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(7) ABSTRACT

A pixel circuit, an organic electroluminescent display panel
and a display device are provided. The pixel circuit includes
a light emitting element, a first capacitor, a reset control
module, a drive control module, a compensation control
module, and a light emission control module. In a reset
phase, the reset control module writes a reset signal at a reset
signal end into a second end of the first capacitor. In a
compensation phase, the reset control module writes a data
signal at a data signal end into a first end of the first
capacitor, and the drive control module charges the first
capacitor through the compensation control module. In a
light emission phase, both the light emission control module
and the first capacitor enable the drive control module to
drive the light emitting element with a stable current for
emission of light.
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PIXEL CIRCUIT, ORGANIC
ELECTROLUMINESCE DISPLAY PANEL
AND DISPLAY DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/463,511 which claims the benefit of priority
to Chinese Patent Application No. 201410253894.5, filed
with the Chinese Patent Office on Jun. 9, 2014 and entitled
“PIXEL. CIRCUIT, ORGANIC ELECTROLUMINESCE
DISPLAY PANEL AND DISPLAY DEVICE”, the content
of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to the field of organic
electroluminescent technologies and particularly to a pixel
circuit, an organic electroluminescent display panel and a
display device.

BACKGROUND OF THE INVENTION

Organic Light Emitting Diode (OLED) displays have
become one of focuses in the research field of flat panel
displays at present, and the OLED displays have low power
consumption, low production cost, self-luminescence, wide
angle of view, high response speed and other advantages
over liquid crystal displays. At present, the OLED display
screens have come to take the place of traditional Liquid
Crystal Display (LCD) screens in the display field of hand-
sets, Personal Digital Assistants (PDAs), digital cameras and
the like. Particularly, the design of pixel circuits is the core
of technical matters in the OLED displays and has important
research significance.

Unlike an LCD for which the brightness is controlled by
a stable voltage, a current-driven OLED needs a stable
current to control the emission of light. The threshold
voltage V,, of a drive transistor of a pixel circuit is not
uniform due to the process flow, aging of elements and other
reasons, so that the current flowing through OLEDs of
respective pixels varies, thus resulting in non-uniform dis-
play brightness, thereby degrading the display quality of the
entire image.

For example, in an existing 2T1C pixel circuit as illus-
trated in FIG. 1, the circuit consists of a drive transistor T2,
a switch transistor T1 and a storage capacitor Cs. When a
row is selected by a scan line Scan, a low-level signal is
input by the scan line Scan, the P-type switch transistor T1
is turned on, and a voltage of a data line Data is written into
the storage capacitor Cs; and after the scanning of the row
ends, the signal input by the scan line Scan is changed to a
high level, the P-type switch transistor T1 is turned off, and
a current is generated by the drive transistor T2 due to a gate
voltage stored in the storage capacitor Cs to drive the OLED
so that the OLED emits light continuously for a frame.
Particularly the saturated current of the drive transistor T2 is
defined in the equation of I, K(Vs-V, ), and as
described above, there may be a drift of the threshold
voltage V,, of the drive transistor T2 due to the process flow,
aging of elements and other reasons, so that the current
flowing through respective OLEDs varies due to the varying
threshold voltage V,, of the drive transistor, thus resulting in
non-uniform image brightness.

BRIEF SUMMARY OF THE INVENTION

In view of this, embodiments of the present invention
provide a pixel circuit, an organic electroluminescent dis-
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2

play panel and a display device so as to improve the
uniformity of image brightness in a display area of the
display device.

An embodiment of the invention provides a pixel circuit,
which includes: a light emitting element, a first capacitor, a
reset control module, a drive control module, a compensa-
tion control module and a light emission control module,
wherein:

a first signal end of the reset control module is connected
with a data signal end, a second signal end of the reset
control module is connected with a reset control signal end,
and a third signal end of the reset control module is
connected respectively with a first end of the first capacitor
and a first signal end of the light emission control module;
and a fourth signal end of the reset control module is
connected with a first scan signal end, a fifth signal end of
the reset control module is connected with a reset signal end,
and a sixth signal end of the reset control module is
connected respectively with a second end of the first capaci-
tor, a first signal end of the compensation control module
and a first signal end of the drive control module;

a second signal end of the drive control module is
connected with a first reference signal end, and a third signal
end of the drive control module is connected respectively
with a second signal end of the compensation control
module and a second signal end of the light emission control
module; and a third signal end of the compensation control
module is connected with a second scan signal end,

a third signal end of the light emission control module is
connected with a light emission control signal end, a fourth
signal end of the light emission control module is connected
with a second reference signal end, and a fifth signal end of
the light emission control module is connected with a first
end of the light emitting element; and a second end of the
light emitting element is connected with a third reference
signal end; and

in a reset phase, the reset control module writes a reset
signal transmitted from the reset signal end into the second
end of the first capacitor under control of the first scan signal
end.

An embodiment of the invention provides a pixel circuit,
which includes: a light emitting element, a first capacitor, a
drive transistor, a first switch element, a second switch
element, a third switch element, a fourth switch element and
a fifth switch element, wherein:

a source of the drive transistor is connected with a first
reference signal end, a drain of the drive transistor is
connected respectively with a signal input end of the first
switch element and a signal input end of the fifth switch
element, and a gate of the drive transistor is connected
respectively with a second end of the first capacitor, a signal
output end of the third switch element and a signal output
end of the first switch element; and a control end of the first
switch element is connected with a second scan signal end,

a signal input end of the second switch element is con-
nected with a data signal end, a signal output end of the
second switch element is connected respectively with a first
end of the first capacitor and a signal output end of the fourth
switch element, and a control end of the second switch
element is connected with a reset control signal end,

a signal input end of the third switch element is connected
with a reset signal end, and a control end of the third switch
element is connected with a first scan signal end;

a signal input end of the fourth switch element is con-
nected with a second reference signal end, and a control end
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of the fourth switch element is connected respectively with
a control end of the fifth switch element and a light emission
control signal end; and

a first end of the light emitting element is connected with
a signal output end of the fifth switch element, and a second
end of the light emitting element is connected with a third
reference signal end.

An embodiment of the invention further provides an
organic electroluminescent display panel which includes a
plurality of the pixel circuits according to any one of the
above embodiments of the invention.

