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TOUCH-CONTROL PIXEL-DRIVING CIRCUIT AND METHOD
THEREOF, TOUCH-CONTROL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201710334833.5,
filed May 12, 2017, the contents of which are incorporated by reference in the entirety.

TECHNICAL FIELD

[0002] The present invention relates to display technology, more particularly, to a pixel-

driving circuit and a method thereof, a display panel, and a display apparatus having the same.
BACKGROUND

[0003] Active Matrix Organic Light Emitting Diode (AMOLED) display draws major
interests of researchers on the field of display apparatus. It indeed shows many advantages
over other types of displays in small power consumption, low cost of manufacture, self-
luminous, wide viewing angle, and fast response rate and has been applied in a wide range of

products like smart phone, PDA, digital camera, and more.

[0004] A conventional AMOLED display merely was used for displaying images with a
pixel-driving circuit associated with each pixel of the display being configured only to drive
an corresponding organic light-emitting diode for emitting light. A current trend of display
technologies is to make a display apparatus having additional functions rather than just
having a display function. For example, it is desired that a display apparatus, particularly the

AMOLED display apparatus, can also have a touch-control function.
SUMMARY

[0005] In an aspect, the present disclosure provides a touch-control pixel-driving circuit in
a display apparatus. The circuit includes a driving transistor coupled to a data line and a read
line. Additionally, the circuit includes an organic light-emitting diode (OLED) having a first
electrode coupled to the driving transistor and the read line. The circuit also includes a
second electrode coupled to a reference voltage terminal. Furthermore, the circuit includes a
light-sensing-touch sub-circuit coupled to the data line and the read line and configured to be
reset by a first control signal and a second control signal to send a raw signal to the read line

based on a high-level voltage at the data line, and to generate a sensing signal depended on a



WO 2018/205486 PCT/CN2017/103654

change of the raw signal due to a touch and send the sensing signal to the read line.
Moreover, the circuit includes a driving sub-circuit coupled to the driving transistor and
configured to charge and discharge the driving transistor using a power-supply voltage from a
power terminal and a data signal from the data line controlled by the first control signal, the

second control signal and a third control signal, and to drive the OLED for emitting light.

[0006] Optionally, the light-sensing-touch sub-circuit includes a photo transistor, a reset
sub-subcircuit coupled to the photo transistor and the data line and configured to receive the
first control signal, a transport sub-subcircuit coupled to the photo transistor and the read line
and configured to receive the second control signal, and a storage sub-subcircuit coupled to
the photo transistor for storing a current signal converted by the photo transistor sensing a

light signal.

[0007] Optionally, the reset sub-subcircuit includes a first transistor having a control
terminal being provided with the first control signal, a first terminal coupled to the data line,
and a second terminal coupled a control terminal and a second terminal of the photo transistor.
The first control signal is configured to provide a turn-on signal to make the first transistor in
conduction state in a reset period to allow an initial data signal at a high voltage level from

the data line as the raw signal to be passed to the photo transistor.

[0008] Optionally, the photo transistor is configured to generate a photocurrent signal upon
being illuminated by an external light signal. The photocurrent signal is added to the raw

signal as a change of the raw signal.

[0009] Optionally, the transport sub-subcircuit includes a second transistor having a control
terminal being provided with the second control signal, a first terminal coupled to a first
terminal of the photo transistor, and a second terminal coupled to the read line. The second
control signal is configured to provide a turn-on signal to make the second transistor in
conduction state to allow the either the raw signal or the change of the raw signal from the

photo transistor to be passed to the read line.

[0010] Optionally, the storage sub-subcircuit includes a first capacitor having a first
electrode coupled to a first terminal of the photo transistor and a second electrode coupled to

a control terminal of the photo transistor.

[0011] Optionally, the driving sub-circuit includes a charger sub-subcircuit and a regulator

sub-subcircuit. The charger sub-subcircuit is configured to couple with the power terminal,
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the driving transistor, and the reference voltage terminal, and is configured to receive the first
control signal and the second control signal to control charging or discharging of the driving
transistor by the power-supply voltage from the power terminal. The regulator sub-subcircuit
is configured to couple with the data line and the driving transistor, and configured to receive
the third control signal to regulate a voltage level at a control terminal of the driving

transistor.

[0012] Optionally, the charger sub-subcircuit is further configured to receive the second
control signal to make the driving transistor in conduction state for passing a driving current

to drive the OLED for emitting light.

[0013] Optionally, the charger sub-subcircuit includes a third transistor having a control
terminal being provided with the second control signal, a first terminal coupled to the power
terminal, and a second terminal coupled to a first terminal of the driving transistor.
Additionally, the charger sub-subcircuit includes a fourth transistor having a control terminal
being provided with the first control signal, a first terminal coupled to the second terminal of
the third transistor, and a second terminal coupled to the control terminal of the driving
transistor. The charger sub-subcircuit further includes a fifth transistor having a control
terminal being provided with the first control signal, a first terminal coupled to a second
terminal of the driving transistor, and a second terminal coupled to the reference voltage

terminal.

[0014] Optionally, the regulator sub-subcircuit includes a sixth transistor and a second
capacitor. The sixth transistor has a control terminal being provided with the third control
signal, a first terminal coupled to the data line, and a second terminal coupled to a first
electrode of the second capacitor. The second capacitor has a second electrode coupled to the

control terminal of the driving transistor.

[0015] Optionally, the power terminal provides the power-supply voltage at a high voltage

level and the reference voltage terminal is grounded at a low voltage level.

[0016] In another aspect, the present disclosure provides a method for driving the touch-
control pixel-driving circuit described herein in a driving cycle including a first period, a
second period, a third period, and a fourth period. The method includes resetting the light-
sensing-touch sub-circuit upon the first control signal to charge a power-supply voltage into a
control terminal of the driving transistor further upon the second control signal in the first

period. Additionally, the method includes discharging the control terminal of the driving
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transistor in the second period with the first control signal been maintained to keep the light-
sensing-touch sub-circuit in a same state as in the first period. The method further includes
sensing a light signal which is converted to a current signal in the third period and writing a
data signal into the control terminal of the driving transistor controlled by the third control
signal. Furthermore, the method includes transporting the current signal to the read line in
the fourth period and using the second control signal to control a driving current through the

driving transistor for causing the OLED to emit light.

