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(57) ABSTRACT

Embodiments of the invention provide an organic light emit-
ting diode pixel circuit and a display device so as to address
such a problem of non-uniform display of an image on the
entire display panel due to different threshold voltages of
drive transistors in different pixel elements in a traditional
organic light emitting diode pixel circuit. A drive signal gen-
eration module in the organic light emitting diode pixel cir-
cuit according to an embodiment of the invention reads and
stores the threshold voltage of a drive transistor in a threshold
voltage reading phase, and in a signal loading phase, receives
an image data signal and generates a drive signal from the
received image data signal and the threshold voltage of the
drive transistor stored in the threshold voltage reading phase
so that the drive signal is dependent upon the threshold volt-
age of the drive transistor.
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ORGANIC LIGHT EMITTING DIODE PIXEL
CIRCUIT AND DISPLAY DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
Chinese Patent Application No. 201410217783.9, filed with
the Chinese Patent Office on May 21, 2014 and entitled
“ORGANIC LIGHT EMITTING DIODE PIXEL CIRCUIT
AND DISPLAY DEVICE”, the content of which is incorpo-
rated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the field of display
technologies and particularly to an organic light emitting
diode pixel circuit and a display device.

BACKGROUND OF THE INVENTION

[0003] An Active Matrix Organic Light Emitting Diode
(AMOLED) display has been widely applied due to its wide
angle of view, good color contrast effect, high response speed,
low cost and other advantages. However threshold voltage
drift may occur due to the problem of non-uniformity of a
Thin Film Transistor (TFT) array substrate in a process flow.

[0004] A traditional 2T1Cpixel circuit as illustrated in FIG.
1 includes a switch transistor T1, a drive transistor T2, a
storage capacitor C1 and an Organic Light Emitting Diode
(OLED), where a gate of the switch transistor T1 receives a
scan signal Scan including signals on a gate line connected
with the pixel circuit, a source (or a drain) of the switch
transistor T1 receives an image data signal Data, the drain (or
the source) of the switch transistor T1 is connected with a first
terminal of the storage capacitor C1, a second terminal of the
storage capacitor C1 receives a first drive signal VDD, a
source of the drive transistor T2 receives a first drive signal
VDD, a gate of the drive transistor T2 is connected with the
first terminal ofthe storage capacitor C1, the drain of the drive
transistor T2 is connected with a first terminal of the OLED,
and the second terminal of the OLED receives a second drive
signal VSS. When the gate of the switch transistor T1 receives
a startup signal in the scan signal Scan, the switch transistor
T1 is turned on, and the image data signal Data received by the
source (or the drain) thereof is transmitted to the drain (or the
source) of the switch transistor T1 and stored in the storage
capacitor C1, and the operation of the drive transistor T2 is
controlled by the image data signal Data and the first drive
signal VDD so that the OLED is driven by drain current of the
drive transistor T2 to emit light. In such 2T1C pixel circuit,
since the drain current driving the OLED to emit light is
dependent upon the threshold voltage of the drive transistor
T2, the current driving the different OLEDs to emit light will
be different even when the different OLEDs receive the same
image data signal due to the different threshold voltage of the
drive transistors T2 in the different pixel elements, thus result-
ing in non-uniform display of the entire image.

[0005] In summary, with the traditional organic light emit-
ting diode pixel circuit, when the different OLEDs receive the
same image data signal, the current driving the different
OLED:s to emit light will be different due to the different
threshold voltage of the drive transistors in the different pixel
elements, thus resulting in non-uniform display of an image
on the entire display panel.
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BRIEF SUMMARY OF THE INVENTION

[0006] An embodiment of the invention provides an
organic light emitting diode pixel circuit including a drive
signal generation module, an OLED, a drive transistor and a
switch module;
[0007] the OLED and the switch module are connected in
series and then connected between a first terminal of the drive
signal generation module and a first drive signal source; and
a source of the drive transistor is connected with a second
terminal of the drive signal generation module, a gate of the
drive transistor is connected with a third terminal of the drive
signal generation module, a drain of the drive transistor is
connected with a fourth terminal of the drive signal genera-
tion module, the drain of the drive transistor is connected with
a second drive signal source, and a fifth terminal of the drive
signal generation module is connected with a data signal;
[0008] wherein the drive signal generation module is con-
figured: in a threshold voltage reading phase, to have its first
terminal connected with its second terminal and have its third
terminal connected with its fourth terminal and to read and
store a threshold voltage of the drive transistor from a jump
from a first data signal to a second data signal received by its
fifth terminal; in a signal loading phase, to have its first
terminal disconnected from its second terminal and have its
third terminal connected with its fourth terminal and to gen-
erate and store a drive signal from a third data signal received
by its fifth terminal and the threshold voltage of the drive
transistor stored by itself in the threshold voltage reading
phase; in a wait phase, to have its first terminal connected with
its second terminal and have its third terminal disconnected
from its fourth terminal, to store the second data signal
received by its fifth terminal and to control the drive transistor
by the drive signal stored by itself in the signal load phase to
drive the OLED to emit light; and in a light emitting phase, to
have its first terminal connected with its second terminal and
have its third terminal disconnected from its fourth terminal,
to stop receiving the data signal and to control the drive
transistor Td by the drive signal stored by itself in the signal
loading phase to drive the OLED to emit light, wherein the
second data signal is higher in voltage than the first data
signal, and the third data signal is a data voltage signal
required for display by a pixel element where the pixel circuit
is located; and
[0009] the switch module is configured to be turned off in
both the threshold voltage reading phase and the signal load-
ing phase and to be turned on in both the wait phase and the
light emitting phase.
[0010] An embodiment of the invention provides an
organic light emitting diode pixel circuits including:
[0011] an organic light emitting diode including an anode
connected with a first drive signal source and a cathode con-
nected with a first pole of a fourth switch transistor;
[0012] a first switch transistor including a gate receiving a
first clock signal, a first pole connected with a second pole of
the fourth switch transistor and a second pole connected with
a source of a drive transistor;
[0013] asecond switch transistor including a gate receiving
a second clock signal, a first pole connected with a gate of the
drive transistor and a second pole connected with a second
drive signal source;
[0014] athird switch transistor including a gate receiving a
third clock signal and a first pole connected with a data signal;
[0015] the fourth switch transistor including a gate
receiving a fourth clock signal;
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[0016] a first capacitor including a first pole plate con-
nected with a second pole of the third switch transistor and a
second pole plate connected with the first pole of the first
switch transistor;