An embodiment of the invention further provides a dis-
play device which includes any organic electroluminescent
display panel according to the above embodiment of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural diagram of an existing
2T1C pixel circuit in the prior art;

FIG. 2A is a schematic structural diagram of a pixel
circuit according to one embodiment of the invention;

FIG. 2B is a schematic structural diagram of a pixel
circuit according to another embodiment of the invention;

FIG. 3A is a detailed schematic structural diagram of a
pixel circuit according to one embodiment of the invention;

FIG. 3B is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 4A is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 4B is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 5A is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion,;

FIG. 5B is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 6A is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 6B is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 7 is a circuit timing diagram of a pixel circuit
according to the embodiments;

FIG. 8 is a circuit timing diagram of a pixel circuit
according to the embodiments;

FIG. 9A is a schematic structural diagram of a pixel
circuit according to one embodiment of the invention;

FIG. 9B is a schematic structural diagram of a pixel
circuit according to another embodiment of the invention;

FIG. 10A is a detailed schematic structural diagram of a
pixel circuit according to one embodiment of the invention;

FIG. 10B is a detailed schematic structural diagram of a
pixel circuit according to another embodiment of the inven-
tion;

FIG. 11 is a circuit timing diagram of a pixel circuit
according to the embodiments;

FIG. 12A is a schematic structural diagram of a pixel
circuit in an organic electroluminescent display panel
according to one embodiment of the invention; and
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4

FIG. 12B is a schematic structural diagram of a pixel
circuit in an organic electroluminescent display panel
according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Specific implementations of a pixel circuit, an organic
electroluminescent display panel and a display device
according to embodiments of the invention will be described
below in details with reference to the drawings.

As illustrated in FIG. 2A, a pixel circuit according to an
embodiment of the invention includes a light emitting ele-
ment D1, a first capacitor C1, a reset control module 1, a
drive control module 2, a compensation control module 3
and a light emission control module 4.

A first signal end la of the reset control module 1 is
connected with a data signal end Data, a second signal end
15 of the reset control module 1 is connected with a reset
control signal end RS, and a third signal end 1¢ of the reset
control module 1 is connected respectively with a first end
ml of the first capacitor C1 and a first signal end 4a of the
light emission control module 4; and a fourth signal end 14
of the reset control module 1 is connected with a first scan
signal end Scanl, a fifth signal end 1e of the reset control
module 1 is connected with a reset signal end Rset, and a
sixth signal end 1f'of the reset control module 1 is connected
respectively with a second end m2 of the first capacitor Cl1,
a first signal end 3a of the compensation control module 3
and a first signal end 2a of the drive control module 2.

A second signal end 25 of the drive control module 2 is
connected with a first reference signal end Refl, and a third
signal end 2¢ of the drive control module 2 is connected
respectively with a second signal end 35 of the compensa-
tion control module 3 and a second signal end 45 of the light
emission control module 4; and a third signal end 3¢ of the
compensation control module 3 is connected with a second
scan signal end Scan2.

A third signal end 4¢ of the light emission control module
4 is connected with a light emission control signal end EM,
a fourth signal end 4d of the light emission control module
4 is connected with a second reference signal end Ref2, and
a fifth signal end 4e of the light emission control module 4
is connected with a first end ol of the light emitting element
D1; and a second end 02 of the light emitting element D1 is
connected with a third reference signal end Ref3.

In a reset phase, the reset control module 1 writes a reset
signal transmitted from the reset signal end Rset into the
second end m2 of the first capacitor C1 under control of the
first scan signal end Scanl; in a compensation phase, the
reset control module 1 writes a data signal transmitted from
the data signal end Data into the first end m1 of the first
capacitor C1 under control of the reset control signal end
RS, and the drive control module 2 charges the first capacitor
C1 through the compensation control module 3 under con-
trol of the second scan signal end Scan2; and in a light
emission phase, both the light emission control module 4
and the first capacitor C1 control the drive control module 2
to drive the light emitting element D1 to emit light under
control of the light emission control signal end EM.

In the above pixel circuit according to the embodiment of
the invention, the compensation control module can com-
pensate for a drift of the threshold voltage in the drive
control module in the compensation phase, so in the light
emission phase, an operating current at which the drive
control module drives the light emitting element to emit
light can be only related to the voltage of the data signal
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input at the data signal end and the voltage at the second
reference signal end but independent of the threshold volt-
age in the drive control module to thereby avoid the influ-
ence of the threshold voltage on the light emitting element,
so as to stabilize the operating current driving the light
emitting element to emit light and improve the uniformity of
image brightness in the display area of the display device.

Preferably, for the sake of a convenient implementation,
in the above pixel circuit according to the embodiment of the
invention, as illustrated in FIG. 2A and FIG. 2B, the drive
control module 2 can particularly include a drive transistor
MO.

A gate of the drive transistor M0 is the first signal end 2a
of the drive control module 2, a source of the drive transistor
MO is the second signal end 25 of the drive control module
2, and a drain of the drive transistor M0 is the third signal
end 2¢ of the drive control module 2.

In a particular implementation, the light emitting element
D1 in the above pixel circuit according to the embodiment
of the invention is generally an Organic Light Emitting
Diode (OLED). The light emitting element D1 is operated to
emit light for display under the action of the saturated
current of the drive transistor M0.

In a particular implementation, in the above pixel circuit
according to the embodiment of the invention, the drive
transistor M0 driving the light emitting element to emit light
is generally a P-type transistor. The threshold voltage V,,, of
the P-type transistor is negative, so in order to ensure the
normal operation of the drive transistor M0, the voltage at
the first reference signal end Refl needs to be a positive
voltage, and the voltage at the third reference signal end
Ref3 needs to be lower than the voltage at the first reference
signal end Refl. The voltage at the third reference signal end
Ref3 being zero will be taken as an example for illustration
throughout the following description.

In a particular implementation, in the above pixel circuit
according to the embodiment of the invention, as illustrated
in FIG. 2A to FIG. 6B, the compensation control module can
particularly include a first switch transistor M1.

A gate of the first switch transistor M1 is connected with
the second scan signal end Scan2, a source of the first switch
transistor M1 is connected with the drain of the drive
transistor M0, and a drain of the first switch transistor Ml is
connected with the second end m2 of the first capacitor C1.

Particularly in a particular implementation, the first
switch transistor can be an N-type transistor or can be a
P-type transistor, and the invention will not be limited in this
regard. When the first switch transistor is an N-type tran-
sistor, the first switch transistor is turned on when the signal
at the second scan signal end is at a high level; and when the
first switch transistor is a P-type transistor, the first switch
transistor is turned on when the signal at the second scan
signal end is at a low level.