[0017] Optionally, the second control signal and the third control signal are set with high or
low voltage levels in a same period of the first period, the second period, the third period, and

the fourth period.

[0018] Optionally, each of the driving transistor, the photo transistor, the first transistor, the
second transistor, the third transistor, the fourth transistor, the fifth transistor, and the sixth
transistor is provided as a N-type thin-film transistor. The first control signal is set to a high
voltage level in the first period and the second period and set to a low voltage level in the
third period and the fourth period. The second control signal is set to the high voltage level
in the first period, the low voltage level in the second period and the third period, and the
high voltage level in the fourth period. The third control signal is set to the low voltage level
in the first period, the high voltage level in the second period and the third period, and the

low voltage level in the fourth period.

[0019] Optionally, the second control signal and the third control signal have a same
voltage level in a same period of the first period, the second period, the third period, and the

fourth period.

[0020] Optionally, the sixth transistor is provided as a P-type thin-film transistor and each
of the driving transistor, the photo transistor, the first transistor, the second transistor, the
third transistor, the fourth transistor, and the fifth transistor is provided as a N-type thin-film
transistor. The first control signal is set to a high voltage level in the first period and the
second period, the low voltage level in the third period and the fourth period. Both the
second control signal and the third control signal are set to the high voltage level in the first
period, the low voltage level in the second period and the third period, and the high voltage

level in the fourth period.

[0021] Optionally, each of the second transistor and the third transistor is provided as a P-

type thin-film transistor and each of the driving transistor, the photo transistor, the first
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transistor, the fourth transistor, the fifth transistor, and the sixth transistor is provided as a N-
type thin-film transistor. The first control signal is set to a high voltage level in the first
period and the second period, the low voltage level in the third period and the fourth period.
Both the second control signal and the third control signal are set to the low voltage level in
the first period, the high voltage level in the second period and the third period, and the low

voltage level in the fourth period.

[0022] In yet another aspect, the present disclosure provides a touch display apparatus
including a display area having a plurality of subpixel regions arranged in an array of matrix
divided by an inter-subpixel region. At least one subpixel of the plurality of subpixel regions
includes a light-sensing-touch sub-circuit of the touch-control pixel-driving circuit described

herein.

[0023] Optionally, each of a sub-set of the plurality of subpixel regions includes the light-
sensing-touch sub-circuit. The sub-set of the plurality of subpixel regions is arranged in a

periodic arrangement in the display area.

[0024] Optionally, the touch display apparatus further includes a signal processing block
configured to process the photocurrent signal converted from a light signal sensed by the
light-sensing-touch sub-circuit to determine whether a touch occurs on the display area and
determine corresponding touch location on the display area if the touch is determined. The

touch is either a laser beam illumination or a finger touch.

[0025] Optionally, the signal processing block includes an amplifier and a processor. The
amplifier is coupled to the light-sensing-touch sub-circuit to receive the photocurrent signal
to generate an amplified signal. The processor is coupled to the amplifier to compare an
intensity difference between the amplified signal with a raw signal with a non-touching
threshold value and determine a touch occurrence and corresponding touch location if the
intensity difference is greater than the non-touching threshold value or determine no touch

occurrence if the intensity difference is smaller than the non-touching threshold value.

[0026] Optionally, the touch location determined with a X coordinate based on a control
line location from which a second control signal is outputted and a Y coordinate based on a
location of the light-sensing-touch sub-circuit along a read line from which the photocurrent

signal is collected

BRIEF DESCRIPTION OF THE FIGURES
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[0027] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.

[0028] FIG. 1 is a simplified block diagram of a touch-control pixel-driving circuit

according to an embodiment of the present disclosure.

[0029] FIG. 2 is a simplified block diagram of a touch-control pixel-driving circuit

according to another embodiment of the present disclosure.

[0030] FIG. 3 is a circuit structure of a touch-control pixel-driving circuit according to an

embodiment of the present disclosure.

[0031] FIG. 4 is a timing diagram of operating the touch-control pixel-driving circuit of

FIG. 3 in one driving cycle according to an embodiment of the present disclosure.

[0032] FIG. 5 is a circuit structure of a touch-control pixel-driving circuit operated in a first

period according to an embodiment of the present disclosure.

[0033] FIG. 6 is a circuit structure of a touch-control pixel-driving circuit operated in a

second period according to an embodiment of the present disclosure.

[0034] FIG. 7 is a circuit structure of a touch-control pixel-driving circuit operated in a

third period according to an embodiment of the present disclosure.

[0035] FIG. 8A is a schematic diagram showing a signal change detected in the read line as
a touch occurs on the touch-control pixel-driving circuit according to an embodiment of the

present disclosure.

[0036] FIG. 8B s a schematic diagram showing a signal change detected in the read line as
a touch occurs on the touch-control pixel-driving circuit according to another embodiment of

the present disclosure.

[0037] FIG. 9 is a circuit structure of a touch-control pixel-driving circuit operated in a

fourth period according to an embodiment of the present disclosure.
[0038] FIG. 10 is a circuit structure of a conventional pixel-driving circuit.

[0039] FIG. 11 is a circuit structure of a touch-control pixel-driving circuit according to

another embodiment of the present disclosure.
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[0040] FIG. 12 is a timing diagram of operating the touch-control pixel-driving circuit of

FIG. 11 according to another embodiment of the present disclosure.

[0041] FIG. 13 is a circuit structure of a touch-control pixel-driving circuit according to yet

another embodiment of the present disclosure.

[0042] FIG. 14 is a timing diagram of operating the touch-control pixel-driving circuit of

FIG. 13 according to another embodiment of the present disclosure.

[0043] FIG. 15 is a schematic diagram of a touch display apparatus according to an

embodiment of the present disclosure.
DETAILED DESCRIPTION

[0044] The disclosure will now be described more specifically with reference to the
following embodiments. It is to be noted that the following descriptions of some
embodiments are presented herein for purpose of illustration and description only. It is not

intended to be exhaustive or to be limited to the precise form disclosed.

