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Provided is a pixel circuit. The pixel circuit comprises a
driving transistor and a light-emitting element both coupled
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the driving transistor and a second end of the light-emitting
element. A threshold voltage is stored by the first capacitor,
so that threshold voltage compensation for the driving
transistor and the light-emitting element is implemented,
and therefore the non-uniformity of the display of the pixel
circuit is compensated. Also provided is a display device,
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PIXEL CIRCUIT WITH COMPENSATION
FOR DRIFT OF THRESHOLD VOLTAGE OF
OLED, DRIVING METHOD THEREOF, AND
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a 35 USC § 371 filing of International
Application No. PCT/CN2016/077393, filed Mar. 25, 2016,
entitled PIXEL CIRCUIT, DRIVING METHOD THERE-
FOR, AND DISPLAY DEVICE, which claims the benefit of
China Patent Application No. CN201510201349.6, filed
Apr. 24, 2015, entitled PIXEL CIRCUIT, DRIVING
METHOD THEREFOR, AND DISPLAY DEVICE, which
are incorporated herein by reference.

FIELD

The application relates to the technical field of display,
and specifically to a pixel circuit, a driving method thereof
and a display device.

BACKGROUND

Organic light-emitting diode (OLED) displaying is being
widely researched by people in recent years due to its
advantages of high brightness, high light-emitting efficiency,
wide angle of view, low power consumption, etc., and is
rapidly applied to the new generation of display. The driving
modes of OLED displaying can be divided into two modes,
passive matrix OLED (PMOLED) and active matrix OLED
(AMOLED). Though the cost of PMOLED is a low, high-
resolution display can not be achieved due to crosstalk.
Moreover, PMOLED has a large driving current, and there-
fore the service life of OLED is reduced. In contrast, in
AMOLED, numbers of transistors which serve as current
sources are included at individual pixels, so that crosstalk is
avoided. The required driving current is smaller and power
consumption is lower so that the service life of OLED is
prolonged and a high-resolution display can be realized.

A pixel circuit of traditional AMOLED has a simple
structure of two thin film transistors (TFT). Though such a
circuit is simple in structure, the shift of threshold voltages
of driving transistor T1 and OLED or non-uniformity the
threshold voltages of TFT devices at various positions of
panel caused by the fact that the TFT devices are made of
polycrystalline materials cannot be compensated. When
there is shift of threshold voltages of transistor T1 or the
threshold voltages are inconsistent at various positions of the
panel, the driving current I, may change, and different
pixels on the panel may also have different amount of shift
due to different biasing voltages, which may cause non-
uniformity of panel display.

Currently, the driving modes of pixel circuit mainly
include two modes, one is progressive scanning, and the
other is simultaneous compensation and emission of light.

For progressive scanning mode, in one frame, the pixel
circuits of each line are driven in sequence respectively, as
shown in FIG. 1; the driving process of each line comprises
an initialization phase, a threshold compensation phase, a
programming phase and a light emitting phase. After the
pixels of each line have finished programming, the process
immediately proceeds to the light emitting phase. Herein,
the initialization phase and the threshold compensation
phase are referred to as the compensation phase for short. On
the whole, the time of one frame is partially used for

20

25

40

45

60

65

2

compensation and partially used for emitting light, and the
whole one frame time is used for light emitting. In this
driving mode, for the pixels of each line, the time of
compensation and programming is short and the time of
light emitting is long, but the pixel circuit of each line
requires an independent control line, and the gate driving
circuit is relatively complicated.

For the mode of simultaneous compensation and emission
of light, in one frame, the driving process of each line
comprises an initialization phase, a threshold compensation
phase, a programming phase and a light emitting phase.
Unlike the traditional progressive scanning, all the pixels are
compensated altogether, and then the pixels of each line are
programmed in sequence. After the pixels of all the lines
have finished programming, they emit light simultaneously,
as shown in FIG. 2. Herein, the initialization phase and the
threshold compensation phase are referred to as the com-
pensation phase for short. On the whole, the time of one
frame is partially used for compensation and partially used
for light emitting, and the time of light emitting is short. In
this driving mode, the control lines of all the pixel circuits
on the panel are shared in common (i.e., global control lines
are used). However, since there is much idle waiting time for
each line during the programming phase, the overall pro-
gramming time is long and the time of light emitting is short.

SUMMARY

The application provides a pixel circuit, a driving method
thereof and a display device so as to compensate drift of
threshold voltages of driving transistor and light emitting
elements and to realize a more uniform light emitting while
simultaneously reducing the complexity of circuit.

According to a first aspect, an embodiment provides a
pixel circuit, comprising:

a driving transistor and a light emitting element coupled
in series between a first level end and a second level end, a
second transistor, a third transistor, a fourth transistor, a first
capacitor and a second capacitor; wherein a first electrode of
the driving transistor is coupled to a second electrode of the
third transistor to form a first node; a second electrode of the
driving transistor is coupled to a first end of the light
emitting element; a control electrode of the driving transistor
is coupled to an end of the first capacitor to form a second
node; another end of the first capacitor is coupled to a second
electrode of the fourth transistor to form a third node; a
control electrode of the third transistor is used for inputting
a light emitting control signal; a first electrode of the third
transistor and a second end of the light emitting element are
used for being coupled to the first level end and the second
level end respectively; a first electrode of the second tran-
sistor is coupled to the first node, a second electrode of the
second transistor is coupled to the second node, and a
control electrode of the second transistor is used for input-
ting a first control signal; a first electrode of the fourth
transistor is used for being coupled to a data line, for
inputting a data signal or also for inputting a reference level,
a control electrode of the fourth transistor is used for
inputting a scanning signal; the second capacitor is coupled
between the control electrode of the driving transistor and
the second end of the light emitting element.

