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(57) ABSTRACT

The present application discloses a pixel circuit for a display
panel. The circuit includes a first transistor coupled to a data
line and configured to transier a data signal 1n response to an
N-th scan signal corresponding to an N-th row of pixels in
the display panel. Additionally, the circuit includes a second
transistor coupled to the first transistor and configured to
generate a driving signal based on the data signal. The circuit
further includes a third transistor coupled to the second
transistor and configured to compensate a threshold voltage
of the second transistor in response to an (N-1)-th scan
signal corresponding to a previous (N-1)-th row of pixels in
the display panel. Furthermore, the circuit includes a capaci-
tor coupled between the second transistor and a first power
voltage port for storing the data signal. Moreover, the circuit
includes a light emitter driven by the driving signal to emit

light.
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FIG. 1 (prior art)
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A PIXEL CIRCUI'T, A DRIVING METHOD
THEREOE, AND A DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201710834317.9, filed Sep. 15, 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 circuit and a driving method
thereof, and a display apparatus having the same.

BACKGROUND

[0003] Dasplay based on Organic Light Emitting Diode
(OLED) has many advantages including wider view angles,
higher brightness, higher contrast, lower power consump-
tion, thinner 1n physical thickness over the current main
stream display technology based on Thin-Film Transistor
Liquid Crystal Display (TFT-LCD). The methods for driving
the OLED display include passive matrix (PM) driving and
active matrix (AM) driving. OLED display apparatus using
the AM driving method, 1.e., active-matrix OLED (AMO-
LLED) display, 1s advantageous 1n displaying more informa-
tion, consuming less energy, having longer life time and
higher image contrast over PMOLED. FIG. 1 shows an
equivalent circuit of an existing pixel-driving circuit for
AMOLED display, including a first switch transistor M1, a
driving transistor M2, a storage capacitor C1, and a light
emitter D1.

[0004] Although the conventional pixel circuit shown 1n
FIG. 1 has been widely used, some problems remain. For
example, due to transistor fabrication process variation the
threshold voltages Vth of the driving transistor M2 at
different locations of the AMOLED display panel are non-
uniform. The non-uniformity of Vth results in vanations of
data-driving signals Vdata and correspondingly variations of
driving currents through different light-emitter D1. There-
fore, the display 1mage uniformity and light emission quality
of the OLED display panel are affected.

SUMMARY

[0005] In an aspect, the present disclosure provides a
circuit for driving a light-emitting pixel in a display panel.
The circuit includes a first transistor coupled to a data line
and configured to transier a data signal 1n response to an
N-th scan signal corresponding to a current N-th row of
multiple rows of pixels 1n the display panel. N 1s an integer
greater than 2. The circuit further includes a second tran-
sistor coupled to the first transistor and configured to gen-
erate a driving signal based on the data signal. Additionally,
the circuit includes a third transistor coupled to the second
transistor and configured to compensate a threshold voltage
of the second transistor in response to an (N-1)-th scan
signal corresponding to a previous (N-1)-th row of the
multiple rows of pixels 1n the display panel. Furthermore,
the circuit includes a capacitor coupled between the second
transistor and a first power voltage port for storing the data
signal transferred from the first transistor. Moreover, the
circuit includes a light emitter coupled to the second tran-
sistor to emit light controlled by the driving signal.
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[0006] Optionally, the circuit further includes a fourth
transistor coupled to a first electrode of the light emitter and
an 1nitializing voltage port and configured to discharge the
data signal stored in the capacitor using an initializing
voltage received at the mitializing voltage port 1n response
to the (N-1)-th scan signal.

[0007] Optionally, the fourth transistor includes a first
clectrode coupled to the mitializing voltage port, a second
clectrode coupled to the first electrode of the light ematter,
and a control electrode coupled to an (N-1)-th scan line
receiving the (N-1)-th scan signal.

[0008] Optionally, the circuit further includes a fifth tran-
sistor coupled to the second transistor and configured to
provide a first power voltage received at the first power
voltage port to the second transistor 1n response to an N-th
emission-control signal corresponding to the N-th row of the
multiple rows of pixels in the display panel. Additionally,
the circuit includes a sixth transistor coupled to the second
transistor and configured to pass the driving signal to the
light emitter 1n response to an (N+1)-th emission-control
signal corresponding to a next (N+1)-th row of the multiple
rows of pixels 1n the display panel.

[0009] Optionally, the fifth transistor includes a first elec-
trode coupled to the first power voltage port, a second
electrode coupled to a second electrode of the first transistor
and a first electrode of the second transistor, and a control
electrode coupled to an N-th emission-control line receiving
the N-th emission-control signal.

[0010] Optionally, the sixth transistor includes a first elec-
trode coupled to a second electrode of the second transistor
and a second electrode of the third transistor, a second
electrode coupled to the first electrode of the light emitter
and the second electrode of the fourth transistor, and a
control electrode coupled to an (N+1)-th emission-control
line receiving the (N+1)-th emission-control signal.