[0017] a second capacitor including a first pole plate con-
nected with the first pole of the first switch transistor and a
second pole plate connected with the gate of the drive tran-
sistor; and

[0018] the drive transistor including a drain connected with
a second drive signal source.

[0019] An embodiment of the invention provides another
Organic Light Emitting Diode (OLED) pixel circuit, includ-
ing:

[0020] a first switch transistor comprising a gate receiving
a first clock signal, a first pole connected with a cathode of an
organic light emitting diode and a second pole connected with
a source of a drive transistor;

[0021] asecond switch transistor comprising a gate receiv-
ing a second clock signal, a first pole connected with a gate of
the drivetransistor and a second pole connected with a second
drive signal source;

[0022] a third switch transistor comprising a gate receiving
a third clock signal and a first pole connected with a data
signal;

[0023] the fourth switch transistor comprising a gate
receiving a fourth clock signal and a first pole connected with
a first drive signal source;

[0024] the organic light emitting diode comprising an
anode connected with a second pole of the fourth switch
transistor;

[0025] a first capacitor comprising a first pole plate con-
nected with a second pole of the third switch transistor and a
second pole plate connected with the first pole of the first
switch transistor;

[0026] asecond capacitor comprising a first pole plate con-
nected with the first pole of the first switch transistor and a
second pole plate connected with the gate of the drive tran-
sistor; and

[0027] the drive transistor comprising a drain connected
with the second drive signal source.

[0028] Advantageous effects of the embodiments of the
invention includes the following.

[0029] With the organic light emitting diode pixel circuit
according to the embodiments of the invention, in the thresh-
old voltage reading phase, the drive signal generation module
canread and store the threshold voltage of the drive transistor;
and in the signal loading phase, the drive signal generation
module can receive the third data signal, i.e., the data voltage
signal required for display by the pixel element where the
pixel circuit is located, and generate the drive signal from the
received third data signal and the threshold voltage of the
drive transistor stored in the threshold voltage reading phase
so that the drive signal is dependent upon the threshold volt-
age of the drive transistor, and thus in the wait phase and the
light emitting phase, when the drive transistor is controlled by
the drive signal to drive the OLED to emit light, an influence
of the threshold voltage ofthe drive transistor on drain current
of the drive transistor will be cancelled by the existence of the
threshold voltage in the drive signal to thereby lower the
difference in current flowing through different OLEDs which
receive the same image data signal and consequently the
non-uniformity of display of the entire image.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic diagram of an organic light
emitting diode pixel circuit in the prior art;

[0031] FIG. 2a is a schematic diagram of an organic light
emitting diode pixel circuit according to a first embodiment of
the invention;

[0032] FIG. 25 is a schematic diagram of another organic
light emitting diode pixel circuit according to the first
embodiment of the invention;

[0033] FIG. 3 is a schematic diagram of an organic light
emitting diode pixel circuit according to a second embodi-
ment of the invention;

[0034] FIG. 4a is a schematic diagram of an organic light
emitting diode pixel circuit according to a third embodiment
of the invention;

[0035] FIG. 4b is an operation timing diagram of the
organic light emitting diode pixel circuitillustrated in FIG. 4a
according to the third embodiment of the invention

[0036] FIG. 4cis an alternative operation timing diagram of
the organic light emitting diode pixel circuit illustrated in
FIG. 4a according to the third embodiment of the invention;
[0037] FIG. 5 is a schematic diagram of the organic light
emitting diode pixel circuit according to the third embodi-
ment of the invention;

[0038] FIG. 6 is a schematic diagram of an organic light
emitting diode pixel circuit according to a fourth embodiment
of the invention; and

[0039] FIG. 7 is a schematic diagram of another organic
light emitting diode pixel circuit according to the fourth
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] With an organic light emitting diode pixel circuit
and a display device according to embodiments of the inven-
tion, a drive signal generation module, in a threshold voltage
reading phase, can read and store the threshold voltage of a
drive transistor and receive an image data signal and in a
signal loading phase generate the drive signal from the
received data signal of the frame of image and the threshold
voltage of the drive transistor stored in the threshold voltage
reading phase so that the drive signal is dependent upon the
threshold voltage of the drive transistor, and thus when the
drive transistor is controlled by the drive signal in a wait phase
and a light emitting phase to drive an OLED to emit light, an
influence of the threshold voltage of the drive transistor on
drain current of the drive transistor will be cancelled by inclu-
sion of the threshold voltage in the drive signal to thereby
lower the difference in current flowing through different
OLEDs which receive the same image data signal and con-
sequently the non-uniformity of display of the entire image.
[0041] Particular implementations of the organic light
emitting diode pixel circuit and the display device according
to the embodiments of the invention will be described below
with reference to the drawings.