According to a second aspect, an embodiment provides a
display device, comprising;

a pixel circuit matrix which comprises the above
described pixel circuits arranged in a matrix of n rows and
m columns, wherein n and m are integers larger then zero;
a gate driving circuit which is used for generating a scanning
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pulse signal and providing a required scanning signal to the
pixel circuits through rows of scanning lines formed in a first
direction; a data driving circuit which is used for generating
a data voltage signal representing gray scale information and
providing a data signal to the pixel circuits through indi-
vidual data lines formed in a second direction; a first control
line which is used for providing a first control signal to the
individual pixel circuits in the pixel circuit matrix simulta-
neously; a light emitting control line which is used for
providing a light emitting control signal to the individual
pixel circuits in the pixel circuit matrix simultaneously; and
a controller which is used for providing a control timing to
the gate driving circuit, the data driving circuit, the first
control line and the light emitting control line.

According to a third aspect, an embodiment provides a
pixel circuit driving method, wherein each driving cycle
comprises a dark data writing phase, an initialization and
threshold compensation phase and a light emitting phase, the
driving method comprising:

during the dark data writing phase, a fourth transistor is
turned on in response to an effective level of a scanning
signal and transmits a dark data voltage to a third node, and
controls a light emitting element at a non-emitting state;
during the initialization and threshold compensation phase,
the third node receives a reference level so as to initialize the
potential of the third node; a second node adjusts the
potential according to threshold voltages of a driving tran-
sistor and the light emitting element, and stores this potential
via a first capacitor; during the light emitting phase, the
fourth transistor is turned on in response to an effective level
of a scanning signal and transmits a light emitting data
voltage to the third node, and is coupled to the second node
via capacitor; the third transistor is turned on in response to
an effective level of a light emitting control signal, and the
driving transistor is turned on in response to the potential of
the second node and drives the light emitting element to emit
light.

According to the pixel circuit of the above described
embodiment, the driving transistor uses a form of diode
connection to adjust the potential of the control electrode of
the driving transistor so that the threshold voltages of the
driving transistor and the light emitting element can be read,
the second capacitor is used to maintain the potential of the
control electrode of the driving transistor and stores it in the
first capacitor, thus enabling compensation of the threshold
voltage of the driving transistor and further compensation of
non-uniformity of pixel circuit displaying. The pixel circuit
has a simple structure and requires less control lines.

According to the display device of the above described
embodiment, both the first control line and the light emitting
control line are global line, which reduces the complexity of
driving the pixel circuit and which is also advantageous for
reducing the cost.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIG. 1 is a view illustrating the principle of the driving
mode of emitting light by scanning line by line in the prior
art;

FIG. 2 is a view illustrating the principle of the driving
mode of emitting light jointly by concentrated compensation
in the prior art;

FIG. 3a is a structure diagram of a pixel circuit disclosed
in the first embodiment;

FIG. 3b is a structure diagram of another pixel circuit
disclosed in the first embodiment;
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FIG. 4a is an operation timing diagram of a pixel circuit
disclosed in an embodiment;

FIG. 45 is an operation timing diagram of a pixel circuit
disclosed in another embodiment;

FIG. 5a is a structure diagram of a pixel circuit disclosed
in the second embodiment;

FIG. 5b is a structure diagram of another pixel circuit
disclosed in the second embodiment;

FIG. 5c¢ is an operation timing diagram of a pixel circuit
disclosed in the second embodiment;

FIG. 5d is an operation timing diagram of another pixel
circuit disclosed in the second embodiment;

FIG. 6a is a structure diagram of a pixel circuit disclosed
in the third embodiment;

FIG. 6b is a structure diagram of another pixel circuit
disclosed in the third embodiment; and

FIG. 7 is a diagram illustrating the principle of a display
device disclosed in the fourth embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The application will be further described below in detail
through specific embodiments with reference to the accom-
panying drawings.

Firstly, some terms are explained: the transistors in the
application can be a transistor having any structure, e.g., a
bipolar junction transistor (BJT) or a field-effect transistor
(FET). When the transistor is a bipolar junction transistor, a
control electrode thereof is a base of the bipolar junction
transistor, a first electrode can be a collector or emitter of the
bipolar junction transistor, and correspondingly a second
electrode can be an emitter or collector of the bipolar
junction transistor. In a practical application process, the
“emitter” and the “collector” can be interchanged according
to the flow direction of signal. When the transistor is a
field-effect transistor, a control electrode thereof is a gate of
the field-effect transistor, a first electrode can be a drain or
source of the field-effect transistor, and correspondingly a
second electrode can be a source or drain of the field-effect
transistor. In a practical application process, the “source”
and the “drain” can be interchanged according to the flow
direction of signal. The transistors in a display are typically
field-effect transistors: thin-film transistors (TFT). In the
following, the application will be described in detail in an
example in which the transistors are field-effect transistors,
whereas in other embodiments, the transistors can also be
bipolar junction transistors.

The light emitting element is organic light-emitting diode
(OLED). In other embodiments, it can be also other light-
emitting elements. A first end of the light-emitting element
can be the cathode or the anode. Correspondingly, a second
end of the light-emitting element is the anode or the cathode.
It should be understood by those skilled in the art that the
current should flow towards the cathode from the anode of
the light-emitting element. Therefore, based on the flow
direction of the current, the anode and the cathode of the
light-emitting element can be determined.

An effective level can be a high level or a low level, and
an adaptive exchange can be realized according to the
functions of specific elements.

A first level end and a second level end are two ends of
a power supply provided for the operation of the pixel
circuit. In an embodiment, the first level end can be a high
level end V,p,, and the second level end can be a low level
end Vg ora ground line. In other embodiments, an adaptive
exchange can be also made. It is noted that for a pixel circuit,
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the first level end (e.g., the high level end V) and the
second level end (e.g., the low level end VSS) are not a part
of the pixel circuit of the application. In order that those
skilled in the art can better understand the technical solu-
tions of the application, the first level end and the second
level end are especially introduced for description.

It is noted that for facilitating description and also for
those skilled in the art to understand the technical solutions
of the application more clearly, a first node A, a second node
B and a third node C are introduced in the document of the
application for identifying relevant parts of the circuit struc-
ture, and should not be considered as additional introduction
of terminals.

For facilitating description, the high level is denoted by
V. and the low level is denoted by V.

