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fingerprint detection module configured to detect whether a
touch occurs or not and whether the touch is caused by a
convex portion of a fingerprint or a concave portion of the
fingerprint, and send a result of the detection to a read line,
under the control of a first scanning signal and a second
scanning signal; and a compensation display module includ-
ing an organic light-emitting diode and at least one driving
transistor, and configured to eliminate a shift of a threshold
voltage of the driving transistor and drive the organic
light-emitting diode to display under the control of at least
the first scanning signal, the second scanning signal, and a
data signal.
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1
ORGANIC LIGHT-EMITTING DIODE PIXEL
CIRCUIT AND DRIVING METHOD
THEREOF

This is a National Phase Application filed under 35 U.S.C.
371 as a national stage of PCT/CN2014/090803, filed Nov.
11, 2014, and claims priority benefit from Chinese Appli-
cation No. 201410283087.8, filed Jun. 23, 2014, the content
of each of which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to the field of organic
light-emitting diode display technology and fingerprint rec-
ognition technology, and in particular, relates to an organic
light-emitting diode pixel circuit and a driving method
thereof.

BACKGROUND OF THE INVENTION

An organic light-emitting diode display panel displays by
relying on light emitted from an organic light-emitting
diode. Each pixel unit (i.e., sub-pixel) of the organic light-
emitting diode display panel has an organic light-emitting
diode pixel circuit therein. The most basic structure of the
organic light-emitting diode pixel circuit, as shown in FIG.
1, is consisted of a switch transistor T, a driving transistor D,
a storage capacitor C, and an organic light-emitting diode
OLED (i.e., 2T1C), and operates under the drive of a
scanning signal Scan, a data signal Data, and a supply
voltage Vdd, wherein, the driving transistor D is in a
saturation state. Thus, an electric current passing through the
driving transistor D (i.e., a working current I, ; passing
through the organic light-emitting diode) satisfies the fol-
lowing equation:

I=K( Vs Vzh)2

Wherein, K is a coefficient, V is a gate-source voltage of
the driving transistor D, and V,,, is a threshold voltage of the
driving transistor D. In a case where a source voltage is
given, a gate voltage of the driving transistor D is equal to
a driving voltage V ,,,, provided by the data signal Data for
causing the organic light-emitting diode to display, while the
brightness of the organic light-emitting diode OLED (i.e.,
content displayed by the organic light-emitting diode
OLED) is determined by the working current I, , thereof.
As aresult, the brightness of the organic light-emitting diode
OLED, i.e., the content displayed by the organic light-
emitting diode OLED, can be controlled by adjusting the
driving voltage V ,,,,.

However, the inventor has found that there are at least the
following problems in the prior art.

Firstly, the threshold voltage V,, of the driving transistor
will change gradually (i.e., the threshold voltage shifts) as
time goes on, resulting in that the working current 1 ,,,
changes unpredictably in a case where the driving voltage
V o temains unchanged, and the display effect is affected.

In order to solve the above problem, in an existing
method, a compensating circuit is added into the organic
light-emitting diode pixel circuit so as to eliminate the shift
of the threshold voltage. However, the compensating circuit
generally includes a large number of capacitors, thin film
transistors, and the like, resulting in a complicated structure
and high cost of the organic light-emitting diode pixel
circuit.
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Meanwhile, a fingerprint recognition function is one of
the common functions of an electronic device at present, and
is of great significance for enhancing the security of the
electronic device, expanding the application range thereof,
increasing the added value thereof, and the like. However,
most of the existing organic light-emitting diode display
panels are not provided with fingerprint recognition capa-
bility and have a single function; or they are provide with
fingerprint recognition capability, but a separate fingerprint
recognition circuit (e.g. a laser fingerprint recognition cir-
cuit) is required to be added, resulting in a complicated
structure and increased cost, and affected display function of
the organic light-emitting diode display panel.

SUMMARY OF THE INVENTION

In view of the problem that an existing organic light-
emitting diode pixel circuit has a single function or a
complicated structure, the technical problem to be solved by
the present invention includes providing an organic light-
emitting diode pixel circuit and a driving method thereof,
which can implement multiple functions such as touch
control, fingerprint recognition, eliminating the shift of the
threshold voltage, display, and the like, and have a simple
structure and low cost.

A technical solution employed to solve the technical
problem of the present invention is an organic light-emitting
diode pixel circuit including:

a touch fingerprint detection module, which is configured
to detect whether a touch occurs or not and whether the
touch is caused by a convex portion of a fingerprint or a
concave portion of the fingerprint, and send a result of the
detection to a read line, under the control of a first scanning
signal and a second scanning signal; and

a compensation display module, which includes an
organic light-emitting diode and at least one driving tran-
sistor, and is configured to eliminate a shift of a threshold
voltage of the at least one driving transistor and drive the
organic light-emitting diode to display under the control of
at least the first scanning signal, the second scanning signal
and a data signal.

Preferably, the touch fingerprint detection module
includes a detecting capacitor, a first detecting transistor, a
second detecting transistor, and a third detecting transistor,
wherein,

the detecting capacitor includes a first electrode for sens-
ing the touch and a second electrode opposite to the first
electrode, and the second electrode of the detecting capacitor
is used for receiving the second scanning signal;

a gate of the first detecting transistor is used for receiving
the first scanning signal, a first electrode thereof is used for
receiving a reference voltage, and a second electrode thereof
is connected to the first electrode of the detecting capacitor;

a gate of the second detecting transistor is connected to
the first electrode of the detecting capacitor, a first electrode
thereof is used for receiving the reference voltage, and a
second electrode thereof is connected to a first electrode of
the third detecting transistor; and

a gate of the third detecting transistor is used for receiving
the second scanning signal, and a second electrode thereof
is connected to the read line.

Further preferably, the compensation display module
includes a first storage capacitor, the organic light-emitting
diode, a first driving transistor, a first switch transistor, a
second switch transistor, a third switch transistor, a fourth
switch transistor, and a fifth switch transistor, wherein, the
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first driving transistor, all of the switch transistors, and all of
the detecting transistors are N-type thin film transistors, and

the first storage capacitor includes a first electrode and a
second electrode;

a cathode of the organic light-emitting diode is grounded;

a gate of the first driving transistor is connected to the
second electrode of the first storage capacitor, and a first
electrode thereof is connected to an anode of the organic
light-emitting diode;

a gate of the first switch transistor is used for receiving the
second scanning signal, a first electrode thereof is connected
to a second electrode of the first driving transistor, and a
second electrode thereof is used for receiving a supply
voltage;

a gate of the second switch transistor is used for receiving
the first scanning signal, a first electrode thereof is connected
to the second electrode of the first storage capacitor, and a
second electrode thereof is connected to the second elec-
trode of the first driving transistor;

a gate of the third switch transistor is used for receiving
the first scanning signal, a first electrode thereof is used for
receiving the data signal, and a second electrode thereof is
connected to the first electrode of the first storage capacitor;

a gate of the fourth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to the first electrode of the first storage capacitor,
and a second electrode thereof is connected to the anode of
the organic light-emitting diode; and

a gate of the fifth switch transistor is used for receiving the
first scanning signal, a first electrode thereof is grounded,
and a second electrode thereof is connected to the anode of
the organic light-emitting diode.

Further preferably, the compensation display module
includes a second storage capacitor, the organic light-emit-
ting diode, a second driving transistor, a sixth switch tran-
sistor, a seventh switch transistor, an eighth switch transistor,
and a ninth switch transistor, wherein, the second driving
transistor, all of the switch transistors, and all of the detect-
ing transistors are N-type thin film transistors, and

the second storage capacitor includes a first electrode and
a second electrode;

a cathode of the organic light-emitting diode is grounded,

a gate of the second driving transistor is connected to the
second electrode of the second storage capacitor, and a first
electrode thereof is connected to an anode of the organic
light-emitting diode;

a gate of the sixth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the second driving
transistor, and a second electrode thereof is used for receiv-
ing a supply voltage;

a gate of the seventh switch transistor is used for receiving
the first scanning signal, a first electrode thereof is connected
to the second electrode of the second storage capacitor, and
a second electrode thereof is connected to the second
electrode of the second driving transistor;

a gate of the eighth switch transistor is used for receiving
a control signal, a first electrode thereof is used for receiving
the data signal, and a second electrode thereof is connected
to the first electrode of the second storage capacitor; and

a gate of the ninth switch transistor is used for receiving
the first scanning signal, a first electrode thereof is grounded,
and a second electrode thereof is connected to the anode of
the organic light-emitting diode.