[0011] Optionally, the first transistor includes a first elec-
trode coupled to the data line receiving the data signal, a
second electrode coupled to a first electrode of the second
transistor, and a control electrode coupled to an N-th scan
line receiving the N-th scan signal.

[0012] Optionally, the second transistor includes a first
electrode coupled to the second electrode of the first tran-
sistor, a second electrode coupled to a second electrode of
the third transistor, and a control electrode coupled to a
second electrode of the capacitor and a first electrode of the
third transistor.

[0013] Optionally, the third transistor includes a first elec-
trode coupled to a control electrode of the second transistor,
a second electrode coupled to a second electrode of the
second transistor, and a control electrode coupled to an
(N-1)-th scan line receiving the (N-1)-th scan signal.

[0014] Optionally, the capacitor includes a first electrode
coupled to the first power voltage port and a second elec-
trode coupled to a control electrode of the second transistor
and a first electrode of the third transistor.

[0015] In another aspect, the present disclosure includes a
pixel circuit for driving light emission of a pixel i an
arbitrary N-th row of multiple rows of pixels 1n a display
panel comprising a first transistor, a second transistor, a third
transistor, a fourth transistor, a fifth transistor, a sixth tran-
sistor, a capacitor, and a light emitter. N 1s an integer greater
than 2. A first electrode of the first transistor 1s coupled to a
data line receiving a data signal. A second electrode of the
first transistor 1s coupled to a first electrode of the second
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transistor. A control electrode of the first transistor 1s coupled
to an N-th scan line associated with the display panel. A first
electrode of the second transistor 1s coupled to the second
electrode of the first transistor. A second electrode of the
second transistor 1s coupled to a second electrode of the third
transistor. A control electrode of the second transistor is
coupled to a first electrode of the third transistor and a
second electrode of the capacitor. A control electrode of the
third transistor 1s coupled to an (N-1)-th scan line associated
with the display panel. A first electrode of the fourth
transistor 1s coupled to an 1nitializing voltage port. A second
electrode of the fourth transistor 1s coupled to a first elec-
trode of the light emitter. A control electrode of the fourth
transistor 1s coupled to the (N-1)-th scan line. A first
clectrode of the fifth transistor 1s coupled to a first power
voltage port receiving a first power voltage. A second
clectrode of the fifth transistor 1s coupled to the second
electrode of the first transistor and the first electrode of the
second transistor. A control electrode of the fifth transistor 1s
coupled to an N-th emission-control line associated with the
display panel. A first electrode of the sixth transistor is
coupled to the second electrode of the second transistor and
the second electrode of the third transistor. A second elec-
trode of the sixth transistor 1s coupled to the first electrode
of the light emitter and the second electrode of the fourth
transistor. A control electrode of the sixth transistor 1s
coupled to an (N+1)-th emission-control line. A first elec-
trode of the capacitor 1s coupled to the first power voltage
port. A second electrode of the capacitor 1s coupled to the
control electrode of the second transistor and the first
electrode of the third transistor. A second electrode of the
light emitter 1s coupled to a second power voltage port
receiving a second power voltage. The second power voltage
1s lower than the first power voltage.

[0016] In yet another aspect, the present disclosure pro-
vides a method of driving light emission of a light-emitting
pixel 1in a display panel. The method includes transferring a
data signal from a data line via a first transistor to a current
N-th row of multiple rows of pixels in the display panel in
response to an N-th scan signal. N 1s an integer greater than
2. The method further includes generating a driving signal
via a second transistor coupled to the first transistor based on
the data signal. Additionally, the method includes coupling
a third transistor to the second transistor to compensate a
threshold voltage of the second transistor 1n response to an
(N-1)-th scan signal corresponding to a previous (N-1)-th
row ol the multiple rows of pixels 1n the display panel.
Furthermore, the method includes storing the data signal
transferred from the first transistor 1in a capacitor coupled
between the second transistor and a first power voltage port.
Moreover, the method includes driving a light emitter
coupled to the second transistor to emit light based on the
driving signal.

[0017] In still another aspect, the present disclosure pro-
vides a method of driving the pixel circuit described herein
in each scan cycle of displaying one frame of image. The
method includes providing a transistor-turn-on voltage sig-
nal to the (N-1)-th scan line and the (N+1)-th emission-
control line 1 a first period of a scan cycle. The method
further includes setting the initializing voltage port at an
mitializing voltage. Additionally, the method 1includes mak-
ing the second transistor, the third transistor, the fourth
transistor, and the sixth transistor of the pixel circuit at an
on-state to make each of a first common node of the control
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electrode of the second transistor and the first electrode of
the third transistor, a second common node of the second
electrode of the first transistor and the first electrode of the
second transistor, a third common node of the second
electrode of the second transistor and the first electrode of
the sixth transistor, and a fourth common node of the second
electrode of the fourth transistor and the second electrode of
the sixth transistor to be at the imitializing voltage. More-
over, the method includes discharging the data signal stored
in the capacitor to the initializing voltage port.

