wO 2019/136898 A1 |0 000 000000 OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 July 2019 (18.07.2019)

‘O 000 00O
(10) International Publication Number

WO 2019/136898 Al

WIPO I PCT

(51) International Patent Classification:
G09G 3/32 (2016.01) G09G 3/3233 (2016.01)

(21) International Application Number:
PCT/CN2018/087481

(22) International Filing Date:
18 May 2018 (18.05.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
201810022821.3 10 January 2018 (10.01.2018) CN

(71) Applicants: BOE TECHNOLOGY GROUP CO., LTD.
[CN/CN]; No.10 Jiuxiangiao Rd., Chaoyang District,
Beijing 100015 (CN). CHENGDU BOE OPTOELEC-
TRONICS TECHNOLOGY CO., LTD. [CN/CN];

(72)

(74)

@81)

No.1188 Hezuo Rd., (West Zone), Hi-tech Development
Zone, Chengdu, Sichuan 611731 (CN).

Inventors: MA, Yachuan; No.9 Dize Rd., BDA, Beijing
100176 (CN). YANG, Fucheng; No.9 Dize Rd., BDA,
Beijing 100176 (CN). ZHANG, Jingang; No.9 Dize Rd.,
BDA, Beijing 100176 (CN).

Agent: TEE&HOWE INTELLECTUAL PROPERTY
ATTORNEYS, CHEN, Yuan, 10th Floor, Tower D,
Minsheng Financial Center, 28 Jianguomennei Avenue,
Dongcheng District, Beijing 100005 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,

(54) Title: PIXEL DRIVING CIRCUIT WITH WIDE RANGE INPUT VOLTAGE

FIG. 2A
D& r &
SUANY 3,
s \
Charge-
input Sub-
circuit
si“f
a3 Power-
storage
Sub-
# circuit
‘“*& RN g

i sseifies

SEEIEE

°

(57) Abstract: A pixel driving circuit for a sub-pixel in light-emitting display is disclosed. The pixel driving circuit includes a driving
sub-circuit (21) comprising N driving transistors connected in series. N is an integer greater than 1. The N driving transistors include
a first driving transistor having a source electrode coupled to a first input voltage port and an N-th driving transistor having a drain
clectrode coupled to a light-emitting diode. Additionally, the pixel driving circuit includes a power-storage sub-circuit (22) coupled to
a gate electrode of the first driving transistor and the drain electrode of the N-th driving transistor. Furthermore, the pixel driving circuit
includes a charge-input sub-circuit (23) configured to use a first control signal from a first scan line to control a connection between
the gate electrode of the first driving transistor and a data line supplying a data voltage.
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PIXEL DRIVING CIRCUIT WITH WIDE RANGE INPUT VOLTAGE
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201810022821.3,

filed January 10, 2018, 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 with wide range input voltage, and a display apparatus having the same.
BACKGROUND

[0003] Organic light-emitting diode (OLED) display has been widely applied for micro-
display field with many advantages like wide view angle, fast light response, high contrast,
and low power consumption. In particular, OLED display has ultra-high resolution with each
sub-pixel occupying very small area (no more than a few tens of square micrometers), so
does the pixel driving circuit for each sub-pixel, thereby limiting corresponding circuit line
width. The subpixel brightness of the OLED display is proportional to a current flowing
through the light-emitting diode. The limited circuit line width results in the current being
reduced to an order of pA. Accurate control of the current flowing through the light-emitting

diode becomes very important to achieve uniform brightness for images on the OLED display.

SUMMARY

[0004] In an aspect, the present disclosure provides a pixel driving circuit. The pixel
driving circuit includes a driving sub-circuit comprising N driving transistors connected in
series. Here N is an integer greater than 1. The N driving transistors include a first driving
transistor having a drain electrode coupled to a power-supply port and an N-th driving
transistor having a source electrode coupled to a light-emitting diode. Additionally, the pixel
driving circuit includes a power-storage sub-circuit coupled to a gate electrode of the first
driving transistor and the source electrode of the N-th driving transistor. Moreover, the pixel
driving circuit includes a charge-input sub-circuit configured to have the gate electrode of the
first driving transistor to receive a data voltage under control of a first control signal at a turn-

on voltage level.
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[0005] Optionally, the N driving transistors connected in series includes an n-th driving
transistor and an (n+1)-th driving transistor connected in series. A source electrode of the n-
th driving transistor is coupled to both a gate electrode and a drain electrode of the (n+1)-th
driving transistor. Here n is a positive integer and (n+1) is smaller than or equal to N. The
first control signal is supplied from a first scan line and the data voltage is supplied from a

data line.

[0006] Optionally, the pixel driving circuit further includes an emission-control sub-circuit
configured to connect the source electrode of the N-th driving transistor to the light-emitting
diode under control of a second control signal at a turn-on voltage level from a second scan
line or to disconnect the source electrode of the N-th driving transistor from the light-emitting
diode under control of a second control signal at a turn-off voltage level from a second scan

line.

[0007] Optionally, the emission-control sub-circuit includes an emission-control transistor
including a gate electrode coupled to the second scan line, a drain electrode coupled to the
source electrode of the N-th driving transistor, and a source electrode coupled to light-

emitting diode.

[0008] Optionally, a difference between threshold voltages of any two driving transistors in

the N driving transistors has an absolute value substantially same.
[0009] Optionally, the N driving transistors are a same type. Optionally, N =3, and n < 2.

[0010] Optionally, the charge-input sub-circuit includes a charge-input transistor having a
gate electrode coupled to the first scan line, a drain electrode coupled to the data line, and a

source electrode coupled to the gate electrode of the first driving transistor.

[0011] Optionally, the power-storage sub-circuit includes a capacitor having a first
electrode coupled to the gate electrode of the first driving transistor and a second electrode

coupled to the source electrode of the N-th driving transistor.

[0012] Optionally, the pixel driving circuit further includes a discharge sub-circuit
configured to connect the source electrode of the N-th driving transistor to a ground port

under control of a third control signal from a third scan line.
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[0013] Optionally, the discharge sub-circuit includes a discharge transistor having a gate
electrode coupled to the third scan line, a drain electrode coupled to the source electrode of

the N-th driving transistor, and a source electrode coupled to the ground port.