Further preferably, the compensation display module
includes a second storage capacitor, the organic light-emit-
ting diode, a second driving transistor, a sixth switch tran-

20

25

30

40

45

60

65

4

sistor, a seventh switch transistor, an eighth switch transistor,
and a ninth switch transistor, wherein, the second driving
transistor, the sixth switch transistor, the seventh switch
transistor, the ninth switch transistor, and all of the detecting
transistors are N-type thin film transistors, the eighth switch
transistor is a P-type thin film transistor, and

the second storage capacitor includes a first electrode and
a second electrode;

a cathode of the organic light-emitting diode is grounded;

a gate of the second driving transistor is connected to the
second electrode of the second storage capacitor, and a first
electrode thereof is connected to an anode of the organic
light-emitting diode;

a gate of the sixth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the second driving
transistor, and a second electrode thereof is used for receiv-
ing a supply voltage;

a gate of the seventh switch transistor is used for receiving
the first scanning signal, a first electrode thereof is connected
to the second electrode of the second storage capacitor, and
a second electrode thereof is connected to the second
electrode of the second driving transistor;

a gate of the eighth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is used
for receiving the data signal, and a second electrode thereof
is connected to the first electrode of the second storage
capacitor; and

a gate of the ninth switch transistor is used for receiving
the first scanning signal, a first electrode thereof is grounded,
and a second electrode thereof is connected to the anode of
the organic light-emitting diode.

Further preferably, the compensation display module
includes a second storage capacitor, the organic light-emit-
ting diode, a second driving transistor, a sixth switch tran-
sistor, a seventh switch transistor, an eighth switch transistor,
and a ninth switch transistor, wherein, the second driving
transistor, the seventh switch transistor, the eighth switch
transistor, the ninth switch transistor, the first detecting
transistor, and the second detecting transistor are N-type thin
film transistors, the sixth switch transistor and the third
detecting transistor are P-type thin film transistors, and

the second storage capacitor includes a first electrode and
a second electrode;

a cathode of the organic light-emitting diode is grounded,

a gate of the second driving transistor is connected to the
second electrode of the second storage capacitor, and a first
electrode thereof is connected to an anode of the organic
light-emitting diode;

a gate of the sixth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the second driving
transistor, and a second electrode thereof is used for receiv-
ing a supply voltage;

a gate of the seventh switch transistor is used for receiving
the first scanning signal, a first electrode thereof is connected
to the second electrode of the second storage capacitor, and
a second electrode thereof is connected to the second
electrode of the second driving transistor;

a gate of the eighth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is used
for receiving the data signal, and a second electrode thereof
is connected to the first electrode of the second storage
capacitor; and

a gate of the ninth switch transistor is used for receiving
the first scanning signal, a first electrode thereof is grounded,
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and a second electrode thereof is connected to the anode of
the organic light-emitting diode.

Further preferably, the compensation display module
includes a third storage capacitor, the organic light-emitting
diode, a third driving transistor, a fourth driving transistor, a
tenth switch transistor, an eleventh switch transistor, and a
twelfth switch transistor, wherein, all of the driving transis-
tors, all of the switch transistors, and all of the detecting
transistors are N-type thin film transistors, and

the third storage capacitor includes a first electrode and a
second electrode, and the first electrode of the third storage
capacitor is grounded;

a cathode of the organic light-emitting diode is grounded,

a gate and a second electrode of the third driving transistor
are connected to the second electrode of the third storage
capacitor;

a gate of the fourth driving transistor is connected to the
second electrode of the third storage capacitor;

a gate of the tenth switch transistor is used for receiving
a control signal, a first electrode thereof is connected to a
second electrode of the fourth driving transistor, and a
second electrode thereof is used for receiving a supply
voltage;

a gate of the eleventh switch transistor is used for receiv-
ing the first scanning signal, a first electrode thereof is
connected to the second electrode of the third driving
transistor, and a second electrode thereof is connected to the
second electrode of the fourth driving transistor; and

a gate of the twelfth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is used
for receiving the data signal, and a second electrode thereof
is connected to a first electrode of the third driving transistor.

Further preferably, the compensation display module
includes a third storage capacitor, the organic light-emitting
diode, a third driving transistor, a fourth driving transistor, a
tenth switch transistor, an eleventh switch transistor, and a
twelfth switch transistor, wherein, all of the driving transis-
tors, the eleventh switch transistor, the twelfth switch tran-
sistor, and all of the detecting transistors are N-type thin film
transistors, the tenth switch transistor is a P-type thin film
transistor, and

the third storage capacitor includes a first electrode and a
second electrode, and the first electrode of the third storage
capacitor is grounded;

a cathode of the organic light-emitting diode is grounded,

a gate and a second electrode of the third driving transistor
are connected to the second electrode of the third storage
capacitor;

a gate of the fourth driving transistor is connected to the
second electrode of the third storage capacitor;

a gate of the tenth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the fourth driving tran-
sistor, and a second electrode thereof is used for receiving a
supply voltage;

a gate of the eleventh switch transistor is used for receiv-
ing the first scanning signal, a first electrode thereof is
connected to the second electrode of the third driving
transistor, and a second electrode thereof is connected to the
second electrode of the fourth driving transistor; and

a gate of the twelfth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is used
for receiving the data signal, and a second electrode thereof
is connected to a first electrode of the third driving transistor.
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A technical solution employed to solve the technical
problem of the present invention is a driving method of the
above organic light-emitting diode pixel circuit, the driving
method including:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection; and

causing the compensation display module to emit light
and display.

Preferably, the driving method includes:

in a resetting stage, setting both the first scanning signal
and the second scanning signal to a high level,

in a compensating stage, setting the first scanning signal
to a high level, setting the second scanning signal to a low
level, and using the data signal as a driving voltage for
driving the organic light-emitting diode to display; and

in a reading and displaying stage, setting the first scanning
signal to a low level, and setting the second scanning signal
to a high level.

Further preferably, between the compensating stage and
the reading and displaying stage, the driving method further
includes:

a buffering stage, in which both the first scanning signal
and the second scanning signal are set to a low level.

Preferably, the driving method includes:

in a resetting stage, setting both the first scanning signal
and the second scanning signal to a high level, and setting
the control signal to a low level,

in a compensating stage, setting the first scanning signal
to a high level, setting the second scanning signal to a low
level, and setting the control signal to a high level,

in a writing stage, setting the first scanning signal to a low
level, setting the second scanning signal to a low level,
setting the control signal to a high level, and using the data
signal as a driving voltage for driving the organic light-
emitting diode to display; and

in a reading and displaying stage, setting the first scanning
signal to a low level, setting the second scanning signal to
a high level, and setting the control signal to a low level.

Preferably, the driving method includes:

in a resetting stage, setting both the first scanning signal
and the second scanning signal to a high level,

in a compensating stage, setting the first scanning signal
to a high level, and setting the second scanning signal to a
low level;

in a writing stage, setting the first scanning signal to a low
level, setting the second scanning signal to a low level, and
using the data signal as a driving voltage for driving the
organic light-emitting diode to display; and

in a reading and displaying stage, setting the first scanning
signal to a low level, and setting the second scanning signal
to a high level.

Preferably, the driving method includes:

in a resetting stage, setting the first scanning signal to a
high level, and setting the second scanning signal to a low
level;

in a compensating stage, setting the first scanning signal
to a high level, and setting the second scanning signal to a
high level,

in a writing stage, setting the first scanning signal to a low
level, setting the second scanning signal to a high level, and
using the data signal as a driving voltage for driving the
organic light-emitting diode to display; and
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in a reading and displaying stage, setting both the first
scanning signal and the second scanning signal to a low
level.

Preferably, the driving method includes:

in a resetting stage, setting the first scanning signal to a
high level, setting the second scanning signal to a low level,
and setting the control signal to a high level;

in a reading and compensating stage, setting the first
scanning signal to a low level, setting the second scanning
signal to a high level, setting the control signal to a low level,
and using the data signal as a driving voltage for driving the
organic light-emitting diode to display; and

in a displaying stage, setting both the first scanning signal
and the second scanning signal to a low level, and setting the
control signal to a high level.

Preferably, the driving method includes:

in a resetting stage, setting the first scanning signal to a
high level, and setting the second scanning signal to a low
level;

in a reading and compensating stage, setting the first
scanning signal to a low level, setting the second scanning
signal to a high level, and using the data signal as a driving
voltage for driving the organic light-emitting diode to dis-
play; and

in a displaying stage, setting both the first scanning signal
and the second scanning signal to a low level.

Here, each of the “transistors” refers to a thin film
transistor, which is a commonly used electronic device. Each
thin film transistor includes two electrodes connected by an
active region, namely, a source and a drain, wherein an
electrode into which an electric current flows is the source,
and an electrode from which an electric current flows is the
drain. Since the flow directions of the electric current of
many transistors are different at different time in the present
invention, the two electrodes of a transistor are just referred
to as a first electrode and a second electrode, without
distinguishing source and drain. Thus, the first electrode and
the second electrode merely used for distinguishing between
the two electrodes of a transistor, and specific distinction
therebetween is determined by their respective connections
with other components. It is not necessary that the first
electrode and the second electrode correspond to the source
and the drain.