[0018] Optionally, the method further includes providing a
transistor-turn-on voltage signal to the (N-1)-th scan line
and the N-th scan line 1n a second period of the scan cycle
and sending a data signal to the data line. Additionally, the
method 1ncludes making the first transistor, the second
transistor, and the third transistor of the pixel circuit at an
on-state to transfer the data signal from the first electrode of
the first transistor to the first electrode of the second tran-
sistor. Furthermore, the method includes compensating a
threshold voltage of the second transistor using the third
transistor. Moreover, the method includes generating a driv-
ing signal based on the data signal by the second transistor
to drive the light emitter to emait light.

[0019] Optionally, the method further includes providing a
transistor-turn-on voltage signal to the N-th scan line 1n a
third period after the second period of the scan cycle.
Additionally, the method includes keeping the first transistor
and the second transistor at an on-state to transfer the data
signal from the first electrode of the first transistor to the first
electrode of the second transistor. Furthermore, the method
includes maintaining the threshold voltage of the second
transistor being compensated the same as that in the second
period. Moreover, the method includes writing the data
signal from the data line to the first electrode of the second
transistor to maintain the driving signal for driving the light
emitter to emit light.

[0020] Optionally, the method further includes providing a
transistor-turn-on voltage signal to the N-th emission-con-
trol line 1n a fourth period of the scan cycle and making the
second transistor and the fifth transistor at an on-state to pass
the first power voltage to both the first electrode and the
second electrode of the second transistor.

[0021] Optionally, the method further includes providing a
transistor-turn-on voltage signal to the N-th emission-con-
trol line and the (N+1)-th emission-control line 1n a fifth
period of the scan cycle. Additionally, the method includes
making the second transistor, the fifth transistor, and the
sixth transistor at an on-state and driving the light ematter to
emit light based on the driving signal that 1s substantially
independent of the threshold voltage of the second transistor.

[0022] In vet still another aspect, the present disclosure
provides a display apparatus having the circuit described
herein.

BRIEF DESCRIPTION OF THE FIGURES

[0023] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
invention.

[0024] FIG. 1 1s a schematic diagram of a conventional
pixel circuit.
[0025] FIG. 2 1s a schematic diagram of a pixel circuit

according to an embodiment of the present disclosure.
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[0026] FIG. 3 1s a timing diagram of driving the pixel
circuit of FIG. 2 according to an embodiment of the present
disclosure.

[0027] FIG. 4 1s a schematic diagram of the pixel circuit
operated 1 period t1 in the timing diagram of FIG. 3
according to an embodiment of the present disclosure.
[0028] FIG. 5 1s a schematic diagram of the pixel circuit
operated 1n period 12 i the timing diagram of FIG. 3
according to an embodiment of the present disclosure.
[0029] FIG. 6 1s a schematic diagram of the pixel circuit
operated 1n period t3 i the timing diagram of FIG. 3
according to an embodiment of the present disclosure.
[0030] FIG. 7 1s a schematic diagram of the pixel circuit
operated 1 period t4 in the timing diagram of FIG. 3
according to an embodiment of the present disclosure.
[0031] FIG. 8 1s a schematic diagram of the pixel circuit
operated 1 period t5 in the timing diagram of FIG. 3
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0032] The disclosure will now be described more spe-
cifically with reference to the following embodiments. It 1s
to be noted that the following descriptions of some embodi-
ments are presented herein for purpose of illustration and
description only. It 1s not intended to be exhaustive or to be
limited to the precise form disclosed.

[0033] Accordingly, the present disclosure provides, inter
alia, a pixel circuit and a method for driving light emission
of pixels 1n a display panel, a display apparatus having the
same that substantially obviate one or more of the problems
due to limitations and disadvantages of the related art. In one
aspect, the present disclosure provides a pixel circuit for
driving pixels (or subpixels) of a light-emitting display panel
to emit light for displaying image.

[0034] Optionally, the pixel circuit 1s based on thin-film
transistors or field-eflect transistors or some devices having
similar functions and characteristics. Since the source elec-
trode and the drain electrode of a thin-film transistor can be
interchanged under certain application conditions, there 1s
no difference 1n description of coupling of the source or
drain electrode to other nodes 1n the circuit. In the descrip-
tion below, one of the source electrode and the drain
electrode of a transistor 1s referred as a first electrode, and
another one 1s referred as a second electrode, and the gate
electrode of the transistor 1s referred as a control electrode.
Optionally, a transistor can be characterized as an N-type or
a P-type transistor depending on physical layer and doping
configuration therein. For a P-type transistor, when the
control electrode 1s applied with a turn-on voltage (which 1s
at a low voltage level), the first electrode conducts to the
second electrode of the P-type transistor at an on-state.
P-type transistor 1s employed as an example for describing
the embodiments of the present disclosure, although N-type
transistor can also be used within the scope of the claims in
this specification.