Embodiment I

Reference is made to FIGS. 3a and 3b, which show a
structure diagram of a pixel circuit disclosed in the present
embodiment, the pixel circuit comprising: a driving transis-
tor T1 and a light emitting element OLED coupled in series
between the first level end VDD and the second level end
VSS, a second transistor T2, a third transistor T3, a fourth
transistor T4, a first capacitor C1 and a second capacitor C2.
In the pixel circuit shown in FIG. 3a, the individual tran-
sistors (the driving transistor T1, the second transistor T2,
the third transistor T3 and the fourth transistor T4) are
N-type thin film transistors; and in the pixel circuit shown in
FIG. 3b, the individual transistors (the driving transistor T1,
the second transistor T2, the third transistor T3 and the
fourth transistor T4) are P-type thin film transistors.

A first electrode of the driving transistor T1 is coupled to
a second electrode of the third transistor T3 to form a first
node A; a second electrode of the driving transistor T1 is
coupled to a first end of the light emitting element OLED;
a control electrode of the driving transistor T1 is coupled to
one end of the first capacitor C1 to form a second node B;
and another end of the first capacitor C1 1s coupled to a
second electrode of the fourth transistor T4 to form a third
node C.

A control electrode of the third transistor T3 is configured
to receive a light emitting control signal V,,; a first elec-
trode of the third transistor T3 and a second end of the light
emitting element OLED are coupled to the first voltage level
end VDD and the second voltage level end VSS respectively.
In an embodiment, with reference to FIG. 3a, the first end of
the light emitting element OLED is anode, and the second
end of the light emitting element OLED is cathode; the first
electrode of the third transistor T3 is coupled to the first level
end VDD, and the second end of the light emitting element
OLED is coupled to the second voltage level end VSS; in
another embodiment, with reference to FIG. 35, the first end
of the light emitting element OLED is cathode, and the
second end of the light emitting element OLED is anode; the
first electrode of the third transistor T3 is coupled to the
second level end VSS, and the second end of the light
emitting element OLED is coupled to the first voltage level
end VDD.

A first electrode of the second transistor T2 is coupled to
the first node A, a second electrode of the second transistor
T2 is coupled to the second node B, and a control electrode
of the second transistor T2 is configured to receive a first
control signal V,,.

A first electrode of the fourth transistor T4 is coupled to
a data line Data. In a specific embodiment, the data line Data
is used for providing a data signal or also for providing a
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6

reference level V, . In other embodiments, the reference
level V,  for the fourth transistor T4 can be also provided in
other ways. A control electrode of the fourth transistor T4 is
configured to receive a scanning signal V... In the present
embodiment, the data signal comprises a dark data voltage
and a light-emitting data voltage V,,,, wherein the dark
data voltage is a potential that enables the light emitting
element OLED not to emit light, and the light-emitting data
voltage V,, .. is a potential that drives the light emitting
element OLED to emit light. In FIG. 3a, when the driving
transistor T1 is an N-type transistor, the dark data voltage is
low voltage level. In FIG. 3b, when the driving transistor T1
is a P-type transistor, the dark data voltage is high level.

The second capacitor C2 is coupled between the control
electrode of the driving transistor T1 and the second end of
the light emitting element OLED. In the present embodi-
ment, the end of the second capacitor C2 that is coupled to
the control electrode of the driving transistor T1 via a direct
connection. In other embodiments, indirect connection can
be also used. For example, this end of the capacitor C2 is
connected to the third node C.

In a specific embodiment, the pixel circuit operates in a
first phase, a second phase and a third phase in sequence. In
the present embodiment, the first phase can be a dark data
writing phase, the second phase can comprise an initializa-
tion phase and a threshold compensation phase, and the third
phase is a light emitting phase.

Reference is now made to FIGS. 4a and 4b which are
sequence diagrams of the pixel circuits shown in FIGS. 3a
and 3b of the present embodiment respectively. In the
following, the operation process of the pixel circuit of the
present embodiment will be described in connection with
FIGS. 3a and d4a. It is noted that when the individual
transistors are P-type transistors, for example in the circuit
shown in FIG. 34, the high, low states of individual control
signal thereof are reverse to the signal states of the circuit
shown in FIG. 3a. Hereinafter, this applies unless specifi-
cally indicated otherwise.

During the first phase, i.e., the dark data writing phase as
identified by (1) in FIG. 4a, the light emitting control signal
Vi is at an effective level (e.g., high level), the scanning
signal V. is at an effective level (e.g., high level), and the
first control signal V,, is at low level. As such, the second
transistor T2 is controlled to be at a cut-off state by the first
control signal V ,,, the third transistor T3 is turned on in
response to the effective level of the light emitting control
signal V,, and is in the turned-on state, and the fourth
transistor T4 is turned on in response to the effective level
of the scanning signal V,__ . At this point, since the dark
data voltage is transmitted on the data line Data, the dark
data voltage is transmitted to the third node C via the fourth
transistor T4 that is turned on, so that the light-emitting
element OLED of the pixel circuit is turned off. In a
preferred embodiment, when there are a plurality of rows of
pixel circuits, the effective levels of the scanning signals
V. corresponding to each row of the pixel circuits can
arrive in sequence (Ve [1], Voo, [2] . . . Vg, [n] as
shown in FIG. 4, wherein Vg, [n] represents the scanning
signal of the n” row of the pixel circuit). Thereby, dark data
is written into each row of the pixels in sequence so that the
light emitting elements of each row of pixels are turned off
in sequence. Until writing of the dark data is finished for the
last row of pixels, all the light emitting elements are turned
off, and it is ensured that the individual rows of pixel circuits
have the same light emitting time.

During the second phase, which may be the initialization
phase and the threshold compensation phase illustrated in
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(2) of FIG. 4a, the initialization phase is followed by the
threshold compensation phase.