[0045] Under the current display technology development tread, touch-control technologies
including capacitive touch technology have been implemented for some conventional display
apparatuses. An alternative touch technology is light-sensitive touch technology. Unlike the
capacitive touch technology, the light-sensitive touch technology uses light intensity change
to sense touch locations, providing high sensitivity to a touch motion and independency of
dimensions of the touch sensor modules in the display apparatus. Additionally, light-
sensitive touch technology not only supports direct finger touch control but also supports
laser pen touch control from a remote distance. It is preferred to implement the light-
sensitive touch function into an AMOLED display apparatus to make it capable of displaying

image as well as supporting light-sensitive touch control.

[0046] Accordingly, the present disclosure provides, infer alia, a touch-control pixel-
driving circuit, a display panel, and a display apparatus having the same, and a driving
method thereof that substantially obviate one or more of the problems due to limitations and

disadvantages of the related art.

[0047] In one aspect, the present disclosure provides a touch-control pixel-driving circuit
for an AMOLED display panel. FIG. 1 is a simplified block diagram of a touch-control

pixel-driving circuit according to an embodiment of the present disclosure. Referring to FIG.
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1, the touch-control pixel-driving circuit includes a light-sensing touch sub-circuit 1, a

driving sub-circuit 2, a driving transistor DTFT, and an organic light-emitting diode OLED.

[0048] The light-sensing touch sub-circuit 1 has a first control terminal coupled to a first
scan line Scanl, a second control terminal coupled to a second scan line Scan2, a first
terminal coupled to a data line DATA, and a second terminal coupled to a read line. In the
embodiment, the light-sensing touch sub-circuit is configured to perform a rest operation
under controls of a first control signal received at the first control terminal from the first scan
line Scanl and a second control signal received at the second control terminal from the
second scan line Scan2. Further, the light-sensing touch sub-circuit is configured to send an
initial signal to the read line, to sense a touch, and to send a corresponding touch signal to the

read line.

[0049] The driving sub-circuit 2 has a first control terminal coupled to the first scan line
Scanl, a second control terminal coupled to the second scan line Scan2, a third control
terminal coupled to a third scan line EM, a first terminal coupled to the data line DATA, a
second terminal coupled to a power supply VDD, a third terminal coupled to a second
terminal of the driving transistor DTFT, a fourth terminal coupled to a control terminal of
gate of the driving transistor DTFT, a fifth terminal coupled to a first terminal of the driving
transistor DTFT, a sixth terminal coupled to a reference voltage terminal VSS and a second

terminal of the OLED.

[0050] In the embodiment, the driving sub-circuit 2 is configured to use the power supply
voltage VDD and a data signal from the data line DATA to charge or discharge the control
terminal of the driving transistor DTFT under the controls of the first control signal from
Scanl, the second control signal from Scan2, and a third control signal from the third scan

line EM. Further, the driving sub-circuit is configured to drive the OLED for emitting light.

[0051] Optionally, the touch-control pixel-driving circuit is applied to an AMOLED
display apparatus, in which the light-sensing sub-circuit 1 and the driving sub-circuit
respectively carry a touch control function and a display function in the same AMOLED
display apparatus. In other words, the touch-control pixel-driving circuit is able to drive the
AMOLED display apparatus for displaying images and to drive it to perform touch control
operation based on a light-sensitive touch function on its display panel, enhancing the value

of the AMOLED display apparatus. Since the AMOLED display panel is configured to use a
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driving current to drive the OLED in each subpixel to emit light and no liquid crystal material

as grayscale display media, the light-sensing touch control will not affect the image display.

[0052] Referring to FIG. 1, the touch-control pixel-driving circuit only uses three control
signals from the first scan line Scanl1, the second scan line Scan2, and the third scan line EM
to allow the light-sensing-touch sub-circuit 1 and driving sub-circuit 2 to realize respective
functions. This circuitry structure substantially reduces numbers of scan lines, particularly
reducing the number of signal lines used for providing touch control signals for the touch-
control pixel-driving circuit compared with traditional approach. Thus, the touch-control
pixel-driving circuit disclosed herein reduces a complexity of implementing touch control

function to an AMOLED display apparatus.

[0053] FIG. 2 is a simplified block diagram of a touch-control pixel-driving circuit
according to another embodiment of the present disclosure. Referring to FIG. 2, in an
embodiment, the light-sensing-touch sub-circuit 1 includes a photo transistor T0, a reset sub-
subcircuit 11, a transport sub-subcircuit 12, and a storage sub-subcircuit 13. The reset sub-
subcircuit 11 has a control terminal coupled to the first scan line Scan1, a first terminal
coupled to a data line DATA, and a second terminal coupled to a control terminal and a
second terminal of the photo transistor TO. In the embodiment, the reset sub-subcircuit 11 is
configured to reset the photo transistor TO and the storage sub-subcircuit 13 under the
controls of a first control signal from the first scan line Scanl and a second control signal

from the second scan line Scan2.

[0054] Referring to FIG. 2, the transport sub-subcircuit 12 has a control terminal coupled to
the second scan line Scan2, a first terminal coupled to a first terminal of the photo transistor
TO, and a second terminal coupled to a read line. In the embodiment, the transport sub-
subcircuit 12 is configured to pass an initial signal of the photo transistor TO to the read line
under the control of the second control signal. The photo transistor TO is to sense an external
light signal and convert the light signal to an electrical signal. The storage sub-subcircuit 13
is coupled to the control terminal and the first terminal of the photo transistor TO and is used
for storing the electrical signal converted by the photo transistor from the light signal. The
transport sub-subcircuit 12 further is configured to pass the electrical signal to the read line

under the control of the second control signal.

