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5 Claims, 7 Drawing Sheets

[~ oLeD



US 10,467,953 B2
Page 2

(32) US.CL
CPC v GO9G 2300/0852 (2013.01); GO9G
2300/0861 (2013.01); GO9G 2310/0262
(2013.01); GO9G 23200043 (2013.01); GO9G
2320/045 (2013.01)
(58) Field of Classification Search
CPC ... G09G 2300/0819; G09G 2310/0202; GO9G
2300/0852; GO9G 2310/0262; GO9G
3/3225
USPC ..o 345/76, 690; 315/169.3
See application file for complete search history.

(56) References Cited

FOREIGN PATENT DOCUMENTS

CN 103150991 A 6/2013
CN 107170412 A 9/2017

* cited by examiner



U.S. Patent Nov. 5, 2019 Sheet 1 of 7 US 10,467,953 B2

OVDD
Scanning Line Cst
Lo e
)
Data Li
ata Line 1 } TTZ
N\ OLED
OVSS

FIG.1 (Prior Art)



U.S. Patent Nov. 5, 2019 Sheet 2 of 7 US 10,467,953 B2

300

Data Driving Device b

ih )3 D ce D

200 PX1 | PX|]|IPX] - - PX
(2 ) 00

8 L
3 " PX PX|| 1PX] - PX
& |

=13

£

R

A | Ga

=11}

R=

S Y oy By Y
= PX PX|| [PXt - - PX
3 GN-1

x| | Tex | [ex] - - =




U.S. Patent Nov. 5, 2019 Sheet 3 of 7 US 10,467,953 B2

OVDD

1
H
H
H
H
H

Scan2

s Vini/Vdata

T4

EM——— TT{S

.|/ OLED

Y

OVSS
FIG.3



U.S. Patent Nov. 5, 2019 Sheet 4 of 7 US 10,467,953 B2

Scanl | |

Scan2

EM

| | | I
| Vini_ | Vdata | Vini |

| Potential | Threshold | EflniSSiO.n |
Initialization Voltage Storing | DisPlaying
Phase Phase Phase

FIG. 4



U.S. Patent Nov. 5, 2019 Sheet 5 of 7 US 10,467,953 B2

Scan?2

$ Vini/Vdata

T4

— Scanl

EM Té

" OLED

OVSS

FIG. 5A



U.S. Patent Nov. 5, 2019 Sheet 6 of 7 US 10,467,953 B2

OVDD

Scanz

—_— Vini/Vdata

— Scanl

EM ——— T6

o —
oy

7 OLED

OVSS
FIG. 5B



U.S. Patent Nov. 5, 2019 Sheet 7 of 7 US 10,467,953 B2

Scan2 . [T Lo

. Vimi/Vdata

— Scanl

N N

[RUSUINEIN SUSU

/" OLED

OVSS
FIG. 5C



US 10,467,953 B2

1
PIXEL DRIVING CIRCUIT AND ORGANIC
LIGHT-EMITTING DIODE (OLED) DISPLAY

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present disclosure relates to organic electrolumines-
cence field, more particular to a pixel driving circuit and an
organic light-emitting diode (OLED) display.

2. Discussion of the Related Art

Organic light-emitting diode (OLED) displays have
become popular flat panel display products due to the
attributes, such as self-illuminating, wide viewing angle,
short reaction time, high luminous efficiency, wide color
gamut, low operating voltage, thin thickness, can be pro-
duced in large-size, flexible display, and simple manufac-
turing process. Moreover, the OLED displays also have
potential of low cost.