[0035] FIG. 2 shows a schematic diagram of a pixel circuit
according to an embodiment of the present disclosure.
Referring to FIG. 2, the pixel circuit includes at least a first
transistor T1, a second transistor T2, a third transistor T3, a
storage capacitor Cs, and a light emitter. Optionally, the light
emitter 1s an organic light-emitting diode (OLED). Option-
ally, the pixel circuit also includes a fourth transistor T4, a
fifth transistor TS5, and a sixth transistor T6. Optionally, the
pixel circuit 1s employed to drive light emission of a pixel

Apr. 30, 2020

(or a subpixel of one color) 1n a light-emitting display panel
for 1image display. All pixels in the display panel are
arranged 1n multiple rows. Optionally, for driving the pixel
circuit, each row (e.g., an N-th row) of pixels 1s commonly
associated with an (N-th) scan line for providing an (IN-th)
scan signal and alternatively associated with an (N-th)
emission-control line for providing an (N-th) emission-
control signal. N represents an arbitrary row of the pixels in
the display panel. Optionally, the pixel circuit 1s supplied
with a first power voltage from a first power voltage port
VDD and the light emitter OLED 1s coupled to a second
power voltage port receiving a second power voltage.
Optionally, the second power voltage 1s lower than the first
power voltage. Optionally, the second power voltage 1s a
ground voltage.

[0036] Referring to FIG. 2, the first transistor T1 1s

coupled to a data line DATA receiving a data signal and
configured to transfer the data signal 1n response to an N-th
scan signal from a corresponding N-th scan line GATE,.
The second transistor T2 1s coupled to the first transistor T1
and configured to generate a driving signal based on the data
signal transferred by the first transistor T1 from the data line
DATA. The third transistor T3 1s coupled to the second
transistor 12 and configured to compensate a threshold
voltage of the second transistor T2 in response to an (N-1)-
th scan signal from a corresponding (N-1)-th scan line
GATE,. , (adjacent to the N-th scan line). The storage
capacitor Cs 1s configured with 1ts first electrode coupled to
the first power voltage port VDD and a second electrode
coupled to the control electrode of the second transistor T2
and the first electrode of the third transistor T3. Cs 1is
configured to store the data signal transferred to the second
transistor T2. The light emitter OLED 1s configured to emait
light driven by the driving signal generated by the second
transistor T2.

[0037] The compensation to the threshold voltage of the
second transistor T2 by the third transistor T3 1s able to
improve display uniformity of the display panel. The third
transistor 13 1s operated in response to the (N-1)-th scan
signal, no control signal line 1s added to the pixel circuit for
controlling the third transistor T3. This facilitates a high-
resolution design for the display panel.

[0038] In an embodiment, the first transistor T1 1s a P-type
transistor with i1ts gate electrode or control electrode being
applied the N-th scan signal from the N-th scan line GATE,,.
The data signal from the data line DATA applied to the
source (first) electrode of the first transistor T 1s transferred
to the drain (second) electrode of the first transistor T which
1s coupled to the source (first) electrode of the second
transistor T2. The first electrode of the second transistor T2
1s depicted as a node N, 1n FIG. 2.

[0039] In the embodiment, the second transistor T2 1s a
P-type transistor with its gate (control) electrode being
coupled to the second electrode of the storage capacitor Cs,
which 1s depicted as a node N, 1n FIG. 2. The drain (second)
electrode of the second transistor T12 1s coupled to the drain
(second) electrode of the third transistor T3, which 1s
depicted as a node N, 1n FIG. 2 and 1s also the first electrode
of the light emitter OLED. The second electrode of the light
emitter OLED 1s coupled to the second power voltage port.

[0040] In the embodiment, the third transistor T3 1s a
P-type transistor with its source (first) electrode and drain
(second) electrode respectively being coupled to the gate
(control) electrode and drain (second) electrode of the
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second transistor T2. The gate (control) electrode of the third
transistor 13 1s coupled to the (N-1)-th scan line GATE,, ;.
[0041] The storage capacitor has its first electrode coupled
to the first power voltage port VDD configured to receive a
first power voltage.

[0042] Additionally in the embodiment, the pixel circuit
includes a fourth transistor T4. The fourth transistor T4 has
a source (first) electrode coupled to an 1nitializing voltage
port Vinit. The fourth transistor T4 has a drain (second)
electrode coupled to the first electrode of the light emitter
OLED, which 1s also depicted as a node N, 1n FIG. 2. The
fourth transistor T4 has 1ts gate (control) electrode coupled
to the (N-1)-th scan line GATE,,_,. The fourth transistor T4,
optionally a P-type transistor, 1s configured to use an 1ni-
tializing voltage received from the mnitializing voltage port
Vinit to 1nitialize voltage levels at the nodes N, N,, N, and
N, and to discharge the data signal stored in the storage
capacitor Cs into the 1nitializing voltage port.