[0042] An organic light emitting diode pixel circuit is pro-
vided according to a first embodiment of the invention, and
FIG. 2a is a schematic diagram of the organic light emitting
diode pixel circuit according to the first embodiment of the
invention, where as illustrated in FIG. 2q, the organic light
emitting diode pixel circuit includes a drive signal generation
module 21, an OLED, a drive transistor Td and a switch
module 22.
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[0043] The OLED and the switch module 22 are connected
in series and then connected between a first terminal 211 of
the drive signal generation module 21 and a first drive signal
source VD1, and particularly a first terminal 221 of the switch
module 22 is connected with the first drive signal source VDI,
a second terminal 222 of the switch module 22 is connected
with an anode of the OLED, and a cathode of the OLED is
connected with the first terminal 211 of the drive signal gen-
eration module 21.

[0044] A source ofthe drive transistor Td is connected with
a second terminal 212 of the drive signal generation module
21, a gate of the drive transistor Td is connected with a third
terminal 213 of the drive signal generation module 21, a drain
of the drive transistor Td is connected with a fourth terminal
214 of the drive signal generation module 21, the drain of the
drive transistor Td is further connected with a second drive
signal source VD2, and a fifth terminal 215 of the drive signal
generation module 21 is connected with a data signal Vdata.

[0045] As illustrated in FIGS. 45 and 4c, an operating
period of the organic light emitting diode pixel circuitaccord-
ing to the first embodiment of the invention includes four
periods of time: a threshold voltage reading phase, a signal
loading phase, a wait phase and a light emitting phase, where
the value of the data signal Vdata is changed from a first data
signal V1 to a second data signal V2 in the threshold voltage
reading phase; the value of the data signal Vdata is a third data
signal V3 in the signal loading phase; and the value of the data
signal Vdata is the first data signal V1 in the wait phase, where
the second data signal V2 is higher than the first data signal
V1, and the third data signal V3 is a data voltage signal
required for display by a pixel element where the pixel circuit
is located.

[0046] The drive signal generation module 21 is config-
ured, in the threshold voltage reading phase, to have its first
terminal 211 connected with its second terminal 212 and have
its third terminal 213 connected with its fourth terminal 214
and to change the value of the data signal Vdata from the first
data signal V1 to the second data signal V2, particularly in the
threshold voltage reading phase by providing firstly the first
data signal V1 and then the second data signal V2 and reading
and storing the threshold voltage of the drive transistor Td; the
drive signal generation module 21 is configured, in the signal
loading phase, to have its first terminal 211 disconnected from
its second terminal 212 and have its third terminal 213 con-
nected with its fourth terminal 214 and to generate and store
adrive signal from the third data signal V3 received by its fifth
terminal 215 and the threshold voltage of the drive transistor
Td stored by itself in the threshold voltage reading phase; the
drive signal generation module 21 is configured, in the wait
phase, to have its first terminal 211 connected with its second
terminal 212 and have its third terminal 213 disconnected
from its fourth terminal 214, to store the first data signal V1
received by its fifth terminal 215 and to control the drive
transistor Td by the drive signal stored by itself in the signal
loading phase to drive the OLED to emit; and the drive signal
generation module 21 is configured, in the light emitting
phase, to have its first terminal 211 connected with its second
terminal 212 and have its third terminal 213 disconnected
from its fourth terminal 214, to stop receiving the data signal
Vdata and to control the drive transistor Td by the drive signal
stored by itself in the signal loading phase to drive the OLED
to emit light.
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[0047] The switch module 22 is configured to be turned off
in both the threshold voltage reading phase and the signal
loading phase and to be turned on in both the wait phase and
the light emitting phase.

[0048] The first drive signal source VD1 outputs a high-
level signal Vdd, and the second drive signal source VD2
outputs a low-level signal Vss.

[0049] It shall be noted that the change in voltage from the
first data signal V1 to the second data signal V2 takes place in
the threshold voltage reading phase primarily for the purpose
of reading the threshold voltage of the drive transistor Td by
changing the data signal, and particularly as described in the
first embodiment of the invention, firstly the first data signal
V1 and then the second data signal V2 can be provided in the
threshold voltage reading phase; or the first data signal V1 can
be provided before the threshold voltage reading phase and
the second data signal V2 can be provided in the threshold
voltage reading phase.

[0050] FIG. 2b is a schematic diagram of another organic
light emitting diode pixel circuit according to the first
embodiment of the invention, where in FIG. 254, the OLED
and the switch module 22 are connected in series and then
connected between the first terminal 211 of the drive signal
generation module 21 and the first drive signal source VD1,
and particularly the first drive signal source VD1 is connected
with the anode of the OLED, the cathode of the OLED is
connected with the first terminal 221 of the switch module 22,
and the second terminal 222 of the switch module 22 is
connected with the first terminal 211 of the drive signal gen-
eration module 21.

[0051] The organic light emitting diode pixel circuit
according to the first embodiment of the invention operates
under the same principle regardless of whether the structure
thereof illustrated in FIG. 2a or the structure thereof illus-
trated in FIG. 25 is adopted, and the structure of the drive
signal generation module in FIG. 25 can be the same as the
structure of the drive signal generation module in FIG. 2a,
and the structure of the switch module in FIG. 25 can be the
same as the structure of the switch module in FIG. 2a.
[0052] FIG. 3 illustrates a structure of an organic light
emitting diode pixel circuit according to a second embodi-
ment of the invention, and as compared with the organic light
emitting diode pixel circuit according to the first embodi-
ment, the drive signal generation module is divided into a
plurality of functional elements, and particularly the drive
signal generation module includes a first switch element
2110, a second switch element 2120, a third switch element
2130 and a coupled memory element 2140.

[0053] A first terminal 2111 of the first switch element
2110 is equivalent to the first terminal of the drive signal
generation module and connected with the second terminal
222 of the switch module 22; and a second terminal 2112 of
the first switch element 2110 is equivalent to the second
terminal of the drive signal generation module and connected
with the source of the drive transistor Td.