With respect to OLED displays. thin film transistors
(TFTs) are often adopted in conjunction with capacitor
storage signals to control the gray scale of the OLED. So as
to drive the OLED at a constant current. Each of the pixels
at least includes two TFT and a storage capacitor, i.e., each
of the pixels has a 2T1C structure. FIG. 1 is a circuit diagram
of a pixel driving circuit of a conventional OLED displays.
Referring to FIG. 1, the pixel driving circuit of the conven-
tional OLED displays may include two TFT and a capacitor.
Specifically, the pixel driving circuit of the conventional
OLED displays may include a switch TFT T1, a driving TFT
T2, and a storage capacitor C,,. Driving current of the OLED
1s controlled by the driving TFT T2. The current may satisfy
the equation: 1, ., =k(V 55~V ,,)°, Wherein k is an intrinsic
conductance factor of the driving TFT T2, which is deter-
mined by the characteristic of the driving TFT T2. V, is
threshold voltage of the driving TFT T2. V_ is a voltage
between a gate and a source of the driving TFT T2. Due to
the long-term operation, the threshold voltage V,, of the
driving TFT T2 may drift, causing the driving current of the
OLED to change. So that, the OLED display may not
operate properly, which may lower-down the quality of the
image-displaying.

SUMMARY

In one aspect, the present disclosure relates to a pixel
driving circuit, including;: a first thin film transistor (TFT), a
second TFT, a third TFT, a fourth TFT, a fifth TFT, a sixth
TFT, a first capacitor, a second capacitor, and an organic
light-emitting diode (OLED); a gate of the first TFT elec-
trically connecting to a first node, a source of the first TFT
electrically connecting to a second node, and a drain of the
first TFT electrically connecting to a third node; a gate of the
second TFT being configured to receive emission control-
ling signals; a source of the second TFT being configured to
receive initializing signals or data signals, and a drain of the
second TFT electrically connecting to the second node; a
gate of the third TFT being configured to receive the
emission controlling signals, a source of the third TFT being
configured to receive a positive voltage of a power supply,
and a drain of the third TFT electrically connecting to the
second node; a gate of the fourth TFT being configured to
receive first scanning signals, a source of the fourth TFT
electrically connecting to the third node, and a drain of the
fourth TFT electrically connecting to the first node; a gate of
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the fifth TFT being configured to receive second scanning
signals, a source of the fifth TFT electrically connecting to
the second node, and a drain of the fifth TFT electrically
connecting to the first node; a gate of the sixth TFT being
configured to receive the emission controlling signals; a
source of the sixth TFT electrically connecting to the third
node, and a drain of the sixth TFT being configured to
receive a negative voltage of the power supply; one end of
the first capacitor electrically connecting to the first node,
and the other end of the first capacitor electrically connect-
ing to the second node; one end of the second capacitor
electrically connecting to the first node, and other end of the
second capacitor being grounded.

In one example, the first TFT, the second TFT, the fourth
TFT, and the fifth TFT are P-type TFTs, and the third TFT
and the sixth TFT are N-type TFTs.

In one example, the pixel driving circuit is configured to
perform a potential initializing operation, a threshold volt-
age storing operation, and an emission displaying operation;
when the pixel driving circuit performs the potential initial-
ization operation, the emission controlling signals and the
second scanning signals are configured to be at a low
potential, the first scanning signals are configured to be at a
high potential, and the source of the second TFT receives the
initializing signals at the low potential; when the pixel
driving circuit performs the threshold voltage storing opera-
tion, the emission controlling signals and the first scanning
signals are configured to be at the low potential, the second
scanning signals are configured to be at the high potential,
and the source of the second TFT is configured to receive the
data signals at the high potential; when the pixel driving
circuit performs the emission displaying operation, the emis-
sion controlling signals, the first scanning signals, and the
second scanning signals are configured to be at the high
potential.

In another aspect, the present disclosure relates to a pixel
driving circuit, including: a potential initialization module, a
threshold voltage storing module, an emission displaying
module, and an OLED; the potential initialization module
being configured to conduct a potential initializing operation
according to emission signals and the second scanning
signals at a low potential, and first scanning signals and
initializing signals at a high potential during a potential
initializing phase; the threshold voltage storing module
being configured to conduct a threshold voltage storing
operation according to the emission signals and the first
scanning signals at the low potential, and the second scan-
ning signals and the data signals at the high potential during
a threshold voltage storing phase; the emission displaying
module being configured to drive the OLED to illuminate
according to the emission signals, the first scanning signals,
and the second scanning signals at the high potential during
an emission displaying phase; wherein a current driving the
OLED to illuminate is not related to a threshold voltage of
the emission displaying module.

