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(57) ABSTRACT

The present disclosure discloses a circuit and method for
generating a light emission control signal for an AMOLED
pixel circuit having in-cell touch sensors, as well as a pixel
circuit driving method. The circuit comprises a first transis-
tor, a second transistor, a third transistor, a fourth transistor
and a first capacitor. Under control of a control signal
transferred by a first control line, a first clock signal, a
second clock signal, a voltage of a first level, a voltage of a
second level and a control signal transferred by a second
control line, the circuit outputs the desired light emission
control signal via a light emission control line. The light
emission control signal may turn off the OLED in the pixel
circuit during a touch sense phase such that an influence of
the capacitance between the anode and cathode of the OLED
on the touch sensor-to-ground capacitance is reduced.
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CIRCUIT AND METHOD FOR GENERATION
OF LIGHT EMISSION CONTROL SIGNAL
AND PIXEL CIRCUIT DRIVING METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to the field of display
technologies, and more particularly to a circuit and method
for generating a light emission control signal and a method
of driving a pixel circuit.

BACKGROUND

[0002] Active matrix organic light-emitting diode (AMO-
LED) display panels have been presented that have in-cell
touch sensors, where the cathode of the organic light-
emitting diode (OLED) is divided into a plurality of separate
electrode areas, each serving as a touch sensor to which a
touch scan signal is applied during a touch sense phase.
[0003] Due to its working principle, such an in-cell touch
sensor has a strict requirement for the cathode-to-ground
capacitance (self-capacitance) of the OLED. lL.e., influence
of potential additional capacitance (e.g., capacitance
between the anode and cathode of the OLED) on the
self-capacitance should be avoided at the largest extent in an
AMOLED pixel circuit to ensure a good accuracy for touch
sensing. Currently, there is no satisfactory solution that can
meet such a requirement.

[0004] Thus, there is a need for an improved working
mechanism for the AMOLED pixel circuit having in-cell
touch sensors.

SUMMARY

[0005] It would be advantageous to provide a circuit for
generating a light emission control signal for an AMOLED
pixel circuit having in-cell touch sensors, which light emis-
sion control signal may turn off the OLED in the pixel circuit
during a touch sense phase such that an influence of the
capacitance between the anode and cathode of the OLED on
the touch sensor-to-ground capacitance is reduced. It would
also be desirable to provide a method for generating the light
emission control signal using the circuit and a method of
driving the AMOLED pixel circuit using the light emission
control signal.

[0006] According to a first aspect of the present disclo-
sure, a circuit for generating a light emission control signal
for an AMOLED pixel circuit having in-cell touch sensors is
provided which comprises: a first transistor having a gate
electrode connected to a first control line, a first electrode for
being supplied with a voltage of a first level, and a second
electrode connected to a first node, the first control line
transferring a first control signal; a second transistor having
a gate electrode for being supplied with a first clock signal,
a first electrode for being supplied with a voltage of a second
level, and a second electrode connected to the first node; a
first capacitor having a terminal connected to the first node
and another terminal for being supplied with a second clock
signal; a third transistor having a gate electrode connected to
the first control line, a first electrode for being supplied with
the voltage of the first level, and a second electrode con-
nected to a light emission control line; and a fourth transistor
having a gate electrode connected to the first node, a first
electrode connected to a second control line, and a second
electrode connected to the light emission control line, the
second control line transferring a second control signal
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having the second level during a display phase and being a
signal resulting from superposition of a touch scan signal on
the voltage of the first level during a touch sense phase. Only
one of the third transistor and the fourth transistor is turned
on at any given time under control of the first control signal
and a voltage at the first node.

[0007] In an embodiment, the first transistor, the second
transistor, the third transistor and the fourth transistor are
P-type thin film transistors, the first level is a high level, and
the second level is a low level.

[0008] According to a second aspect of the present dis-
closure, a method for generating the light emission control
signal using the circuit as described in the first aspect is
provided. The display phase comprises a first period of time
corresponding to a half period of the first clock signal and a
second period of time corresponding to one or more periods
of the first clock signal. The method comprises: maintaining,
during the first period of time of the display phase, the first
clock signal at the first level, the second clock signal, as an
inverted version of the first clock signal, at the second level,
and the first control signal at the second level, such that the
third transistor is turned on to output the voltage of the first
level via the light emission control line; maintaining, during
the second period of time of the display phase, the first
control signal at the first level such that the fourth transistor
is turned on to output the second control signal via the light
emission control line; and maintaining, during the touch
sense phase, the first control signal at the first level such that
the fourth transistor is turned on to output the second control
signal via the light emission control line.