During the initialization phase, the light emitting control
signal V., s kept at the effective level (e.g., the high level),
the first control signal V,, switches to the effective level
(e.g., the high level), and the scanning signal V.., turns to
the effective level (e.g., the high level). At this point, the
reference level V, is transmitted on the data line. Therefore,
the third transistor T3 is turned on in response to the
effective level (e.g., the high level) of the light emitting
control signal V,,, the fourth transistor T4 is in turned on
in response to the effective level (e.g., the high level) of the
scanning signal V., and the second transistor T2 is turned
on in response to the effective level (e.g., the high level) of
the first control signal V,,. Therefore, the reference level
V.- ttansmitted on the data line is transmitted to the third
node C via the fourth transistor T4 that is turned on, so as to
initialize the potential of the third node C, i.e., the potential
of the third node C is V=V, The first node A and the
second node B are coupled with each other via the second
transistor T2 that is turned on. Via the third transistor T3 that
is turned on, the first level end VDD transmits the potential
(e.g., the high level V,,) of the first level end VDD to the first
node A and the second node B that are coupled with each
other, so as to initialize the potentials of the first node A and
the second node B. At this point, the potential of the first
node A and the potential of the second node B are
V ,=Vz=V,. Therefore, the initialization process of the
potentials of various nodes is completed. It is noted that in
a preferred embodiment, when there are a plurality of rows
of pixel circuits, the effective levels of the scanning signals
Ve corresponding to each row of the pixel circuits can
arrive simultaneously and the individual pixel circuits com-
plete the initialization process simultaneously. It is noted
that in another embodiment as shown in FIG. 35, the
initialized potentials of the first node A and the second node
B are provided by the potential (e.g., the low level V, ) of the
second level end VSS. At this point, the potentials of the first
node A and the second node B are V =V=V,.

During the threshold compensation phase, the first control
signal V ~,,1s kept at the effective level (e.g., the high level),
the scanning signal V_, . is kept at the effective level (e.g.,
the high level), and the light emitting control signal Vg,,
turns to the low level. At this point, the reference level V-
is still transmitted on the data line. Therefore, the third
transistor T3 is controlled to be at the cut-off state by the
light emitting control signal V,,, and the fourth transistor
T4 keeps at the turned-on state. As such, the potential of the
third node C is kept at V,_; the first node A and the second
node B are coupled with each other via the second transistor
T2 that is turned on. At this point, the driving transistor T1
is connected as a diode, and the first node A and the second
node B are discharged to the second level end VSS via the
driving transistor T1 connected as a diode until the driving
transistor T1 is turned off. At this point, the potentials of the
first node A and the second node B are V=V ,=V ,, .+ V 1,
wherein V., and V5 are the threshold voltage of the
driving transistor T1 and the anode potential of the light
emitting element OLED respectively. At this point,
Vear V=V VoreptV m=V,es Wherein Vi, is a voltage
difference across the first capacitor element C1. Therefore,
compensation of the threshold voltages of the driving tran-
sistor T1 and the light emitting element OLED is achieved.
It is noted that in another embodiment as shown in FIG. 354,
the potentials of the first node A and the second node B are
charged by the potential provided by first level end VDD
until the driving transistor T1 is turned off so that the process
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of compensating the threshold voltages of the driving tran-
sistor T1 and the light emitting element OLED is completed.
It is noted that in a preferred embodiment, when there are a
plurality of rows of pixel circuits, the effective levels of the
scanning signals Vg, . corresponding to each row of the
pixel circuits can arrive simultaneously, and the individual
pixel circuits complete the threshold compensation process
simultaneously.

During the third phase, i.e., the light emitting phase as
illustrated in (3) of FIG. 4a, the scanning signal V__, is kept
at the effective level (e.g., the high level), the first control
signal V., turns to the low level, and the light emitting
control signal V,, turns to the effective level (e.g., the high
level). At this point, the light emitting data voltage V. is
transmitted on the data line. Therefore, the third transistor
T3 and the fourth transistor T4 are in a turned-on state, and
the light emitting data voltage V.. on the data line is
transmitted to the third node C via the fourth transistor T4
that is turned on. As such, the potential of the third node C
switches to Vi, from V,_, and the potential of the second
node B becomes

C1 #(Viata = Vief)

\Z + Vi +
oLED + VT Ci +C

under the coupling of the first capacitor C1 and the second
capacitor C2. The third transistor T3 is turned on in response
to the effective level of the light emitting control signal V,,,
and the driving transistor T1 is turned on in response to the
potential of the second node B so as to drive the light
emitting element OLED to emit light. At this point, the
current flowing through the light emitting element OLED is:

w 1-1

1
Ins = =y Co — (Vs = Vyup)?
ps = 5# L( s = Vru)

W[
= E/"ncoxf Vorep + Vi +

C1# Vaaa = Vi)

2
-V, -V
Ci+(C OLED TH]

1 W[Cl*(Vdam—

Vo) T
= o
et T v G }

wherein p, C,, W and L are effective mobility, gate
capacitance per unit area, channel width and channel length
of the driving transistor T1. As can be seen from formula
(1-1), the current finally flowing through the light emitting
element OLED is irrelevant to the threshold voltage of the
driving transistor T1 or the threshold voltage of the OLED.
Therefore, the pixel circuit of the present embodiment can
well compensate the non-uniformity of displaying.

It is noted that in a preferred embodiment, when there are
a plurality of rows of pixel circuits, such as rows “17,
“2” ... “M” as shown in FIGS. 4a and 46, the effective
levels of the scanning signals V_,, corresponding to each
row of the pixel circuits can arrive in sequence. Therefore,
the fourth transistors T4 of individual pixel circuits may be
turned on in sequence, and the light emitting data voltage
V pure 18 Written in sequence.

The pixel circuit in the present embodiment can not only
compensate the shift of threshold voltage of the driving
transistor, but also can compensate the shift of threshold
voltage of OLED. In addition, in a preferred embodiment, by
using a voltage driving mode based on independent frame
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compensation, combined with the advantages of the driving
mode of progressive scanning and simultaneous compensa-
tion and emission of light, the complexity of a peripheral
gate driving circuit is reduced and the cost is lowered, also
the time of light emitting is greatly increased, and the
programming speed of the pixel circuit and panel resolution
are improved.