[0055] Referring to FIG. 2 again, the driving sub-circuit 2 includes a charger sub-subcircuit

21 and a regulator sub-subcircuit 22. The charger sub-subcircuit 21 has a first control
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terminal coupled to the first scan line Scanl, a second control terminal coupled to the second
scan line Scan2, a first terminal coupled to a power supply VDD, a second terminal coupled
to the second terminal of the driving transistor DTFT, a third terminal coupled to the control
terminal or gate of the driving transistor DTFT, a fourth terminal coupled to the first terminal
of the driving transistor DTFT, and a fifth terminal coupled to a reference voltage terminal
VSS. In the embodiment, the charger sub-subcircuit 21 is configured to charge or discharge
from the power supply VDD to the control terminal of the driving transistor DTFT under the
controls of the first control signal and the second control signal. During the process, the

power supply VDD is controlled to not be transported to the OLED.

[0056] Also Referring to FIG. 2, the regulator sub-subcircuit 22 has a control terminal
coupled to a third scan line EM, a first terminal coupled to the data line DATA, and a second
terminal coupled to the control terminal or gate of the driving transistor DTFT. In the
embodiment, the regulator sub-subcircuit 22 is configured to write a data signal from the data
line DATA to the control terminal of the driving transistor DTFT under the control of a third
control signal from the third scan line EM to stabilize a voltage level at the control terminal
of the driving transistor DTFT. Further, the charger sub-subcircuit 21 is also configured to
turn the driving transistor into a conduction state under the control of the second control

signal to drive the OLED to emit light.

[0057] FIG. 3 is a circuit structure of a touch-control pixel-driving circuit according to an
embodiment of the present disclosure. Referring to FIG. 3, in a specific embodiment, the
reset sub-subcircuit 11 includes a first transistor T1 having a control terminal or gate coupled
to the first scan line Scanl, a first terminal coupled to the data line DATA, and a second
terminal coupled to the control terminal or gate and the second terminal of the photo
transistor TO. The light-sensing-touch sub-subcircuit 12 includes a second transistor T2
having a control terminal or gate coupled to the second scan line Scan2, a first terminal
coupled to the first terminal of the photo transistor TO, and a second terminal coupled to the
read line. The storage sub-subcircuit 13 includes a first capacitor C1 having a first plate
terminal coupled to the first terminal of the photo transistor TO and a second plate terminal

coupled to the control terminal of the photo transistor TO.

[0058] Referring to FIG. 3, the charger sub-subcircuit 21 in the driving sub-circuit 2
includes a third transistor T3, a fourth transistor T4, and a fifth transistor T5. The third

transistor T3 has a control terminal coupled to the second scan line Scan2, a first terminal

10
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coupled to the power supply VDD, and a second terminal coupled to the first terminal of the
driving transistor DTFT. The fourth transistor T4 has a control terminal coupled to the first
scan line Scanl, a first terminal coupled to the second terminal of the third transistor T3, and
a second terminal coupled to the control terminal of the driving transistor DTFT. The fifth
transistor TS has a control terminal coupled to the first scan line Scanl, a first terminal
coupled to the second terminal of the driving transistor DTFT, and a second terminal coupled

to the reference voltage terminal VSS.

[0059] The regulator sub-subcircuit 22 in the driving sub-circuit 2 includes a sixth
transistor T6 and a second capacitor C2. The sixth transistor T6 has a control terminal
coupled to the third scan line EM, a first terminal coupled to the data line DATA, and a
second terminal coupled to a first plate terminal of the second capacitor C2. A second plate
terminal of the second capacitor C2 is coupled to the control terminal of the driving transistor

DTFT.

[0060] In some embodiments, the touch-control pixel-driving circuit disclosed herein is
configured to operate in each driving cycle of driving light emission and touch-sensing where
the driving cycle includes a first period, a second period, a third period, and a fourth period.
FIG. 4 is a timing diagram of operating the touch-control pixel-driving circuit of FIG. 3 in
one driving cycle according to an embodiment of the present disclosure. Referring to FIG. 4,
Scanl is referred to the first control signal, Scan?2 is referred to the second control signal, and
EM is referred to the third control signal. DATA represents the data signal. RL represents a
signal collected by the read line. Optionally, the control signals in the FIG. 4 correspond to
an optional circuitry setup in which all transistors, including the driving transistor DTFT, the
photo transistor TO, the first transistor T1 through the sixth transistor T6, are selected to be N-
type transistors. Optionally, all the transistors are thin-film transistors made by low-
temperature polysilicon technology or silicon-based manufacture processes. Optionally, a
gate of each thin-film transistor is its control terminal and a source of each transistor is
referred to a first terminal and a drain of each transistor is referred to a second terminal. The

first terminal and the second terminal may be interchanged.

[0061] In the first period shown in the FIG. 4, an operation state of the circuit of FIG. 3 is
shown in FIG. 5. Particularly for the light-sensing-touch sub-circuit, the first control signal
Scanl is at a high voltage level. The first transistor T1 is turned on in a conduction state. The

data signal DATA is provided as a high voltage level at Vp. This data signal is able to reset

11
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the second plate terminal of the first capacitor C1 and the control terminal and the first
terminal of the photo transistor TO, making the photo transistor TO after resetting to have an
initial signal with a voltage level Vp. In this period, the second control signal Scan2 also is at
a high voltage level. The second transistor T2 is turned on to a conduction state. The initial
signal at the photo transistor TO can be passed to the read line, i.e., the read line collects the

initial signal Vp of the photo transistor TO.

[0062] For the driving sub-circuit, the first control signal Scanl is at a high voltage level to
make the fourth transistor T4 and the fifth transistor TS in conduction state. The second
control signal Scan? is at a high voltage level to make the third transistor T3 in conduction
state. The power supply VDD provides a power voltage Vdd which can be passed through
the third transistor T3 and the fourth transistor T4 to a node al (see FIG. 5). The node al is
also the control terminal of the driving transistor DTFT. Thus, the power voltage Vdd is
charging the control terminal of the driving transistor DTFT. At the same time, the third
control signal EM is at a low voltage level. The sixth transistor is turned off in non-

conduction state. Effectively, in the first period, a voltage level at node al is Val = Vdd.