Particularly when the compensation control module in the
above pixel circuit according to the embodiment of the
invention is structured particularly as the first switch tran-
sistor, it operates under such a principle that in the compen-
sation phase, the second scan signal end controls the first
switch transistor to be turned on, and the turned-on first
switch transistor changes the drive transistor into a diode, so
that after turning on the diode, the voltage V, 4 at the first
reference signal end charges the first capacitor until the
voltage at the second end of the first capacitoris V, 4 -1V, 1,
to thereby achieve the storing of the threshold voltage [V |
of the drive transistor at the gate of the drive transistor. The
first switch transistor is turned off in both the reset phase and
the light emission control phase.
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In a particular implementation, in the above pixel circuit
according to embodiments of the invention, as illustrated in
FIG. 2A to FIG. 6B, the reset control module can particu-
larly include a second switch transistor M2 and a third
switch transistor M3.

A gate of the second switch transistor M2 is connected
with the reset control signal end RS, a source of the second
switch transistor M2 is connected with the data signal end
Data, and a drain of the second switch transistor M2 is
connected with the first end m1 of the first capacitor C1.

A gate of the third switch transistor M3 is connected with
the first scan signal end Scanl, a source of the third switch
transistor M3 is connected with the reset signal end Rset,
and a drain of the third switch transistor M3 is connected
with the second end m2 of the first capacitor C1.

Particularly in a specific implementation, the second
switch transistor can be an N-type transistor or can be a
P-type transistor, and the invention will not be limited in this
regard. When the second switch transistor is an N-type
transistor, the second switch transistor is turned on when the
signal at the reset control signal end is at a high level; and
when the second switch transistor is a P-type transistor, the
second switch transistor is turned on when the signal at the
reset control signal end is at a low level.

Particularly in a specific implementation, the third switch
transistor can be an N-type transistor or can be a P-type
transistor, and the invention will not be limited in this
regard. When the third switch transistor is an N-type tran-
sistor, the third switch transistor is turned on when the signal
at the first scan signal end is at a high level; and when the
third switch transistor is a P-type transistor, the third switch
transistor is turned on when the signal at the first scan signal
end is at a low level.

Particularly when the reset control module in the above
pixel circuit according to the embodiment of the invention is
structured specifically as the second switch transistor and the
third switch transistor described above, it operates in such a
way that in the reset phase, the first scan signal end controls
the third switch transistor to be turned on, and the turned-on
third switch transistor writes the reset signal V,_, transmit-
ted from the reset signal end into the second end of the first
capacitor, so that the voltage at the second end of the first
capacitor is V,,,, thereby ensuring that the voltage at the
gate of the drive transistor is V,,, in this phase. In this phase,
the second switch transistor can be turned on or can be
turned off. In the compensation phase, the reset control
signal end controls the second switch transistor to be turned
on, and the turned-on second switch transistor writes the
data signal V,_,, transmitted from the data signal end into
the first end of the first capacitor, so that the voltage at the
first end of the first capacitor is V,,,,, and the third switch
transistor is turned off in this phase. Both the second switch
transistor and the third switch transistor are turned off in the
light emission control phase.

Preferably in order to simplify the fabrication process, in
the above pixel circuit according to the embodiment of the
invention, all of the first switch transistor, the second switch
transistor and the third switch transistor can be P-type
transistors or can be N-type transistors, and the invention
will not be limited in this regard.

Preferably in order to simplify the circuit structure, in the
above pixel circuit according to the embodiment of the
invention, when all of the first switch transistor, the second
switch transistor and the third switch transistor are P-type
transistors or N-type transistors, as illustrated in FIG. 3A and
FIG. 3B, the reset control signal end RS can be the second
scan signal end Scan2, that is, both the first switch transistor
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M1 and the second switch transistor M2 are controlled by
the second scan signal end to be turned on and off; or when
all of the first switch transistor, the second switch transistor
and the third switch transistor are P-type transistors or
N-type transistors, as illustrated in FIG. 4A and F1G. 4B, the
reset signal end Rset can be the first scan signal end Scanl
or can be the second reference signal end Ref2. When the
reset signal end Rset is the first scan signal end Scanl, the
first scan signal end Scan/controls the third switch transistor
M3 to be turned on and off; and also inputs the reset signal
to the source of the third switch transistor M3.

Preferably in order to further simplify the circuit structure,
in the above pixel circuit according to the embodiment of the
invention, when all of the first switch transistor, the second
switch transistor and the third switch transistor are P-type
transistors or N-type transistors, as illustrated in FIG. 5A and
FIG. 5B, the reset control signal end RS is the second scan
signal end Scan2, and the reset signal end Rset is the first
scan signal end Scanl; or the reset control signal end RS is
the second scan signal end Scan2, and the reset signal end
Rset is the second reference signal end Ref2.

In a particular implementation, in the above pixel circuit
according to the embodiment of the invention, as illustrated
in FIG. 2A to FIG. 6B, the light emission control module can
particularly include a fourth switch transistor M4 and a fifth
switch transistor M5.

Both a gate of the fourth switch transistor M4 and a gate
of the fifth switch transistor M5 are connected with the light
emission control signal end EM, a source of the fourth
switch transistor M4 is connected with the second reference
signal end Ref2, and a drain of the fourth switch transistor
M4 is connected with the first end m1 of the first capacitor
Cl1.

A source of the fifth switch transistor M5 is connected
with the drain of the drive transistor M0, and a drain of the
fifth switch transistor M5 is connected with the first end of
the light emitting element D1.

Preferably, in order to simplify the fabrication process, in
the above pixel circuit according to the embodiment of the
invention, both the fourth switch transistor and the fifth
switch transistor are P-type transistors or N-type transistors,
and the invention will not be limited in this regard. When
both the fourth switch transistor and the fifth switch tran-
sistor are N-type transistors, the fourth switch transistor and
the fifth switch transistor are turned on when the signal at the
light emission control signal end is at a high level; and when
both the fourth switch transistor and the fifth switch tran-
sistor are P-type transistors, the fourth switch transistor and
the fifth switch transistor are turned on when the signal at the
light emission control signal end is at a low level.