Embodiment II

Reference is made to FIGS. 5a and 5b, which show a
structure diagram of a pixel circuit disclosed in the present
embodiment. This embodiment differs from the above
embodiment in that pixel circuit disclosed in the present
embodiment further comprises a fifth transistor T5. The
reference level V,_provided to third node C is transmitted
from the fifth transistor T5.

A first electrode of the fifth transistor T5 is configured to
receive the reference level V, . a second electrode of the
fifth transistor T5 is coupled to the third node C, and a
control electrode of the fifth transistor T5 is configured to
receive the first control signal V,,. With reference to FIG.
5a, in an embodiment, the individual transistors are N-type
thin film transistors, the effective levels for turning on the
individual transistors are high levels, the dark data voltage
is low level, and the initialized potentials of the first node A
and the second node B are provided by the first level end
VDD. With reference to FIG. 5b, in another embodiment,
the individual transistors are P-type thin film transistors, the
effective levels for turning on the individual transistors are
low levels, the dark data voltage is high level, and the
initialized potentials of the first node A and the second node
B are provided by the second level end VSS.

The driving processes of the pixel circuits of the present
embodiment is shown in FIGS. 5¢ and 5d respectively,
wherein FIG. 5¢ is a sequence diagram of the pixel circuit
shown in FIG. 5a, and FIG. 54 is a sequence diagram of the
pixel circuit shown in FIG. 55. The driving processes of the
pixel circuits disclosed in the present embodiment are sub-
stantially the same as those of the above embodiment with
an exception that, in the second phase of the present embodi-
ment, when the first control signal V,, is at the effective
level, the fifth transistor T5 is turned on in response to the
effective level of the first control signal V,, and transmits
the reference level V, - to the third node C so as to initialize
the potential of the third node C. Since the reference level
V,r1s transmitted to the third node C via the fifth transistor
T5 and the second electrode of the fourth transistor T4 is also
coupled to the third node C, in the second phase, the fourth
transistor T4 should be controlled at the cut-off state by the
scanning signal V_,, so as to prevent the fourth transistor
T4 from transmitting undesired signal interference to the
third node C. Correspondingly, in an embodiment, when the
fourth transistor T4 is a N-type transistor, the scanning
signal V. in this phase should be the low level; in another
embodiment, when the fourth transistor T4 is a P-type
transistor, the scanning signal V. in this phase should be
the high level. Other phases of the driving processes of the
pixel circuits disclosed in the present embodiment are the
same as the above embodiment, and a detailed description
thereof is omitted herein.

As compared to the embodiment in which the reference
level V. is provided by the data line Data, in the present
embodiment, though a data transmission line is required to
be configured separately for the fifth transistor T5, the
timing control of the data line Data can be simplified, and
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there is no need to change the signals transmitted by the data
line Data frequently, which is more advantageous for timing
control of the controller.

Embodiment 11T

Reference is made to FIGS. 6a and 65, which show a
structure diagram of a pixel circuit disclosed in the present
embodiment. In the above embodiments, one end of the
second capacitor C2 is directly connected to the control
electrode of the driving transistor T1, whereas in the present
embodiment, the second capacitor C2 is indirectly con-
nected to the control electrode of the driving transistor T1.
The end of the second capacitor C2 that is coupled to the
control electrode of the driving transistor T1 is coupled to
the third node C. Through the coupling of the first capacitor
C1, an electrical connection between said end of the second
capacitor C2 and the control electrode of the driving tran-
sistor T1 is realized. In the pixel circuit disclosed in the
present embodiment, other elements are coupled in the same
way as the above embodiments, and a detailed description
thereof is omitted herein.

In the pixel circuit shown in FIG. 6a, the individual
transistors (the driving transistor T1, the second transistor
T2, the third transistor T3 and the fourth transistor T4) are
N-type thin film transistors; and in the pixel circuit shown in
FIG. 65, the individual transistors (the driving transistor T1,
the second transistor T2, the third transistor T3 and the
fourth transistor T4) are P-type thin film transistors.

Reference is now made to FIGS. 44 and 45, which show
the operation timing diagrams of the pixel circuits shown in
FIGS. 64 and 65 respectively. In the following, the operation
process of the pixel circuit of the present embodiment will
be described in connection with FIGS. 6a and 4a. It is noted
that when the individual transistors are P-type transistors,
for example in the circuit shown in FIG. 35, the high, low
states of individual control signal thereof are reverse to that
of the signals in the circuit shown in FIG. 6a. Hereinafter,
this applies unless specifically indicated otherwise.

During the dark data writing phase, the light emitting
control signal V,,1s at effective level (e.g., high level), the
scanning signal V_, is at effective level (e.g., high level),
and the first control signal V-, is at low level. As such, the
second transistor T2 is controlled to be at a cut-off state by
the first control signal V ., the third transistor T3 is turned
on in response to the effective level of the light emitting
control signal V,, and is in the turned-on state, and the
fourth transistor T4 is turned on in response to the effective
level of the scanning signal V__ . At this point, since the
dark data voltage is transmitted on the data line Data, the
dark data voltage is transmitted to the third node C via the
fourth transistor T4 that is turned on, and is further coupled
to the second node B via capacitor so that the light-emitting
element OLED of the pixel circuit is turned off. Likewise, in
a preferred embodiment, when there are a plurality of rows
of pixel circuits, the effective levels of the scanning signals
Vo corresponding to each row of the pixel circuits can
arrive in sequence. Thereby, dark data is written into each
row of the pixels in sequence so that the light emitting
elements of each row of pixels are turned off in sequence.
Until writing of the dark data is finished for the last row of
pixels, all the light emitting elements are turned off, and it
is ensured that the individual rows of pixel circuits have the
same light emitting time.