[0014] In another aspect, the present disclosure provides a method of driving a pixel
driving circuit described herein in a cycle time for displaying one frame of image, wherein
the cycle time comprises sequentially a charging period, a data-inputting period, and an
emitting period. In the charging period the method includes writing a reference voltage from
a data line to the gate electrode of the first driving transistor by the charge-input sub-circuit
under control of the first control signal at a turn-on voltage level from a first scan line,
thereby making the N driving transistors connected in series in conduction state. The method
further includes charging the power-storage sub-circuit and pulling up a voltage level at a
first electrode of a capacitor in the power-storage sub-circuit until the N driving transistors
are turned off. In the data-inputting period, the method includes providing a data voltage to
the data line. The method further includes writing the data voltage from the data line to the
gate electrode of the first driving transistor by the charge-input sub-circuit under control of
the first control signal from the first scan line. Additionally, the method includes changing a
voltage level at a second electrode of the capacitor in the power-storage sub-circuit by
coupling a change from the reference voltage to the data voltage at the first electrode of the
capacitor. In the emitting period, the method includes disconnecting the gate electrode of the
first driving transistor from the data line by the charge-input sub-circuit under control of the
first control signal from the first scan line. The method further includes passing a driving
current through the N driving transistors connected in series to drive emission of a light-

emitting diode. N is an integer greater than 1.

[0015] Optionally, the pixel driving circuit includes an emission-control sub-circuit
configured to connect the drain electrode of the N-th driving transistor to the light-emitting
diode. Optionally, the method further includes disconnecting the source electrode of the N-th
driving transistor from the light-emitting diode by the emission-control sub-circuit under
control of a second control signal from a second scan line in the charging period.
Additionally, the method includes connecting the source electrode of the N-th driving
transistor to the light-emitting diode by the emission-control sub-circuit under control of the
second control signal from the second scan line in the data-inputting period. Furthermore, the

method includes connecting the source electrode of the N-th driving transistor to the light-
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emitting diode by the emission-control sub-circuit under control of the second control signal

from the second scan line in the emitting period.

[0016] Optionally, each of the N driving transistors is an n-type transistor and the data

voltage is set to be greater than the reference voltage.

[0017] Optionally, each of the N driving transistors is a p-type transistor and the data

voltage is set to be smaller than the reference voltage.

[0018] Optionally, the pixel driving circuit further includes a discharging sub-circuit
configured to use a third control signal from a third scan line to control a connection between
the source electrode of the N-th driving transistor and a discharge port. The cycle time
further includes a resetting period before the charging period. The method further includes
connecting the source electrode of the N-th driving transistor to the discharge port by the
discharge sub-circuit under control of the third control signal from the third scan line in the
resetting period. Additionally, the method includes providing a reference voltage to the data
line. Furthermore, the method includes writing the reference voltage to the gate electrode of
the first driving transistor by the charge-input sub-circuit under control of the first control
signal from the first scan line, thereby making the N driving transistors connected in series in
conduction state, and releasing residue charges in the power-storage sub-circuit to a ground

port.

[0019] Optionally, the pixel driving circuit further includes a discharging sub-circuit
configured to use a third control signal from a third scan line to control a connection between
the source electrode of the N-th driving transistor and a discharge port. The cycle time
further includes a resetting period before the charging period. The method further includes
disconnecting the source electrode of the N-th driving transistor from the light-emitting diode
by the emission-control sub-circuit under control of the second control signal from the second
scan line in the resetting period. Additionally, the method includes connecting the source
electrode of the N-th driving transistor to the discharge port by the discharge sub-circuit
under control of the third control signal from the third scan line in the resetting period.
Furthermore, the method includes providing a reference voltage to a data line. Moreover, the
method includes writing the reference voltage to the gate electrode of the first driving
transistor by the charge-input sub-circuit under control of the first control signal from the first
scan line, thereby making the N driving transistors connected in series in conduction state and

releasing residue charges in the power-storage sub-circuit to a ground port.
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[0020] Optionally, the method further includes disconnecting the source electrode of the N-
th driving transistor from the discharge port by the discharge sub-circuit under control of the
third control signal from the third scan line in each of the charging period, the data-inputting

period, and the emitting period.

[0021] In yet another aspect, the present disclosure provides a pixel circuit including a
light-emitting device and a pixel driving circuit described herein. The pixel driving circuit
includes a driving sub-circuit having N driving transistors connected in series. A first driving
transistor of the N driving transistor is a first transistor in the series and the N-th driving
transistor of the N driving transistors is a last transistor in the series. The first driving
transistor has a drain electrode coupled to a first input voltage port and the N-th driving
transistor has a source electrode coupled to the light-emitting device. N is an integer greater

than 1.

[0022] Optionally, the N driving transistors connected in series include an n-th driving
transistor connected to an (n+1)-th driving transistor. A source electrode of the n-th driving
transistor is coupled to both a gate electrode and a drain electrode of the (n+1)-th driving

transistor. Here n is a positive integer and (n+1) is smaller than or equal to N.
[0023] Optionally, the light-emitting device is an organic light-emitting diode.

[0024] In still another aspect, the present disclosure provides a display apparatus

comprising a pixel circuit described herein.

BRIEF DESCRIPTION OF THE FIGURES

[0025] 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.
[0026] FIG. 1 is a circuit diagram of a conventional 2T1C pixel driving circuit.

[0027] FIG. 2A is a circuit diagram of a pixel driving circuit according to an embodiment

of the present disclosure.

[0028] FIG. 2B is a circuit diagram of a pixel driving circuit according to another

embodiment of the present disclosure.
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[0029] FIG. 2C is a circuit diagram of a pixel driving circuit according to yet another

embodiment of the present disclosure.

[0030] FIG. 2D is a timing diagram of operating the pixel driving circuit of FIG. 2C in one

cycle time according to the embodiment of the present disclosure.

[0031] FIG. 3A is a circuit diagram of a pixel driving circuit according to still another

embodiment of the present disclosure.

[0032] FIG. 3B is a circuit diagram of a pixel driving circuit according to yet still another

embodiment of the present disclosure.

[0033] FIG. 3C is a timing diagram of operating the pixel driving circuit of FIG. 3B in one

cycle time according to the embodiment of the present disclosure.

[0034] FIG. 4A is a circuit diagram of a pixel driving circuit according to yet still another

embodiment of the present disclosure.

[0035] FIG. 4B is a timing diagram of operating the pixel driving circuit of FIG. 4A in one

cycle time according to the embodiment of the present disclosure.