The organic light-emitting diode pixel circuit according to
the present invention includes a touch fingerprint detection
module, which can detect whether a touch occurs or not so
as to implement a touch control function; meanwhile the
touch fingerprint detection module can also detect whether
the touch is caused by a convex portion of a fingerprint or
a concave portion of the fingerprint, as such, a fingerprint of
atoucher can be obtained by combining the detection results
of a plurality of organic light-emitting diode pixel circuits,
thus fingerprint recognition is implemented. In addition, the
organic light-emitting diode pixel circuit further includes a
compensation display module, which can drive an organic
light-emitting diode to display while eliminating a shift of a
threshold voltage of a driving transistor, thus a good display
effect is achieved. In conclusion, the organic light-emitting
diode pixel circuit according to the present invention imple-
ments multiple functions such as touch control, fingerprint
recognition, eliminating the shift of the threshold voltage,
display, and the like at the same time, and has not only
powerful functions but also a simple structure and low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an existing
organic light-emitting diode pixel circuit;
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FIG. 2 is a schematic diagram showing an organic light-
emitting diode pixel circuit according to a first embodiment
of the present invention;

FIG. 3 is a schematic diagram showing a drive timing of
the organic light-emitting diode pixel circuit as shown in
FIG. 2;

FIG. 4 is a schematic diagram showing an organic light-
emitting diode pixel circuit according to a second embodi-
ment of the present invention;

FIG. 5 is a schematic diagram showing a drive timing of
the organic light-emitting diode pixel circuit as shown in
FIG. 4;

FIG. 6 is a schematic diagram showing another organic
light-emitting diode pixel circuit according to the second
embodiment of the present invention;

FIG. 7 is a schematic diagram showing a drive timing of
the organic light-emitting diode pixel circuit as shown in
FIG. 6;

FIG. 8 is a schematic diagram showing still another
organic light-emitting diode pixel circuit according to the
second embodiment of the present invention;

FIG. 9 is a schematic diagram showing a drive timing of
the organic light-emitting diode pixel circuit as shown in
FIG. 8;

FIG. 10 is a schematic diagram showing an organic
light-emitting diode pixel circuit according to a third
embodiment of the present invention;

FIG. 11 is a schematic diagram showing a drive timing of
the organic light-emitting diode pixel circuit as shown in
FIG. 10;

FIG. 12 is a schematic diagram showing another organic
light-emitting diode pixel circuit according to the third
embodiment of the present invention;

FIG. 13 is a schematic diagram showing a drive timing of
the organic light-emitting diode pixel circuit as shown in
FIG. 12;

FIG. 14 is a diagram showing the principle of detecting a
touch by a touch fingerprint detection module of the organic
light-emitting diode pixel circuit of the present invention;
and

FIG. 15 is a diagram showing the principle of detecting a
concave portion and a convex portion of a fingerprint by the
touch fingerprint detection module of the organic light-
emitting diode pixel circuit of the present invention.

DESCRIPTION OF REFERENCE SIGNS

M1—first detecting transistor; M2—second detecting
transistor; M3—third detecting transistor; T—switch
transistor; T1—first switch transistor; T2—second
switch transistor; T3—third switch transistor;
T4—fourth switch transistor; T5—fifth switch transis-
tor; T6—sixth switch transistor; T7—seventh switch
transistor; T8—eighth switch transistor; T9—ninth
switch transistor; T10—tenth switch transistor; T11—
eleventh switch transistor; T12—twelfth switch tran-
sistor; D—driving transistor; D1—first driving transis-
tor; D2—second driving transistor; D3—third driving
transistor; D4—fourth driving transistor; C—storage
capacitor,; Cj—detecting capacitor; C1—first storage
capacitor, C2—second storage capacitor; C3—third
storage capacitor; Cf—touch capacitance; OLED—
organic light-emitting diode; Scan—scanning signal,
Scanl—first scanning signal; Scan2—second scanning
signal; Data—data signal, Read—read line; Vdd—
supply voltage; Ve—reference voltage; EM—control
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signal, 9—finger; 91—convex portion of a fingerprint;
and 92—concave portion of a fingerprint.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

To enable a person skilled in the art to better understand
the technical solutions of the present invention, the present
invention will be further described in detail below with
reference to the drawings and specific embodiments.

First Embodiment

As shown in FIGS. 2, 3, 14 and 15, the present embodi-
ment provides an organic light-emitting diode pixel circuit
and a driving method thereof.

Here, the organic light-emitting diode pixel circuit refers
to a circuit in a pixel unit (i.e., a sub-pixel) of an organic
light-emitting diode display panel. Specifically, for the
organic light-emitting diode display panel, all pixel units
thereof may use the organic light-emitting diode pixel circuit
according to the present invention; but preferably, only a
part of pixel units thereof use the organic light-emitting
diode pixel circuit according to the present invention and the
remaining pixel units thereof use the existing pixel circuit
without a touch function and a fingerprint recognition func-
tion, comprehensively considering the occupied space,
preparation difficulty, cost, and the like. For example, in
every six pixel units arranged in two rows and three columns
(i.e., 2x3 pixel units), only one pixel unit employs the
organic light-emitting diode pixel circuit according to the
present invention. The reasons for this is that, since the size
of a sub-pixel of the organic light-emitting diode display
panel is generally very small, the accuracy is sufficient even
if only one of a plurality of sub-pixels has a touch function
and a fingerprint recognition function.

Specifically, the organic light-emitting diode pixel circuit
according to the present embodiment includes:

a touch fingerprint detection module, which is configured
to detect whether a touch occurs or not and whether the
touch is caused by a convex portion 91 of a fingerprint or a
concave portion 92 of the fingerprint, and send a result of the
detection to a read line Read, under the control of a first
scanning signal Scanl and a second scanning signal Scan2;
and

a compensation display module, which includes an
organic light-emitting diode OLED and at least one driving
transistor, and is configured to eliminate a shift of a thresh-
old voltage of the at least one driving transistor and drive the
organic light-emitting diode OLED to display, under the
control of at least the first scanning signal Scan1, the second
scanning signal Scan2, and a data signal Data.

The organic light-emitting diode pixel circuit according to
the present embodiment includes the touch fingerprint detec-
tion module, which can detect whether a touch occurs or not
so as to implement a touch function; meanwhile, the touch
fingerprint detection module can also detect whether the
touch is caused by the convex portion 91 of the fingerprint
or the concave portion 92 of the fingerprint, as such, a
fingerprint of a toucher can be obtained by combining the
detection results of a plurality of organic light-emitting
diode pixel circuits, thus fingerprint recognition is imple-
mented. In addition, the organic light-emitting diode pixel
circuit further includes the compensation display module,
which can drive the organic light-emitting diode OLED to
display while eliminating a shift of a threshold voltage of a
driving transistor, thus a good display effect is achieved. In
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conclusion, the organic light-emitting diode pixel circuit
according to the present embodiment implements multiple
functions such as touch control, fingerprint recognition,
eliminating the shift of the threshold voltage, display, and
the like at the same time, and has not only powerful
fanctions but also a simple structure and low cost.

Referring to FIG. 2, the organic light-emitting diode pixel
circuit according to the present embodiment will be
described in detail below.

The touch fingerprint detection module includes a detect-
ing capacitor Cj, a first detecting transistor M1, a second
detecting transistor M2, and a third detecting transistor M3,
wherein all of the transistors are N-type thin film transistors.

The detecting capacitor Cj includes a first electrode (point
d in the figure) for sensing a touch and a second electrode
opposite to the first electrode, and the second electrode of
the detecting capacitor Cj is used for receiving the second
scanning signal Scan2,

A gate of the first detecting transistor M1 is used for
receiving the first scanning signal M1, a first electrode
thereof is used for receiving a reference voltage Ve, and a
second electrode thereof'is connected to the first electrode of
the detecting capacitor Cj.

A gate of the second detecting transistor M2 is connected
to the first electrode of the detecting capacitor Cj, a first
electrode thereof is used for receiving the reference voltage
Ve, and a second electrode thereof is connected to a first
electrode of the third detecting transistor M3.

A gate of the third detecting transistor M3 is used for
receiving the second scanning signal Scan2, and a second
electrode thereof is connected to the read line Read.