During the initialization phase, the light emitting control
signal V., is kept at the effective level (e.g., the high level),
the first control signal V,, switches to the effective level
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(e.g., the high level), and the scanning signal V_,, is at the
effective level (e.g., the high level). At this point, the
reference level Vs transmitted on the data line. Therefore,
the third transistor T3 is in the turned-on state in response to
the effective level (e.g., the high level) of the light emitting
control signal V,,, the fourth transistor T4 is in the turned-
on state in response to the effective level (e.g., the high level)
of the scanning signal V., and the second transistor T2 is
in the turned-on state in response to the effective level (e.g.,
the high level) of the first control signal V -, therefore, the
reference level V, transmitted on the data line is transmitted
to the third node C via the fourth transistor T4 that is turned
on so as to initialize the potential of the third node C, i.e., the
potential of the third node Cis V.=V, . The first node A and
the second node B are coupled with each other via the
second transistor T2 that is turned on, and via the third
transistor T3 that is turned on, the first level end VDD
transmits the potential (e.g., the high level V) of the first
level end VDD to the first node A and the second node B that
are coupled with each other so as to initialize the potentials
of the first node A and the second node B. At this point, the
potential of the first node A and the potential of the second
node B are V=V =V ,; therefore, an initialization process
of the potentials of various nodes is completed. It is noted
that in a preferred embodiment, when there are a plurality of
rows of pixel circuits, the effective levels of the scanning
signals V. corresponding to each row of the pixel circuits
can arrive simultaneously, and the individual pixel circuits
complete the initialization process simultaneously. It is
noted that in another embodiment as shown in FIG. 65, the
initialized potentials of the first node A and the second node
B are provided by the potential (e.g., the low level V, ) of the
second level end VSS. At this point, the potentials of the first
node A and the second node B are V =V =V,.

During the threshold compensation phase, the first control
signal V,,is kept at the effective level (e.g., the high level),
the scanning signal Vg, s kept at the effective level (e.g.,

cand

the high level), and the light emitting control signal Vp,,

turns 1o the low level. At this point, the reference level V.,

is still transmitted on the data line. Therefore, the third
transistor T3 is controlled to be at the cut-off state by the
light emitting control signal V,,, and the fourth transistor
T4 keeps at the turned-on state. As such, the potential of the
third node C is kept at V,; the first node A and the second
node B are coupled with each other via the second transistor
T2 that is turned on. At this point, the driving transistor T1
1s connected as a diode, and the first node A and the second
node B are discharged to the second level end VSS via the
driving transistor T1 which is connected as a diode until the
driving transistor T1 is cut off. At this point, the potentials
of the first node A and the second node B are
V., =V=Vorep+tVy, Wherein Vg, and V.., are the
threshold voltage of the driving transistor T1 and the anode
potential of the light emitting element OLED respectively.
Thereby, the process in which the second node B adjusts the
potential according to the threshold voltages of the driving
transistor T1 and the light emitting element OLED. At this
point, Vo, =V-V =V eptVm=V,., wherein Vi, is a
voltage difference across the first capacitor element C1. It is
noted that in another embodiment as shown in FIG. 6b, the
potentials of the first node A and the second node B are
charged by the potential provided by first level end VDD
until the driving transistor T1 is turned off so that the process
of compensating the threshold voltages of the driving tran-
sistor T1 and the light emitting element OLED is completed.
It is noted that in a preferred embodiment, when there are a
plurality of rows of pixel circuits, the effective levels of the
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scanning signals V.. corresponding to each row of the
pixel circuits can arrive simultaneously, and the individual
pixel circuits complete the threshold compensation process
simultaneously.

During the light emitting phase, the scanning signal Vg,
is kept at the effective level (e.g., the high level), the first
control signal V ,, switches to the low level, and the light
emitting control signal V., turns to the effective level (e.g.,
the high level). At this point, the light emitting data voltage
V pura 18 transmitted on the data line. Therefore, the third
transistor T3 and the fourth transistor T4 are in the turned-on
state, and the light emitting data voltage V,,,, on the data
line is transmitted to the third node C via the fourth transistor
T4 that is turned on. As such, the potential of the third node
C switches to Vj,,, from V, 5 and the potential of the
second node B becomes V o, x4V 4V, 4V, under the
coupling of the first capacitor C1, and the driving transistor
T1 is turned on in response to the potential of the second
node B so as to drive the light emitting element OLED to
emit light. At this point, the current flowing through the light
emitting element OLED is:

1 w 3-1
Ips = 5 Coc (Vs = Viu)* G-
1 W , s
= 5#:Cor— VoLep + Vi = Vegg + Vbaw — Vorep — Vi)

L
Low R
= Eﬂn Cox I (Vbara — Vref )

wherein p, C_, W and L are effective mobility, gate
capacitance per unit area, channel width and channel length
of the driving transistor T1. As can be seen from formula
(3-1), the current finally flowing through the light emitting
element OLED is irrelevant to the threshold voltage of the
driving transistor T1 or the threshold voltage of the OLED.
Therefore, the pixel circuit of the present embodiment can
well compensate the non-uniformity of displaying.

It is noted that in the pixel circuit disclosed in the present
embodiment, the fifth transistor T5 is not shown. In an
alternative embodiment, the fifth transistor T5 can be also
used to transmit the reference level V. Of course, in the
embodiment comprising the fifth transistor T5, when the
fifth transistor TS transmits the reference level V, ; the
fourth transistor T4 should also be controlled to be at the
cut-off state by the scanning signal V.. For details, please
refer to the above embodiment, and a detailed description
thereof is not given herein.

According to the pixel circuits disclosed in the above
embodiments, the present embodiment also discloses a pixel
circuit driving method, wherein each driving cycle of the
pixel circuit comprises a dark data writing phase, an initial-
ization and threshold compensation phase and a light emit-
ting phase, the driving method comprising:

during the dark data writing phase, the fourth transistor T4
is turned on in response to the effective level of the scanning
signal V_,. and transmits a dark data voltage to the third
node C, and controls the light emitting element at a non-
emitting state;

during the initialization and threshold compensation
phase, the third node C receives the reference level V,, . so
as to initialize the potential of the third node C; the second
node B adjusts the potential according to threshold voltages
of the driving transistor T1 and the light emitting element
OLED, and stores this potential via the first capacitor C1;
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during the light emitting phase, the fourth transistor T4 is
turned on in response to the effective level of the scanning
signal V. and transmits a light emitting data voltage V.,
to the third node C, and is coupled to the second node B via
capacitor; the third transistor T3 is turned on in response to
the effective level of the light emitting control signal V,,,
and the driving transistor T1 is turned on in response to the
potential of the second node B and drives the light emitting
element OLED to emit light.