[0036] FIG. 5A is a state diagram of operating the pixel driving circuit of FIG. 4A in a

resetting period according to the embodiment of the present disclosure.

[0037] FIG. 5B is a state diagram of operating the pixel driving circuit of FIG. 4A in a

charging period according to the embodiment of the present disclosure.

[0038] FIG. 5C is a state diagram of operating the pixel driving circuit of FIG. 4A in a

data-inputting period according to the embodiment of the present disclosure.

[0039] FIG. 5D is a state diagram of operating the pixel driving circuit of FIG. 4A in an

emitting period according to the embodiment of the present disclosure.

DETAILED DESCRIPTION

[0040] 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.
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[0041] FIG. 1 shows a circuit diagram of a conventional 2T1C pixel driving circuit,
including a driving transistor T1, a data-input transistor T2, and a storage capacitor C.
Referring to FIG. 1, SCAN is a scan line for providing a control signal. OLED is an organic
light-emitting diode. VDD is a high voltage supplied from the power-supply port. VSSis a
low voltage supplied from another power-supply port. Vaaa is a data voltage supplied to a
data line. During its operation, the 2T1C pixel driving circuit provides a current I,eq flowing

through OLED which can be expressed as:

lotea = 7 Toexp (1222t (1)

where W/L is a ratio of length to width of the driving transistor; /j is a leakage current of the
driving transistor; # is a sub-threshold slope factor; Vr is a thermo-voltage of the driving
transistor; and Vy, is a threshold voltage of the driving transistor. As seen from the formula,
the current flowing through the OLED from the driving transistor is sensitive to the inputting
data voltage V4., and the threshold voltage Vy,. In order to ensure uniformity of images
displayed on the OLED display, the threshold voltage Vy, of different driving transistor in
different pixel driving circuit associated with different sub-pixel must be kept highly
consistent. However, manufacture variation of the driving transistors leads to the variation of
the threshold voltages. Vi, consistency requirement posts a huge challenge to the
manufacture process of the driving transistor. Because the data voltage inputted to each pixel
driving circuit has very little adjustment room, it is hard to adjust Vg, for compensating the

variation of Vy, and achieving accurate control of the current flowing through the OLED.

[0042] Accordingly, the present disclosure provides, inter alia, a pixel driving circuit with
wide range input voltage, a pixel driving method, a pixel circuit, and 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 driving

circuit used for driving light emission of a light-emitting device.

[0043] Referring to FIG. 2A, the pixel driving circuit is configured to drive a light-emitting
device (not shown)to emit light for imaging. The pixel driving circuit includes a driving sub-
circuit 21 to be coupled to the light-emitting device EL and a power-supply port VDD, a
charge-input sub-circuit 23 coupled to a data line DL, a first scan line SCAN1, and the
driving sub-circuit 21 including multiple driving transistors connected in series between a
power supply port and the light-emitting device EL, and a power-storage sub-circuit 22

connected between the charge-input sub-circuit 23 and the light-emitting device EL.
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[0044] Referring to FIG. 2A again, the driving sub-circuit 21 includes N driving transistors
connected in series, where N is an integer greater than 1. A first transistor in the series is a
first driving transistor T1 of the N driving transistors and a last transistor in the series is an N-
th driving transistor of the N driving transistors. In an example, N=3, the third driving
transistor T3 is the last transistor in the series. The first driving transistor includes a drain
electrode coupled to the power-supply port, which is optionally provided with a high voltage
VDD. The N-th driving transistor includes a source electrode coupled to the light-emitting
device EL. Optionally, the drain electrode or the source electrode of any of the N driving
transistors are merely named for convenience but not based on distinct functionality. The
drain electrode can be called a source electrode while the source electrode can be called a
drain electrode without affecting the function of the circuit disclosed herein. In general, the
N driving transistors connected in series includes an n-th driving transistor connected to an
(n+1)-th driving transistor such that a source electrode of the n-th driving transistor is
connected to both a gate electrode and a drain electrode of the (n+1)-th driving transistor.
Here n is a positive integer and n+1 is smaller than or equal to N. Optionally, N is at least 2.
While using at least two driving transistors in the driving sub-circuit 21, an allowable range
of data voltage inputted from the data line DL can be expanded comparing to a single driving
transistor under a condition that variation range of a driving current for light emission is
controlled to be the same for both situations. This certainly can lead to more accurate control
for the driving current. Optionally, during the operation of the pixel driving circuit, a
threshold voltage difference for any two driving transistors in the series can be set to have an
absolute value smaller than a first threshold. This option ensures that all driving transistors in
the series can be set to conduction state at a same time during each cycle time for displaying a
frame of image. Optionally, all driving transistors in the series are selected to have a same

threshold voltage.

[0045] Optionally, N=3, as shown in FIG. 2A, three driving transistors includes a first
driving transistor T1, a second driving transistor T2, and a third driving transistor T3. T1 has
a drain electrode coupled to the power-supply port receiving a high voltage VDD. T3 has a
source electrode to be coupled to the light-emitting device EL. Optionally, the light-emitting
device EL is a light-emitting diode per subpixel being driven by the pixel driving circuit to
emit light. T1 also has a source electrode coupled to a gate electrode and a drain electrode of
T2. T2 also has a source electrode coupled to a gate electrode and a drain electrode of T3.

T1 has a gate electrode coupled to the charge-input sub-circuit 23.
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[0046] Referring to FIG. 2A, the power-storage sub-circuit 22 has a first electrode coupled
to a gate electrode of the first driving transistor T1 and a second electrode coupled to a source
electrode of the third driving transistor T3. Further, the charge-input sub-circuit 23 has a
control terminal connected to the first scan line SCAN1. The charge-input sub-circuit 23 is
configured to connect/disconnect the gate electrode of the first driving transistor T1 to/from a
data line DL under control of a first control signal from a first scan line SCAN1. Optionally,
each of T1, T2, and T3 can be an n-type transistor. Optionally, each of T1, T2, and T3 can be
a p-type transistor. In fact, the pixel driving circuit as shown in FIG. 3 can be operational

with all T1, T2, and T3 being the same type of transistor.