Correspondingly, the compensation display module of the
organic light-emitting diode pixel circuit includes a first
storage capacitor C1, the organic light-emitting diode
OLED, a first driving transistor D1, a first switch transistor
T1, a second switch transistor T2, a third switch transistor
T3, a fourth switch transistor T4, and a fifth switch transistor
T5, wherein, all of the transistors are also N-type thin film
transistors, and

the first storage capacitor C1 includes a first electrode and
a second electrode;

a cathode of the organic light-emitting diode OLED is
grounded,

a gate of the first driving transistor D1 is connected to the
second electrode (point a in the figure) of the first storage
capacitor C1, and a first electrode thereof is connected to an
anode of the organic light-emitting diode OLED;

a gate of the first switch transistor T1 is used for receiving
the second scanning signal Scan2, a first electrode thereof is
connected to a second electrode of the first driving transistor
D1, and a second electrode thereof is used for receiving a
supply voltage Vdd;

a gate of the second switch transistor T2 is used for
receiving the first scanning signal Scanl, a first electrode
thereof is connected to the second electrode of the first
storage capacitor C1, and a second electrode thereof is
connected to the second electrode of the first driving tran-
sistor D1;

a gate of the third switch transistor T3 is used for
receiving the first scanning signal Scanl, a first electrode
thereof is used for receiving the data signal Data, and a
second electrode thereof is connected to the first electrode
(point b in the figure) of the first storage capacitor C1;

a gate of the fourth switch transistor T4 is used for
receiving the second scanning signal Scan2, a first electrode
thereof is connected to the first electrode of the first storage
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capacitor C1, and a second electrode thereof is connected to
the anode of the organic light-emitting diode OLED; and

a gate of the fifth switch transistor T5 is used for receiving
the first scanning signal Scanl, a first electrode thereof is
grounded, and a second electrode thereof is connected to the
anode of the organic light-emitting diode OLED.

Correspondingly, a driving method of the organic light-
emitting diode pixel circuit includes steps of: detecting
whether a touch occurs or not and whether the touch is
caused by a convex portion 91 of a fingerprint or a concave
portion 92 of the fingerprint, and sending a result of the
detection to the read line Read, by using the touch finger-
print detection module; eliminating a shift of a threshold
voltage of the at least one driving transistor and driving the
organic light-emitting diode OLED to display, by using the
compensation display module.

The operating principle of the organic light-emitting
diode pixel circuit according to the present embodiment will
be explained in conjunction with a driving method of the
organic light-emitting diode pixel circuit. A driving method
of the organic light-emitting diode pixel circuit according to
the present invention includes steps of:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection; and

causing the compensation display module to emit light
and display.

It should be noted that, the above steps are not necessarily
performed separately, and two or more of the above steps
may be performed concurrently, which is not limited in the
present invention, as long as the above steps can be imple-
mented finally. Detailed description thereof will be made
with reference to specific embodiments.

As shown in FIG. 3, the operation of the organic light-
emitting diode pixel circuit according to the present embodi-
ment includes a resetting stage, a compensating stage, a
buffering stage, and a reading and displaying stage. The
driving method of the organic light-emitting diode pixel
circuit specifically includes the following steps.

At Step S101: in the resetting stage, both the first scanning
signal Scanl and the second scanning signal Scan2 are set to
a high level, so that both the touch fingerprint detection
module and the compensation display module are reset and
charged.

Here, since both the first scanning signal Scanl and the
second scanning signal Scan2 are at a high level, the first
detecting transistor M1, the third detecting transistor M3, the
first driving transistor D1, the first switch transistor T1, the
second switch transistor T2, the third switch transistor T3,
the fourth switch transistor T4, and the fifth switch transistor
TS are all turned on.

In the touch fingerprint detection module, the first elec-
trode (point d in the figure) of the detecting capacitor Cj is
charged to the reference voltage V¢ via the first detecting
transistor M1, the second electrode thereof is charged to the
high level of the second scanning signal Scan2, and thus, the
detecting capacitor Cj is reset.

In FIG. 2, the first electrode of the detecting capacitor Cj
is connected to a separate pole piece, which has a relatively
large area and thus can sense a touch sensitively when the
touch occurs. Of course, it should be noted that, it is also
feasible to directly use the first electrode of the detecting
capacitor Cj to sense a touch (i.e., the pole piece in the figure
may be integrated into the first electrode of the detecting
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capacitor Cj). In conclusion, it is feasible as long as the first
electrode of the detecting capacitor Cj can sense a touch
when the touch occurs, and detailed description of a specific
structure thereof is omitted herein.

In the compensation display module, both the second
electrode of the first storage capacitor C1 and the gate (point
a in the figure) of the first driving transistor D1 are charged
to the supply voltage Vdd.

Meanwhile, the data signal Data may be used as a driving
voltage V,,,, for driving the organic light-emitting diode
OLED to display, thus the first electrode (point b in the
figure) of the first storage capacitor C1 is charged to the
driving voltage V ,,, via the third switch transistor T3. Of
course, the driving voltage V,,  may be input in the next
step.

At Step S102: in the compensating stage, the first scan-
ning signal Scanl is set to a high level, the second scanning
signal Scan2 is set to a low level, and the data signal Data
is used as the driving voltage V ,,, for driving the organic
light-emitting diode OLED to display, so that the compen-
sation display module obtains a correct compensation volt-
age.

At this time, the second scanning signal Scan2 is changed
to a low level, and thus, the first switch transistor T1, the
fourth switch transistor T4, and the third detecting transistor
M3 are all turned off.

The state of the touch fingerprint detection module does
not change substantially.

However, the first electrode (point b in the figure) of the
first storage capacitor C1 of the compensation display mod-
ule is charged to or maintains at the driving voltage V.,
the second electrode (point a in the figure) thereof discharges
via the second switch transistor T2, the first driving transis-
tor D1, and the fifth switch transistor TS, and when the
voltage thereof is reduced to a threshold voltage V ;,, of the
first driving transistor D1, the first driving transistor D1 is
turned off and the discharge stops. In this case, a difference
between voltages at the two ends (the points b and a) of the
first storage capacitor C1 is (V,,,~V 51)-

In the Steps S101 and S102, since the fifth switch tran-
sistor T5 is always turned on, electric current will pass
through the fifth switch transistor T5 but not the organic
light-emitting diode OLED, and thus, the organic light-
emitting diode OLED does not emit light, which, on one
hand, extends a service life of the organic light-emitting
diode OLED, and on the other hand, ensures that the organic
light-emitting diode OLED will not emit light incorrectly.

At Step S103: optionally, in the buffering stage, the first
scanning signal Scanl is set to a low level, and the second
scanning signal Scan2 is set to a low level, so that the
voltage of the compensation display module is stable.

At this point, since the first scanning signal Scanl is also
changed to a low level, every transistor is turned off.

The main function of the present step is to make a voltage
across the two ends (the points a and b) of the first storage
capacitor C1 of the compensation display module stable. Of
course, it should be noted that it is also feasible if the present
step is not performed.

Further, from the present step, the third switch transistor
T3 is turned off, and thus the data signal Data cannot be
written into the compensation display module any longer
and may be used to provide a driving voltage required for the
next row of pixel units. At the same time, the fifth switch
transistor T5 is also turned off from the present step, thus the
organic light-emitting diode OLED is ready for displaying.

At Step S104: in the reading and displaying stage, the first
scanning signal Scanl is set to a low level, and the second
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scanning signal Scan? is set to a high level, so that the touch
fingerprint detection module can detect a touch and output a
result of the detection through the read line Read, and the
compensation display module can display at the same time.

In the present step, the second scanning signal Scan2 is
changed to a high level, and thus the first switch transistor
T1, the fourth switch transistor T4, and the third detecting
transistor M3 are turned on again.

For the touch fingerprint detection module, the first
detecting transistor M1 thereof is turned off, and the detect-
ing capacitor Cj no longer discharges. When a touch occurs,
touch capacitance Cf will be formed between a finger 9
performing the touch and the first electrode of the detecting
capacitor Cj, and the effect thereof is as shown in FIG. 14,
which is equivalent to the parallel connection of the touch
capacitance Cf and the capacitance of the detecting capacitor
Cj. As a result, the charges on the first electrode of the
detecting capacitor Cj will be redistributed according to a
ratio of the touch capacitance Cf to the capacitance of the
detecting capacitor Cj. Accordingly, a voltage applied to the
gate of the second detecting transistor M2 will change, and
thus a detection current flowing through the second detect-
ing transistor M2 will also change (e.g., there is electric
current and there is no electric current, or a value of the
electric current changes). The detection current flows
through the third detecting transistor M3, and then is output
by the read line Read to a corresponding detection chip,
which can determine which pixel unit is touched according
to the detection current, i.e., a touch position is determined,
thereby implementing touch control.