In one example, the potential initialization module
includes a second TFT, a fifth TFT, a first capacitor, and a
second capacitor; a gate of the second TFT is configured to
receive the emission controlling signals; a source of the
second TFT is configured to receive the initializing signals
or the data signals, and a drain of the second TFT electrically
connects to a second node; a gate of the fifth TFT is
configured to receive the second scanning signals, a source
of the fifth TFT electrically connects to the second node, and
a drain of the fifth TFT electrically connects to a first node;
one end of the first capacitor electrically connects to the first
node, and the other end of the first capacitor electrically
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connects to the second node; one end of the second capacitor
electrically connects to the first node, and other end of the
second capacitor is grounded.

In one example, the threshold voltage storing module
includes a first TFT, a second TFT, a fourth TFT, the first
capacitor, and the second capacitor; a gate of the first TFT
electrically connects to the first node, a source of the first
TFT electrically connects to the second node, and a drain of
the first TFT electrically connects to a third node; a gate of
the fourth TFT is configured to receive the first scanning
signals, a source of the fourth TFT electrically connects to
the third node, and a drain of the fourth TFT electrically
connects to the first node.

In one example, the emission displaying module includes
the first TFT, a third TFT, a sixth TFT, the first capacitor, and
the second capacitor; a gate of the third TFT is configured
to receive the emission controlling signals, a source of the
third TFT is configured to receive a positive voltage of a
power supply, and a drain of the third TFT electrically
connects to the second node; a gate of the sixth TFT is
configured to receive the emission controlling signals; a
source of the sixth TFT electrically connects to the third
node, and a drain of the sixth TFT is configured to receive
a negative voltage of the power supply.

In one example, the first TFT, the second TFT, the fourth
TFT, and the fifth TFT are P-type TFTs, and the third TFT
and the sixth TFT are N-type TFTs.

In one example, the P-type TFT is a PMOS TFT, and the
N-type TFT is a NMOS TFT.

In view of the above, the pixel driving circuit may adopt
the pixel structure of 6T2C to compensate the threshold
voltage of the driving TFT, i.e., the first TFT, in the pixel. As
such, the current passing through the OLED may not be
related to the threshold voltage of the driving TFT, i.e., the
first TFT. So as to eliminate the improper image-displaying
of the OLED display resulting from the drifting of the
threshold voltage of the driving TFT.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a pixel driving circuit of a
conventional organic light-emitting diode (OLED) display.

FIG. 2 is a schematic view of a OLED display in
accordance with one embodiment in the present disclosure.

FIG. 3 is a circuit diagram of a pixel structure of the
OLED display in accordance with one embodiment in the
present disclosure.

FIG. 4 is a timing diagram of each of signals in accor-
dance with one embodiment in the present disclosure.

FIGS. 5A to 5C are diagrams illustrating an operational
process of a pixel driving circuit in accordance with one
embodiment in the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Following embodiments of the invention will now be
described in detail hereinafter with reference to the accom-
panying drawings. However, there are plenty of forms to
implement the present disclosure, and the invention should
not be construed as limitation to the embodiments. Rather,
these embodiments are provided to explain the principles of
the invention and its practical application, thereby enabling
other person skilled in the art to understand each of the
embodiments in the invention and various modifications
being suitable for the particular application.
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In the drawings, the thicknesses of layers and regions may
be exaggerated for clarity. Same reference numerals refer to
the same components throughout the specification and the
drawings.

FIG. 2 is a schematic view of a OLED display in
accordance with one embodiment in the present disclosure.

Referring to FIG. 2, the present disclosure relates to an
organic light-emitting diode (OLED) display, including: a
display panel 100, a scanning driving device 200, and a data
driving device 300. It is noted that the OLED display in the
present disclosure may further include other proper compo-
nents, such as a timing controlling device configured to
control the canning driving device 200 and the data driving
device 300, and a power supply voltage generator config-
ured to provide a positive voltage of a power supply and a
negative voltage of the power supply.