[0009] According to a third aspect of the present disclo-
sure, a method of driving the AMOLED pixel circuit using
the light emission control signal generated by the method as
described in the second aspect is provided. The AMOLED
pixel circuit comprises an OLED with a cathode, the light
emission control line and a light emission control transistor,
the cathode of the OLED connected to a first power source
and serving as a touch sensor, the light emission control
transistor having a gate electrode connected to the light
emission control line and configured to control ON/OFF of
a current flowing through the OLED. The method comprises
applying the light emission control signal to the light emis-
sion control line to cause the AMOLED pixel circuit to
operate to: turn off the light emission control transistor and
perform a data write operation, during the first period of time
of the display phase; turn on the light emission control
transistor to perform an OLED light emission operation,
during the second period of time of the display phase; and
turn off the light emission control transistor to perform a
touch sense operation with the OLED turned off, during the
touch sense phase.

[0010] In an embodiment, the light emission control tran-
sistor is a P-type thin film transistor.

[0011] In an embodiment, a reset operation is performed
by the AMOLED pixel circuit prior to the data write
operation during the first period of time of'the display phase.

[0012] In an embodiment, the touch scan signal is syn-
chronously superposed on signals applied to all other exter-
nal terminals of the AMOLED pixel circuit at the same time
when the light emission control signal is applied to the light
emission control line and the touch scan signal is applied to
the first power source, during the touch sense phase.
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[0013] In an embodiment, the display phase and the touch
sense phase occur alternatingly to the AMOLED pixel
circuit in a time-divisional manner.

[0014] These and other aspects of the present disclosure
will be apparent from and elucidated with reference to the
embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 shows a circuit diagram of a circuit for
generating a light emission control signal for an AMOLED
pixel circuit having in-cell touch sensors according to an
embodiment of the present disclosure;

[0016] FIGS. 2(a) to 2(e) show timing diagrams of opera-
tions for generation of the light emission control signal using
the circuit as shown in FIG. 1;

[0017] FIG. 3 shows a circuit diagram of an exemplary
AMOLED pixel circuit to which the light emission control
signal generated in accordance with the operations as shown
in FIGS. 2(a) to 2(e) is to be applied; and

[0018] FIGS. 4(a) to 4(d) show timing diagrams of opera-
tions of the AMOLED pixel circuit as shown in FIG. 3 in a
display phase and a touch sense phase.

DETAILED DESCRIPTION

[0019] Embodiments of the present disclosure will be
described in detail with reference to the accompanying
drawings.

[0020] FIG. 1 shows a circuit diagram of a circuit for
generating a light emission control signal for an AMOLED
pixel circuit having in-cell touch sensors according to an
embodiment of the present disclosure. As shown in the
figure, the circuit includes a first transistor T1, a second
transistor T2, a third transistor T3, a fourth transistor T4 and
a first capacitor Cg. Under control of a control signal
transferred by a first control line GO, a first clock signal CK,
a second clock signal CB, a voltage of a first level VGH, a
voltage of a second level VGL and a control signal trans-
ferred by a second control line VGL_1, the circuit outputs a
desired light emission control signal via a light emission
control line EM.

[0021] More specifically, the first transistor T1 has a gate
electrode connected to the first control line GO, a first
electrode for being supplied with the voltage of the first level
VGH, and a second electrode connected to a first node N.
The first control line GO transfers a first control signal. In an
example, the first control signal may be provided by a gate
driver on array (GOA) circuit of the AMOLED display.
However, the first control signal may also be provided by a
separate timing generation circuit.

[0022] The second transistor T2 has a gate electrode for
being supplied with the first clock signal CK, a first elec-
trode for being supplied with the voltage of the second level
VGL, and a second electrode connected to the first node N.
[0023] The first capacitor Cg has a terminal connected to
the first node N and another terminal for being supplied with
the second clock signal CB. The second clock signal CB
may be an inverted version of the first clock signal CK.
[0024] The third transistor T3 has a gate electrode con-
nected to the first control line GO, a first electrode for being
supplied with the voltage of the first level VGH, and a
second electrode connected to the light emission control line
EM.
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[0025] The fourth transistor T4 has a gate electrode con-
nected to the first node N, a first electrode connected to the
second control line VGL_1, and a second electrode con-
nected to the light emission control line EM. The second
control line VGI_1 transfers a second control signal.
[0026] Under control of the first control signal and a
voltage at the first node N, only one of the third transistor T3
and the fourth transistor T4 is turned on at any given time.
In other words, the voltage of the first level and the second
control signal from the second control line VGL_1 are
selectively output via the light emission control line EM to
provide the light emission control signal.