Correspondingly, as shown in FIG. 15, a fingerprint
actually means the concave portions and the convex portions
of the surface of the finger 9. Obviously, when a touch is
performed by a concave portion 92 and a convex portion 91,
a distance between the concave portion 92 and the first
electrode of the detecting capacitor Cj differs from that
between the convex portion 91 and the first electrode of the
detecting capacitor Cj. Accordingly, values of the resultant
touch capacitances Cf are different, the value of the touch
capacitance Cf corresponding to the concave portion 92 is
smaller, and the value of the touch capacitance Cf corre-
sponding to the convex portion 91 is larger. Further, when a
touch is performed by the concave portion 92 and the convex
portion 91, voltages applied to the gate of the second
detecting transistor M2 are different, resulting in different
detection currents. As such, by comparing the detection
currents of pixel units in a region where the touch occurs, it
can be determined that which pixel units correspond to the
concave portion 92 and which pixel units correspond to the
convex portion 91. Then the pattern of fingerprint on the
finger 9 performing the touch can be obtained according to
the positions of these pixel units, thereby implementing
fingerprint recognition.

Accordingly, in the present step, the first switch transistor
T1 is turned on, and the organic light-emitting diode OLED
starts to emit light (i.e., starts to display), and a voltage at the
anode of the organic light-emitting diode OLED jumps to a
light-emitting voltage V,_,,, of the organic light-emitting
diode OLED. Accordingly. the first electrode of the first
driving transistor D1 is also changed to the light-emitting
voltage V _,_,. At this time, the fourth switch transistor T4 is
turned on, thus a voltage at the first electrode (point b in the
figure) of the first storage capacitor C1 is also changed to the
light-emitting voltage V. Since the first storage capacitor
C1 cannot discharge, a voltage at the second electrode (point
a in the figure) is boosted up to (V. V=V aasa)» that is,
a voltage at the gate of the first driving transistor D1 is
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changed to (V_,, 4V 1=V 4u0)- Since the first driving tran-
sistor D1 1s in a saturation state, an electric current thereof
(i.e., a working current 1, , passing through the organic
light-emitting diode OLED) satisfies the following equation
(where K is a coeflicient):

Toted = K(Vgs = Vi
= K[(Voted + Vint = Vetora) = Votet — Vi I

= KV

It can be seen that, the working current I, , when the
organic light-emitting diode OLED is emitting light is
independent from the threshold voltage of the driving tran-
sistor, thus an influence of a shift of the threshold voltage of
the driving transistor on the emission brightness of the
organic light-emitting diode OLED can be avoided, thereby
achieving a better display effect.

When display of the current frame of image is completed,
the process is returned to the Step S101 to start displaying
the next frame of image.

Second Embodiment

The present embodiment provides an organic light-emit-
ting diode pixel circuit and a driving method thereof.

The organic light-emitting diode pixel circuit according to
the present embodiment is similar to that according to the
first embodiment, and also includes a touch fingerprint
detection module and a compensation display module,
wherein the touch fingerprint detection module of the pres-
ent embodiment has the same structure as that in the first
embodiment, and these two embodiments differ from each
other only in that the compensation display modules thereof
have different structures.

Referring to FIG. 4, the organic light-emitting diode pixel
circuit (mainly the structure of the compensation display
module) according to the present embodiment will be
described in detail below.

Specifically, the compensation display module includes a
second storage capacitor C2, an organic light-emitting diode
OLED, a second driving transistor D2, a sixth switch
transistor T6, a seventh switch transistor T7, an eighth
switch transistor T8, and a ninth switch transistor T9,
wherein, all of the transistors are N-type thin film transistors,
and

the second storage capacitor C2 includes a first electrode
and a second electrode;

a cathode of the organic light-emitting diode OLED is
grounded,

a gate of the second driving transistor D2 is connected to
the second electrode (point A in the figure) of the second
storage capacitor C2, and a first electrode thereof is con-
nected to an anode of the organic light-emitting diode
OLED;

a gate of the sixth switch transistor T6 is used for
receiving the second scanning signal Scan2, a first electrode
thereof is connected to a second electrode of the second
driving transistor D2, and a second electrode thereof is used
for receiving a supply voltage Vdd;

a gate of the seventh switch transistor T7 is used for
receiving the first scanning signal Scanl, a first electrode
thereof is connected to the second electrode of the second
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storage capacitor C2, and a second electrode thereof is
connected to the second electrode of the second driving
transistor D2;

a gate of the eighth switch transistor T8 is used for
receiving a control signal EM, a first electrode thereof is
used for receiving the data signal Data, and a second
electrode thereof is connected to the first electrode (point b
in the figure) of the second storage capacitor C2; and

a gate of the ninth switch transistor T9 is used for
receiving the first scanning signal Scanl, a first electrode
thereof is grounded, and a second electrode thereof is
connected to the anode of the organic light-emitting diode
OLED.

Referring to FIG. 5, the operation principle of the above
organic light-emitting diode pixel circuit will be explained
in conjunction with the driving method thereof. The opera-
tion of the organic light-emitting diode pixel circuit includes
a resetting stage, a compensating stage, a writing stage, and
a reading and displaying stage. The driving method thereof
specifically includes the following steps.

At Step S201: in the resetting stage, both the first scanning
signal Scanl and the second scanning signal Scan2 are set to
a high level, and the control signal EM is set to a low level,
so that both the touch fingerprint detection module and the
compensation display module are reset and charged.

Here, the first detecting transistor M1, the third detecting
transistor M3, the second driving transistor D2, the sixth
switch transistor T6, the seventh switch transistor T7, and
the ninth switch transistor T9 are all turned on, but the eighth
switch transistor T8 is turned off.

In the touch fingerprint detection module, the first elec-
trode (point d in the figure) of the detecting capacitor Cj is
charged to the reference voltage Vc via the first detecting
transistor M1, and the second electrode thereof'is charged to
the high level of the second scanning signal Scan2, and thus,
the detecting capacitor Cj is reset.

In the compensation display module, the second electrode
(point a in the figure) of the second storage capacitor C2 is
charged to the supply voltage Vdd via the sixth switch
transistor T6 and the seventh switch transistor T7.

At Step S202: in the compensating stage, the first scan-
ning signal Scanl is set to a high level, the second scanning
signal Scan2 is set to a low level, and the control signal EM
is set to a high level, so that the compensation display
module obtains a correct compensation voltage.

At this time, since the second scanning signal Scan2 is
changed to a low level and the control signal EM is changed
to a high level, the sixth switch transistor T6 and the third
detecting transistor M3 are turned off, but the eighth switch
transistor T8 is turned on.

At this time, the state of the touch fingerprint detection
module does not change substantially.

However, the first electrode (point b in the figure) of the
second storage capacitor C2 of the compensation display
module is charged to a voltage V,, (which may be zero or any
other value) of the data signal Data, the second electrode
(point a in the figure) thereof discharges via the seventh
switch transistor T7, the second driving transistor D2, and
the ninth switch transistor T9, when a voltage thereof is
reduced to a threshold voltage V,,, of the second driving
transistor D2, the second driving transistor D2 is turned off,
and the discharge stops. A difference between voltages at the
two ends (the points b and a) of the second storage capacitor
C2is (V,-Vy,).

At Step S203: in the writing stage, the first scanning
signal Scanl is set to a low level, the second scanning signal
Scan2 is set to a low level, the control signal EM is set to a
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high level, and the data signal Data is used as a driving
voltage V ,_,, for driving the organic light-emitting diode
OLED to display, so that the compensation display module
is charged to a correct voltage.

At this time, since the first scanning signal Scanl is
changed to a low level, all of the transistors except for the
eighth switch transistor T8 are turned off.

At this time, the state of the touch fingerprint detection
module does not change substantially.

However, in the compensation display module, the data
signal Data causes the voltage at the first electrode (point b
in the figure) of the second storage capacitor C2 to change
from V, to V., via the eighth switch transistor T8. At this
time, since the second storage capacitor C2 cannot dis-
charge, the voltage at the second electrode (point a in the
figure) thereof is boosted up to (V,,,+V 4,,,~V,)-

At Step S204: in the reading and displaying stage, the first
scanning signal Scanl is set to a low level, the second
scanning signal Scan2 is set to a high level, and the control
signal EM is set to a low level, so that the touch fingerprint
detection module outputs its detection result, and the com-
pensation display module emits light and displays.

At this time, the third detecting transistor M3 is turned on,
thus the detection result of the touch fingerprint detection
module can be transmitted to the read line Read via the third
detecting transistor M3, so as to perform touch control and
fingerprint recognition. The specific action principle and
process are the same as those in the reading and displaying
stage in the first embodiment, thus detailed description
thereof is omitted herein.

In the compensation display module, the eighth switch
transistor T8 is turned off, thus the data signal Data carnnot
be written in any longer and may provides a driving signal
for other pixel units.

