatus having a
plurality of sensing electrodes, a plurality of forming electrodes, and processing
circuitry, the method comprising:

applying, by a voltage source, a first voltage to each sensing electrode;

applying, by the voltage source, a second voltage having an opposite sign to the
first voltage to each forming electrode, wherein each forming electrode is located
between adjacent two sensing electrodes; and

generating, by the processing circuitry, an image based on variation of charge

accumulated on each sensing electrode.
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12. the method according to claim 11, wherein the generating, by the processing
circuitry, an image specifically comprises generating the image having pixel values each
corresponding to the variation of the charge read from each sensing electrode.
13. The method according to claim 11 or 12, further comprising:

coding, by the processing circuitry, a voltage signal providing the first voltage
in a CDM (Code Division Multiplexing) manner so that voltage signals corresponding
to the driving electrodes are orthogonal to each other.
14. A non-transitory computer-readable storage medium storing a program that causes a
computer to perform the method according to any one of claims 7 to 10.
15. A non-transitory computer-readable storage medium storing a program that causes a

computer to perform the method according to any one of claims 11 to 13.
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