Particularly when the light emission control module in the
above pixel circuit according to the embodiment of the
invention is structured particularly as the fourth switch
transistor and the fifth switch transistor described above, it
operates under such a principle that in the light emission
control phase, the light emission control signal end controls
the fourth switch transistor and the fifth switch transistor to
be turned on, and the turned-on fourth switch transistor
writes the voltage V, , at the second reference signal end
into the first end of the first capacitor, so that the voltage at
the first end of the first capacitor is changed from V ,,  in the
compensation phase to V, . and due to the bootstrap
function of the capacitor, the voltage at the second end of the
first capacitor is changed from V, ,-IV,,| in the compen-
sation phase to V, 4=IV,+V, -V, according to the
principle of charge conservation of the capacitor, and in this
phase, since the drive transistor operates in the saturation
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state, it can be seen from the current characteristic in the
saturation state that the operating current 1, ., flowing
through the drive transistor and used to drive the light
emitting element to emit light satisfies the equation of
IOLED;K(ng_ V! )Zzlf[vreﬂ‘wrfzﬂ‘ Val+V 0=V )=
IVl I7=KY dara=V er2) > Where K is a structural parameter,
which is relatively stable and thus can be regarded as a
constant in the same structure. As can be apparent, the
operating current 1, ., of the light emitting element has
been independent of the threshold voltage V,, of the drive
transistor but only related to the voltage V ;. of the data
signal input at the data signal end and the voltage V., » atthe
second reference signal end to thereby thoroughly avoid the
operating current 1, ., of the light emitting element D1
from being influenced by the drift of the threshold voltage
V,, of the drive transistor due to the process flow and
running for a long period of time, so as to ensure the normal
operation of the light emitting element D1.

Preferably in order to simplify the circuit structure, in the
above pixel circuit according to the embodiment of the
invention, as illustrated in FIG. 6A and FIG. 6B, the first
reference signal end Ref1 is the second reference signal end
Ref2.

Preferably in the above pixel circuit according to the
embodiment of the invention, in order to stabilize the
voltage at the gate of the drive transistor, as illustrated in
FIG. 2B, FIG. 3B, FIG. 4B, FIG. 5B and FIG. 6B, the
compensation control module can further include a second
capacitor C2.

A first end nl of the second capacitor C2 is connected
with the first reference signal end Refl, and a second end n2
of the second capacitor C2 is connected with the gate of the
drive transistor MO.

Particularly when the compensation control module in the
above pixel circuit according to the embodiment of the
invention is structured specifically as the first switch tran-
sistor and the second capacitor described above, it operates
in such a way that in the compensation phase, the second
scan signal end controls the first switch transistor to be
turned on, and the turned-on first switch transistor changes
the drive transistor into a diode, so that after turning on the
diode, the voltage V, 4 at the first reference signal end
charges the first capacitor and the second capacitor until the
voltage at the second end of the first capacitor is V, ;=IV 1,
and at this time the voltage difference across the first
capacitor is V.~V 4+V,/, and the voltage difference
across the second capacitor is V,,1, thereby achieving the
storing of the threshold voltage IV,,| of the drive transistor
at the gate of the drive transistor. The first switch transistor
is turned off in both the reset phase and the light emission
control phase.

It shall be noted that the drive transistor and the switch
transistors mentioned in the above embodiments of the
invention can be Thin Film Transistors (TFTs) or can be
Metal Oxide Semiconductor (MOS) field effect transistors,
and the invention will not be limited in this regard. In a
particular implementation, the sources and the drains of
these transistors can be interchanged without being distin-
guished from each other. The particular embodiments are
described by taking the drive transistor and the switch
transistors, all of which are thin film transistors, as an
example.

Moreover preferably, all of the drive transistor and the
switch transistors mentioned in the above embodiments of
the invention can be embodied as P-type transistors, thereby
simplifying the process flow of fabricating the pixel circuit.
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The operation principle of the above pixel circuit will be
described below in details by taking the drive transistor and
the switch transistors in the pixel circuit, all of which are
P-type transistors, as an example.

An Example:

Taking the pixel circuit illustrated in FIG. 2A as an
example, FIG. 7 illustrates a corresponding timing diagram
of the circuit.

In the reset phase T1, both the signal at the reset control
signal end RS and the signal at the first scan signal end
Scanl are low-level signals, and the second switch transistor
M2 and the third switch transistor M3 are turned on; and
both the signal at the second scan signal end Scan2 and the
signal at the light emission control signal end EM are
high-level signals, and the first switch transistor M1, the
fourth switch transistor M4, the fifth switch transistor M35
and the drive transistor M0 are turned off. The data signal
V e At the data signal end Data is written into the first end
ml of the first capacitor C1 through the second switch
transistor M2, and the reset signal V,_, at the reset signal end
Rset is written into the second end m2 of the first capacitor
C1 through the third switch transistor M3, so that the voltage
at the first end m1 of the first capacitor C1is V,,,, and the
voltage at the second end m2 of the first capacitor C1 is
V .. thereby resulting in the voltage of V,_, at the gate of
the drive transistor M0 in the reset phase.

In the compensation phase T2, both the signal at the reset
control signal end RS and the signal at the second scan
signal end Scan2 are low-level signals, and the first switch
transistor M1 and the second switch transistor M2 are turned
on, and at the same time the turned-on first switch transistor
M1 changes the drive transistor M0 into a diode; and both
the signal at the first scan signal end Scanl and the signal at
the light emission control signal end EM are high-level
signals, and all of the third switch transistor M3, the fourth
switch transistor M4 and the fifth switch transistor M5 are
turned off. The data signal V,,, transmitted from the data
signal end Data is written into the first end m1 of the first
capacitor C1 so that the voltage at the first end m1 of the first
capacitor C1 is V,,; and after turning on the diode, the
voltage V,_, at the first reference signal end Refl charges
the first capacitor C1 until the voltage at the second end m2
of the first capacitor Cl1 is V, 4-IV,|. At this time the
voltage difference across the first capacitor is V,,~V, 1+
IV, thereby achieving the storing of the threshold voltage
IV, of the drive transistor M0 at the gate of the drive
transistor MO.