At the same time, the ninth switch transistor T9 is turned
off, the sixth switch transistor T6 is turned on, thus the
organic light-emitting diode OLED starts to emit light (i.e.,
starts to display), a voltage at the anode thereof jumps to the
light-emitting voltage V., of the organic light-emitting
diode OLED. Accordingly, a voltage at the first electrode of
the second driving transistor D2 is also changed to the
light-emitting voltage V. Since the second driving tran-
sistor D2 is in a saturation state, an electric current thereof
(i.e., a working current 1, , passing through the organic
light-emitting diode OLED) satisfies the following equation
(where K is a coefficient):

Dotea = K(Vgs = Vi)

= K[V + Vatata = Vo) = Vioiea = Vi

= KVidata = Vp = Voted)*

It can be seen that, the working current 1_,,, when the
organic light-emitting diode OLED is emitting light is
independent from the threshold voltage of the driving tran-
sistor, thus an influence of a shift of the threshold voltage of
the driving transistor on the emission brightness of the
organic light-emitting diode OLED can be avoided, thereby
achieving a better display effect.

Obviously, since the working current 1, in this case is
still related to the voltage V,, an influence caused by the
voltage V,, should be taken into account when a specific

2
value of the driving voltage V ,,, is set.
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When display of the current frame of image is completed,
the process is returned to the Step S201 to start displaying
the next frame of image.

Preferably, various modifications may be made to the
organic light-emitting diode pixel circuit and the driving
method thereof according to the present embodiment.

For example, it can be seen from the above driving
method that, in the organic light-emitting diode pixel circuit
according to the present embodiment, the state of the eighth
switch transistor T8 is always opposite to that of the sixth
switch transistor T6 controlled by the second scanning
signal Scan2, thus the eighth switch transistor T8 needs to be
controlled by the separate control signal EM when it is an
N-type thin film transistor as the sixth switch transistor T6
is.

Thus, preferably, as shown in FIG. 6, the eighth switch
transistor T8 is a P-type thin film transistor instead, and the
gate thereof is used for receiving the second scanning signal
Scan2 instead. As such, the control signal EM can be omitted
without changing other structures (the types of the transis-
tors, the connection of the circuit, and the like), thereby
simplifying the structure of the circuit. Of course, since the
control signal EM is absent in this case, the timing diagram
of the driving signals is changed to that shown in FIG. 7, in
which the control signal EM is absent.

Alternatively, as shown in FIG. 8, it is also feasible that,
the eighth switch transistor T8 is used for receiving the
second scanning signal Scan2 but it is still an N-type thin
film transistor, while the sixth switch transistor T6 and the
third detecting transistor M3 which are also used for receiv-
ing the second scanning signal Scan2 are P-type thin film
transistors instead. At the same time, the timing diagram of
the driving signals is changed to that shown in FIG. 9, that
is, the high and low levels of the second scanning signal
Scan2 are completely reversed, and in this way, the control
signal EM can also be omitted.

In should be understood that, the above two implemen-
tations just make some changes to some structures in the
organic light-emitting diode pixel circuit and the driving
timing thereof. However, in a driving process, the on-off
state of each of the transistors does not change, thus detailed
description of the specific driving process thereof is omitted
herein.

Third Embodiment

The present embodiment provides an organic light-emit-
ting diode pixel circuit and a driving method thereof.

The organic light-emitting diode pixel circuit according to
the present embodiment is similar to that according the first
embodiment, and also includes a touch fingerprint detection
module and a compensation display module, wherein the
touch fingerprint detection module of the present embodi-
ment has the same structure as that in the first embodiment,
and these two embodiments differ from each other only in
that the compensation display modules thereof have differ-
ent structures.

Referring to FIG. 10, the organic light-emitting diode
pixel circuit (mainly the structure of the compensation
display module) according to the present embodiment will
be described in detail below.

Specifically, the compensation display module includes a
third storage capacitor C3, an organic light-emitting diode
OLED, a third driving transistor D3, a fourth driving tran-
sistor D4, a tenth switch transistor T10, an eleventh switch
transistor T11, and a twelfth switch transistor T12, wherein,
all of the transistors are N-type thin film transistors, and
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the third storage capacitor C3 includes a first electrode
and a second electrode, and the first electrode of the third
storage capacitor C3 is grounded;

a cathode of the organic light-emitting diode OLED is
grounded,

a gate and a second electrode of the third driving transistor
D3 are connected to the second electrode of the third storage
capacitor C3;

a gate of the fourth driving transistor D4 is connected to
the second electrode of the third storage capacitor C3;

a gate of the tenth switch transistor T10 is used for
receiving a control signal EM, a first electrode thereof is
connected to a second electrode of the fourth driving tran-
sistor D4, and a second electrode thereof is used for receiv-
ing a supply voltage Vdd;

a gate of the eleventh switch transistor T11 is used for
receiving the first scanning signal Scanl, a first electrode
thereof is connected to the second electrode of the third
driving transistor D3, and a second electrode thereof is
connected to the second electrode of the fourth driving
transistor D4; and

a gate of the twelfth switch transistor T12 is used for
receiving the second scanning signal Scan2, a first electrode
thereof is used for receiving the data signal Data, and a
second electrode thereof is connected to a first electrode of
the third driving transistor D3.

Referring to FIG. 11, the operation principle of the above
organic light-emitting diode pixel circuit will be explained
in conjunction with a driving method thereof. The operation
of the organic light-emitting diode pixel circuit includes a
resetting stage, a reading and compensating stage, and a
displaying stage. The driving method thereof specifically
includes the following steps.

At Step S301: in the resetting stage, the first scanning
signal Scan1 is set to a high level, the second scanning signal
Scan2 is set to a low level, and the control signal EM is set
to a high level, so that both the touch fingerprint detection
module and the compensation display module are reset and
charged;

Here, the first detecting transistor M1, the tenth switch
transistor T10, and the eleventh switch transistor T11 are all
turned on, while the third detecting transistor M3 and the
twelfth switch transistor T12 are turned off.

In the touch fingerprint detection module, the first elec-
trode (point d in the figure) of the detecting capacitor Cj is
charged to the reference voltage Ve via the first detecting
transistor M1, and the second electrode thereof is at the low
level of the second scanning signal Scan2, and thus, the
detecting capacitor Cj is reset.

In the compensation display module, the second electrode
(point a in the figure) of the third storage capacitor C3 is
charged to the supply voltage Vdd via the tenth switch
transistor T10 and the eleventh switch transistor T11.

At Step S302: in the reading and compensating stage, the
first scanning signal Scanl is set to a low level, the second
scanning signal Scan2 is set to a high level, the control signal
EM is set to a low level, and the data signal Data is used as
a driving voltage V ., for driving the organic light-emitting
diode OLED to display, so that the touch fingerprint detec-
tion module outputs its detection result, and the compensa-
tion display module obtains a correct compensation voltage.

At this time, the levels of all signals are reversed, thus the
states of the transistors are also reversed.

In touch fingerprint detection module, the third detecting
transistor M3 is turned on, thus the detection result of the
touch fingerprint detection module can be transmitted to the
read line Read via the third detecting transistor M3, so as to
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perform touch control and fingerprint recognition. The spe-
cific action principle and process are the same as those in the
reading and displaying stage in the first embodiment (the
difference therebetween only lies in that value of voltage at
the second electrode of the detecting capacitor Cj is differ-
ent), thus detailed description thereof is omitted herein.

In the compensation display module, the data signal Data
charges the second electrode (point a in the figure) of the
third storage capacitor C3 via the twelfth switch transistor
T12 and the third driving transistor D3, until a gate-source
voltage of the third driving transistor D3 reaches the thresh-
old voltage V,,; thereof, i.e., until a voltage at the point a
reaches (V,,5+V 1,..)-

At Step S303: in the displaying stage, both the first
scanning signal Scanl and the second scanning signal Scan2
are set to a low level, and the control signal EM is set to a
high level, so that the compensation display module emits
light and displays.

At this time, the third detecting transistor M3 is turned off,
the detection result of the touch fingerprint detection module
cannot be output any longer, which has no other influence on
the circuit.

However, in the compensation display module, the tenth
switch transistor T10 is turned on, the organic light-emitting
diode OLED starts to emit light (i.e., starts to display), and
a voltage at the anode thereof jumps to the light-emitting
voltage V,,,; of the organic light-emitting diode OLED.
Accordingly, at this time, a working current I, , of the
organic light-emitting diode OLED passes through the
fourth driving transistor D4, and a voltage at the gate of the
fourth driving transistor D4 is equal to that at the second
electrode (point a in the figure) of the third storage capacitor
C3, ie., equal to (V,3+V,,,,) Since the fourth driving
transistor D4 is in a saturation state, the working current 1, ;
of the organic light-emitting diode OLED satisfies the fol-
lowing equation (where K is a coefficient):

Doted = K(Vgs = Vis)?