[0027] In the example as illustrated, the transistors T1 to
T4 may be P-type thin film transistors, which are turned on
when the gate electrodes thereof are at a low level and turned
off when the gate electrode thereof are at a high level. In
addition, the first level is a high level, and the second level
is a low level. However, embodiments of the present dis-
closure are not limited thereto. The type of the transistors
and the level logic of the first level and the second level may
be selected based on the fabrication processes of the circuit
and the AMOLED pixel circuit with which it is used.
[0028] FIGS. 2(a) to 2(e) show timing diagrams of opera-
tions for generation of the light emission control signal using
the circuit as shown in FIG. 1. As shown in the figures, the
operations include five processes 1, 2, 3, 4 and 5 as indicated
by the numbers in the figures, wherein process 1 corresponds
to an initial state of the circuit, processes 2 to 4 correspond
to a display phase of the AMOLED display, and process 5
corresponds to a touch sense phase of the AMOLED display.
As is known, the display phase and the touch sense phase
occur alternatingly in a time-divisional manner. Further, the
display phase includes a first period of time corresponding
to a half period of the first clock signal CK (illustrated as
process 2) and a second period of time corresponding to one
or more periods of the first clock signal CK (illustrated as
processed 3 and 4).

[0029] The operations for generation of the light emission
control signal are described below with reference to FIG. 1
and FIGS. 2(a) to 2(e). In the initial state (process 1), the first
control signal from the first control line GO is at a high level
such that the first transistor T1 and the third transistor T3 are
turned off. The first clock signal CK is at a low level such
that the second transistor T2 is turned on, and the voltage of
the second level (i.e., the low level) VGL is applied to the
first node N through the second transistor T2. The fourth
transistor T4 is then turned on such that the second control
signal from the second control line VGL_1 is output to the
light emission control line EM through the fourth transistor
T4.

[0030] 1In the first period of time (process 2) of the display
phase, the first clock signal CK is at a high level such that
the second transistor T2 is turned off. The first control signal
from the first control line GO is at a low level such that the
first transistor T1 and the third transistor T3 are turned on,
and the voltage of the first level (i.e., the high level) VGH
is applied to the first node N through the first transistor T1.
The fourth transistor T4 is then turned off. The voltage of the
first level VGH is output to the light emission control line
EM through the third transistor T3.

[0031] In process 3 of the second period of time of the
display phase, the first control signal from the first control
line GO is at a high level such that the first transistor T1 and
the third transistor T3 are turned off. The first clock signal
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CK is at a low level such that the second transistor T2 is
turned on, and the voltage of the second level (i.e., the low
level) VGL is applied to the first node N through the second
transistor T2. The fourth transistor T4 is then turned on such
that the second control signal from the second control line
VGL_1 is output to the light emission control line EM
through the fourth transistor T4.

[0032] In process 4 of the second period of time of the
display phase, the first control signal from the first control
line GO is at a high level such that the first transistor T1 and
the third transistor T3 are turned off. The first clock signal
CK is at a high level such that the second transistor T2 is
turned off. The second clock signal CB transitions from the
high level in process 3 to a low level, and thus pulls the
voltage at the first node N from a low level down to an even
lower level by way of the first capacitor Cg. The fourth
transistor T4 is then turned on such that the second control
signal from the second control line VGL_1 is output to the
light emission control line EM through the fourth transistor
T4.

[0033] In the touch sense phase (process 5), the first
control signal from the first control line GO is at a high level
such that the first transistor T1 and the third transistor T3 are
turned off. The first clock signal CK is at a low level such
that the second transistor T2 is turned on, and the voltage of
the second level (i.e., the low level) VGL is applied to the
first node N through the second transistor T2. The fourth
transistor T4 is then turned on such that the second control
signal from the second control line VGL_1 is output to the
light emission control line EM through the fourth transistor
T4.