In the light emission phase T3, the signal at the light
emission control signal end EM is a low-level signal, and the
fourth switch transistor M4, the fifth switch transistor M35
and the drive transistor M0 are turned on; and all of the
signals at the reset control signal end RS, the first scan signal
end Scanl and the second scan signal end Scan2 are high-
level signals, and the first switch transistor M1, the second
switch transistor M2 and the third switch transistor M3 are
turned off. The voltage V,_,, at the second reference signal
end Ref2 is written into the first end m1 of the first capacitor
C1 so that the voltage at the first end m1 of the first capacitor
C1 is changed from V,, to V,», and based upon the
principle of charge conservation of the capacitor, in order to
ensure that the voltage difference across the first capacitor
Clis still V=V, +IV,,|, the voltage at the second end
m2 of the first capacitor C1 jumps from V,_,-IV,| to
Vien=IVul+V, 0=V 4, Since the drive transistor M0 oper-
ates in the saturation state, it can be seen from the current
characteristic in the saturation state that the operating cur-
rent I, pp flowing through the drive transistor M0 and used
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to drive the light emitting element D1 to emit light satisfies
the equation of Ipn=K(V =1V, =K[V, 0-(V,.0-
IVl + Ve 0=V e =1V il PK(V gga=V 1), where K is a
structural parameter, which is relatively stable and thus can
be regarded as a constant in the same structure. As is
apparent from the foregoing, the operating current I, -, of
the light emitting element D1 is independent of the threshold
voltage V, of the drive transistor M0 and only related to the
voltage V ;,,, of the signal input at the data signal end and the
voltage V., at the second reference signal end to thereby
thoroughly prevent the operating current I, ., of the light
emitting element D1 from being influenced by the drift of
the threshold voltage V, of the drive transistor due to the
process flow and operating for a long period of time, so as
to ensure the normal operation of the light emitting element
D1.

Another Example:

Taking the pixel circuit illustrated in FIG. 2B as an
example, FIG. 7 illustrates a corresponding timing diagram
of the circuit.

In the reset phase T1, the operation principle thereofis the
same as the operation principle in the reset phase in the
above example. In this phase, the voltage at the first end m1
of the first capacitor C1 is V., and the voltage at the
second end m2 of the first capacitor C1 is V,,,, thereby
resulting in the voltage of V,,, at the gate of the drive
transistor M0 in the reset phase.

In the compensation phase T2, the operation principle
thereof is the same as the operation principle in the com-
pensation phase in the above example. However the second
capacitor C2 is added to the compensation control module,
so in this phase, the voltage V4 at the first reference signal
end Ref1 also charges the second capacitor C2 while charg-
ing the first capacitor C1 so that the voltage difference across
the first capacitor C1 18 V4=V, 1 +V,, |, and the voltage
difference across the second capacitor C2 is 1V |, thereby
achieving the storing of the threshold voltage IV, of the
drive transistor M0 at the gate of the drive transistor M0.

In the light emission phase T3, the operation principle
thereof is the same as the operation principle in the light
emission phase in the above example. However the voltage
at the gate of the drive transistor M0 is V, 4=V, [+(V, -
V 4uta)Cart/(Cy1 #C,,0) due to the coupling of the first capaci-
tor C1 and the second capacitor C2, and the voltage at the
gate of the drive transistor M0 will be relatively stable due
to the addition of the second capacitor C2. Since the drive
transistor M0 operates in the saturation state, it can be seen
from the current characteristic in the saturation state that the
operating current [, .., flowing through the drive transistor
MO0 and used to drive the light emitting element D1 to emit
light satisfies the equation of I, -,=K(V Sg—IVthl)2
:K{Vreﬂ _[Vreﬂ - Vthl +(Vref2 _Vdata)cstl/ (C:tl +Cst2)] |Vth]
KLY =V )Co Co o), where all of K, C,,
and C,,, are structural parameters, which are relatively stable
and thus can be regarded as constants in the same structure.
As can be apparent, the operating current 1,; -, of the light
emitting element D1 is independent of the threshold voltage
V,,, of the drive transistor M0 and only related to the voltage
V jue Of the signal input at the data signal end and the
voltage V,, at the second reference signal end to thereby
thoroughly prevent the operating current [, -, of the light
emitting element D1 from being influenced by the drift of
the threshold voltage V, of the drive transistor due to the
process flow and operating for a long period of time, so as
to ensure the normal operation of the light emitting element
D1.
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Another Example:

Taking the pixel circuit illustrated in FIG. 6A as an
example, FIG. 8 illustrates a corresponding timing diagram
of the circuit.

In the reset phase T1, the signal at the first scan signal end
Scanl is a low-level signal, and the third switch transistor
M3 is changed into a diode which is turned on; and both the
signal at the second scan signal end Scan2 and the signal at
the light emission control signal end EM are high-level
signals, and all of the first switch transistor M1, the second
switch transistor M2, the fourth switch transistor M4, the
fifth switch transistor M5 and the drive switch transistor M0
are turned off. The scan signal V___,, at the second scan
signal end Scan2 is written into the second end m2 of the
first capacitor C1 through the turned-on diode so that the
voltage at the second end m2 of the first capacitor C1 is
Veans—IV asl, thus resulting in the voltage of V. at the
gate of the drive transistor M0 in the reset phase, where V ;.5
is the threshold voltage of the third switch transistor M3.

In the compensation phase T2, the signal at the second
scan signal end Scan2 is a low-level signal, and the first
switch transistor M1 and the second switch transistor M2 are
turned on, and at the same time the turned-on first switch
transistor M1 changes the drive transistor M0 into a diode;
and both the signal at the first scan signal end Scanl and the
signal at the light emission control signal end EM are
high-level signals, and all of the third switch transistor M3,
the fourth switch transistor M4 and the fifth switch transistor
M5 are turned off. The data signal V ,,, transmitted from the
data signal end Data is written into the first end m1 of the
first capacitor C1 so that the voltage at the first end m1 of the
first capacitor C1 is V. ; and after turning on the diode, the
voltage V, . at the second reference signal end Ref2 charges
the first capacitor C1 until the voltage at the second end m2
of the first capacitor C1 is V, »~IV,|. At this time the
voltage difference across the first capacitor C1 is V,,~
V.tV l, thereby achieving the storing of the threshold
voltage 1V,,| of the drive transistor M0 at the gate of the
drive transistor M0.

In the light emission phase T3, the signal at the light
emission control signal end EM is a low-level signal, and the
fourth switch transistor M4, the fifth switch transistor M35
and the drive transistor M0 are turned on; and both the signal
at the first scan signal end Scanl and the signal at the second
scan signal end Scan2 are high-level signals, and all of the
first switch transistor M1, the second switch transistor M2
and the third switch transistor M3 are turned off. The voltage
V.2 at the second reference signal end Ref2 is written into
the first end m1 of the first capacitor C1 so that the voltage
at the first end m1 of the first capacitor C1 is changed from
Vjua 10 YV, and based upon the principle of charge
conservation of the capacitor, in order to ensure that the
voltage difference across the first capacitor C1 is still V ,,~
V.tV l, the voltage at the second end m2 of the first
capacitor C1 jumps from V,_ »=IV,| t0 V, o=V, 4V, -
V sure- Since the drive transistor M0 operates in the satura-
tion state, it can be seen from the current characteristic in the
saturation state that the operating current 1, flowing
through the drive transistor M0 and used to drive the light
emitting element D1 to emit light satisfies the equation of
Lozen KV =V u P KIV, o= (Vo= IV 4V o=V )
IV, I P=K(V, dam—V,gfz)z, where K is a structural parameter,
which is relatively stable and thus can be regarded as a
constant in the same structure. As can be apparent, the
operating current I ; -, of the light emitting element D1 has
been independent of the threshold voltage V,, of the drive
transistor M0 but only related to the voltage V,,, of the
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signal input at the data signal end and the voltage V., » atthe
second reference signal end to thereby thoroughly avoid the
operating current 1, -, of the light emitting element D1
from being influenced by the drift of the threshold voltage
V,, of the drive transistor due to the process flow and
running for a long period of time, so as to ensure the normal
operation of the light emitting element D1.