[0054] A first terminal 2121 of the second switch element
2120 is equivalent to the third terminal of the drive signal
generation module and connected with the gate of the drive
transistor Td; and a second terminal 2122 of the second
switch element 2120 is equivalent to the fourth terminal of the
drive signal generation module and connected with the drain
of the drive transistor Td.

[0055] A first terminal 2131 of the third switch element
2130 is equivalent to the fifth terminal of the drive signal
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generation module and connected with the data signal Vdata;
and a second terminal 2132 of the third switch element 2130
is connected with a first terminal 2141 of'the coupled memory
element 2140.

[0056] A second terminal 2142 of the coupled memory
element 2140 is equivalent to the first terminal of the drive
signal generation module and connected with the second
terminal 222 of the switch module 22; and a third terminal
2143 of the coupled memory element 2140 is equivalent to the
third terminal of the drive signal generation module and con-
nected with the gate of the drive transistor Td.

[0057] As illustrated in FIGS. 45 and 4c, an operating
period of the organic light emitting diode pixel circuitaccord-
ing to the second embodiment of the invention also includes
four periods of time: a threshold voltage reading phase, a
signal loading phase, a wait phase and a light emitting phase,
where the value of the data signal Vdata is changed from the
first data signal V1 to the second data signal V2 in the thresh-
old voltage reading phase; the value of the data signal Vdata
is the third data signal V3 in the signal loading phase; and the
value of the data signal Vdata is the first data signal V1 in the
wait phase, where the second data signal V2 is higher than the
first data signal V1, and the third data signal V3 is the data
voltage signal required for display by the pixel element where
the pixel circuit is located.

[0058] The first switch element 2110 is configured to be
turned on in all of the threshold voltage reading phase, the
wait phase and the light emitting phase and to be turned off in
the signal loading phase.

[0059] The second switch element 2120 is configured to be
turned on in both the threshold voltage reading phase and the
signal loading phase and to be turned off in both the wait
phase and the light emitting phase.

[0060] The third switch element 2130 is configured to be
turned on in all of the threshold voltage reading phase, the
signal loading phase and the wait phase and to be turned off in
the light emitting phase.

[0061] Thecoupled memory element 2140 is configured, in
the threshold voltage reading phase, to receive the change in
value of the data signal Vdata from the first data signal V1 to
the second data signal V2 at the first terminal 2141, to couple
the voltage change atits firstterminal 2141, i.e., V2-V1, to its
second terminal 2142 so that the voltage at its second terminal
2142 is higher than the difference between the voltage at its
third terminal 2143 and the threshold voltage of the drive
transistor Td and to read and store the threshold voltage of the
drive transistor Td; the coupled memory element 2140 is
configured, in the signal loading phase, to receive the third
data signal V3 at its first terminal 2141, to couple the voltage
change at its first terminal 2141, i.e., V3-V2, to its second
terminal 2142 and to generate and store the drive signal from
the received third data signal V3 and the threshold voltage of
the drive transistor Td stored in the threshold voltage reading
phase; the coupled memory element 2140 is configured, in the
wait phase, to receive and store the second voltage signal V2
at its first terminal 2141 and to control the drive transistor Td
by the drive signal stored in the signal loading phase to drive
the OLED; and the coupled memory element 2140 is config-
ured, in the light emitting phase, to control the drive transistor
by the drive signal stored in the signal loading phase to drive
the OLED to emit light.

[0062] All of the first switch element 2110, the second
switch element 2120 and the third switch element 2130 are
turned on and the switch module 22 is turned offin the current
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threshold voltage reading phase. Since the second switch
element 2120 is turned on, the gate voltage of the drive
transistor Td is the low-level signal Vss output by the second
drive signal source VD2 so that initialization is completed to
remove an influence of a signal in a previous light emission on
current light emission.

[0063] In the current threshold voltage reading phase, the
data signal received at the first terminal 2131 of the third
switch element 2130 jumps from the first data signal V1 to the
second data signal V2, and since the threshold voltage of the
drive transistor Td needs to be read in the case that the value
of the source voltage of the drive transistor Td is higher the
difference between the gate voltage thereof and the threshold
voltage thereof, and V1 is lower than V2, so that in the current
threshold voltage reading phase, the voltage change at the first
terminal 2141 of the coupled memory element 2140 is
V2-V1, and further the voltage change of the source of the
drive transistor Td is higher than the voltage change of the
gate of the drive transistor Td by V2-V1 to thereby ensure
that in the threshold voltage reading phase, the source voltage
ofthe drive transistor Td is higher than the difference between
the gate voltage of the drive transistor Td and the threshold
voltage of the drive transistor Td to thereby read the threshold
voltage of the drive transistor Td.

[0064] In summary, the organic light emitting diode pixel
circuit according to the embodiment of the invention actually
performs two functions in the threshold voltage reading phase
including initialization and threshold voltage reading. The
organic light emitting diode pixel circuit according to the
embodiment of the invention also performs two functions in
the wait phase including preparing for a next time of reading
the threshold voltage of the drive transistor Td and light
emission.

[0065] FIG. 4a illustrates an organic light emitting diode
pixel circuit according to a third embodiment of the invention,
where the switch module 22 includes a fourth switch transis-
tor Ts4; and a first pole of the fourth switch transistor Ts4 is
the first terminal 221 of the switch module 22, a gate of the
fourth switch transistor Ts4 receives a fourth clock signal
CLK4, and a second pole of the fourth switch transistor Ts4 is
the second terminal 222 of the switch module 22. The fourth
switch transistor Ts4 is configured to be turned off in both the
threshold voltage reading phase and the signal loading phase
and to be turned on in both the wait phase and the light
emitting phase.