Embodiment IV

The present embodiment also discloses a display device.
Reference is made to FIG. 7, which a diagram showing the
principle of the display device disclosed in the present
embodiment, comprising;

a display panel 100, which comprises: pixel circuits
Pixel[1][1] . . . Pixel[n][m] provided by the above embodi-
ments and arranged in a matrix of n rows and m columns,
wherein n and m are integers larger than 0, and Pixel[n][m]
representing the pixel circuit at the n” row and the m”
column; a plurality of scanning lines Gate[1] . . . Gate[n]
coupled with each pixel in a first direction (e.g., transverse
direction), wherein Gate[n] represents the scanning line
corresponding to the n™ row of pixel circuit and is config-
ured to provide a scanning control signal (e.g., scanning
signal V. or the like) to this row of pixel circuit; and a
plurality of data lines Data[l] . . . Datajm] in a second
direction (e.g., longitudinal direction), wherein Data[m]
represents the data line corresponding to the m™ column of
pixel circuit and is configured to provide data signals for
individual pixel circuits, comprising dark data voltage and
light emitting data voltage V,,,,. The display panel can be
a liquid crystal display panel, an organic light-emitting
display panel, an electronic paper display panel, etc., and
correspondingly the display device can be a liquid crystal
display, an organic light-emitting display, an electronic
paper display, etc.

It is noted that in the present embodiment, the first control
signal V,, and the light emitting control signal V.,
required for the pixel circuit can be also provided by global
lines. For example, the first control line CM may be con-
figured to provide a first control signal V ., simultaneously
to individual pixel circuit in the pixel circuit matrix; the light
emitting control line EM may be configured to provide a
light emitting control signal V,, simultaneously to indi-
vidual pixel circuit in the pixel circuit matrix. Of course, in
another embodiment, for example, the power supply lines
required for the first level end and the second level end can
be also provided by global lines. Those skilled in the art can
make an adjustment as required by the specific pixel circuit;

a gate driving circuit 200, configured to generate a scan-
ning pulse signal and providing a required scanning control
signal to the pixel circuit through row scanning lines
Gate[1] . . . Gate[n] in the first direction;

a data driving circuit 300, signal output ends of which are
coupled to a corresponding data line Data[1] . . . Data[m] on
the display panel 100, wherein the data signals generated by
the data driving circuit 300 are transmitted to a correspond-
ing pixel unit through data lines Data[1] . . . Data[m] so as
to realize gray scale of the image;

a controller 400, which is used for providing a control
timing sequence to the gate driving circuit, the data driving
circuit, the first control line CM and the light emitting
control line EM.

In a preferred embodiment, during the dark data writing
phase, individual scanning line provides the effective level
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of the scanning signal V_,, to individual pixel circuit in
sequence line by line, and the individual pixel circuit
receives the dark data voltage in sequence line by line;
during the initialization and threshold compensation phase,
the first control line CM and the light emitting control line
EM provide a corresponding level of the first control signal
V ., and a corresponding level of the light emitting control
signal Vi, to individual pixel circuit simultaneously; the
individual pixel circuit, in response to the effective level of
the scanning signal V. provided by its row of scanning
line, simultaneously extracts the threshold voltages of their
respective driving transistor T1 and light emitting element
(OLED); during the light emitting phase, the first control
line CM controls respective transistors (e.g., the second
transistor T2, or the second transistor T2 and the fourth
transistor T4) to be at the cut-off state, and the light emitting
control line EM provides the effective level of the light
emitting control signal Vp,, to individual pixel circuits
simultaneously; individual scanning line provides the effec-
tive level of the scanning signal Vg, to individual pixel
circuit line by line, the individual pixel circuit receives the
light emitting data voltage V., in sequence line by line,
and the individual pixel circuit emits light in sequence line
by line.

The application has been described above with reference
to specific examples which are intended merely to help
understand the application rather than limiting the applica-
tion. Those skilled in the art can also make various simple
deductions, variations or replacements according to the
spirit of the application.

What is claimed is:

1. A pixel circuit, comprising:

a first transistor and a light emitting element coupled in
series between a first voltage level end and a second
voltage level end; a second transistor; a third transistor;
a fourth transistor; a first capacitor; and a second
capacitor,

wherein a first electrode of the first transistor is coupled
to a second electrode of the third transistor to form a
first node; a second electrode of the first transistor is
coupled to a first end of the light emitting element; a
control electrode of the first transistor is coupled to one
end of the first capacitor to form a second node; and
another end of the first capacitor is coupled to a second
electrode of the fourth transistor to form a third node,

a control electrode of the third transistor is configured to
receive a light emitting control signal,

a first electrode of the third transistor and a second end of
the light emitting element are coupled to the first
voltage level end and the second voltage level end
respectively,

a first electrode of the second transistor is coupled to the
first node, a second electrode of the second transistor is
coupled to the second node, and a control electrode of
the second transistor is configured to receive a first
control signal,

a first electrode of the fourth transistor is coupled to a data
line, configured to receive a data signal or a reference
voltage level; a control electrode of the fourth transistor
is configured to receive a scanning signal, and

the second capacitor is coupled between the control
electrode of the first transistor and the second end of the
light emitting element.