[0047] FIG. 2B is a circuit diagram of a pixel driving circuit according to another
embodiment of the present disclosure. Referring to FIG. 2B, the power-storage sub-circuit 22
includes a storage capacitor Cs. The charge-input sub-circuit 23 includes a charge-input
transistor TS. The light-emitting device EL includes an organic light-emitting diode OLED.
The storage capacitor Cs has a first terminal A coupled to the gate electrode of the first
driving transistor T1 and a second terminal B coupled to the source electrode of the third
driving transistor T3. The charge-input transistor T5 has a gate electrode coupled to the first
scan line SCANI, a drain electrode coupled to the data line DL, and a source electrode
coupled to the gate electrode of the first driving transistor T1. The OLED has an anode
coupled to the source of the third driving transistor T3 and a cathode coupled to another
power-supply port supplying a low voltage VSS. Optionally, a parasitic capacitance Cp

associated with the second terminal B is depicted in dashed line.

[0048] FIG. 2C is a circuit diagram of a pixel driving circuit according to yet another
embodiment of the present disclosure. Referring to FIG. 2C, the pixel driving circuit is
substantially based on the pixel driving circuit of FIG. 2A and further includes an emission-
control sub-circuit 24 coupled to the driving sub-circuit 21 for controlling light emission of
the light-emitting device EL (FIG. 2B). The emission-control sub-circuit 24 has a first
terminal coupled to the source of the third driving transistor T3. The emission-control sub-
circuit 24 has a second terminal to be coupled to the light-emitting device EL. The emission-
control sub-circuit 24 has a control terminal coupled to a second scan line SCAN2 configured
to provide a second control signal. The emission-control sub-circuit 24 is configured to
connect/disconnect the source electrode of the third driving transistor T3 to/from the light-
emitting device EL under control of the second control signal from the second scan line

SCAN2.
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[0049] FIG. 2D is a timing diagram of operating the pixel driving circuit of FIG. 2C in one
cycle time according to the embodiment of the present disclosure. The cycle time is a period
for driving a light-emitting diode associated with a sub-pixel to emit light for displaying a
frame of image. Optionally, the cycle time includes a charging period SC, a data-inputting
period SDI, and an emitting period SE. In the charging period SC, the first control signal
outputted from the first scan line SCANTI is a high-voltage signal. Under the high-voltage
signal, the charge-input transistor T5 is turned on. The data line DL outputs a reference
voltage Vs (optionally, Vi is set to be slightly larger than 3V, assuming that each of the
three driving transistors to have a same threshold voltage Vy,). In the data-inputting period
SDI, the first control signal further outputs a high-voltage signal to turn on T5. The data line
DL outputs a data voltage V4.,. Now a voltage level at the node A (or the first terminal A of
the power-storage sub-circuit 22) is written to V4,,. Thus, the storage capacitor Cs is charged
to 3V, + o(Vdaa — Vrer), where o = Cp/(Cp + Cs). Further in the emitting period SE, the first
control signal outputted from the first scan line SCANI is a low-voltage signal, now TS5 is
turned off. While all driving transistors T1, T2, and T3 are all in conduction state to produce
a driving current flowing through the light-emitting device. In particular, the current flowing
through an organic light-emitting diode OLED under the pixel driving circuit of FIG. 2B can
be expressed as:

w a(Vaata—Vref)
Iotea = T 1oexp (ZZ—VTIC) (2)

Comparing to formula (1) for the conventional 2T1C pixel driving circuit, the formula (2)
based on the pixel driving circuit of FIG. 2B does not have a term of the threshold voltage Vi,
of the driving transistor(s). Therefore, the sensitivity of the current to the threshold voltage

variation is reduced.

[0050] Referring to FIG. 2D again, during the charging period SC, the second control
signal from the second scan line SCAN2 is a low-voltage signal. Under control of the second
control signal, the emission-control sub-circuit 24 disconnects the source electrode of the
third driving transistor T3 from the light-emitting device EL (see FIG. 2B). The data line DL
this time outputs the reference voltage Vs and the first scan line SCANTI outputs the first
control signal as a high-voltage signal. Under control of the first control signal from SCANI,
the charge-input sub-circuit 23 writes the reference voltage Vi from the data line DL to the
gate electrode of the first driving transistor T1, thereby making each of the first driving

transistor T1, the second driving transistor T2, and the third driving transistor T3 in

10
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conduction state at the same time. Optionally, Vi is selected to be larger than a sum of
threshold voltages of the N driving transistors. Now the first terminal A of the power-
storage sub-circuit 22 is charged to pull up a voltage level at the second terminal B (see FIG.
2B) until all of the first driving transistor T1, the second driving transistor T2, and the third

driving transistor T3 are turned off.

[0051] Further during the data-inputting period SDI, the second control signal outputted
from the second scan line SCAN2 is a low-voltage signal. Under control of the second
control signal, the emission-control sub-circuit 24 disconnects the source electrode of the
third driving transistor T3 from the light-emitting device EL. Now, the data line DL outputs
a data voltage Vi and the first scan line SCAN1 outputs the first control signal as a high-
voltage signal. Optionally, the data voltage Vi, 1s greater than the reference voltage Vier
(assuming all driving transistors are n-type transistors). Under control of the first control
signal, the charge-input sub-circuit 23 writes the data voltage Vgai to the gate electrode of the
first driving transistor T1. This changes the voltage level at the first terminal A of the power-
storage sub-circuit 22. The coupling effect of the storage capacitor Cs also induces a voltage

change at the second terminal B.

[0052] Furthermore, during the emitting period SE, under control of the first control signal
as a low-voltage signal, the charge-input sub-circuit 23 disconnects the data line DL from the
gate electrode of the first driving transistor T1. The second scan line SCAN2 now outputs
the second control signal as a high-voltage signal. Under control of the second control signal,
the emission-control sub-circuit 24 connects the source electrode of the third driving
transistor T3 to the light-emitting device EL. Since Vg, is greater than V., all of the first
driving transistor T1, the second driving transistor T2, and the third driving transistor T3 are
in conduction state during the emitting period to provide a driving current to drive light
emission of the light-emitting device EL. Optionally, the Vg, can be set to be smaller than
V.erif all the driving transistors are p-type transistors and are in conduction state during the
emitting period to provide a driving current flowing through the light-emitting device EL to

drive light emission thereof.

[0053] Optionally during the operation of the pixel driving circuit, the data-inputting period
SDI is relatively short so that the emitting period SE is triggered right after the voltage

change between two terminals of the power-storage sub-circuit 22. This allows the voltage

11
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difference across the two terminals of the power-storage sub-circuit 22 to be able to

compensate the threshold voltage(s) of the driving transistor(s).