[0063] In the first period, the driving transistor DTFT is in conduction state. Because the
fifth transistor TS is also in conduction state, a current flowing through the fifth transistor T5
flows to the reference voltage terminal VSS but not to the OLED so that the OLED will not
be driven to emit light. Optionally, the reference voltage terminal VSS is supplied with a low

voltage level. Optionally, the reference voltage terminal VSS is a grounded terminal.

[0064] In the second period, an operation state of the touch-control pixel-driving circuit of
FIG. 3 is represented in FIG. 6. For the light-sensing-touch sub-circuit, the first control
signal Scanl is at a high voltage level, the first transistor T1 is turned on. The first capacitor
C1 and the photo transistor TO remain to be reset state. The second control signal Scan2 is at
a low voltage level. The second transistor T2 is turned off, resetting the first terminal of the
photo transistor TO. At this time, the read line collects a signal that is still the same as the

initial signal Vp in the first period.

[0065] For the driving sub-circuit, the first control signal Scanl is at a high voltage level,
turning on the fourth transistor T4 and the fifth transistor TS. A voltage signal at the node al
can be passed through the fourth transistor T4, the driving transistor DTFT, and the fifth
transistor TS5 to drop to the reference voltage terminal VSS, effectively discharging the

control terminal of the driving transistor DTFT. The discharging continues until the control
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terminal reaches to a threshold voltage Vth of the driving transistor DTFT. The second
control signal Scan? is at a low voltage level, turning off the third transistor T3. The power
voltage signal from the power supply VDD cannot be passed through the third transistor T3
to reach the OLED. In the same period, the third control signal EM is at a high voltage level,
turning on the sixth transistor T6 and passing the data signal with a voltage Vp to the node bl
(see FIG. 6). Effectively, in the second period, voltage level at node al is Val = Vth, voltage
level at node bl is Vb1 = Vp, and a voltage difference between node al and node bl is AV =
Vth - Vp.

[0066] So far, although the touch-control is not mentioned in the two periods above, the
light-sensing touch control can be implemented any period in each driving cycle.
Additionally, both finger touch control and laser pen touch control can be implemented. For
example, as shown in FIG. 8A, when a laser pen sends a laser beam to ‘touch’ the display
panel, the photo transistor TO will detect an enhanced light intensity from external source due
to the laser beam illumination. In another example, as shown in FIG. 8B, when a finger
touches the display panel, because the finger block light from external source, the photo
transistor TO detects a lower light intensity from external source. Below, a light-sensing

touch control occurred in the third period is illustrated.

[0067] In the third period, the touch-control pixel-driving circuit of FIG. 3 is in a specific
operation state as shown in FIG. 7. For the light-sensing-touch sub-circuit, a laser pen
generates a beam to illuminate or ‘touch’ the circuit. For different light intensity of the beam
illuminated on the photo transistor TO, the photo transistor TO detects different light signals
with intensities higher than that of a nominal intensity from external source. The photo
transistor TO converts the light signal to an electrical signal stored in the first capacitor C1.
In the period, the second control signal Scan2 is at a low voltage level to turn off the second
transistor T2. The read line still reads a voltage signal the same as the initial signal with a

voltage level of Vp.

[0068] For the driving sub-circuit, the first control signal Scanl is at a low voltage level,
turning off the fourth transistor T4 and the fifth transistor TS. The second control signal
Scan2 is also at a low voltage level, turning off the third transistor T3. Because both the third
transistor T3 and the fourth transistor T4 are in non-conduction state, the driving transistor
also is in non-conduction state. The third control signal EM is at a high voltage level, turning

on the sixth transistor T6 to passing a data signal at this period to the node bl. The data
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signal in this period is raised from the initial level Vp to Vp + AVparta. Node al is floated in
this period, thus the voltage difference between node al and node b1 remains to be AV = Vth
— Vp. As the voltage level of node b1 is changed to Vb1 = Vp + AVpara, the voltage level at
node al can be deduced to be Val = AVpara + Vth. During this period, both voltage levels at

node al and node b1 are stabilized.

[0069] In the fourth period, the touch-control pixel-driving circuit of FIG. 3 is in an
operation state shown in FIG. 9. For the light-sensing-touch sub-circuit, the second control
signal Scan?2 is at a high voltage level, turning on the second transistor T2. The electrical
signal stored in the first capacitor C1 can be passed through the third transistor T3 to the read
line. Thus, the read line collects a signal change as shown in FIG. 4, i.e., a jump up in

voltage level due to this newly added electrical signal.

[0070] For the driving sub-circuit, the first control signal Scanl is at a low voltage level.
The fourth transistor T4 and the fifth transistor TS are turned off. The second control signal
Scan?2 is at a high voltage level, turning on the third transistor T3. The third control signal
EM is at a low voltage level, turning off the sixth transistor T6. Therefore, a power voltage
signal Vdd from the power supply VDD passes through the third transistor T3 and the driving
transistor DTFT to reach the OLED, driving the OLED to emit light.

[0071] In an embodiment, when the touch-control pixel-driving circuit is operated in the
fourth period, only the third transistor T3 is turned on and other transistors like T4, TS, and
T6 are turned off in the driving sub-circuit. Therefore, it is ensured that only the power

supply VDD provides a power voltage to the OLED and there is no interference from other

signals of other transistors to the OLED during its might emission.

[0072] In a conventional pixel-driving circuit, for example in FIG. 10, with a 2T1C

circuitry structure including a switch transistor T controlled by a control signal from a scan
line, a driving transistor DTFT with its control terminal coupled to the switch transistor T and
a first terminal coupled to a power supply VDD and a second terminal coupled to an OLED,
and a capacitor C coupled between the control terminal and the second terminal of the driving
transistor DTFT. Because a driving current outputted from the driving transistor for driving
the OLED to emit light is depended on a threshold voltage Vth of the driving transistor DTFT,
non-uniform values of threshold voltage Vth of the different driving transistors among
different subpixels due to manufacture process variation and drifts over time will result in

different changes in light emission intensities, affecting the display effect.
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[0073] In the touch-control pixel-driving circuit disclosed in the present disclosure with the
driving sub-circuit as shown in either one of FIG. 3, Fig. 5, FIG. 6, FIG. 7, and FIG. 9, the

driving current flowing into the OLED in the fourth period can be expressed as
Torep = K(Vas - Vth)?, (1

where Vs is a voltage between the control terminal and the first terminal of the driving
transistor DTFT. In particular, Vgs = AVpara +Vth — VoLep, where Vorgp is a voltage drop
on the OLED (or simply called an anode voltage of OLED assuming the second terminal of

the OLED is supplied with a ground voltage level). Therefore,

Totep = K(AVpata — VorLep)®. 2)

[0074] Based on formula (2), the driving current flowing through the OLED is independent
of the threshold voltage Vth of the driving transistor DTFT so that the effect of non-uniform
drift of the threshold voltages on the OLED light emission is avoided.