Specifically, the display panel 100 may include: a plural-
ity of pixel PX arranged in a matrix, n number of scanning
lines G, to Gy, m number of data lines D, to D,, The
scanning driving device 200 connects to each of the scan-
ning lines G, to G, and drives each of the scanning lines G,
to G- The data driving device 300 connects to each of the
data lines D, to D,, and drives each of the data lines D, to
Das

The scanning driving device 200 may provide at least one
signal to each of the pixels PX, which may be described in
detail later. The data driving device 300 may provide data
signals to each of the pixels PX, which may also be
described in detail later.

Each of the pixels PX may include a pixel driving circuit.
The pixel driving circuit in the present disclosure may be
described in detail as below.

FIG. 3 is a circuit diagram of a pixel structure of the
OLED display in accordance with one embodiment in the
present disclosure.

Referring to FIG. 3, each of the pixels PX of the OLED
display may include a 6 T2C pixel structure. The 6T2C pixel
structure includes an OLED, a first thin film transistor (TFT)
T1, a second TFT T2, athird TFT T3, a fourth TFT T4, a fifth
TFT T5, a sixth TFT T6, a first capacitor C1, and a second
capacitor C2.

A gate of the first TFT T1 electrically connects to a first
node g. A source of the first TET T1 electrically connects to
a second node s. A drain of the first TFT T1 electrically
connects to a third node d.

A gate of the second TFT T2 is configured to receive
emission controlling signals EM. A source of the second
TFT T2 is configured to receive initializing signals Vini or
data signals Vdata, which are provided by the data driving
device 300. A drain of the second TFT T2 electrically
connects to the second node s.

A gate of the third TFT T3 is configured to receive the
emission controlling signals EM. A source of the third TFT
T3 is configured to receive the positive voltage of the power
supply OVDD, which is usually provided by the power
supply voltage generator (not shown in the figure). A drain
of the third TFT T3 electrically connects to the second node
s.

A gate of the fourth TFT T4 is configured to receive first
scanning signals Scanl, which are provided by the scanning
driving device 200. A source of the fourth TFT T4 electri-
cally connects to the third node d. A drain of the fourth TFT
T4 electrically connects to the first node g.

A gate of the fifth TFT T5 is configured to receive second
scanning signals Scan2, which are provided by the scanning
driving device 200. A source of the fifth TFT T5 electrically
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connects to the second node s. A drain of the fifth TFT T5
electrically connects to the first node g.

A gate of the sixth TFT T6 is configured to receive the
emission controlling signals EM. A source of the sixth TFT
T6 electrically connects to the third node d. A drain of the
sixth TFT T6 connects to an anode of the OLED.

A cathode of the OLED is configured to receive the
negative voltage of the power supply OVSS, which is
usually provided by the power supply voltage generator (not
shown in the figure).

One end of the first capacitor C1 electrically connects to
the first node g, and the other end of the first capacitor C1
electrically connects to the second node s.

One end of the second capacitor C2 electrically connects
to the first node g, and other end of the second capacitor C2
is grounded.

In one example, the first TFT T1 is a driving TFT.

In one example, the first TFT T1, the second TFT T2, the
fourth TFT T4, and the fifth TFT T5 may be P-type TFTs,
and the third TFT T3 and the sixth TFT T6 may be N-type
TFTs, but the present disclosure may not be limited to.
Further, the P-type TFT may be, for example, a PMOS TFT,
and the N-type TFT may be, for example, a NMOS TFT, but
the present disclosure may not be limited to. The P-type TET
and the N-type TFT may be P-type and N-type low-tem-
perature polysilicon TFTs, or P-type and N-type amorphous
silicon TFTs.

Operation principles of the pixel driving circuit in the
present disclosure are described in detail as follow. In one
example, the pixel driving circuit, having the structure of
6T2C. may conduct a potential initializing operation (during
a potential initialization phase), a threshold voltage storing
operation (during a threshold voltage storing phase), and an
emission displaying operation (during an emission display-
ing phase). FIG. 4 is a timing diagram of each of signals in
accordance with one embodiment in the present disclosure.
FIG. 5A to FIG. 5C are diagrams illustrating an operational
process of a pixel driving circuit in accordance with one
embodiment in the present disclosure. In FIG. 5A to FIG.
5C, a “x” symbol on the TFT indicates the TFT is turned off.