[0054] FIG. 3A is a circuit diagram of a pixel driving circuit according to still another
embodiment of the present disclosure. Referring to FIG. 3A, the pixel driving circuit
includes a driving sub-circuit 21 coupled to a light-emitting device (such as a light-emitting
diode in FIG. 2B) and a power-supply port VDD, a charge-input sub-circuit 23 coupled to a
data line DL, a first scan line SCAN1. The driving sub-circuit 21 includes multiple driving
transistors connected in series between a power supply port and the light-emitting device.
The pixel driving circuit further includes a power-storage sub-circuit 22 connected between
the charge-input sub-circuit 23 and the light-emitting device EL. Additionally, the pixel
driving dircuit includes a discharge sub-circuit 25 coupled between the driving sub-circuit 21
and a ground port GND. In particular, the discharge sub-circuit 25 has a first terminal
coupled to the source electrode of the third driving transistor T3, a second terminal coupled to
the ground port GND, and a control terminal coupled to a third scan line SCAN3 that is
configured to supply a third control signal. The discharge sub-circuit 25 is configured to
connect or disconnect the source electrode of the N-th (N=3) driving transistor to or from the

ground port GND under control of the third control signal from the third scan line SCAN3.

[0055] FIG. 3B is a circuit diagram of a pixel driving circuit according to yet still another
embodiment of the present disclosure. Referring to FIG. 3B, the pixel driving circuit
includes a driving sub-circuit 21 coupled to a light-emitting device (such as a light-emitting
diode in FIG. 2B) and a power-supply port VDD, a charge-input sub-circuit 23 coupled to a
data line DL, a first scan line SCAN1. The driving sub-circuit 21 includes multiple driving
transistors connected in series between a power supply port and the light-emitting device EL.
Additionally, the pixel driving circuit includes an emission-control sub-circuit 24 coupled to
the driving sub-circuit 21 for controlling a current flowing through the light-emitting device
EL (FIG. 2B) for emitting light. The emission-control sub-circuit 24 has a first terminal
coupled to the source of the third driving transistor T3. The emission-control sub-circuit 24
has a second terminal to be coupled to the light-emitting device EL. The emission-control
sub-circuit 24 has a control terminal coupled to a second scan line SCAN2 configured to
provide a second control signal. The emission-control sub-circuit 24 is configured to
connect/disconnect the source electrode of the third driving transistor T3 to/from the light-
emitting device EL under control of the second control signal from the second scan line

SCAN2. Furthermore, the pixel driving circuit includes a discharge sub-circuit 25 coupled
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between the driving sub-circuit 21 and a ground port GND. In particular, the discharge sub-
circuit 25 has a first terminal coupled to the source electrode of the third driving transistor T3,
a second terminal coupled to the ground port GND, and a control terminal coupled to a third
scan line SCAN3 that is configured to supply a third control signal. The discharge sub-circuit
25 is configured to connect or disconnect the source electrode of the N-th (N=3) driving
transistor to or from the ground port GND under control of the third control signal from the

third scan line SCAN3.

[0056] FIG. 3C is a timing diagram of operating the pixel driving circuit of FIG. 3B in one
cycle time according to the embodiment of the present disclosure. Referring to FIG. 3C, the
cycle time of displaying one frame of image also includes a resetting period SR before the
charging period SC. During the resetting period, the second scan line SCAN2 outputs the
second control signal as a low-voltage signal. Under control of the second control signal, the
emission-control sub-circuit 24 disconnects the source electrode of the third driving transistor
T3 from the light-emitting device EL. The third scan line SCAN3 outputs the third control
signal as a high-voltage signal. Under control of the third control signal, the discharge sub-
circuit 25 connects the source electrode of the third driving transistor T3 to the ground port
GND. In this period, the data line DL outputs a reference voltage Vir and the first scan line
SCANT1 outputs the first control signal as a high-voltage signal. Under control of the first
control signal, the charge-input sub-circuit 23 writes the reference voltage from the data line
DL to the gate electrode of the first driving transistor T1, thereby making all the driving
transistors T1, T2, and T3 in conduction state and allowing the residue charges in the power-
storage sub-circuit 22 to be released to the ground port GND. In other words, the resetting

period is for releasing residue charges in the power-storage sub-circuit 22.

[0057] Referring to FIG. 3C, the cycle time includes a charging period SC, a data-inputting
period SDI, and an emitting period SE. In the charging period SC, the third scan line SCAN3
outputs a low-voltage signal. In the data-inputting period SDI, the third scan line SCAN3
outputs a low-voltage signal. In the emitting period SE, the third scan line SCAN3 outputs a
low-voltage signal. In other words, during those periods, the discharge sub-circuit 25 is
controlled to disconnect the source electrode of the third driving transistor T3 from the

ground port GND.

[0058] FIG. 4A is a circuit diagram of a pixel driving circuit according to yet still another

embodiment of the present disclosure. Referring to FIG. 4A, the pixel driving circuit
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includes a 6T1C structure with all the described sub-circuits including the driving sub-circuit,
the charge-input sub-circuit, the power-storage sub-circuit, the emission-control sub-circuit,
and the discharge sub-circuit. In particular, the driving sub-circuit includes a first driving
transistor T1, a second driving transistor T2, and a third driving transistor T3 connected in
series. The power-storage sub-circuit includes a storage capacitor Cs. The emission-control
sub-circuit includes an emission-control transistor T4. The charge-input sub-circuit includes
a charge-input transistor T5, and the discharge sub-circuit includes a discharge transistor T6.
The light-emitting device associated with the pixel driving circuit is an organic light-emitting

diode OLED.