[0043] Referring to FIG. 2 again, the pixel circuit further
includes a fifth transistor TS and a sixth transistor T6. The
fifth transistor TS 1s coupled to the node N, and configured
to provide the first power voltage to the second transistor T2
in response to an N-th emission-control signal from an N-th
emission-control line EM,. The sixth transistor T6 1s
coupled between the node N, and the node N, and config-
ured to output the driving signal generated by the second
transistor T2 to the light emitter OLED 1n response to an
(N+1)-th emission-control signal from an (N+1)-th emis-
sion-control line EM,, , (adjacent to the N-th emission
control line).

[0044] In the embodiment, the fifth transistor TS 1s a
P-type transistor with 1ts source (first) electrode being
coupled to the first power voltage port VDD. The drain
(second) electrode of the fifth transistor T5 1s coupled to the
source (first) electrode of the second transistor T2. The gate
(control) electrode of the fifth transistor TS 1s coupled to the
N-th emission-control line EM,,..

[0045] In the embodiment, the sixth transistor T6 1s also a
P-type transistor with 1ts source (first) electrode being
coupled to the drain (second) electrode of the second tran-
sistor T2 and the drain (second) electrode of the third
transistor T3. The second electrode of the sixth transistor T6
1s coupled to the first electrode of the light emitter OLED
and the drain (second) electrode of the fourth transistor T4.
The gate (control) electrode of the sixth transistor T6 1s
coupled to the (N+1)-th emission-control line EM,,, ;.

[0046] In another aspect, the present disclosure provides a
method of dniving the pixel circuit of FIG. 2 1mn a light-
emitting display panel. FIG. 3 shows a timing diagram of
driving the pixel circuit of FIG. 2 according to an embodi-
ment of the present disclosure. Referring to both FIG. 2 and
FIG. 3, the method of driving the pixel circuit includes
operating the pixel circuit 1n a N-th row of the display panel
by an N-th scan signal applied to the N-th scan line and an
(N-1)-th scan signal applied to the (N-1)-th scan line as
well as by an N-th emission-control signal applied to the
N-th emission-control line and an (N+1)-th emission-control
signal applied to the (N+1)-th emission-control line.

[0047] Referring to FIG. 2, the pixel circuit includes a first
transistor T1, a second transistor T2, a third transistor T3, a
fourth transistor T4, a fifth transistor T5, a sixth transistor

16, a storage capacitor Cs, and a light emitting device
OLED. The first electrode of the first transistor T1 1s coupled
to a data line DATA. The second electrode of the first
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transistor T1 1s coupled to a first electrode of the second
transistor T2. The control electrode of the first transistor T1
1s coupled to the N-th scan line GATE,. The first electrode
of the second transistor T2 1s coupled to the second electrode
of the first transistor T1. The second electrode of the second
transistor T2 1s coupled indirectly to a first electrode of the
light emitting device OLED. The control electrode of T2 1s
coupled to a first electrode of the third transistor T3 and a
second electrode of the storage capacitor Cs, which i1s the
node N,. The first electrode of the third transistor T3 1s
coupled to the control electrode of T2 and the second

clectrode of Cs. The second electrode of T3 i1s indirectly
coupled to the first electrode of OLED. The control electrode
of T3 1s coupled to the (N-1)-th scan line GATE,,_,.

[0048] The fifth transistor TS includes a first electrode
coupled to a first power voltage port VDD, a second
electrode coupled to the second electrode of T1 and the first
clectrode of T2, which 1s the node N,, and a control
clectrode coupled to the N-th emission-control line EM,,.
The sixth transistor T6 includes a first electrode coupled to
the second electrode of T2 and the second electrode of T3,
which 1s also the node N;. Té6 also includes a second
electrode coupled directly to the first electrode of the light
emitting device OLED and a second electrode of the fourth
transistor T4, which 1s also the node N,. T6 further includes
a control electrode coupled to the (N+1)-th emission-control

line EM,, ;.

[0049] The storage capacitor Cs includes a first electrode
coupled to the first power voltage port VDD and a second
electrode coupled to the node N, . The light emitting device
OLED includes a first electrode coupled to the node N4 and
a second electrode coupled to the second power voltage port
which 1s supplied with a low voltage compared to the first
power voltage port VDD.

[0050] In some embodiment, the method of driving the
pixel circuit described above (FIG. 2) includes operating the
pixel circuit in one of five periods of each scan cycle of
displaying one frame of image on the display panel. In
particular, the scan cycle includes a first period t1 for
initializing voltage levels at several nodes of the pixel
circuit. Also, the scan cycle includes a second period t2 for
inputting data and compensating threshold voltage of the
(driving) second transistor T2. Further, the scan cycle
includes a third period t3 for mputting data and maintaining
threshold voltage compensation. The third period 1s at least
after the second period. Furthermore, the scan cycle includes
a Tfourth period t4 for writing in the first power voltage from
the first power voltage port. Moreover, the second cycle
includes a fifth period t5 for driving the light emitting device
to emit light with a driving signal being controlled to be

independent of the threshold voltage of the second transistor
12.