[0034] In this way, the desired light emission control
signal is output via the light emission control line EM. As
shown, the second control signal from the second control
line VGL_1 is at the second level during the display phase,
and is a signal resulting from superposition of a touch scan
signal (indicated by a square wave in FIG. 2(e)) on the
voltage of the first level VGH during the touch sense phase.
As a result, the light emission control signal is, during the
display phase, an inverted signal of the first control signal
provided by the first control signal GO and is, during the
touch sense phase, a signal resulting from superposition of
the touch scan signal on the voltage of the first level VGH.
[0035] FIG. 3 shows a circuit diagram of an exemplary
AMOLED pixel circuit to which the light emission control
signal generated in accordance with the operations as shown
in FIGS. 2(a) to 2(e) is to be applied. This pixel circuit
includes an OLED with a cathode (not shown), the light
emission control line EM and light emission control tran-
sistors M4, M6. The cathode of the OLED is connected to
a first power source ELVSS. The light emission control
transistors M4, M6 each have a gate electrode connected to
the light emission control line EM and are configured to
control ON/OFF of a current flowing through the OLED.
Further, for the AMOLED pixel circuit having in-cell touch
sensors, the cathode of the OLED is divided into a plurality
of separate electrodes, each of which may be used as a touch
sensor to which the touch scan signal is applied in the touch
sense phase.

[0036] More specifically, the pixel circuit includes tran-
sistors M1 to M6, a storage capacitor C1 and the OLED.
Transistor M1 has a gate electrode connected to a reset
signal line “Reset”, a first electrode connected to a reference
level line Vint, and a second electrode connected to node N1.
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Transistor M3, which operates as a driving transistor, has a
gate electrode connected to node N1, a first electrode
connected to a second electrode of transistor M4, and a
second electrode connected to a first electrode of transistor
M§6. Transistor M5 has a gate electrode connected to a gate
scan signal line “Gate”, a first electrode connected to a data
line Vdata, and a second electrode connected to the first
electrode of transistor M3. Transistor M4 has a first elec-
trode connected to a second power source ELVDD. Tran-
sistor M2 has a gate electrode connected to the gate scan
signal line “Gate”, a first electrode connected to node N1,
and a second electrode connected to the second electrode of
transistor M3. Transistor M6 has a first electrode connected
to the second electrode of transistor M3 and a second
electrode connected to the anode of the OLED. A terminal
of the storage capacitor is connected to node N1, and another
terminal thereof is connected to the second power source
ELVDD. Under control of the signals from the reset signal
line “Reset”, the gate scan signal line “Gate” and the light
emission control line EM, the pixel circuit stores the voltage
from the data line Vdata into the storage capacitor C1, and
then converts it to a current I, ., that flows through the
OLED, thereby achieving a display function. In this
example, transistors M1 to Mé may be P-type thin film
transistors.

[0037] FIGS. 4(a) to 4(d) show timing diagrams of opera-
tions of the AMOLED pixel circuit as shown in FIG. 3 ina
display phase and a touch sense phase, wherein “EM” is
indicative of the light emission control signal that is gener-
ated by the circuit and method in accordance with the above
embodiments of the present disclosure and which is to be
applied to the pixel circuit of FIG. 3. As shown in the figures,
the operations include four processes 1, 2, 3 and 4 as
indicated by the numbers in the figures, wherein processes
1 to 3 correspond to the display phase of the AMOLED
display, and process 4 corresponds to the touch sense phase
of the AMOLED display. Further, the display phase includes
a first period of time (illustrated as processes 1 and 2) and
a second period of time (illustrated as process 3).

[0038] The operations of the pixel circuit are described
below in detail with reference to FIG. 3 and FIGS. 4(a) to
4(d).

[0039] A reset operation is performed in process 1 of the
first period of time of the display phase, where transistor M1
is turned on and the other transistors are turned off such that
the voltage at node N1 is reset to the reference level (with
a potential of 0 V). It will be understood that in some
embodiments the reset operation may not occur in the pixel
circuit.

[0040] A data write operation is performed in process 2 of
the first period of time of the display phase, where transistors
M2, M3 and M5 are turned on, and transistors M1, M4 and
M6 are turned off. As the voltage at node N1 has previously
been reset to the reference level of 0V, the driving transistor
M3 is turned on. The signal on the data line Vdata charges
node N1 through transistors M5, M3 and M2, in turn, until
the voltage at node N1 is charged to Vdata-IVthl (i.e., the
voltage difference between the gate and source of transistor
M3 is [Vthl). In this process, since the voltage of the right
terminal of the storage capacitor C1 is always maintained at
ELVDD, the voltage at node N1 will be maintained at
Vdata-IVthl after completion of the charging. Further, as
transistor M6 is turned off; no current will flow through the
OLED, reducing the loss in the lifespan of the OLED.
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[0041] An OLED light emission operation is performed in
the second period of time (process 3) of the display phase,
where transistors M1, M2 and M5 are turned off, and
transistors M3, M4 and M6 are turned on, such that the
current flows from the second power source ELVDD to the
first power source ELVSS through transistors M4, M3 and
M6 as well as the OLED, in turn, causing the OLED to emit
light.