[0059] Referring to FIG. 4A, the first driving transistor T1 has a drain electrode coupled to
a high-voltage port providing a high voltage VDD. The first driving transistor T1 also has a
source electrode coupled to a gate electrode and a drain electrode of the second driving
transistor T2. The second driving transistor T2 also has a source electrode coupled to a gate
electrode and a drain electrode of the third driving transistor T3. The storage capacitor Cs
has a first terminal coupled to the gate electrode of the first driving transistor T1 and a second
terminal coupled to the source electrode of the third driving transistor T3. The charge-input
transistor TS has a gate electrode coupled to the first scan line SCANI, a drain electrode
coupled to the data line DL, and a source electrode coupled to the gate electrode of the first
driving transistor T1. The emission-control transistor T4 has a gate electrode coupled to the
second scan line SCAN2, a drain electrode coupled to the source electrode of the third
driving transistor T3, and a source electrode coupled to an anode of the OLED. The cathode
of the OLED is coupled to a low-voltage port providing a low voltage VSS. Additionally, the
discharge transistor T6 has a gate electrode coupled to the third scan line SCAN3, a drain
electrode coupled to the source electrode of the third driving transistor T3, and a source
electrode coupled to the ground port GND. Furthermore, the node A is connected to the gate
electrode of the first driving transistor T1 and the node B is connected to the source electrode
of the third driving transistor T3. Cp refers to a parasitic capacitance associated with the

node B.

[0060] Referring to FIG. 4A again, all the transistors T1, T2, T3, T4, TS5, and T6 are N type
metal-oxide-semiconductor (NMOS) transistors. Optionally in alternative operation, all the

transistors can be P type metal-oxide-semiconductor (PMOS) transistors.
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[0061] FIG. 4B is a timing diagram of operating the pixel driving circuit of FIG. 4A in one
cycle time according to the embodiment of the present disclosure. Referring to FIG. 4B, the
cycle time for displaying one frame of image includes a resetting period SR, a charging

period SC, a data-inputting period SDI, and an emitting period SE.

[0062] In the charging period SC, the first scan line SCAN1 provides a high-voltage signal
while the second scan line SCAN2 and the third scan line SCAN3 provide low-voltage
signals. The pixel driving circuit operated in this period is in a state shown in FIG. 5A. The
data line DL provides a reference voltage V.. Transistors T1, T2, T3, TS, and T6 are all in
conduction state. T6 in conduction state leads to release of charges stored in the storage
capacitor Cs. T4 is turned off so that no current is flowing through the OLED, thereby
ensuring low brightness associated with a gray-scale value of 0. Thus, black state of an

image is set for a lowest gray-scale brightness to ensure a highest contrast.

[0063] In the charging period SC, SCAN1 and SCAN3 respectively provide two high-
voltage signals, SCAN2 provides a low-voltage signal. The pixel driving circuit operated in
this period is in a state shown in FIG. 5B. The data line DL outputs a reference voltage Vier.
T5 remains to be in conduction state. T4 and T6 are turned off during this period. In this
period, the voltage level at the node B increases from 0 to a higher value as T1, T2, and T3
gradually are turned off. Eventually, a voltage difference V across two terminals of storage
capacitor Cs equals to 3Vy, if it is assumed that each threshold voltage of T1, T2, and T3 is
equal to Vy,.

[0064] In the data-inputting period SDI, SCANI1 outputs a high-voltage signal, SCAN2 and
SCAN3 output low-voltage signals. The pixel driving circuit operated in this period is in a
state shown in FIG. 5C. The data line DL now outputs a data voltage Va. Since T5 is kept
in conduction state, the voltage level at the node A is changed to Vgaa. Then, the voltage
difference Vs across two terminals of storage capacitor Cs becomes 3V, + 0 Vaata — Vret),
where a equals to C2/(C1+C2) and Cl1 is a capacitance value of capacitor Cs and C2 is a
capacitance value of parasitic capacitor Cp associated with the node B. At the end of the
data-inputting period SDI, SCANI1 is changed to provide a low-voltage signal to turn T5 off.
This is to prevent the node A from being further charged to change the voltage difference V
in next period (i.e., emitting period SE). Optionally, the data-inputting period SDI is

relatively short so that as long as the voltage difference V. across two terminals of storage
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capacitor Cs is changed the next period, emitting period, is started, with the V, being used

for compensating the threshold voltage(s) of the driving transistor(s).

[0065] In the emitting period SE, SCAN1 outputs a low-voltage signal, SCAN2 outputs a
high-voltage signal, and SCAN3 outputs a low-voltage signal. The pixel driving circuit
operated in this period is in a state shown in FIG. 5D. The data line DL now outputs a data
voltage V. Transistors T1, T2, T3, and T4 are all in conduction state while T5 and T6 are
turned off. T4 in conduction state allows a current flowing through OLED (note no current
flows though OLED in previous three periods to enhance image contrast), which can be
expressed as:

w Vesi—Vini
oteq = =l exp (FELZeR ) 3)

nvr
Ves = 3Vgs; “4)

[0066] where i can be selected from 1, 2, and 3, referring to the first, second, and third
driving transistor. When i = 1, Vgg is a gate-source voltage of the first driving transistor T1,
and V1 is a threshold voltage of T1. When i = 2, Vs is a gate-source voltage of T2, and
Vi 1s a threshold voltage of T2. When i = 3, Vg3 is a gate-source voltage of T3, and Vy,31s
a threshold voltage of T3.

[0067] Under an assumption that Vi, 1= Vi 2=V 3=V, and Ves = 3V + 0 Vdaa — Vret),
Vs~ Vi = 1/3Ves— V= 1/3 {3V + o(Vdata — Vrer)} — Vin = 1/3(Vgata — Vrer). As the

result, the formula (3) can be modified to the formula (2) shown above

[0068] Comparing to the current for conventional 2T1C pixel driving circuit, there is no
threshold voltage term in the formula (2), thereby reducing sensitivity of the OLED current to
the threshold voltage of the driving transistor. Accordingly, the current disclosure diminishes
a requirement for manufacturing uniform driving transistors, resulting in cost-saving in

manufacture and image quality improvement at the same time.

[0069] In formula (2), the coefficient of Vga, becomes a/3 which is enlarged by 3/a. (>3)
over the conventional one. Therefore, for a same current range of Ioeq, the inputted data
voltage Vi can have an enlarged adjustment range for providing more accurate

compensation to obtain more uniform driving current for improved display quality.

[0070] In another aspect, the present disclosure also provides a pixel driving method which

is implemented through the pixel driving circuit described herein. The method is to drive the
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pixel driving method within each cycle time for displaying one frame of image. The cycle
time includes at least a charging period, a data-inputting period, and an emitting period. In
the charging period, the method includes providing a reference voltage to the data line.
Additionally, the method includes writing the reference voltage from the data line to the gate
electrode of the first driving transistor by the charge-input sub-circuit under control of the
first control signal from the first scan line, thereby making the N driving transistors
connected in series in conduction state. Furthermore, the method includes charging the
power-storage sub-circuit. Moreover, the method includes pulling up a voltage level at the
drain electrode of the capacitor in the power-storage sub-circuit until the N driving transistors
are turned off by the first control signal. Here N is an integer greater than 1. Optionally, N is
at least 2. Optionally, N=3.