Another Example:

Taking the pixel circuit illustrated in FIG. 6B as an
example, FIG. 8 illustrates a corresponding timing diagram
of the circuit.

In the reset phase T1, the operation principle thereofis the
same as the operation principle in the reset phase in the
above example. In this phase, the voltage at the second end
m?2 of the first capacitor C1is V.~V ;1. thereby result-
ing in the voltage of V,__, at the gate of the drive transistor
MO in the reset phase.

In the compensation phase T2, the operation principle
thereof is the same as the operation principle in the com-
pensation phase in the above example. However the second
capacitor C2 is added to the compensation control module,
so in this phase, the voltage V., at the second reference
signal end Ref2 also charges the second capacitor C2 while
charging the first capacitor C1 so that the voltage difference
across the first capacitor C1 is V=V, »+V,|, and the
voltage difference across the second capacitor C2 is [V,
thereby achieving the storing of the threshold voltage [V,
of the drive transistor M0 at the gate of the drive transistor
Mo.

In the light emission phase T3, the operation principle
thereof is the same as the operation principle in the light
emission phase in the above example. However the voltage
at the gate of the drive transistor M0 is V, »~IV,|+(V, o~
V 4ata)Cart/(Cy1 #C,,2) due to the coupling of the first capaci-
tor C1 and the second capacitor C2, and the voltage at the
gate of the drive transistor M0 will be relatively stable due
to the addition of the second capacitor C2. Since the drive
transistor M0 operates in the saturation state, it can be seen
from the current characteristic in the saturation state that the
operating current I, -, flowing through the drive transistor
MO and used to drive the light emitting element D1 to
emit light satisfies the equation of I, .,=K(V Sg—IVthl)2
:K{Vre _[Vreﬂ_‘vthl +(Vre/2_vdata)cstl/ (CatCipll
IV 1 =KIV data=V o) Conr(Con #Corn) I, Where all of K,
C,,, and C,,, are structural parameters, which are relatively
stable and thus can be regarded as constants in the same
structure. As can be apparent, the operating current [ ,; -, of
the light emitting element D1 has been independent of the
threshold voltage V,, of the drive transistor M0 but only
related to the voltage V,,, of the signal input at the data
signal end and the voltage V, , at the second reference
signal end to thereby thoroughly avoid the operating current
lorep of the light emitting element D1 from being influ-
enced by the drift of the threshold voltage V,, of the drive
transistor due to the process flow and running for a long
period of time, so as to ensure the normal operation of the
light emitting element D1.

The operation principle has been described here only by
taking the four structures of the pixel circuit according to the
embodiment of the invention as examples, and the operation
principle of the pixel circuit according to the embodiment of
the invention in other structures is the same as that in the
above examples, and a repeated description thereof will be
omitted here.

Based upon the same inventive concept, an embodiment
of the invention further provides a pixel circuit, as illustrated
in FIG. 9A and FIG. 9B, which includes a light emitting
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element D1, a first capacitor C1, a drive transistor M0, a first
switch element T1, a second switch element T2, a third
switch element T3, a fourth switch element T4 and a fifth
switch element T5.

A source of the drive transistor M0 is connected with a
first reference signal end Refl, a drain of the drive transistor
MO is connected respectively with a signal input end 1a of
the first switch element T1 and a signal input end 5a of the
fifth switch element T5, and a gate of the drive transistor M0
1s connected respectively with a second end m2 of the first
capacitor C1, a signal output end 36 of the third switch
element T3 and a signal output end 15 of the first switch
element T1; and a control end 1¢ of the first switch element
T1 is connected with a second scan signal end Scan2.

A signal input end 2a of the second switch element T2 is
connected with a data signal end Data, a signal output end
2b of the second switch element T2 is connected respec-
tively with a first end m1 of the first capacitor C1 and a
signal output end 45 of the fourth switch element T4, and a
control end 2¢ of the second switch element T2 is connected
with a reset control signal end RS.

A signal input end 3a of the third switch element T3 is
connected with a reset signal end Rset, and a control end 3¢
of the third switch element T3 is connected with a first scan
signal end Scanl.

A signal input end 4a of the fourth switch element T4 is
connected with a second reference signal end Ref2, and a
control end 4c¢ of the fourth switch element T4 is connected
respectively with a control end 5c¢ of the fifth switch element
T5 and a light emission control signal end EM.

A first end ol of the light emitting element D1 is con-
nected with a signal output end 56 of the fifth switch element
T5, and a second end 02 of the light emitting element D1 is
connected with a third reference signal end Ref3.

In the above pixel circuit according to the embodiment of
the invention, the signal input end of the third switch
element is connected with the drain of the drive transistor,
and the signal output end of the third switch element is
connected with the gate of the drive transistor and the first
capacitor, so a drift of the threshold voltage in the drive
transistor can be compensated for by the third switch ele-
ment and the first capacitor, so that an operating current at
which the drive transistor drives the light emitting element
to emit light can be only related to the voltage of the data
signal input at the data signal end and the voltage at the
second reference signal end but independent of the threshold
voltage of the drive transistor to thereby avoid the influence
of the threshold voltage on the light emitting element, so as
to stabilize the operating current driving the light emitting
element to emit light and improve the uniformity of image
brightness in the display area of the display device.

The operation principle of the above pixel circuit accord-
ing to the embodiment of the invention will be described
below briefly.

Particularly the above pixel circuit according to the
embodiment of the invention operates in three phases which
are a reset phase, a compensation phase and a light emission
phase respectively.

In the reset phase, the third switch element writes a reset
signal transmitted from the reset signal end into the second
end of the first capacitor under control of the first scan signal
end. That is, in this phase, the first scan signal end controls
the third switch element to be turned on, and the turned-on
third switch element writes the reset signal V,,, transmitted
from the reset signal end into the second end of the first
capacitor, so that the voltage at the second end of the first
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capacitor is V,,,, to thereby ensure that the voltage at the
gate of the drive transistor is V. in this phase.