[0066] The first switch element 2110 includes a first switch
transistor Ts1, where a first pole of the first switch transistor
Ts1 is the first terminal 2111 of the first switch element 2110,
a gate of the first switch transistor Ts1 receives a first clock
signal CLK1. and a second pole of the first switch transistor
Ts1 is the second terminal 2112 of the first switch element
2110; and the first switch transistor Ts1 is configured to be
turned on in all of the threshold voltage reading phase, the
wait phase and the light emitting phase and to be turned off in
the signal loading phase.

[0067] The second switch element 2120 includes a second
switch transistor Ts2, where a first pole of the second switch
transistor Ts2 is the first terminal 2121 of the second switch
element 2120, a gate of the second switch transistor Ts2
receives a second clock signal CLK2, and asecond pole of the
second switch transistor Ts2 is the second terminal 2122 of
the second switch element 2120; and the second switch tran-
sistor Ts2 is configured to be turned on in both the threshold
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voltage reading phase and the signal loading phase and to be
turned off in both the wait phase and the light emitting phase.
[0068] The third switch element 2130 includes a third
switch transistor Ts3, where a first pole of the third switch
transistor Ts3 is the first terminal 2131 of the third switch
element 2130, a gate of the third switch transistor Ts3
receives a third clock signal CLK3, and a second pole of the
third switch transistor Ts3 is the second terminal 2132 of the
third switch element 2130; and the third switch transistor T's3
is configured to be turned on in all of the threshold voltage
reading phase, the signal loading phase and the wait phase
and to be turned off in the light emitting phase.

[0069] The coupled memory element 2140 includes a first
capacitor C1 and a second capacitor C2, where a first terminal
of the first capacitor C1 is the first terminal 2141 of the
coupled memory element 2140, a second terminal of the first
capacitor C1 is the second terminal 2142 of the coupled
memory element 2140, a first terminal of the second capacitor
C2 is also the second terminal 2142 of the coupled memory
element 2140, and a second terminal of the second capacitor
C2 1s the third terminal 2143 of the coupled memory element
2140.

[0070] FIG. 4b is an operation timing diagram of the
organic light emitting diode pixel circuit illustrated in FIG.
4a. An operation principle of the organic light emitting diode
pixel circuit according to the third embodiment of the inven-
tion will be described below with reference to FIG. 4a and
FIG. 4b.

[0071] As illustrated in FIG. 4b, an operating period of the
organic light emitting diode pixel circuit according to the
third embodiment of the invention includes four periods of
time: a threshold voltage reading phase t1, a signal loading
phase 12, a wait phase t3 and a light emitting phase t4, where
the value of the data signal Vdata is changed from the first data
signal V1 to the second data signal V2 in the threshold voltage
reading phase t1; and the value of the data signal Vdata is the
third data signal V3 in the signal loading phase t2; wherein the
second data signal V2 is higher than the first data signal V1,
and the third data signal V3 is a data voltage signal required
for display of the frame.

[0072] Inthe threshold voltage reading phase t1, the fourth
switch transistor Ts4 is controlled by the fourth clock signal
CLK( at the high level to be turned off, and the first switch
transistor Tsl, the second switch transistor Ts2 and the third
switch transistor Ts3 are controlled respectively by the first
clock signal CLK1, the second clock signal CLK2 and the
third clock signal CLK3 at the low level to be turned on. The
voltage Vss of the second drive signal source VD2 is trans-
mitted to the gate of the drive transistor Td through the second
switch transistor Ts2, so the gate voltage Vg of the drive
transistor Td is equal to Vss.

[0073] At this time, the value of the data signal Vdata is
changed from the first data signal V1 to the second data signal
V2 with V2 is higher than V1, and as the voltage at the first
terminal of the first capacitor C1, i.e., the first terminal 2141
of the coupled memory element 2140, increases, the first
capacitor C1 and the second capacitor C2 are discharged
through the first switch transistor Ts1 and the drive transistor
Td and stop being discharged until the difference between the
voltage V,, at the second terminal 2142 of the coupled
memory element 2140 and the gate voltage Vg of the drive
transistor Td is Vth, where Vth is the threshold voltage of the
drive transistor Td, and at this time:

¥, =Vss+ Vihl 0]
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[0074] 1In the signal loading phase 2, the first switch tran-
sistor Ts1 is turned off, the second switch transistor Ts2 is
turned on, the third switch transistor Ts3 is turned on, and the
fourth switch transistor Ts4 is turned off, and the data signal
Vdata connected with the third switch transistor Ts3 jumps
from the second data signal V2 to the third data signal V3
which is a data signal required for display of an image by the
pixel element where the pixel circuit is located. The voltage at
the first terminal of the first capacitor C1 connected with the
third switch transistor Ts3 jumps by a voltage change AV1
which is V3-V2, so the voltage at the second terminal of the
first capacitor C1 will also jump by a voltage change AV?2 as
follows:

(V3-V2)xcl @

AV2 =
cl+c2

[0075] Wherein, cl is the capacitance of the first capacitor,
and c2 is the capacitance of the second capacitor. Then at this
time, the voltage V,, at the second terminal 2142 of the
coupled memory element 2140 is the voltage V,; at the sec-
ond terminal 2142 of the coupled memory element 2140,
before the data signal Vdata is changed, added by the voltage
change AV2:

(V3-V2)xcl )

Vo = Vss +|Vih| + —
cl+c2

[0076] At this time, the voltage difference across the sec-
ond capacitor C2, i.e., the voltage difference Vgs between the
gate and the source of the drive transistor Td is equal to:

(V3-V2)xcl Gl
Vegs=Vpp —Vss= Vil + ———
cl+¢e2

[0077] Inthe wait phaset3, the data signal Vdata connected
with the third switch transistor Ts3 jumps from the data signal
V3, which is the data signal required for display of image by
the pixel element, to the first data signal V1, and since the
third switch transistor Ts3 is turned on, the voltage at the
terminal of the first capacitor C1 connected with the third
switch transistor Ts3 jumps from the third data signal V3 to
the first data signal V1, but since at this time the second switch
transistor Ts2 is turned off, the voltage difference across the
second capacitor C2 is not changed. Since the first switch
transistor Tsl is turned on, the voltage difference Vgs
between the gate and the source of the drive transistor Td is
equal to the voltage difference across the second capacitor
C2, so the voltage difference Vgs between the gate and the
source of the drive transistor Td is not changed, and also since
the fourth switch transistor Ts4 is turned on, the OLED emits
light. The value of stable current 1, 5, flowing through the
Organic Light Emitting Diode (OLED) can be calculated in
the following equation of the characteristic of current of a
transistor operating in a saturation region:
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(V3—V2)><c1]2 &)

1 I
lotgp = =k{ Vi —Vh2=-k(
ouep = FkVgs Vi7" = sH ——==3

[0078] Wherein, kis dependent upon astructural parameter
of the drive transistor Td, Vth is the threshold voltage of the
drive transistor Td, c1 is the capacitance of the first capacitor,
and c2 is the capacitance of the second capacitor.

[0079] As can be apparent, the current I, ., flowing
through the Organic Light Emitting Diode (OLED) is inde-
pendent of the threshold voltage of the drive transistor Td,
thus overcoming such a problem that with the traditional
OLED pixel circuit, even when of the different OLEDs
receive the same image data signal, the current, which drive
the different OLEDs to emit light, are different due to the
different threshold voltage of the drive transistors in the dif-
ferent pixel elements, and addressing the problem of the
different pixel units being driven by different current to emit
light upon reception of the same image data signal and
improving the uniformity of display.

[0080] In the light emitting phase t4, since the third switch
transistor Ts3 is turned off, the voltage at the terminal of the
first capacitor C1 connected with the third switch transistor
Ts3 is maintained at V2, and since the second switch transis-
tor Ts2 is turned off, the voltage difference across the second
capacitor C2 is not changed; and since the first switch tran-
sistor Ts1 is turned on, the voltage difference Vigs between the
gate and the source of the drive transistor Td is equal to the
voltage difference across the second capacitor C2, so the
voltage difference Vgs between the gate and the source of the
drive transistor Td is not changed, and also since the fourth
switch transistor Ts4 is turned on, the OLED emits light.

[0081] It shall be noted that the voltage change from the
first data signal V1 to the second data signal V2 takes place in
the threshold voltage reading phase primarily for the purpose
of reading the threshold voltage of the drive transistor Td by
changing the data signal, and particular timing of driving can
be as illustrated in F1G. 45 where firstly the first data signal V1
and then the second data signal V2 are provided in the thresh-
old voltage reading phase. Alternatively, as illustrated in FIG.
4c, the first data signal V1 is provided before the threshold
voltage reading phase and the second data signal V2 is pro-
vided in the threshold voltage reading phase, wherein the first
data signal V1 provided before the threshold voltage reading
phase can be a data signal provided in the signal loading phase
3 of a previous frame.

[0082] FIG. 5 illustrates another organic light emitting
diode pixel circuit according to the third embodiment of the
invention, where the fourth switch transistor Ts4 is a p-type
transistor in FIG. 4a, and the fourth switch transistor Ts4 1s an
n-type transistor in FIG. 5. In FIG. 5, the second switch
transistor Ts2 and the fourth switch transistor Ts4 can be
connected with the same clock signal. In the threshold voltage
reading phase t1 and the signal loading phase 12, the second
switch transistor Ts2 is controlled by the clock signal at the
low level to be turned off, and the fourth switch transistor Ts4
is controlled by the clock signal at the low level to be turned
on; and in the wait phase t3 and the light emitting phase 4, the
second switch transistor Ts2 is controlled by the clock signal
at the high level to be turned on, and the fourth switch tran-
sistor Ts4 is controlled by the clock signal at the high level to
be turned off, thus achieving the same effect as the timing of
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driving in FIG. 4b or FIG. 4¢ while dispensing with one input
signal and simplifying the structure.

[0083] FIG. 6 illustrates an organic light emitting diode
pixel circuit according to a fourth embodiment of the inven-
tion, which includes:

[0084] A first switch transistor Ts1, which includes a gate
receiving a first clock signal CLK1, a first pole connected
with a cathode of an Organic Light Emitting Diode (OLED)
and a second pole connected with a source of a drive transistor
Td;

[0085] A second switch transistor Ts2, which includes a
gate receiving a second clock signal CLK2, a first pole con-
nected with a gate of the drive transistor Td and a second pole
connected with a second drive signal source VD2, where the
second switch transistor Ts2 is a p-type transistor;

[0086] A third switch transistor Ts3, which includes a gate
receiving a third clock signal CLK3 and a first pole connected
with a data line Ldata;

[0087] A fourth switch transistor Ts4, which includes a gate
receiving a fourth clock signal CLK4 and a first pole con-
nected with a first drive signal source VD1, where the fourth
switch transistor Ts4 is a p-type transistor;

[0088] The Organic Light Emitting Diode (OLED), which
includes an anode connected with a second pole of the fourth
switch transistor Ts4;

[0089] A first capacitor C1, which includes one pole plate
connected with a second pole of the third switch transistor
Ts3 and the other pole plate connected with the first pole of
the first switch transistor Ts1;

[0090] A second capacitor C2, which includes one pole
plate connected with the first pole of the first switch transistor
Ts1 and the other pole plate connected with the gate of the
drive transistor Td; and

[0091] The drive transistor Td, which includes a drain con-
nected with the second drive signal source VD2.