[0071] In the data-inputting period, the method includes providing a data voltage to the
data line. Additionally, the method includes writing the data voltage from the data line to the
gate electrode of the first driving transistor by the charge-input sub-circuit under control of
the first control signal from the first scan line. Furthermore, the method includes changing a
voltage level at the second electrode of the capacitor in the power-storage sub-circuit by
coupling a change from the reference voltage to the data voltage at the first electrode of the

capacitor.

[0072] In the emitting period, the method includes disconnecting the gate electrode of the
first driving transistor from the data line by the charge-input sub-circuit under control of the
first control signal from the first scan line. Additionally, the method includes passing a
driving current through the N driving transistors connected in series to drive emission of a

light-emitting diode.

[0073] When implementing the method described above, as the driving sub-circuit includes
N driving transistors to enlarge the dynamic range of the inputted data voltage for controlling
the driving current (for driving light emission) in a same variation range. This facilitates
more accurate current control using the pixel driving circuit of the present disclosure.
Additionally, the inputted reference voltage and data voltage are controlled by the charge-
input sub-circuit under control of the first control signal from the first scan line. The power-
storage sub-circuit provides voltage coupling and charge storing function to achieve

compensation to the threshold voltage(s) of the driving transistor(s) in the driving sub-circuit,
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thereby making the driving current flowing through the light-emitting diode to be
independent of the threshold voltage(s).

[0074] Furthermore, when the pixel driving circuit includes an emission-control sub-circuit
described herein, the emission-control sub-circuit is able to control, in any non-emitting
period, disconnection of the source electrode of the N-th driving transistor (the last one in the
N driving transistors connected in series) from the light-emitting device, thereby preventing

false emission of the light-emitting device and improving display quality.

[0075] For implementing the method, all N driving transistors in the driving sub-circuit can
be n-type transistors. Accordingly, the data voltage inputted to the circuit should be set to be
greater than the reference voltage inputted to the circuit, thereby allowing every driving
transistor in the N driving transistors connected in series to be in conduction state.
Alternatively, all N driving transistors can be p-type transistors. Accordingly, the data
voltage inputted to the circuit should be set to be smaller than the reference voltage inputted
to the circuit, thereby allowing every driving transistor in the N driving transistors connected

in series to be in conduction state.

[0076] When the pixel driving circuit further includes a discharge sub-circuit described
herein for control a connection between the source electrode of the N-th driving transistor and
a ground port. The method is implemented further in a resetting period before the charging
period of each cycle time. Optionally, in the resetting period, the method includes connecting
the source electrode of the N-th driving transistor to the discharge port by the discharge sub-
circuit under control of the third control signal from the third scan line. Additionally, the
method includes providing a reference voltage to the data line. Furthermore, the method
includes writing the reference voltage to the gate electrode of the first driving transistor by
the charge-input sub-circuit under control of the first control signal from the first scan line,
thereby making the N driving transistors connected in series in conduction state and releasing

residue charges in the power-storage sub-circuit to the ground port.

[0077] Alternatively, in the resetting period, the method includes disconnecting the source
electrode of the N-th driving transistor from the light-emitting diode by the emission-control
sub-circuit under control of the second control signal from the second scan line. Additionally,
the method includes connecting the source electrode of the N-th driving transistor to the
discharge port by the discharge sub-circuit under control of the third control signal from the

third scan line. Furthermore, the method includes providing a reference voltage to the data
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line. Moreover, the method includes writing the reference voltage to the gate electrode of the
first driving transistor by the charge-input sub-circuit under control of the first control signal
from the first scan line, thereby making the N driving transistors connected in series in
conduction state, and releasing residue charges in the power-storage sub-circuit to the ground

port.

[0078] In yet another aspect, the present disclosure provides a pixel circuit including a
light-emitting device and a pixel driving circuit described herein. The pixel driving circuit
includes multiple (N>1) driving transistors connected in series in which the last transistor (N-
th) of the series includes a source electrode coupled to the light-emitting device. Optionally,

the light-emitting device is an organic light-emitting diode.

[0079] In still another aspect, the present disclosure provides a display apparatus including
the pixel circuit described above. The display apparatus can be one of OLED display panel, a
smart phone, a tablet computer, a television, a displayer, a notebook computer, a digital

picture frame, a navigator, and any product or component having a display function.

[0080] 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
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
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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 I8S:

1. A pixel driving circuit, the pixel driving circuit comprising:

a driving sub-circuit comprising N driving transistors connected in series, N
being an integer greater than 1, wherein the N driving transistors include a first driving
transistor having a drain electrode coupled to a power-supply port and an N-th driving
transistor having a source electrode coupled to a light-emitting diode;

a power-storage sub-circuit coupled to a gate electrode of the first driving
transistor and the source electrode of the N-th driving transistor; and

a charge-input sub-circuit configured to have the gate electrode of the first
driving transistor to receive a data voltage under control of a first control signal at a turn-on

voltage level.

2, The pixel driving circuit of claim 1, wherein the N driving transistors
connected in series comprises an n-th driving transistor and an (n+1)-th driving transistor
connected in series; and

a source electrode of the n-th driving transistor is coupled to both a gate
electrode and a drain electrode of the (n+1)-th driving transistor, wherein n is a positive
integer and (n+1) is smaller than or equal to N, the first control signal is supplied from a first

scan line and the data voltage is supplied from a data line.

3. The pixel driving circuit of claim 1, further comprising:

an emission-control sub-circuit configured to connect the source electrode of
the N-th driving transistor to the light-emitting diode under control of a second control signal
at a turn-on voltage level from a second scan line or to disconnect the source electrode of the
N-th driving transistor from the light-emitting diode under control of a second control signal

at a turn-off voltage level from a second scan line.

4. The pixel driving circuit of claim 3, wherein the emission-control sub-
circuit comprises an emission-control transistor including a gate electrode coupled to the
second scan line, a drain electrode coupled to the source electrode of the N-th driving

transistor, and a source electrode coupled to light-emitting diode.