2. The pixel circuit according to claim 1, wherein the data
signal comprises a dark data voltage and a light-emitting
data voltage; the dark data voltage is a voltage that enables
the light emitting element not to emit light, and the light-
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emitting data voltage is a potential that drives the light
emitting element to emit light,
in a first phase, the fourth transistor is turned on in
response to an effective level of the scanning signal to
transmit the dark data voltage to the third node,
in a second phase, the second transistor couples the first
node with the second node in response to an effective
level of the first control signal, the third transistor is
turned on in response to an effective level of the light

emitting control signal, and transmits voltage of the 1

first voltage level end or the second voltage level end
to the first node and the second node so as to initialize
the first node and the second node; the third node
receives the reference voltage level so as to initialize
the potential of the third node; after the initialization is
completed for the nodes, the light emitting control
signal controls the third transistor to be at a cut-off
state, and according to threshold voltages of the first
transistor and the light emitting element, the first node
and the second node adjust potentials via the first
transistor that is turned on, and store the potentials in
the first capacitor, and

during a third phase, the second transistor is controlled to
be at a cut-off state by the first control signal; the third
transistor is turned on in response to the effective level
of the light emitting control signal; the fourth transistor
is turned on in response to the effective level of the
scanning signal to transmit the light-emitting data volt-
age to the third node; the light-emitting data voltage is
coupled to the second node via the capacitor, and the
first transistor is turned on in response to potential of
the second node so as to drive the light emitting
element to emit light.

3. The pixel circuit according to claim 2, wherein:

the reference voltage level is provided by data lines;
during the second phase, the fourth transistor is turned
on in response to the effective level of the scanning
signal to transmit the reference voltage level to the third
node so as to initialize the potential of the third node.

4. The pixel circuit according to claim 2, wherein:

the first transistor, the light emitting element, the second
transistor, the third transistor and the fourth transistor
are N-type transistors, and the effective levels for
turning on individual transistors are high levels;

the dark data voltage is low level; and

the first electrode of the third transistor is coupled to the
first voltage level end, and the second end of the light
emitting element is coupled to the second voltage level
end.

5. The pixel circuit according to claim 4, further com-

prises a fifth transistor;

a first electrode of the fifth transistor is configured to
receive the reference level, a second electrode of the
fifth transistor is coupled to the third node, and a
control electrode of the fifth transistor is configured to
receive the first control signal; and

during the second phase, the fifth transistor is turned on in
response to the effective level of the first control signal
to transmit the reference level to the third node so as to
initialize the potential of the third node.

6. The pixel circuit according to claim 2, wherein:

the first transistor, the light emitting element, the second
transistor, the third transistor and the fourth transistor
are P-type transistors, and the effective levels for turn-
ing on individual transistors are low levels;

the dark data voltage is high level; and
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the first electrode of the third transistor is coupled to the
second voltage level end, and the second end of the
light emitting element is coupled to the first voltage
level end.

7. The pixel circuit according to claim 6, further com-

prises a fifth transistor;

a first electrode of the fifth transistor is configured to
receive the reference level, a second electrode of the
fifth transistor is coupled to the third node, and a
control electrode of the fifth transistor is configured to
receive the first control signal; and

during the second phase, the fifth transistor is turned on in
response to the effective level of the first control signal
to transmit the reference level to the third node so as to
initialize the potential of the third node.

8. A display device, characterized by comprising:

a pixel circuit matrix, including the pixel circuits accord-
ing to claim 2 arranged including n rows and m
columns, wherein n and m are integers larger than zero;

a gate driving circuit, configured to generate a scanning
pulse signal and provide a required scanning signal to
the pixel circuits through the scanning lines formed in
a first direction;

a data driving circuit, configured to generate a data
voltage signal representing gray scale information, and
provide the data signal to the pixel circuits through the
data lines formed in a second direction;

a first control line, configured to provide a first control
signal to the pixel circuits in the pixel circuit matrix
simultaneously;

a light emitting control line, configured to provide a light
emitting control signal to the pixel circuits in the pixel
circuit matrix simultaneously; and

a controller, configured to provide a control timing to the
gate driving circuit, the data driving circuit, the first
control line and the light emitting control line.

9. The display device according to claim 8, wherein, one
driving cycle of the display device comprises a dark data
writing phase, an initialization and threshold compensation
phase and a light emitting phase;

during the dark data writing phase, the scanning lines
provide the effective level of the scanning signal to the
pixel circuits in sequence line by line, and the pixel
circuits receive the dark data voltage in sequence line
by line;

during the initialization and threshold compensation
phase, the first control line and the light emitting
control line provide a corresponding level of the first
control signal and a corresponding level of the light
emitting control signal to the pixel circuits simultane-
ously; the pixel circuits, in response to the effective
level of the scanning signal provided by its row of
scanning line, simultaneously extract the threshold
voltages of their respective driving transistor and light
emitting element; and

during the light emitting phase, the first control line
controls corresponding transistors to be at cut-off state,
and the light emitting control line provides the effective
level of the light emitting control signal to the pixel
circuits simultaneously; the scanning lines provide the
effective level of the scanning signal to the pixel
circuits line by line, the pixel circuits receive the light
emitting data voltage in sequence line by line, and the
pixel circuit emit light in sequence line by line.

I S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X
Hfth 237 STk
EIN-E 22

BWE(R)

RET -—MEERE.

GBREROEDEHRBEEF —BFIRMNE =
FimeBNRHREENL TS HACEE-RGEE  F=&

B, EURGE  F-HARNE_BRR, F_ELTFREEXIR
HENRHERERXTHNE R E, BEE -—LARTFHREER
E, NSRE TR REEME K THNREREME |, Bt , Mz
THERBERNERTIN. ERET —MHERRE , HPE—2H4%
MEREBHEENEREK, ERFT -—HEEBBREINFE,

patsnap
IMEOLEDHREBREZBNERRERRARS HEME REKE
US10679554 NI (»&E)B 2020-06-09
US15/569027 HiE A 2016-03-25
R ARERYIFFFRERR
IEREARFRYIFFRER
EREARERYIFRER

ZHANG SHENGDONG
MENG XUE
LENG CHUANLI

ZHANG, SHENGDONG
MENG, XUE
LENG, CHUANLI

G09G3/3233 G09G3/3258 HO1L51/52 G09G3/32
G09G3/32 HO1L51/5203 G09G3/3233 G09G3/3258 G09G2300/0861 G09G2310/0262 G09G2310/0264

201510201349.6 2015-04-24 CN
US20180130412A1

Espacenet



https://share-analytics.zhihuiya.com/view/957e5921-98c1-4be1-a91e-3ffab67b121b
https://worldwide.espacenet.com/patent/search/family/053731428/publication/US10679554B2?q=US10679554B2