Referring to FIG. 4 and FIGS. 5A to 5C, during the
potential initialization phase, the emission controlling sig-
nals EM and the second scanning signals Scan2 are config-
ured to be at a low potential, and the first scanning signals
Scant are configured to be at a high potential. As such, the
second TFT T2 and the fifth TFT T5 may be turned on, and
the first TFT T1, the third TFT T3, the fourth TFT T4, and
the sixth TFT T6 are turned off. When the source of the
second TFT T2 receives the initializing signals Vini at the
low potential, voltage Vs of the second node s may be equal
to Vini. As such, the voltage Vs of the second node s is
configured to charge the first capacitor C1 until voltage Vg
of the first node g equals to Vini. Therefore, the voltage Vs
of the second node s and the voltage Vg of the first node g
may both equal to the initializing signals Vini, and the
potential initialization process, i.e., reset, with respect to the
first TFT T1 may be completed.

Further, during the potential initialization phase, as shown
in FIG. 5A, a potential initialization module 110 may
include the second TFT T2, the fifth TFT T5, the first
capacitor C1, and the second capacitor C2. Functions of the
potential initialization module 110 may be described in
below.

During the threshold voltage storing phase, the emission
controlling signals EM and the first scanning signals Scanl
are configured to be at the low potential, and the second
scanning signals Scan2 are configured to be at the high
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potential. The first TFT T1, the second TFT T2, and the
fourth TFT T4 are turned on, and the third TFT T3, the fifth
TFT T5, and the sixth TFT T6 are turned off. When the
source of the second TEFT T2 receives the data signals Vdata
at the high potential, the voltage Vs of the second node s
may equal to Vdata. As such, the voltage Vs of the second
node s is configured to charge the first capacitor C1 until
voltage difference between the first node g and the second
node s equals to Vth. The equation may be satisfied:
Vg=Vs-Vth=Vdata-Vth, wherein Vth is the threshold volt-
age of the first TFT T1. The threshold voltage Vth may be
stored in the first capacitor C1.

Further, during the threshold voltage storing phase, as
shown in FIG. 5B, a threshold voltage storing module 120
may include the first TFT T1, the second TFT T2, the fourth
TFT T4, the first capacitor C1, and the second capacitor C2.
Functions of the threshold voltage storing module 120 may
be described in below.

During the emission displaying phase, the emission con-
trolling signals EM, the first scanning signals Scanl, and the
second scanning signals Scan2 are configured to be at the
high potential. As such, the first TFT T1, the third TFT T3,
and the sixth TFT T6 may be turned on, and the second TFT
T2, the fourth TFT T4, and the fifth TFT T5 may be turned
off. The voltage Vs of the second node s may equal to the
positive voltage of the power supply OVDD due to the third
TFT T3 is turned on. According to capacitance coupling
principle, the voltage of the first node g is configured to be
as: Vg=Vdata-Vth+AV, wherein AV=(OVDD-Vdata)*C1/
(C1+C2). The voltage difference between the first node g
and the second node s is configured to be as:
Vs-Vg=0OVDD-(Vdata-Vth+AV)=0VDD-Vdata+Vth-
AV.

As such, current I passing through the OLED may satisfy
the equation:

I=K(Vsg-Vith)>=K(OVDD-Vdata+ Vih-AV-Vih)>=K
(OVDD-Vdata-AVy

K is an intrinsic conductance factor of the first TFT T1,
which is determined by the characteristic of the first TFT T1.

In view of the above, AV is not related to the threshold
voltage Vth of the first TFT T1. According to the equation
of the current 1, the current I passing through the OLED may
not be related to the threshold voltage Vth of the first TFT.
As such, improper image-displaying of the OLED display
resulting from drifting of the threshold voltage Vth of the
first TFT may be eliminated.

Further, during the emission displaying phase, as shown
in FIG. 5C, the first TFT T1, the third TFT T3, the sixth TFT
T6 turn on the first capacitor C1, and the second capacitor
C2 to form an emission displaying module 130. Functions of
the emission displaying module 130 may be described in
below.