[0075] In some embodiments as shown in FIG. 3, FIG. 5, FIG. 6, FIG. 7, and FIG. 9, all
transistors in the touch-control pixel-driving circuit are N-type transistors, the second control
signal and the third control signal are just set at opposite high/low voltage levels in a same

period among all four periods in each driving cycle.

[0076] In an alternative embodiment, as shown in FIG. 11, another touch-control pixel-
driving circuit is provided with the sixth transistor T6 being a P-type transistor while all other
transistors being N-type transistors. In the embodiment, an operation timing diagram of this
touch-control pixel-driving circuit is shown in FIG. 12 with the second control signal and the
third control signal being a same high voltage level in the first period, and a same low voltage

level in the second and third period, and again a same high voltage level in the fourth period.

[0077] In another alternative embodiment, as shown in FIG. 13, yet another touch-control
pixel-driving circuit is provided with the second transistor T2 and the third transistor T3
being P-type transistors and other transistors (DTFT, TO, T1, T4, TS, and T6) being N-type
transistors. In the embodiment, an operation timing diagram of this touch-control pixel-
driving circuit is shown in FIG. 14 with the second control signal and the third control signal
being a same low voltage level in the first period, and a same high voltage level in the second

and third period, and again a same low voltage level in the fourth period.
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[0078] In some embodiments, the controls of the first control signal, the second control
signal, and the third control signal to respective transistors are similar in principle no matter
the second control signal and the third control signal are set at opposite or same high/low

voltage levels in each of the four periods of each driving cycle.

[0079] In an embodiment, when the second control signal and the third control signal are
set at same high/low voltage levels in a same period of the four periods in each driving cycle,
the second scan line Scan2 and the third scan line EM can be combined into one scan line,
further reducing number of scan lines in the display panel for simplifying the process of
conductor line layout and reducing complexity of implementing touch control function to the

display apparatus.

[0080] In another aspect, the present disclosure provides a method for driving the touch-
control pixel-driving circuit in a display panel described herein. The method includes
operating the touch-control pixel-driving circuit in a driving cycle of driving light emission
and touch sensing including a first period, a second period, a third period, and a fourth period.
The method includes resetting the light-sensing-touch sub-circuit upon the first control signal
to charge a power-supply voltage into a control terminal of the driving transistor further upon
the second control signal in the first period, discharging the control terminal of the driving
transistor in the second period with the first control signal been maintained to keep the light-
sensing-touch sub-circuit in a same state as in the first period, sensing a light signal which is
converted to a current signal in the third period and writing a data signal into the control
terminal of the driving transistor controlled by the third control signal, and transporting the
current signal to the read line in the fourth period and using the second control signal to

control a driving current through the driving transistor for causing the OLED to emit light.

[0081] In some embodiments, the method is able to drive both a light-sensing-touch sub-
circuit and a driving sub-circuit to operate together in different periods of each driving cycle.
In some embodiments, the method is applied to drive the touch-control pixel-driving circuit
implemented in an AMOLED display apparatus to realize its display function and touch
control function in a same display panel. In an embodiment each of the driving transistor, the
photo transistor, the first transistor, the second transistor, the third transistor, the fourth
transistor, the fifth transistor, and the sixth transistor in a touch-control pixel-driving circuit
(see FIG. 3) is provided as a N-type thin-film transistor, the method includes setting the first

control signal to a high voltage level in the first period and the second period to a low voltage
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level in the third period and the fourth period; setting the second control signal to the high
voltage level in the first period, the low voltage level in the second period and the third period,
and the high voltage level in the fourth period; and setting the third control signal to the low
voltage level in the first period, the high voltage level in the second period and the third

period, and the low voltage level in the fourth period.

[0082] In some embodiments, the method includes setting the second control signal and the
third control signal with opposite high or low voltage levels in a same period of the first

period, the second period, the third period, and the fourth period.

[0083] In another embodiment, the sixth transistor T6 is provided as a P-type thin-film
transistor and each of the driving transistor, the photo transistor, the first transistor, the
second transistor, the third transistor, the fourth transistor, and the fifth transistor is provided
as a N-type thin-film transistor in a touch-control pixel-driving circuit (see FIG. 11), the
method includes setting the first control signal to a high voltage level in the first period and
the second period, the low voltage level in the third period and the fourth period; and setting
both the second control signal and the third control signal to the high voltage level in the first
period, the low voltage level in the second period and the third period, and the high voltage

level in the fourth period.

[0084] In yet another embodiment, each of the second transistor and the third transistor is
provided as a P-type thin-film transistor and each of the driving transistor, the photo
transistor, the first transistor, the fourth transistor, the fifth transistor, and the sixth transistor
is provided as a N-type thin-film transistor in a touch-control pixel-driving circuit (see FIG.
13), the method includes setting the first control signal to a high voltage level in the first
period and the second period, the low voltage level in the third period and the fourth period;
and setting both the second control signal and the third control signal are set to the low
voltage level in the first period, the high voltage level in the second period and the third

period, and the low voltage level in the fourth period.