= K[(Vaa + Yaza) = Votea = Viral®

Obviously, the gate of the third driving transistor D3 is
connected to that of the fourth driving transistor D4, and the
third driving transistor D3 and the fourth driving transistor
D4 are located closely and have the same electric param-
eters. Thus, their threshold voltages V,,; and V,;,, can be
considered to be equal to each other according to the
principle of mirror circuit, and the following equation can be
obtained:

Lotea™ K gV otea?

It can be seen that, the working current I ,,; when the
organic light-emitting diode OLED is emitting light is
independent from the threshold voltage of the driving tran-
sistor, thus an influence of a shift of the threshold voltage of
the driving transistor on the emission brightness of the
organic light-emitting diode OLED can be avoided, thereby
achieving a better display effect.

When display of the current frame of image is completed,
the process is returned to the Step S301 to start displaying
the next frame of image.

Preferably, various modifications may be made to the
organic light-emitting diode pixel circuit and the driving
method thereof according to the present embodiment.

For example, it can be seen from the above driving
method that, in the organic light-emitting diode pixel circuit
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according to the present embodiment, the state of the tenth
switch transistor T10 is always opposite to that of the twelfth
switch transistor T12 controlled by the second scanning
signal Scan2, thus the tenth switch transistor T10 needs to be
controlled by the separate control signal EM when it is an
N-type thin film transistor as the twelfth switch transistor
T12 is.

Thus, preferably, as shown in FIG. 12, the tenth switch
transistor T10 may be a P-type thin film transistor instead,
and the gate thereof is used for receiving the second scan-
ning signal Scan2 instead. As such, one control signal EM
can be omitted without changing other structures (the types
of the transistors, the connection of the circuit, and the like),
thereby simplifying the structure of the circuit. Of course,
since the control signal EM is absent in this case, the timing
diagram of the driving signals is changed to that shown in
FIG. 13, in which the control signal EM is absent.

In should be understood that, the above implementation
just make some changes to some structures in the organic
light-emitting diode pixel circuit and the driving timing
thereof. However, in a driving process, the on-off state of
each of the transistors does not change, thus detailed
description of the specific driving process thereof is omitted
herein.

It should be understood that, the above embodiments are
only exemplary embodiments for the purpose of explaining
the principle of the present invention, but the present inven-
tion is not limited thereto. For a person having ordinary skill
in the art, various improvements and modifications may be
made without departing from the spirit and essence of the
present invention. These improvements and modifications
also fall within the protection scope of the present invention.

What is claimed is:

1. An organic light-emitting diode pixel circuit, compris-

ing:

a touch fingerprint detection module, which is configured
to detect whether a touch occurs or not and whether the
touch is caused by a convex portion of a fingerprint or
a concave portion of the fingerprint, and send a result
of the detection to a read line, under the control of a first
scanning signal and a second scanning signal; and

a compensation display module comprising an organic
light-emitting diode and at least one driving transistor,
and is configured to eliminate a shift of a threshold
voltage of the at least one driving transistor and drive
the organic light-emitting diode to display under the
control of at least the first scanning signal, the second
scanning signal, and a data signal, wherein,
the touch fingerprint detection module comprises a

detecting capacitor, a first detecting transistor, a
second detecting transistor, and a third detecting
transistor,

the detecting capacitor comprises a first electrode for
sensing a touch and a second electrode opposite to
the first electrode, and the second electrode of the
detecting capacitor is used for receiving the second
scanning signal,

a gate of the first detecting transistor is used for
receiving the first scanning signal, a first electrode
thereof is used for receiving a reference voltage, and
a second electrode thereof is connected to the first
electrode of the detecting capacitor,

a gate of the second detecting transistor is connected to
the first electrode of the detecting capacitor, a first
electrode thereof is used for receiving the reference
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voltage, and a second electrode thereof is connected
to a first electrode of the third detecting transistor,
and

a gate of the third detecting transistor is used for
receiving the second scanning signal, and a second
electrode thereof is connected to the read line.

2. The organic light-emitting diode pixel circuit according
to claim 1, wherein,

the compensation display module comprises a first storage
capacitor, the organic light-emitting diode, a first driv-
ing transistor, a first switch transistor, a second switch
transistor, a third switch transistor, a fourth switch
transistor, and a fifth switch transistor, wherein, the first
driving transistor, all of the switch transistors, and all of
the detecting transistors are N-type thin film transistors,
and

the first storage capacitor comprises a first electrode and
a second electrode;

a cathode of the organic light-emitting diode is grounded,

a gate of the first driving transistor is connected to the
second electrode of the first storage capacitor, and a
first electrode thereof is connected to an anode of the
organic light-emitting diode;

a gate of the first switch transistor is used for receiving the
second scanning signal, a first electrode thereof is
connected to a second electrode of the first driving
transistor, and a second electrode thereof is used for
receiving a supply voltage;

a gate of the second switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
connected to the second electrode of the first storage
capacitor, and a second electrode thereof is connected
to the second electrode of the first driving transistor;

a gate of the third switch transistor is used for receiving
the first scanning signal, a first electrode thereof is used
for receiving the data signal, and a second electrode
thereof is connected to the first electrode of the first
storage capacitor;

a gate of the fourth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to the first electrode of the first storage
capacitor, and a second electrode thereof is connected
to the anode of the organic light-emitting diode; and

a gate of the fifth switch transistor is used for receiving the
first scanning signal, a first electrode thereof is
grounded, and a second electrode thereof is connected
to the anode of the organic light-emitting diode.

3. A driving method for the organic light-emitting diode
pixel circuit according to claim 2, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection;

causing the compensation display module to emit light
and display;

in a resetting stage, setting both the first scanning signal
and the second scanning signal to a high level,

in a compensating stage, setting the first scanning signal
to a high level, setting the second scanning signal to a
low level, and using the data signal as a driving voltage
for driving the organic light-emitting diode to display;
and
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in a reading and displaying stage, setting the first scanning
signal to a low level, and setting the second scanning
signal to a high level.

4. The driving method according to claim 3, wherein,
between the compensating stage and the reading and dis-
playing stage, the driving method further comprising:

a buffering stage, in which both the first scanning signal

and the second scanning signal are set to a low level.

5. The organic light-emitting diode pixel circuit according
to claim 1, wherein, the compensation display module
comprises a second storage capacitor, the organic light-
emitting diode, a second driving transistor, a sixth switch
transistor, a seventh switch transistor, an eighth switch
transistor, and a ninth switch transistor, wherein, the second
driving transistor, all of the switch transistors, and all of the
detecting transistors are N-type thin film transistors, and

the second storage capacitor comprises a first electrode
and a second electrode;

a cathode of the organic light-emitting diode is grounded,

a gate of the second driving transistor is connected to the
second electrode of the second storage capacitor, and a
first electrode thereof is connected to an anode of the
organic light-emitting diode;

a gate of the sixth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the second driving
transistor, and a second electrode thereof is used for
receiving a supply voltage;

a gate of the seventh switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
connected to the second electrode of the second storage
capacitor, and a second electrode thereof is connected
to the second electrode of the second driving transistor;

a gate of the eighth switch transistor is used for receiving
a control signal, a first electrode thereof is used for
receiving the data signal, and a second electrode thereof
is connected to the first electrode of the second storage
capacitor; and

a gate of the ninth switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
grounded, and a second electrode thereof is connected
to the anode of the organic light-emitting diode.

6. A driving method for the organic light-emitting diode
pixel circuit according to claim 5, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection;

causing the compensation display module to emit light
and display;

in a resetting stage, setting both the first scanning signal
and the second scanning signal to a high level, and
setting the control signal to a low level,

in a compensating stage, setting the first scanning signal
to a high level, setting the second scanning signal to a
low level, and setting the control signal to a high level;

in a writing stage, setting the first scanning signal to a low
level, setting the second scanning signal to a low level,
setting the control signal to a high level, and using the
data signal as a driving voltage for driving the organic
light-emitting diode to display; and
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in a reading and displaying stage, setting the first scanning
signal to a low level, setting the second scanning signal
to a high level, and setting the control signal to a low
level.

7. The organic light-emitting diode pixel circuit according
to claim 1, wherein, the compensation display module
comprises a second storage capacitor, the organic light-
emitting diode, a second driving transistor, a sixth switch
transistor, a seventh switch transistor, an eighth switch
transistor, and a ninth switch transistor, wherein, the second
driving transistor, the sixth switch transistor, the seventh
switch transistor, the ninth switch transistor, and all of the
detecting transistors are N-type thin film transistors, the
eighth switch transistor is a P-type thin film transistor, and

the second storage capacitor comprises a first electrode
and a second electrode;

a cathode of the organic light-emitting diode is grounded;

a gate of the second driving transistor is connected to the
second electrode of the second storage capacitor, and a
first electrode thereof is connected to an anode of the
organic light-emitting diode;

a gate of the sixth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the second driving
transistor, and a second electrode thereof is used for
receiving a supply voltage;

a gate of the seventh switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
connected to the second electrode of the second storage
capacitor, and a second electrode thereof is connected
to the second electrode of the second driving transistor;

a gate of the eighth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
used for receiving the data signal, and a second elec-
trode thereof is connected to the first electrode of the
second storage capacitor; and

a gate of the ninth switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
grounded, and a second electrode thereof is connected
to the anode of the organic light-emitting diode.