According to the operation principles of the pixel driving
circuit described in the above, the potential initialization
module 110 is configured to conduct the potential initializing
operation according to the emission signals EM and the
second scanning signals Scan2 at the low potential, and the
first scanning signals Scant and the initializing signals Vini
at the high potential during the potential initializing phase.

The threshold voltage storing module 120 is configured to
conduct the threshold voltage storing operation according to
the emission signals EM and the first scanning signals Scanl
at the low potential, and the second scanning signals Scan2
and the data signals Vdata at the high potential during the
threshold voltage storing phase. That is, the potential of the
threshold voltage Vth may be stored in the first capacitor C1.
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The emission displaying module 130 is configured to
drive the OLED to illuminate according to the emission
signals EM, the first scanning signals Scan1, and the second
scanning signals Scan2 at the high potential during the
emission displaying phase.

It is believed that the present disclosure is fully described
by the embodiments, however, certain improvements and
modifications may be made by those skilled in the art
without departing from the principles of the present appli-
cation, and such improvements and modifications shall be
regarded as the scope of the present application.

What is claimed is:

1. A pixel driving circuit, comprising:

a first thin film transistor (TFT), a second TFT, a third
TFT, a fourth TFT, a fifth TFT, a sixth TFT, a first
capacitor, a second capacitor, and an organic light-
emitting diode (OLED);

a gate of the first TFT electrically connecting to a first
node, a source of the first TFT electrically connecting
to a second node, and a drain of the first TFT electri-
cally connecting to a third node;

a gate of the second TFT being configured to receive
emission controlling signals; a source of the second
TFT being configured to receive initializing signals or
data signals, and a drain of the second TFT electrically
connecting to the second node;

a gate of the third TFT being configured to receive the
emission controlling signals, a source of the third TFT
being configured to receive a positive voltage of a
power supply, and a drain of the third TFT electrically
connecting to the second node;

a gate of the fourth TFT being configured to receive first
scanning signals, a source of the fourth TFT electrically
connecting to the third node, and a drain of the fourth
TFT electrically connecting to the first node;

a gate of the fifth TFT being configured to receive second
scanning signals, a source of the fifth TFT electrically
connecting to the second node, and a drain of the fifth
TFT electrically connecting to the first node;

a gate of the sixth TFT being configured to receive the
emission controlling signals, a source of the sixth TFT
electrically connecting to the third node, and a drain of
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the sixth TFT being configured to receive a negative
voltage of the power supply;

one end of the first capacitor electrically connecting to the

first node, and the other end of the first capacitor
electrically connecting to the second node;

one end of the second capacitor electrically connecting to

the first node, and other end of the second capacitor
being grounded.

2. The pixel driving circuit according to claim 1, wherein
the first TFT, the second TFT, the fourth TFT, and the fifth
TFT are P-type TFTs, and the third TFT and the sixth TFT
are N-type TFTs.

3. The pixel driving circuit according to claim 2, wherein
the pixel driving circuit is configured to perform a potential
initializing operation, a threshold voltage storing operation,
and an emission displaying operation;

when the pixel driving circuit performs the potential

initialization operation, the emission controlling sig-
nals and the second scanning signals are configured to
be at a low potential, the first scanning signals are
configured to be at a high potential, and the source of
the second TFT receives the initializing signals at the
low potential;

when the pixel driving circuit performs the threshold

voltage storing operation, the emission controlling sig-
nals and the first scanning signals are configured to be
at the low potential, the second scanning signals are
configured to be at the high potential, and the source of
the second TFT is configured to receive the data signals
at the high potential;

when the pixel driving circuit performs the emission

displaying operation, the emission controlling signals,
the first scanning signals, and the second scanning
signals are configured to be at the high potential.

4. The pixel driving circuit according to claim 1, wherein
the first TFT, the second TFT, the fourth TFT, and the fifth
TFT are P-type TFTs, and the third TFT and the sixth TFT
are N-type TFTs.

5. The pixel driving circuit according to claim 4, wherein
the P-type TFT is a PMOS TFT, and the N-type TFT is a
NMOS TFT.
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