[0051] Referring to FIG. 3, in the first period t1 of a scan
cycle, the method of driving the pixel circuit 1s also shown
in FIG. 4 according to an embodiment of the present
disclosure. The method includes providing a transistor-turn-
on voltage signal to the (N-1)-th scan line GATE,,_, and the
(N+1)-th emission-control line EM,, , in the period tl.
Optionally, the transistor-turn-on voltage signal 1s a low
voltage signal configured to turn on a P-type transistor.
Additionally the method includes setting the initializing
voltage port at an imitializing voltage. Furthermore, the
method 1ncludes making the second transistor T2, the third
transistor T3, the fourth transistor T4, and the sixth transistor
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16 at an on-state. This allows each of a first common node
N, of the control electrode of the second transistor and the
first electrode of the third transistor, a second common node
N, of the second electrode of the first transistor and the first
electrode of the second transistor, a third common node N,
of the second electrode of the second transistor and the first
electrode of the sixth transistor, and a fourth common node
N, of the second electrode of the fourth transistor and the
second electrode of the sixth transistor to be at the initial-
1zing voltage to be discharged to the initializing voltage.
This 1n turn 1nitializes the data signal stored in the storage
capacitor Cs to the initializing voltage or discharges the
charges in the Cs to the iitializing voltage port.

[0052] Referring to FIG. 3 again, 1n the second period t2
of the scan cycle, the method of driving the pixel circuit 1s
also shown 1n FIG. 5 according to an embodiment of the
present disclosure. The method includes providing a tran-
sistor-turn-on voltage signal to the (N-1)-th scan line
GATE,, , and the N-th scan line GATE,,1n the second period
t2. The method further includes sending a data signal Vdata
to the data line DATA. In this period, the method includes
making the first transistor 11, the second transistor T2, and
the third transistor T3 at an on-state to transfer the data
signal Vdata from the first electrode of the first transistor T1
to the first electrode of the second transistor T2. The data
signal Vdata 1s written into the node N,. Since the second
transistor T2 and the third transistor T3 are turned on at the
same time, the voltage levels of the node N, and node N, are
all equal to Vdata+Vth. Here, Vth 1s the threshold voltage of
the second transistor T2. The method then includes com-
pensating the threshold voltage Vth of the second transistor
T2 using the third transistor T3, as indicated 1n FIG. 5. The
method further includes generating a driving signal based on
the data signal Vdata (with Vth compensation by the third
transistor 13) by the second transistor T2 to drive the light
emitting device OLED to emit light.

[0053] Retferring to FIG. 3, in the third period t3 of the
scan cycle, the method of driving the pixel circuit 1s also
shown 1n FIG. 6 according to an embodiment of the present
disclosure. The method 1ncludes providing a transistor-turn-
on voltage signal to the N-th scan line GATE,; in the third
period t3 after the second period t2 of the scan cycle. The
method then includes keeping the first transistor T1 and the
second transistor T2 at an on-state to transfer the data signal
Vdata from the first electrode of the first transistor T1 to the
first electrode of the second transistor T2 or to the node N,.
Additionally, the method includes maintaining the threshold
voltage of the second transistor being compensated the same
as that 1n the second period. Therefore, the voltage level at
the node N, 1s maintained to be Vdata+Vth. At the time, the
method includes further writing the data signal from the data
line to the node N, to maintain the storage capacitor Cs fully
charged with the Vdata and the second transistor T2 to keep
the drniving signal for driving the light emitter OLED to
continue emitting light. At the same time, since the voltage
level at the node N 1s maintained, the drift of the threshold
voltage Vth of the second ftransistor T2 1s substantially
prevented to not aflecting the image display.

[0054] Referring to FIG. 3, in the fourth period t4 of the
scan cycle, the method of driving the pixel circuit 1s also
shown 1n FIG. 7 according to an embodiment of the present
disclosure. The method 1ncludes providing a transistor-turn-
on voltage signal to the N-th emission-control line EM,; 1n

the fourth period t4 of the scan cycle. The method then
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includes making the second transistor T2 and the fifth
transistor TS at an on-state to pass the first power voltage
VDD to the node N, (i.e., the first electrode of the second
transistor T2) and the node N, (i.e., the second electrode of
the second transistor T2). This effectively prevents current
leakage of the second transistor T2 in this period.

[0055] Referring to FIG. 3, in the fifth period t5 of the scan
cycle, the method of driving the pixel circuit 1s also shown
in FIG. 8 according to an embodiment of the present
disclosure. The method includes providing a transistor-turn-
on voltage signal to the N-th emission-control line EM,; and
the (N+1)-th emission-control line EM,,, , 1n the fifth period
tS of the scan cycle. The method then includes making the
second transistor T2, the fifth transistor TS, and the sixth
transistor T6 at an on-state. Further, the method includes
driving the light emitter OLED to emit light. At this period,
the driving signal Ids is equal to kx(Vdata-VDD)?, which is
substantially independent of the threshold voltage Vth of the
second transistor T2. Thus, the effect of drifting threshold
voltage Vth of the driving transistor (12) on the light emaitter
OLED 1s substantially avoided.