In the compensation phase, the second switch element
writes a data signal transmitted from the data signal end into
the first end of the first capacitor under control of the reset
control signal end, and the drive transistor charges the first
capacitor through the first switch element under control of
the second scan signal end. That is, in this phase, the second
scan signal end controls the first switch element to be turned
on, and the turned-on first switch element changes the drive
transistor into a diode, so that after turning on the diode, the
voltage V,, at the first reference signal end charges the first
capacitor until the voltage at the second end of the first
capacitor is Vo =IV |, thereby achieving the storing of the
threshold voltage IV,,| of the drive transistor at the gate of
the drive transistor.

In the light emission phase, all of the fourth switch
element, the fifth switch element and the first capacitor
control the drive transistor to drive the light emitting ele-
ment to emit light under control of the light emission control
signal end. That is, in this phase, the light emission control
signal end controls the fourth switch element and the fifth
switch element to be turned on, and the turned-on fourth
switch element writes the voltage V,,, at the second refer-
ence signal end into the first end of the first capacitor and
makes the drive transistor operate in the saturation state, and
the turned-on fifth switch element connects the drain of the
drive transistor with the light emitting device to thereby
drive the light emitting device to emit light.

In the above pixel circuit according to the embodiment of
the invention, the operating current at which the drive
transistor drives the light emitting element to emit light can
be only related to the voltage of the data signal input at the
data signal end and the voltage at the second reference signal
end but independent of the threshold voltage of the drive
transistor to thereby avoid the influence of the threshold
voltage on the light emitting element, that is, an image at the
same brightness can be obtained when the same data signal
and the same second reference signal are loaded to different
pixel units, to thereby improve the uniformity of the image
brightness in the display area of the display device.

In a particular implementation, the light emitting element
D1 in the above pixel circuit according to the embodiment
of the invention is generally an Organic Light Emitting
Diode (OLED). The light emitting element D1 is operated to
emit light for display under the action of the saturated
current of the drive transistor MO.

In a particular implementation, in the above pixel circuit
according to the embodiment of the invention, the drive
transistor M0 driving the light emitting element to emit light
is generally a P-type transistor. The threshold voltage V,,, of
the P-type transistor is negative, so in order to ensure the
normal operation of the drive transistor M0, the voltage at
the first reference signal end Refl needs to be a positive
voltage, and the voltage at the third reference signal end
Ref3 needs to be lower than the voltage at the first reference
signal end Refl. The voltage at the third reference signal end
Ref3 being zero will be taken as an example for illustration
throughout the following description.

Particularly in a particular implementation, in the above
pixel circuit according to the embodiment of the invention,
all of the first switch element, the second switch element, the
third switch element, the fourth switch element, and the fifth
switch element are switch transistors.

It shall be noted that the drive transistor and the switch
transistors described in the above embodiments of the inven-
tion can be Thin Film Transistors (TFTs) or Metal Oxide
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Semiconductor (MOS) field effect transistors, and the inven-
tion will not be limited in this regard. In a particular
implementation, the sources and the drains of these transis-
tors can be interchanged without being distinguished from
each other. The particular embodiments are described by
taking the drive transistor and the switch transistors, all of
which are thin film transistors, as an example.

Particularly in a particular implementation, in the above
pixel circuit according to the embodiment of the invention,
the sources of the switch transistors are generally the signal
input ends of the switch elements, the drains of the switch
transistors are generally the signal output ends of the switch
elements, and the gates of the switch transistors are gener-
ally the control ends of the switch elements.

In a particular implementation, in the above pixel circuit
according to the embodiment of the invention, the switch
transistor used as the first switch element, the second switch
element, the third switch element, the fourth switch element
or the fifth switch element can be an N-type transistor or a
P-type transistor, and the invention will not be limited in this
regard. When the switch transistor is an N-type transistor,
the switch transistor is turned on when the signal received at
the gate of the switch transistor is at a high level; and when
the switch transistor is a P-type transistor, the switch tran-
sistor is turned on when the signal received at the gate of the
switch transistor is at a low level.

Preferably in order to simplify the process flow of fabri-
cating the pixel circuit, in the above pixel circuit according
to the embodiment of the invention, as illustrated in FIG. 9A
to FIG. 10B, all of the first switch element T1, the second
switch element T2 and the third switch element T3 can be
N-type transistors, and of course, all of the first switch
element T1, the second switch element T2 and the third
switch element T3 can alternatively be P-type transistors.

Preferably in order to simplify the circuit structure, in the
above pixel circuit according to the embodiment of the
invention, as illustrated in FIG. 10A and FIG. 10B, when
both the second switch element T2 and the third switch
element T3 are P-transistors or N-type transistors, the reset
control signal end RS can be the second scan signal end
Scan2, that is, the second scan signal end Scan2 controls
both the first switch element T1 and the second switch
element T2 to be turned on and off.

Preferably in order to simplify the circuit structure, in the
above pixel circuit according to the embodiment of the
invention, as illustrated in FIG. 10A and FIG. 10B, the reset
signal end Rset can be the first scan signal end Scanl or can
be the second reference signal end Ref2. When the reset
signal end Rset is the first scan signal end Scanl, the first
scan signal end Scanl controls the third switch element T3
to be turned on and off, and also inputs the reset signal to the
signal input end of the third switch element T3.

Preferably in order to further simplify the circuit structure,
in the above pixel circuit according to the embodiment of the
invention, as illustrated in FIG. 10A and FIG. 10B, when
both the second switch element T2 and the third switch
element T3 are P-type transistors or N-type transistors, the
reset control signal end RS is the second scan signal end
Scan2, and the reset signal end Rset is the first scan signal
end Scanl; or the reset control signal end RS is the second
scan signal end Scan2, and the reset signal end Rset is the
second reference signal end Ref2.

Preferably in order to simplify the fabrication process, in
the above pixel circuit according to the embodiment of the
invention, both the fourth switch element and the fifth switch
element are P-type transistors or N-type transistors, and the
invention will not be limited in this regard. Preferably in
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order to simplify the circuit structure, in the above pixel
circuit according to the embodiment of the invention, as
illustrated in FIG. 10A and FIG. 10B, the first reference
signal end Refl is the second reference signal end Ref2.