[0085] In another aspect, the present disclosure provides a touch display apparatus having
both a display function and a touch control function. FIG. 15 is a schematic diagram of a
touch display apparatus according to an embodiment of the present disclosure. Referring to
FIG. 15, the display apparatus includes a display area having a plurality of subpixel regions
1501 in an array of matrix divided by an inter-subpixel region 1510. Optionally, at least one

subpixel A of the plurality of subpixel regions 1501 contains a light-sensing-touch sub-circuit
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1520 of the touch-control pixel-driving circuit. Optionally, there is a sub-set of the plurality
of subpixel regions 1501 each of which is the same as the subpixel A containing a light-
sensing-touch sub-circuit 1520. Optionally, the sub-set of subpixels A is arranged in a
periodic arrangement. Each subpixel, including the sub-set of subpixels A containing the
light-sensing-touch sub-circuit 1520 and remaining sub-set of subpixels B without the light-
sensing-touch sub-circuit 1520, includes at least a driving sub-circuit coupled to a data line
DATA in parallel to a column of subpixels. Each light-sensing-touch sub-circuit 1520 (in a
column) is coupled to a read line READ in parallel to a column of subpixels. Each line
GATA in parallel to a row of subpixels is schematically provided to represent one of scan
lines (such as Scanl, Scan2, or EM, see FIG. 3) for providing control signals to the touch-

control pixel-driving circuits in a row of subpixels.

[0086] In an embodiment, the touch display apparatus further includes a signal processing
block 1530 configured to couple to each light-sensing-touch sub-circuit through the
corresponding read line and to process a photocurrent signal converted from a light signal
sensed by each light-sensing-touch sub-circuit to determine whether a touch occurs on the
display area and determine corresponding touch location on the display area if the touch is
determined. Optionally, the touch is a laser beam illumination. Optionally, the touch is a
finger touch. In a specific embodiment, the signal processing block 1530 includes an
amplifier 1531 and a processor 1535. The amplifier 1531 is coupled to the light-sensing-
touch sub-circuit 1520 via the read line READ to receive the photocurrent signal to generate
an amplified signal. The processor 1535 is coupled to the amplifier 1531 to compare an
intensity difference between the amplified signal with a raw signal with a non-touching
threshold value. Optionally, the processor 1535 is configured to determine a touch
occurrence and corresponding touch location if the intensity difference is greater than the
non-touching threshold value. Optionally, the processor 1535 is configured to determine no
touch occurrence if the intensity difference is smaller than the non-touching threshold value.
Optionally, the touch location determined with a X coordinate based on a location of a second
scan line Scan2 from which a second control signal is outputted and a Y coordinate based on
a location of the light-sensing-touch sub-circuit 1520 along a read line READ from which the

photocurrent signal is collected.

[0087] The foregoing description of the embodiments of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the

invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
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foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to explain the principles of the invention and
its best mode practical application, thereby to enable persons skilled in the art to understand
the invention for various embodiments and with various modifications as are suited to the
particular use or implementation contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equivalents in which all terms are meant
in their broadest reasonable sense unless otherwise indicated. Therefore, the term “the
invention”, “the present invention” or the like does not necessarily limit the claim scope to a
specific embodiment, and the reference to exemplary embodiments of the invention does not
imply a limitation on the invention, and no such limitation is to be inferred. The invention is
limited only by the spirit and scope of the appended claims. Moreover, these claims may
refer to use “first”, “second”, etc. following with noun or element. Such terms should be
understood as a nomenclature and should not be construed as giving the limitation on the
number of the elements modified by such nomenclature unless specific number has been
given. Any advantages and benefits described may not apply to all embodiments of the
invention. It should be appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing from the scope of the present
invention as defined by the following claims. Moreover, no element and component in the

present disclosure is intended to be dedicated to the public regardless of whether the element

or component is explicitly recited in the following claims.
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WHAT IS CLAIMED IS:

1. A touch-control pixel-driving circuit in a display apparatus, the circuit
comprising:

a driving transistor coupled to a data line and a read line;

an organic light-emitting diode (OLED) having a first electrode coupled to the
driving transistor and the read line, and a second electrode coupled to a reference voltage
terminal;

a light-sensing-touch sub-circuit coupled to the data line and the read line and
configured to be reset by a first control signal and a second control signal to send a raw signal
to the read line based on a high-level voltage at the data line, and to generate a sensing signal
depended on a change of the raw signal due to a touch and send the sensing signal to the read
line; and

a driving sub-circuit coupled to the driving transistor and configured to charge
and discharge the driving transistor using a power-supply voltage from a power terminal and
a data signal from the data line controlled by the first control signal, the second control signal

and a third control signal, and to drive the OLED for emitting light.

2. The circuit of claim 1, wherein the light-sensing-touch sub-circuit
comprises a photo transistor, a reset sub-subcircuit coupled to the photo transistor and the
data line and configured to receive the first control signal, a transport sub-subcircuit coupled
to the photo transistor and the read line and configured to receive the second control signal,
and a storage sub-subcircuit coupled to the photo transistor for storing a current signal

converted by the photo transistor sensing a light signal.

3. The circuit of claim 2, wherein the reset sub-subcircuit comprises a
first transistor having a control terminal being provided with the first control signal, a first
terminal coupled to the data line, and a second terminal coupled a control terminal and a
second terminal of the photo transistor, wherein the first control signal is configured to
provide a turn-on signal to make the first transistor in conduction state in a reset period to
allow an initial data signal at a high voltage level from the data line as the raw signal to be

passed to the photo transistor.
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4. The circuit of claim 3, wherein the photo transistor is configured to
generate a photocurrent signal upon being illuminated by an external light signal, the

photocurrent signal being added to the raw signal as a change of the raw signal.

5. The circuit of claim 4, wherein the transport sub-subcircuit comprises a
second transistor having a control terminal being provided with the second control signal, a
first terminal coupled to a first terminal of the photo transistor, and a second terminal coupled
to the read line, wherein the second control signal is configured to provide a turn-on signal to
make the second transistor in conduction state to allow the either the raw signal or the change

of the raw signal from the photo transistor to be passed to the read line.

6. The circuit of claim 2, wherein the storage sub-subcircuit comprises a
first capacitor having a first electrode coupled to a first terminal of the photo transistor and a

second electrode coupled to a control terminal of the photo transistor.