[0056] In yet another aspect, the present disclosure also
provides a display apparatus including the pixel circuit
described herein. Among all applications of the display
apparatus, i1t includes, but not limited to, OLED display
panel, smart phone, tablet computer, TV, displayer, notebook
computer, digital picture frame, navigator, and any products
or components having display function.

[0057] The foregoing description of the embodiments of
the invention has been presented for purposes of illustration
and description. It 1s not intended to be exhaustive or to limait
the 1nvention to the precise form or to exemplary embodi-
ments disclosed. Accordingly, the foregoing description
should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described 1n 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 contem-
plated. It 1s 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 mnvention” or the like does not
necessarily limit the claim scope to a specific embodiment,
and the reference to exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no
such limitation 1s to be inferred. The invention 1s limited
only by the spirit and scope of the appended claims. More-
over, 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 1n 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 1n

the present disclosure 1s intended to be dedicated to the
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public regardless of whether the element or component 1s
explicitly recited 1n the following claims.

1. A circuit for driving a light-emitting pixel in a display
panel comprising:

a first transistor coupled to a data line and configured to
transier a data signal 1n response to an N-th scan signal
corresponding to a current N-th row of multiple rows of
pixels 1n the display panel, wherein N 1s an integer
greater than 2;

a second transistor coupled to the first transistor and
configured to generate a driving signal based on the
data signal;

a third transistor coupled to the second transistor and
configured to compensate a threshold voltage of the
second transistor 1n response to an (N-1)-th scan signal
corresponding to a previous (N-1)-th row of the mul-
tiple rows of pixels in the display panel;

a capacitor coupled between the second transistor and a
first power voltage port for storing the data signal
transferred from the first transistor; and

a light emitter coupled to the second transistor to emit
light controlled by the driving signal.

2. The circuit of claim 1, further comprising a fourth
transistor coupled to a first electrode of the light emitter and
an 1nitializing voltage port and configured to discharge the
data signal stored in the capacitor using an i1mtializing
voltage received at the mitializing voltage port in response
to the (N-1)-th scan signal.

3. The circuit of claim 2, wherein the fourth transistor
comprises a first electrode coupled to the 1nitializing voltage
port, a second electrode coupled to the first electrode of the
light emitter, and a control electrode coupled to an (N-1)-th
scan line receiving the (N-1)-th scan signal.

4. The circuit of claim 3, further comprising:

a fifth transistor coupled to the second transistor and
configured to provide a first power voltage received at
the first power voltage port to the second transistor in
response to an N-th emission-control signal corre-
sponding to the N-th row of the multiple rows of pixels
in the display panel;

a sixth transistor coupled to the second transistor and
configured to pass the driving signal to the light emitter
in response to an (N+1)-th emission-control signal
corresponding to a next (N+1)-th row of the multiple
rows of pixels in the display panel.

5. The circuit of claim 4, wherein the fifth transistor
comprises a first electrode coupled to the first power voltage
port, a second electrode coupled to a second electrode of the
first transistor and a first electrode of the second transistor,
and a control electrode coupled to an N-th emission-control
line receiving the N-th emission-control signal.

6. The circuit of claim 4, wherein the sixth transistor
comprises a first electrode coupled to a second electrode of
the second transistor and a second electrode of the third
transistor, a second electrode coupled to the first electrode of
the light emitter and the second electrode of the fourth
transistor, and a control electrode coupled to an (N+1)-th
emission-control line receiving the (N+1)-th emission-con-
trol signal.

7. The circuit of claim 1, wherein the first transistor
comprises a first electrode coupled to the data line receiving
the data signal, a second electrode coupled to a first elec-
trode of the second ftransistor, and a control electrode
coupled to an N-th scan line receiving the N-th scan signal.
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8. The circuit of claim 1, wherein the second transistor
comprises a first electrode coupled to the second electrode of
the first transistor, a second electrode coupled to a second
electrode of the third transistor, and a control electrode
coupled to a second electrode of the capacitor and a first
electrode of the third transistor.

9. The circuit of claim 1, wherein the third transistor
comprises a first electrode coupled to a control electrode of
the second transistor, a second electrode coupled to a second
electrode of the second transistor, and a control electrode
coupled to an (N-1)-th scan line receiving the (N-1)-th scan
signal.

10. The circuit of claim 1, wherein the capacitor com-
prises a first electrode coupled to the first power voltage port
and a second electrode coupled to a control electrode of the
second transistor and a first electrode of the third transistor.