[0092] FIG. 7 illustrates another organic light emitting
diode pixel circuit according to the fourth embodiment of the
invention, compared with the organic light emitting diode
pixel circuit of FIG. 6, the fourth switch transistor Ts4 is an
n-type transistor. In the threshold voltage reading phase t1
and the signal loading phase (2, the second switch transistor
Ts2 is controlled by the clock signal at the low level to be
turned off, and the fourth switch transistor Ts4 is controlled
by the clock signal at the low level to be turned on; and in the
wait phase t3 and the light emitting phase t4, the second
switch transistor Ts2 is controlled by the clock signal at the
high level to be turned on, and the fourth switch transistor Ts4
is controlled by the clock signal at the high level to be turned
off, thus achieving the same effect as the timing of driving in
FIG. 4b or F1G. 4¢ while dispensing with one input signal and
simplifying the structure.

[0093] A firstpole of a switch transistor as referred to in the
embodiments of the invention can be a source (or a drain) of
the switch transistor, and a second pole of the switch transis-
tor can be the drain (or the source) of the switch transistor. If
the source of the switch transistor is the first pole, then the
drain of the switch transistor is the second pole; and if the
drain of the switch transistor is the first pole, then the source
of the switch transistor is the second pole.

[0094] Thoseskilled in the art can appreciate that the draw-
ings are merely schematic diagrams of some preferred
embodiments of the invention and the modules or flows in the
drawings may not be necessarily required to implement the
invention.



US 2015/0339982 A1

[0095] Those skilled in the art can appreciate that the mod-
ules in devices according to the embodiments can be distrib-
uted in the devices of the embodiments as described in the
embodiments or located in one or more devices other than
these embodiments while being modified correspondingly.
The modules in the foregoing embodiments can be combined
into a module or further divided into a plurality of sub-mod-
ules.

[0096] The foregoing embodiments of the invention have
been numbered merely for the convenience of their descrip-
tion but will not indicate any precedence of one embodiment
over the other.

[0097] Evidently those skilled in the art can make various
modifications and variations to the invention without depart-
ing from the spirit and scope of the invention. Thus the inven-
tion is also intended to encompass these modifications and
variations thereto so long as the modifications and variations
come into the scope of the claims appended to the invention
and their equivalents.

What is claimed is:

1. An Organic Light Emitting Diode (OLED) pixel circuit,
comprising a drive signal generation module, an OLED, a
drive transistor and a switch module, wherein:

the OLED and the switch module are connected in series

and then connected between a first terminal of the drive
signal generation module and a first drive signal source;

a source of the drive transistor is connected with a second

terminal of the drive signal generation module,

a gate of the drive transistor is connected with a third

terminal of the drive signal generation module,

a drain of the drive transistor is connected with a fourth

terminal of the drive signal generation module,

the drain of the drive transistor is connected with a second

drive signal source, and

a fifth terminal of the drive signal generation module is

connected with a data signal,

wherein the drive signal generation module is configured:

in a threshold voltage reading phase, to have its first termi-

nal connected with its second terminal and have its third
terminal connected with its fourth terminal and to read
and store a threshold voltage of the drive transistor from
a jump from a first data signal to a second data signal
received by its fifth terminal,

in a signal loading phase, to have its first terminal discon-

nected from its second terminal and have its third termi-
nal connected with its fourth terminal and to generate
and store a drive signal from a third data signal received
by its fifth terminal and the threshold voltage of the drive
transistor stored by itself in the threshold voltage read-
ing phase;

in a wait phase, to have its first terminal connected with its

second terminal and have its third terminal disconnected
from its fourth terminal, to store the second data signal
received by its fifth terminal and to control the drive
transistor by the drive signal stored by itself in the signal
loading phase to drive the OLED to emit light; and

ina light emitting phase, to have its first terminal connected

with its second terminal and have its third terminal dis-
connected from its fourth terminal, to stop receiving the
data signal and to control the drive transistor Td by the
drive signal stored by itselfin the signal loading phase to
drive the OLED to emit light, wherein the second data
signal is higher in voltage than the first data signal, and
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the third data signal is a data voltage signal required for
display by a pixel element where the pixel circuit is
located; and

the switch module is configured to be turned off in both the
threshold voltage reading phase and the signal loading
phase and to be turned on in both the wait phase and the
light emitting phase.

2. The circuit according to claim 1, wherein:

the drive signal generation module comprises a first switch
element, a second switch element, a third switch element
and a coupled memory element;

a first terminal of the first switch element is the first termi-
nal of the drive signal generation module, and a second
terminal of the first switch element is the second termi-
nal of the drive signal generation module;

a first terminal of the second switch element is the third
terminal of the drive signal generation module, and a
second terminal of the second switch element is the
fourth terminal of the drive signal generation module;

a first terminal of the third switch element is the fifth
terminal of the drive signal generation module, and a
second terminal of the third switch element is connected
with a first terminal of the coupled memory element; and
a second terminal of the coupled memory element is the
first terminal of the drive signal generation module, and
a third terminal of the coupled memory element is the
third terminal of the drive signal generation module;

the first switch element is configured to be turned on in all
of the threshold voltage reading phase, the wait phase
and the light emitting phase and to be turned off in the
signal loading phase;

the second switch element is configured to be turned on in
both the threshold voltage reading phase and the signal
loading phase and to be turned off in both the wait phase
and the light emitting phase;

the third switch element is configured to be turned on in all
of the threshold voltage reading phase, the signal load-
ing phase and the wait phase and to be turned off in the
light emitting phase; and