5. The pixel driving circuit of claim 1 wherein a difference between
threshold voltages of any two driving transistors in the N driving transistors has an absolute

value substantially same.
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6. The pixel driving circuit of claim 2, wherein the N driving transistors

are a same type, wherein N =3, and n < 2.

7. The pixel driving circuit of claim 2, wherein the charge-input sub-
circuit comprises a charge-input transistor having a gate electrode coupled to the first scan
line, a drain electrode coupled to a data line, and a source electrode coupled to the gate

electrode of the first driving transistor.

8. The pixel driving circuit of claim 1, wherein the power-storage sub-
circuit comprises a capacitor having a first electrode coupled to the gate electrode of the first
driving transistor and a second electrode coupled to the source electrode of the N-th driving

transistor.

9. The pixel driving circuit of any one of claims 1 to 8, further
comprising:
a discharge sub-circuit configured to connect the source electrode of the N-th

driving transistor to a ground port under control of a third control signal from a third scan line.

10. The pixel driving circuit of claim 9, wherein the discharge sub-circuit
comprises a discharge transistor having a gate electrode coupled to the third scan line, a drain
electrode coupled to the source electrode of the N-th driving transistor, and a source electrode

coupled to the ground port.

11. A method of driving a pixel driving circuit of any one of claims 1 to 10
in a cycle time for displaying one frame of image, wherein the cycle time comprises
sequentially a charging period, a data-inputting period, and an emitting period, the method
comprising:

in the charging period,

writing a reference voltage from a data line to the gate electrode of the first
driving transistor by the charge-input sub-circuit under control of the first control signal at a
turn-on voltage level from a first scan line, thereby making the N driving transistors
connected in series in conduction state;

charging the power-storage sub-circuit; and

pulling up a voltage level at a first electrode of a capacitor in the power-
storage sub-circuit until the N driving transistors are turned off;

in the data-inputting period,
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providing a data voltage to the data line;

writing the data voltage from the data line to the gate electrode of the first
driving transistor by the charge-input sub-circuit under control of the first control signal from
the first scan line;

changing a voltage level at a second electrode of the capacitor in the power-
storage sub-circuit by coupling a change from the reference voltage to the data voltage at the
first electrode of the capacitor; and

in the emitting period,

disconnecting the gate electrode of the first driving transistor from the data
line by the charge-input sub-circuit under control of the first control signal from the first scan
line; and

passing a driving current through the N driving transistors connected in series
to drive emission of a light-emitting diode;

wherein N is an integer greater than 1.

12. The method of claim 11, wherein the pixel driving circuit comprises an
emission-control sub-circuit configured to connect the drain electrode of the N-th driving
transistor to the light-emitting diode, the method further comprising:

disconnecting the source electrode of the N-th driving transistor from the
light-emitting diode by the emission-control sub-circuit under control of a second control
signal from a second scan line in the charging period;

connecting the source electrode of the N-th driving transistor to the light-
emitting diode by the emission-control sub-circuit under control of the second control signal
from the second scan line in the data-inputting period; and

connecting the source electrode of the N-th driving transistor to the light-
emitting diode by the emission-control sub-circuit under control of the second control signal

from the second scan line in the emitting period.

13.  The method of claim 11, wherein each of the N driving transistors is an

n-type transistor and the data voltage is set to be greater than the reference voltage.

14.  The method of claim 11, wherein each of the N driving transistors is a

p-type transistor and the data voltage is set to be smaller than the reference voltage.
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15.  The method of claim 11, wherein the pixel driving circuit further
comprises a discharging sub-circuit configured to use a third control signal from a third scan
line to control a connection between the source electrode of the N-th driving transistor and a
discharge port; wherein the cycle time further includes a resetting period before the charging
period; the method further comprising:

connecting the source electrode of the N-th driving transistor to the discharge
port by the discharge sub-circuit under control of the third control signal from the third scan
line in the resetting period;

providing a reference voltage to the data line;

writing the reference voltage to the gate electrode of the first driving transistor
by the charge-input sub-circuit under control of the first control signal from the first scan line,
thereby making the N driving transistors connected in series in conduction state, and

releasing residue charges in the power-storage sub-circuit to a ground port.

16.  The method of claim 12, wherein the pixel driving circuit further
comprises a discharging sub-circuit configured to use a third control signal from a third scan
line to control a connection between the source electrode of the N-th driving transistor and a
discharge port; wherein the cycle time further includes a resetting period before the charging
period; the method further comprising:

disconnecting the source electrode of the N-th driving transistor from the
light-emitting diode by the emission-control sub-circuit under control of the second control
signal from the second scan line in the resetting period;

connecting the source electrode of the N-th driving transistor to the discharge
port by the discharge sub-circuit under control of the third control signal from the third scan
line in the resetting period;

providing a reference voltage to a data line;

writing the reference voltage to the gate electrode of the first driving transistor
by the charge-input sub-circuit under control of the first control signal from the first scan line,
thereby making the N driving transistors connected in series in conduction state and releasing

residue charges in the power-storage sub-circuit to a ground port.

17.  The method of any one of claims 15 to 16, further comprising

disconnecting the source electrode of the N-th driving transistor from the discharge port by
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the discharge sub-circuit under control of the third control signal from the third scan line in

cach of the charging period, the data-inputting period, and the emitting period.

18. A pixel circuit comprising a light-emitting device and a pixel driving
circuit of any one of claims 1 to 10 including a driving sub-circuit having N driving
transistors connected in series, wherein a first driving transistor of the N driving transistor is a
first transistor in the series and the N-th driving transistor of the N driving transistors is a last
transistor in the series, wherein the first driving transistor has a drain electrode coupled to a
first input voltage port and the N-th driving transistor has a source electrode coupled to the

light-emitting device, wherein N is an integer greater than 1.

19.  The pixel circuit of claim 18, wherein the N driving transistors
connected in series comprise an n-th driving transistor connected to an (n+1)-th driving
transistor, wherein a source electrode of the n-th driving transistor is coupled to both a gate
electrode and a drain electrode of the (n+1)-th driving transistor, wherein n is a positive

integer and (n+1) is smaller than or equal to N.
20. The pixel circuit of claim 19, wherein N =3, and n <2,

21.  The pixel circuit of claim 18, wherein the light-emitting device is an

organic light-emitting diode.

22. A display apparatus comprising a pixel circuit of any one of claims 18
to 21.
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