11. A pixel circuit for driving light emission of a pixel in
an arbitrary N-th row of multiple rows of pixels 1n a display
panel comprising a first transistor, a second transistor, a third
transistor, a fourth transistor, a fifth transistor, a sixth tran-
sistor, a capacitor, and a light emitter, wherein N 1s an integer
greater than 2:

a first electrode of the first transistor 1s coupled to a data
line receiving a data signal, a second electrode of the
first transistor 1s coupled to a first electrode of the
second transistor, and a control electrode of the first
transistor 1s coupled to an N-th scan line associated
with the display panel;

a first electrode of the second transistor 1s coupled to the
second electrode of the first transistor, a second elec-
trode of the second transistor 1s coupled to a second
electrode of the third transistor, and a control electrode
of the second transistor 1s coupled to a first electrode of
the third transistor and a second electrode of the
capacitor;

a control electrode of the third transistor 1s coupled to an
(N-1)-th scan line associated with the display panel;

a first electrode of the fourth transistor 1s coupled to an
initializing voltage port, a second electrode of the
fourth transistor 1s coupled to a first electrode of the
light emitter, and a control electrode of the fourth

transistor 1s coupled to the (N-1)-th scan line;

a first electrode of the fifth transistor 1s coupled to a first
power voltage port receiving a first power voltage, a
second electrode of the fifth transistor 1s coupled to the
second electrode of the first transistor and the first
electrode of the second transistor, and a control elec-
trode of the fifth transistor 1s coupled to an N-th
emission-control line associated with the display panel;

a first electrode of the sixth transistor 1s coupled to the
second electrode of the second transistor and the sec-

ond electrode of the third transistor, a second electrode

of the sixth transistor 1s coupled to the first electrode of
the light emitter and the second electrode of the fourth

transistor, and a control electrode of the sixth transistor
1s coupled to an (N+1)-th emission-control line;

a first electrode of the capacitor 1s coupled to the first
power voltage port and a second electrode of the
capacitor 1s coupled to the control electrode of the
second transistor and the first electrode of the third
transistor; and
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a second electrode of the light emitter 1s coupled to a
second power voltage port receiving a second power
voltage, the second power voltage being lower than the
first power voltage.

12. A method of driving light emission of a light-emitting
pixel 1n a display panel comprising;

transferring a data signal from a data line via a first

transistor to a current N-th row of multiple rows of

pixels 1n the display panel 1n response to an N-th scan
signal, wherein N 1s an integer greater than 2;

generating a driving signal via a second transistor coupled
to the first transistor based on the data signal;

coupling a third transistor to the second transistor to
compensate a threshold voltage of the second transistor
in response to an (N—-1)-th scan signal corresponding to
a previous (N-1)-th row of the multiple rows of pixels
in the display panel;

storing the data signal transferred from the first transistor
in a capacitor coupled between the second transistor
and a first power voltage port; and

driving a light emaitter coupled to the second transistor to
emit light based on the driving signal.

13. A method of driving the pixel circuit of claim 11 1n
each scan cycle of displaying one frame of 1mage compris-
ng:

providing a transistor-turn-on voltage signal to the (N-1)-

th scan line and the (N+1)-th emission-control line 1n a
first period of a scan cycle;

setting the initializing voltage port at an 1nitializing volt-

age;

making the second transistor, the third transistor, the

fourth transistor, and the sixth transistor at an on-state
to make each of a first common node of the control
electrode of the second transistor and the first electrode
of the third transistor, a second common node of the
second electrode of the first transistor and the first
electrode of the second transistor, a third common node
of the second electrode of the second transistor and the
first electrode of the sixth transistor, and a fourth
common node of the second electrode of the fourth
transistor and the second electrode of the sixth transis-
tor to be at the mitializing voltage; and

discharging the data signal stored in the capacitor to the
initializing voltage port.
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14. The method of claim 13, further comprising:

providing a transistor-turn-on voltage signal to the (N-1)-
th scan line and the N-th scan line 1n a second period
of the scan cycle;

sending a data signal to the data line;

making the first transistor, the second transistor, and the
third transistor at an on-state to transfer the data signal
from the first electrode of the first transistor to the first
electrode of the second transistor;

compensating a threshold voltage of the second transistor
using the third transistor; and

generating a driving signal based on the data signal by the
second transistor to drive the light emaitter to emait light.

15. The method of claim 14, further comprising;

providing a transistor-turn-on voltage signal to the N-th
scan line 1n a third period after the second period of the
scan cycle;

keeping the first transistor and the second transistor at an
on-state to transfer the data signal from the first elec-
trode of the first transistor to the first electrode of the

second transistor;

maintaining the threshold voltage of the second transistor
being compensated the same as that in the second
period; and

writing the data signal from the data line to the first
electrode of the second transistor to maintain the driv-
ing signal for driving the light emitter to emit light.

16. The method of claim 15, further comprising:

providing a transistor-turn-on voltage signal to the N-th
emission-control line in a fourth period of the scan
cycle; and

making the second transistor and the fifth transistor at an
on-state to pass the first power voltage to both the first
electrode and the second electrode of the second tran-
s1stor.

17. The method of claim 16, further comprising;

providing a transistor-turn-on voltage signal to the N-th
emission-control line and the (N+1)-th emission-con-
trol line 1n a fifth period of the scan cycle;

making the second transistor, the fifth transistor, and the
sixth transistor at an on-state; and

driving the light emitter to emit light based on the driving
signal that 1s substantially independent of the threshold
voltage of the second transistor.

18. A display apparatus comprising a circuit of claim 1.

x s e e s
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