the coupled memory element is configured:

in the threshold voltage reading phase, to receive the jump
from the first data signal to the second data signal at its
first terminal, to couple a voltage change at its first
terminal to its second terminal so that a voltage at its
second terminal is higher than a difference between the
voltage at its third terminal and the threshold voltage of
the drive transistor and to read and store the threshold
voltage of the drive transistor;

in the signal loading phase, to receive the third data signal
at its first terminal, to couple the voltage change at its
first terminal to its second terminal and to generate and
store the drive signal from the received third data signal
and the threshold voltage of the drive transistor stored in
the threshold voltage reading phase;

in the wait phase, to receive and store the first data signal at
its first terminal and to control the drive transistor by the
drive signal stored in the signal loading phase to drive
the OLED to emit light; and

in the light emitting phase, to control the drive transistor by
the drive signal stored in the signal loading phase to
drive the OLED to emit light.
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3. The circuit according to claim 2, wherein:

the first switch element comprises a first switch transistor;

a first pole of the first switch transistor is the first terminal
of the first switch element, a gate of the first switch
transistor receives a first clock signal, and a second pole
of the first switch transistor is the second terminal of the
first switch element; and

the first switch transistor is configured to be turned on in all
of the threshold voltage reading phase, the wait phase
and the light emitting phase and to be turned off in the
signal loading phase.

4. The circuit according to claim 2, wherein:

the second switch element comprises a second switch tran-
sistor;

a first pole of the second switch transistor is the first termi-
nal of the second switch element, a gate of the second
switch transistor receives a second clock signal, and a
second pole of the second switch transistor is the second
terminal of the second switch element; and

the second switch transistor is configured to be turned on in
both the threshold voltage reading phase and the signal
loading phase and to be turned off in both the wait phase
and the light emitting phase.

5. The circuit according to claim 2, wherein:

the third switch element comprises a third switch transis-
tor;

a first pole of the third switch transistor is the first terminal
of the third switch element, a gate of the third switch
transistor receives a third clock signal, and a second pole
of the third switch transistor is the second terminal of the
third switch element; and

the third switch transistor is configured to be turned on in
all of the threshold voltage reading phase, the signal
loading phase and the wait phase and to be turned off in
the light emitting phase.

6. The circuit according to claim 2, wherein:

the coupled memory element comprises a first capacitor
and a second capacitor; and

a first terminal of the first capacitor is the first terminal of
the coupled memory element, a second terminal of the
first capacitor is the second terminal of the coupled
memory element, a first terminal of the second capacitor
is the second terminal of the coupled memory element,
and a second terminal of the second capacitor is the third
terminal of the coupled memory element.

7. The circuit according to claim 1, wherein the OLED and
the switch module are connected in series and then connected
between the first terminal of the drive signal generation mod-
ule and the first drive signal source as follows:

the first drive signal source is connected with a first termi-
nal of the switch module, and a second terminal of the
switch module is connected sequentially with the OLED
and the first terminal of the drive signal generation mod-
ule; or

the first drive signal source is connected sequentially with
the OLED and the first terminal of the switch module,
and the second terminal of the switch module is con-
nected with the first terminal of the drive signal genera-
tion module.

8. The circuit according to claim 7, wherein:

the switch module comprises a fourth switch transistor;

afirst pole of the fourth switch transistor is the first terminal
of the switch module, a gate of the fourth switch tran-
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sistor receives a fourth clock signal, and a second pole of
the fourth switch transistor is the second terminal of the
switch module; and

the fourth switch transistor is configured to be turned off in
both the threshold voltage reading phase and the signal
loading phase and to be turned on in both the wait phase
and the light emitting phase.

9. An Organic Light Emitting Diode (OLED) pixel circuit,

comprising:

an organic light emitting diode comprising an anode con-
nected with a first drive signal source and a cathode
connected with a first pole of a fourth switch transistor;

a first switch transistor comprising a gate receiving a first
clock signal, a first pole connected with a second pole of
the fourth switch transistor and a second pole connected
with a source of a drive transistor;

a second switch transistor comprising a gate receiving a
second clock signal, a first pole connected with a gate of
the drive transistor and a second pole connected with a
second drive signal source;

a third switch transistor comprising a gate receiving a third
clock signal and a first pole connected with a data signal;

the fourth switch transistor comprising a gate receiving a
fourth clock signal,

a first capacitor comprising a first pole plate connected
with a second pole of the third switch transistor and a
second pole plate connected with the first pole of the first
switch transistor;

a second capacitor comprising a first pole plate connected
with the first pole of the first switch transistor and a
second pole plate connected with the gate of the drive
transistor; and

the drive transistor comprising a drain connected with a
second drive signal source.

10. An Organic Light Emitting Diode (OLED) pixel cir-

cuit, comprising:

a first switch transistor comprising a gate receiving a first
clock signal, a first pole connected with a cathode of an
organic light emitting diode and a second pole con-
nected with a source of a drive transistor;

a second switch transistor comprising a gate receiving a
second clock signal, a first pole connected with a gate of
the drive transistor and a second pole connected with a
second drive signal source;

a third switch transistor comprising a gate receiving a third
clock signal and a first pole connected with a data signal,

the fourth switch transistor comprising a gate receiving a
fourth clock signal and a first pole connected with a first
drive signal source;

the organic light emitting diode comprising an anode con-
nected with a second pole of the fourth switch transistor;

a first capacitor comprising a first pole plate connected
with a second pole of the third switch transistor and a
second pole plate connected with the first pole of the first
switch transistor;

a second capacitor comprising a first pole plate connected
with the first pole of the first switch transistor and a
second pole plate connected with the gate of the drive
transistor; and

the drive transistor comprising a drain connected with the
second drive signal source.
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