7. The circuit of claim 1, wherein the driving sub-circuit comprises a
charger sub-subcircuit and a regulator sub-subcircuit, wherein the charger sub-subcircuit is
configured to couple with the power terminal, the driving transistor, and the reference voltage
terminal, and is configured to receive the first control signal and the second control signal to
control charging or discharging of the driving transistor by the power-supply voltage from the
power terminal, wherein the regulator sub-subcircuit is configured to couple with the data
line and the driving transistor, and configured to receive the third control signal to regulate a

voltage level at a control terminal of the driving transistor.

8. The circuit of claim 7, wherein the charger sub-subcircuit is further
configured to receive the second control signal to make the driving transistor in conduction

state for passing a driving current to drive the OLED for emitting light.

9. The circuit of claim 7, wherein the charger sub-subcircuit comprises:

a third transistor having a control terminal being provided with the second
control signal, a first terminal coupled to the power terminal, and a second terminal coupled
to a first terminal of the driving transistor;

a fourth transistor having a control terminal being provided with the first
control signal, a first terminal coupled to the second terminal of the third transistor, and a

second terminal coupled to the control terminal of the driving transistor;
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a fifth transistor having a control terminal being provided with the first control
signal, a first terminal coupled to a second terminal of the driving transistor, and a second

terminal coupled to the reference voltage terminal.

10. The circuit of claim 7, wherein the regulator sub-subcircuit comprises
a sixth transistor and a second capacitor, wherein:

the sixth transistor has a control terminal being provided with the third control
signal, a first terminal coupled to the data line, and a second terminal coupled to a first
electrode of the second capacitor;

the second capacitor has a second electrode coupled to the control terminal of

the driving transistor.

11. The circuit of claim 7, wherein the power terminal provides the power-
supply voltage at a high voltage level and the reference voltage terminal is grounded at a low

voltage level.

12. A method for driving the touch-control pixel-driving circuit of any one
of claims 1 to 11 in a driving cycle including a first period, a second period, a third period,
and a fourth period, the method comprising:

resetting the light-sensing-touch sub-circuit upon the first control signal to
charge a power-supply voltage into a control terminal of the driving transistor further upon
the second control signal in the first period;

discharging the control terminal of the driving transistor in the second period
with the first control signal been maintained to keep the light-sensing-touch sub-circuit in a
same state as in the first period;

sensing a light signal which is converted to a current signal in the third period
and writing a data signal into the control terminal of the driving transistor controlled by the
third control signal; and

transporting the current signal to the read line in the fourth period and using
the second control signal to control a driving current through the driving transistor for

causing the OLED to emit light.

13. The method of claim 12, wherein the second control signal and the
third control signal are set with high or low voltage levels in a same period of the first period,

the second period, the third period, and the fourth period.
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14. The method of claim 13, wherein each of the driving transistor, the
photo transistor, the first transistor, the second transistor, the third transistor, the fourth
transistor, the fifth transistor, and the sixth transistor is provided as a N-type thin-film
transistor, wherein the first control signal is set to a high voltage level in the first period and
the second period and set to a low voltage level in the third period and the fourth period; the
second control signal is set to the high voltage level in the first period, the low voltage level
in the second period and the third period, and the high voltage level in the fourth period; and
the third control signal is set to the low voltage level in the first period, the high voltage level

in the second period and the third period, and the low voltage level in the fourth period.

15. The method of claim 12, wherein the second control signal and the
third control signal have a same voltage level in a same period of the first period, the second

period, the third period, and the fourth period.

16. The method of claim 15, wherein the sixth transistor is provided as a P-
type thin-film transistor and each of the driving transistor, the photo transistor, the first
transistor, the second transistor, the third transistor, the fourth transistor, and the fifth
transistor is provided as a N-type thin-film transistor, wherein the first control signal is set to
a high voltage level in the first period and the second period, the low voltage level in the third
period and the fourth period; both the second control signal and the third control signal are set
to the high voltage level in the first period, the low voltage level in the second period and the

third period, and the high voltage level in the fourth period.

17. The method of claim 15, wherein each of the second transistor and the
third transistor is provided as a P-type thin-film transistor and each of the driving transistor,
the photo transistor, the first transistor, the fourth transistor, the fifth transistor, and the sixth
transistor is provided as a N-type thin-film transistor, wherein the first control signal is set to
a high voltage level in the first period and the second period, the low voltage level in the third
period and the fourth period; both the second control signal and the third control signal are set
to the low voltage level in the first period, the high voltage level in the second period and the

third period, and the low voltage level in the fourth period.

18. A touch display apparatus comprising a display area having a plurality

of subpixel regions arranged in an array of matrix divided by an inter-subpixel region,
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wherein at least one subpixel of the plurality of subpixel regions comprises a light-sensing-

touch sub-circuit of the touch-control pixel-driving circuit of any one of claims 1 to 11.

19. The touch display apparatus of claim 18, wherein each of a sub-set of
the plurality of subpixel regions comprises the light-sensing-touch sub-circuit, the sub-set of

the plurality of subpixel regions being arranged in a periodic arrangement in the display area.

20. The touch display apparatus of claim 18, further comprising a signal
processing block configured to process the photocurrent signal converted from a light signal
sensed by the light-sensing-touch sub-circuit to determine whether a touch occurs on the
display area and determine corresponding touch location on the display area if the touch is

determined, wherein the touch is either a laser beam illumination or a finger touch.

21. The touch display apparatus of claim 20, wherein the signal processing
block comprises an amplifier and a processor, the amplifier being coupled to the light-
sensing-touch sub-circuit to receive the photocurrent signal to generate an amplified signal,
the processor being coupled to the amplifier to compare an intensity difference between the
amplified signal with a raw signal with a non-touching threshold value and determine a touch
occurrence and corresponding touch location if the intensity difference is greater than the
non-touching threshold value or determine no touch occurrence if the intensity difference is

smaller than the non-touching threshold value.

22. The touch display apparatus of claim 21, wherein the touch location
determined with a X coordinate based on a control line location from which a second control
signal is outputted and a Y coordinate based on a location of the light-sensing-touch sub-

circuit along a read line from which the photocurrent signal is collected.
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