[0042] It can be derived from the saturation current for-
mula of the transistor that:

Torep = K(Vas - Vil)?
= K[(Vdata—|Vih|) — Vdd — Vil

= K(Vdata - Vdd)*

[0043] where K represents a constant value determined by
the mobility and parasitic capacitance of the driving tran-
sistor M3, V.. represents a voltage difference between the
gate and source of the driving transistor M3, and Vth
represents a threshold voltage of the driving transistor M3.
[0044] As can be seen from the above formula, the work-
ing current 1 ,; -, 1s no longer related to Vith, but only to Vdd
and Vdata. Therefore, the influence of drift of the threshold
voltage (Vth) resulting from the fabrication process and
long-term operation of the driving transistor on 1, -5, 18
eliminated.

[0045] A touch sense operation is performed in the touch
sense phase (process 4), where the light emission control
signal from the light emission control line EM is a pulled-up
voltage signal (a high level voltage superposed with a touch
scan signal) such that transistors M4 and M6 are turned off,
and thus the OLED. At this time, the anode of the OLED is
in a float state, and hence it is unnecessary to account for
capacitance between the anode and the cathode serving as a
touch sensor. As such, the driving frequency may be effec-
tively increased due to a reduced load of the touch sensor.
Furthermore, the touch scan signal is synchronously supet-
posed on the signals applied to all other external terminals,
including the reset signal line “Reset”, the gate scan signal
line “Gate”, the reference level line Vint, the second power
source ELVDD and the data line Vdata, at the same time
when the light emission control signal is applied to the light
emission control line EM and the touch scan signal is
applied to the cathode electrode of the OLED (the first
power source ELVSS), such that all the transistors remain in
their previous states (either turned on or off), thus offsetting
the influence of potential additional capacitance on the touch
sensot.

[0046] It will be understood that the light emission control
signal generated by the circuit and method in accordance
with the embodiments of the present disclosure is not
intended to be applied only to the specific pixel circuit as
illustrated, but may be applicable to any other AMOLED
pixel circuit having in-cell touch sensors that operates based
on the principle of the present disclosure (i.e., performing
the touch sense operation with the OLED turned off).
[0047] Various modifications, adaptations to the foregoing
exemplary embodiments of this disclosure may become
apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the
accompanying drawings. Any and all modifications will still
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fall within the scope of the non-limiting and exemplary
embodiments of this disclosure. Furthermore, other embodi-
ments of the disclosures set forth herein will come to mind
to one skilled in the art to which these embodiments of the
disclosure pertain having the benefit of the teachings pre-
sented in the foregoing descriptions and the associated
drawings.

[0048] Therefore, it is to be understood that the embodi-
ments of the disclosure are not to be limited to the specific
embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims. Although specific terms are used
herein, they are used in a generic and descriptive sense only
and not for purposes of limitation.

1. A circuit for generating a light emission control signal
for an AMOLED pixel circuit having in-cell touch sensors,
comprising:

a first transistor having a gate electrode connected to a
first control line, a first electrode for being supplied
with a voltage of a first level, and a second electrode
connected to a first node, the first control line config-
ured to transfer a first control signal,

a second transistor having a gate electrode for being
supplied with a first clock signal, a first electrode for
being supplied with a voltage of a second level, and a
second electrode connected to the first node;

a first capacitor having a terminal connected to the first
node and another terminal for being supplied with a
second clock signal;

a third transistor having a gate electrode connected to the
first control line, a first electrode for being supplied
with the voltage of the first level, and a second elec-
trode connected to a light emission control line; and

a fourth transistor having a gate electrode connected to the
first node, a first electrode connected to a second
control line, and a second electrode connected to the
light emission control line, the second control line
configured to transfer a second control signal having
the second level during a display phase and being a
signal resulting from superposition of a touch scan
signal on the voltage of the first level during a touch
sense phase,

wherein the third transistor and the fourth transistor are
configured such that only one of the third transistor and
the fourth transistor is turned on at any given time
under control of the first control signal and a voltage at
the first node.

2. The circuit of claim 1, wherein the first transistor, the
second transistor, the third transistor and the fourth transistor
are P-type thin film transistors, and wherein the first level is
a high level and the second level is a low level.