8. A driving method for the organic light-emitting diode
pixel circuit according to claim 7, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection;

causing the compensation display module to emit light
and display;

in a resetting stage, setting both the first scanning signal
and the second scanning signal to a high level,

in a compensating stage, setting the first scanning signal
to a high level, and setting the second scanning signal
to a low level;

in a writing stage, setting the first scanning signal to a low
level, setting the second scanning signal to a low level,
and using the data signal as a driving voltage for
driving the organic light-emitting diode to display; and

in a reading and displaying stage, setting the first scanning
signal to a low level, and setting the second scanning
signal to a high level.

9. The organic light-emitting diode pixel circuit according
to claim 1, wherein, the compensation display module
comprises a second storage capacitor, the organic light-
emitting diode, a second driving transistor, a sixth switch
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transistor, a seventh switch transistor, an eighth switch
transistor, and a ninth switch transistor, wherein, the second
driving transistor, the seventh switch transistor, the eighth
switch transistor, the ninth switch transistor, the first detect-
ing transistor, and the second detecting transistor are N-type
thin film transistors, the sixth switch transistor and the third
detecting transistor are P-type thin film transistors, and
the second storage capacitor comprises a first electrode
and a second electrode;

a cathode of the organic light-emitting diode is grounded,;

a gate of the second driving transistor is connected to the
second electrode of the second storage capacitor, and a
first electrode thereof is connected to an anode of the
organic light-emitting diode;

a gate of the sixth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the second driving
transistor, and a second electrode thereof is used for
receiving a supply voltage;

a gate of the seventh switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
connected to the second electrode of the second storage
capacitor, and a second electrode thereof is connected
to the second electrode of the second driving transistor;

a gate of the eighth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
used for receiving the data signal, and a second elec-
trode thereof is connected to the first electrode of the
second storage capacitor; and

a gate of the ninth switch transistor is used for receiving
the first scanning signal, a first electrode thereof is
grounded, and a second electrode thereof is connected
to the anode of the organic light-emitting diode.

10. A driving method for the organic light-emitting diode
pixel circuit according to claim 9, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection;

causing the compensation display module to emit light
and display;

in a resetting stage, setting the first scanning signal to a
high level, and the second scanning signal to a low
level;

in a compensating stage, setting the first scanning signal
to a high level, and setting the second scanning signal
to a high level;

in a writing stage, setting the first scanning signal to a low
level, setting the second scanning signal to a high level,
and using the data signal as a driving voltage for
driving the organic light-emitting diode to display; and

in a reading and displaying stage, setting both the first
scanning signal and the second scanning signal to a low
level.

11. The organic light-emitting diode pixel circuit accord-
ing to claim 1, wherein, the compensation display module
comprises a third storage capacitor, the organic light-emit-
ting diode, a third driving transistor, a fourth driving tran-
sistor, a tenth switch transistor, an eleventh switch transistor,
and a twelfth switch transistor, wherein, all of the driving
transistors, all of the switch transistors, and all of the
detecting transistors are N-type thin film transistors, and
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the third storage capacitor comprises a first electrode and
a second electrode, and the first electrode of the third
storage capacitor is grounded,

a cathode of the organic light-emitting diode is grounded;

both a gate and a second electrode of the third driving
transistor are connected to the second electrode of the
third storage capacitor;

a gate of the fourth driving transistor is connected to the
second electrode of the third storage capacitor;

a gate of the tenth switch transistor is used for receiving
a control signal, a first electrode thereof is connected to
a second electrode of the fourth driving transistor, and
a second electrode thereof is used for receiving a
supply voltage;

a gate of the eleventh switch transistor is used for receiv-
ing the first scanning signal, a first electrode thereof is
connected to the second electrode of the third driving
transistor, and a second electrode thereof is connected
to the second electrode of the fourth driving transistor;
and

a gate of the twelfth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
used for receiving the data signal, and a second elec-
trode thereof is connected to a first electrode of the third
driving transistor.

12. A driving method for the organic light-emitting diode
pixel circuit according to claim 11, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection;

causing the compensation display module to emit light
and display;

in a resetting stage, setting the first scanning signal to a
high level, setting the second scanning signal to a low
level, and setting the control signal to a high level,

in a reading and compensating stage, setting the first
scanning signal to a low level, setting the second
scanning signal to a high level, setting the control
signal to a low level, and using the data signal as a
driving voltage for driving the organic light-emitting
diode to display; and

in a displaying stage, setting both the first scanning signal
and the second scanning signal to a low level, and
setting the control signal to a high level.

13. The organic light-emitting diode pixel circuit accord-
ing to claim 1, wherein, the compensation display module
comprises a third storage capacitor, the organic light-emit-
ting diode, a third driving transistor, a fourth driving tran-
sistor, a tenth switch transistor, an eleventh switch transistor,
and a twelfth switch transistor, wherein, all of the driving
transistors, the eleventh switch transistor, the twelfth switch
transistor, and all of the detecting transistors are N-type thin
film transistors, the tenth switch transistor is a P-type thin
film transistor, and
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the third storage capacitor comprises a first electrode and
a second electrode, and the first electrode of the third
storage capacitor is grounded;

a cathode of the organic light-emitting diode is grounded,

a gate and a second electrode of the third driving transistor
are connected to the second electrode of the third
storage capacitor;

a gate of the fourth driving transistor is connected to the
second electrode of the third storage capacitor;

a gate of the tenth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
connected to a second electrode of the fourth driving
transistor, and a second electrode thereof is used for
receiving a supply voltage;

a gate of the eleventh switch transistor is used for receiv-
ing the first scanning signal, a first electrode thereof is
connected to the second electrode of the third driving
transistor, and a second electrode thereof is connected
to the second electrode of the fourth driving transistor;
and

a gate of the twelfth switch transistor is used for receiving
the second scanning signal, a first electrode thereof is
used for receiving the data signal, and a second elec-
trode thereof is connected to a first electrode of the third
driving transistor.

14. A driving method for the organic light-emitting diode

pixel circuit according to claim 13, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection;

causing the compensation display module to emit light
and display;

in a resetting stage, setting the first scanning signal to a
high level, and setting the second scanning signal to a
low level,;

in a reading and compensating stage, setting the first
scanning signal to a low level, setting the second
scanning signal to a high level, and using the data
signal as a driving voltage for driving the organic
light-emitting diode to display; and

in a displaying stage, setting both the first scanning signal
and the second scanning signal to a low level.

15. A driving method for the organic light-emitting diode

pixel circuit according to claim 1, the driving method
comprising:

resetting and charging both the touch fingerprint detection
module and the compensation display module;

causing the compensation display module to obtain a
correct compensation voltage;

causing the touch fingerprint detection module to detect a
touch and output a result of the detection; and

causing the compensation display module to emit light
and display.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

LR
L M2 TF S0k
S\EReERR

BEG®)

REATUBRABENEA - REGZRBEFTE —IRERERSE
HEE, ARANBIEAX-RERRBETE  MEBEEIRNER , Scan2 1[
WRENONREREME | SR FTRAER RIS SH LERE R B X

MEsEEUAREE-—LECESNE_HHRESHNEHT , FRAUER scant

KETEIE URIMEE RER | HAEANEK-RENED — R 1 e m

HRAE  FERRENERFAED SEEHRERENFE , *E — e[
EEDFRENE X -REG R TR FFAENE K - RE S RE— e
ARES  E-RBESNKREES, esd —

patsnap
BNAX—REGRBERARN T E
US9570010 NFF(RE)R 2017-02-14
US14/654019 RiFH 2014-11-11

RERABMBREARGAERLF
EREERFXERZERLE

REAPBEEARGERLF.
ERREFEHHEREFRLA.

REFHREARBERLF.
ERFERFAEREFRLF.

YANG SHENGJI
YANG, SHENGJI
G09G3/3258 G09G3/32 GOBK9/00 G09G3/3266

G09G3/3258 GO6K9/0002 G09G3/32 G09G2300/0819 G09G2310/0251 G09G2320/045 G09G2354/00
G09G3/3233 G09G2300/0852 G09G2300/0861 G09G2310/0262

201410283087.8 2014-06-23 CN

US20160260380A1

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/7727e211-0082-44f1-92b7-95c09bdc9b88
https://worldwide.espacenet.com/patent/search/family/051671336/publication/US9570010B2?q=US9570010B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9570010.PN.&OS=PN/9570010&RS=PN/9570010