3. A method for generating the light emission control
signal using the circuit of claim 1, the display phase com-
prising a first period of time corresponding to a half period
of the first clock signal and a second period of time corre-
sponding to one or more periods of the first clock signal, the
method comprising:

maintaining, during the first period of time of the display
phase, the first clock signal at the first level, the second
clock signal, as an inverted version of the first clock
signal, at the second level, and the first control signal at
the second level, such that the third transistor is turned
on to output the voltage of the first level via the light
emission control line;
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maintaining, during the second period of time of the
display phase, the first control signal at the first level
such that the fourth transistor is turned on to output the
second control signal via the light emission control
line; and

maintaining, during the touch sense phase, the first control

signal at the first level such that the fourth transistor is
turned on to output the second control signal via the
light emission control line.

4. A method of driving the AMOLED pixel circuit using
the light emission control signal generated by the method of
claim 3, the AMOLED pixel circuit comprising an OLED
with a cathode, the light emission control line and a light
emission control transistor, the cathode of the OLED con-
nected to a first power source and serving as a touch sensor,
the light emission control transistor having a gate electrode
connected to the light emission control line and configured
to control ON/OFF of a current flowing through the OLED,
the method comprising:

applying the light emission control signal to the light

emission control line to cause the AMOLED pixel

circuit to operate to:

turn off the light emission control transistor and per-
form a data write operation, during the first period of
time of the display phase;

turn on the light emission control transistor to perform
an OLED light emission operation, during the sec-
ond period of time of the display phase; and

turn off the light emission control transistor to perform
a touch sense operation with the OLED turned off,
during the touch sense phase.

5. The method of claim 4, wherein the light emission
control transistor is a P-type thin film transistor.

6. The method of claim 4, further comprising performing,
by the AMOLED pixel circuit, a reset operation prior to the
data write operation during the first period of time of the
display phase.

7. The method of claim 4, further comprising synchro-
nously superposing the touch scan signal on signals applied
to all other external terminals of the AMOLED pixel circuit
at the same time when the light emission control signal is
applied to the light emission control line and the touch scan
signal is applied to the first power source, during the touch
sense phase.

8. The method of claim 4, wherein the display phase and
the touch sense phase occur alternatingly to the AMOLED
pixel circuit in a time-divisional manner.

9. A method for generating the light emission control
signal using the circuit of claim 2, the display phase com-
prising a first period of time corresponding to a half period
of the first clock signal and a second period of time corre-
sponding to one or more periods of the first clock signal, the
method comprising:

maintaining, during the first period of time of the display

phase, the first clock signal at the first level, the second
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clock signal, as an inverted version of the first clock
signal, at the second level, and the first control signal at
the second level, such that the third transistor is turned
on to output the voltage of the first level via the light
emission control line;

maintaining, during the second period of time of the

display phase, the first control signal at the first level
such that the fourth transistor is turned on to output the
second control signal via the light emission control
line; and

maintaining, during the touch sense phase, the first control

signal at the first level such that the fourth transistor is
turned on to output the second control signal via the
light emission control line.

10. A method of driving the AMOLED pixel circuit using
the light emission control signal generated by the method of
claim 9, the AMOLED pixel circuit comprising an OLED
with a cathode, the light emission control line and a light
emission control transistor, the cathode of the OLED con-
nected to a first power source and serving as a touch sensor,
the light emission control transistor having a gate electrode
connected to the light emission control line and configured
to control ON/OFF of a current flowing through the OLED,
the method comprising:

applying the light emission control signal to the light

emission control line to cause the AMOLED pixel

circuit to operate to:

turn off the light emission control transistor and per-
form a data write operation, during the first period of
time of the display phase;

turn on the light emission control transistor to perform
an OLED light emission operation, during the sec-
ond period of time of the display phase; and

turn off the light emission control transistor to perform
a touch sense operation with the OLED turned off,
during the touch sense phase.

11. The method of claim 10, wherein the light emission
control transistor is a P-type thin film transistor.

12. The method of claim 10, further comprising perform-
ing, by the AMOLED pixel circuit, a reset operation prior to
the data write operation during the first period of time of the
display phase.

13. The method of claim 10, further comprising synchro-
nously superposing the touch scan signal on signals applied
to all other external terminals of the AMOLED pixel circuit
at the same time when the light emission control signal is
applied to the light emission control line and the touch scan
signal is applied to the first power source, during the touch
sense phase.

14. The method of claim 10, wherein the display phase
and the touch sense phase occur alternatingly to the AMO-
LED pixel circuit in a time-divisional manner.
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