Preferably in the above pixel circuit according to the
embodiment of the invention, in order to stabilize the
voltage at the gate of the drive transistor, as illustrated in
FIG. 9B and FIG. 10B, the pixel circuit can further include
a second capacitor C2.

A first end nl of the second capacitor C2 is connected
with the first reference signal end Refl, and a second end n2
of the second capacitor C2 is connected with the gate of the
drive transistor M0.

Preferably all of the drive transistor and the switch
transistors used as the switch elements mentioned in the
above pixel circuit according to the embodiment of the
invention can be embodied as P-type transistors to thereby
simplify the process flow of fabricating the pixel circuit. Of
course, in a particular implementation, in the above pixel
circuit according to the embodiment of the invention, the
drive transistor is embodied as a P-type transistor, and all of
the switch transistors used as the switch elements can be
embodied as N-type transistors.

The operation principle of the above pixel circuit will be
described below in details by taking the drive transistor
which is a P-type transistor, and the switch transistors, all of
which are N-type transistors, in the pixel circuit, as an
example.

Another Example:

Taking the pixel circuit illustrated in FIG. 9A as an
example, FIG. 11 illustrates a corresponding timing diagram
of the circuit.

In the reset phase T1, both the signal at the reset control
signal end RS and the signal at the first scan signal end
Scanl are high-level signals, and the second switch element
T2 and the third switch element T3 are turned on; and both
the signal at the second scan signal end Scan2 and the signal
at the light emission control signal end EM are low-level
signals, and the first switch element T1, the fourth switch
element T4, the fifth switch element T5 and the drive
transistor M0 are turned off. The data signal V ,,, at the data
signal end Data is written into the first end of the first
capacitor C1 through the second switch element T2, and the
reset signal V__, at the reset signal end Rset is written into
the second end of the first capacitor C1 through the third
switch element T3, so that the voltage at the first end of the
first capacitor C1is V,_, , and the voltage at the second end
of the first capacitor C1 is V,,,,, thereby resulting in the
voltage of V,__, at the gate of the drive transistor M0 in the
reset phase.

In the compensation phase T2, both the signal at the reset
control signal end RS and the signal at the second scan
signal end Scan2 are high-level signals, and the first switch
element T1 and the second switch element T2 are turned on,
and at the same time the turned-on first switch element T1
changes the drive transistor M0 into a diode; and both the
signal at the first scan signal end Scanl and the signal at the
light emission control signal end EM are low-level signals,
and all of the third switch element T3, the fourth switch
element T4 and the fifth switch element T5 are turned off.
The data signal V, transmitted from the data signal end
Data is written into the first end m1 of the first capacitor C1
so that the voltage at the first end m1 of the first capacitor
C1is V,,; and after turning on the diode, the voltage V,
at the first reference signal end Refl charges the first
capacitor C1 until the voltage at the second end m2 of the
first capacitor C1 is V, 4-IV,|. At this time the voltage

rset
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difference across the first capacitor C1is V ,,,=V,.a+V 1,
thereby achieving the storing of the threshold voltage [V, |
of the drive transistor M0 at the gate of the drive transistor
Mo.

In the light emission phase T3, the signal at the light
emission control signal end EM is a high-level signal, and
the fourth switch element T4, the fifth switch element T5 and
the drive transistor M0 are turned on; and all of the signals
at the reset control signal end RS, the first scan signal end
Scanl and the second scan signal end Scan2 are low-level
signals, and the first switch element T1, the second switch
element T2 and the third switch element T3 are turned off.
The voltage V., at the second reference signal end Ref2 is
written into the first end m1 of the first capacitor C1 so that
the voltage at the first end m1 of the first capacitor C1 is
changed from V;,,, 10V, and based upon the principle of
charge conservation of the capacitor, in order to ensure that
the voltage difference across the first capacitor C1 is still
Vata=IV ,on #1V ], the voltage at the second end m2 of the
first capacitor C1 jumps from V, -V, | to V, -V, [+
Voo~V dare Since the drive transistor MO operates in the
saturation state, it can be seen from the current characteristic
in the saturation state that the operating current 1., o,flow-
ing through the drive transistor M0 and used to drive the
light emitting element D1 to emit light satisfies the equation
of Loy e K(Vo= IV =KV, = (Ve ViV o=V )=
IV, 1*=K(V dam—V,gfz)z, where K is a structural parameter,
which is relatively stable and thus can be regarded as a
constant in the same structure. As can be apparent, the
operating current I, ., of the light emitting element D1 has
been independent of the threshold voltage V,,, of the drive
transistor M0 but only related to the voltage V,,, of the
signal input at the data signal end and the voltage V,_, at the
second reference signal end to thereby thoroughly avoid the
operating current 1, -, of the light emitting element D1
from being influenced by the drift of the threshold voltage
V,, of the drive transistor due to the process flow and
running for a long period of time, so as to ensure the normal
operation of the light emitting element D1.

Another Example:

Taking the pixel circuit illustrated in FIG. 9B as an
example, FIG. 11 illustrates a corresponding timing diagram
of the circuit.

In the reset phase T1, the operation principle thereof is the
same as the operation principle in the reset phase in the
above example. In this phase, the voltage at the first end m1
of the first capacitor C1 is V., and the voltage at the
second end m2 of the first capacitor C1 is V,,,,, thereby
resulting in the voltage of V,_, at the gate of the drive
transistor M0 in the reset phase.

In the compensation phase T2, the operation principle
thereof is the same as the operation principle in the com-
pensation phase in the above example. However the second
capacitor C2 is added to the compensation control module,
so in this phase, the voltage V,,, at the first reference signal
end Refl also charges the second capacitor C2 while charg-
ing the first capacitor C1 so that the voltage difference across
the first capacitor C1 18 V.=V, +IV,, |, and the voltage
difference across the second capacitor C2 is 1V 1, thereby
achieving the storing of the threshold voltage |V ,,| of the
drive transistor M0 at the gate of the drive transistor M0.

In the light emission phase T3, the operation principle
thereof is the same as the operation principle in the light
emission phase in the above example. However the voltage
at the gate of the drive transistor M0 is V, 4=V, [+(V, -
V 4ata)Csat! (Cys1 #C,,2) due to the coupling of the first capaci-
tor C1 and the second capacitor C2, and the voltage at the
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gate of the drive transistor M0 will be relatively stable due
to the addition of the second capacitor C2. Since the drive
transistor M0 operates in the saturation state, it can be seen
from the current characteristic in the saturation state that the
operating current [, ., flowing through the drive transistor
MO0 and used to drive the light emitting element D1 to emit
light satisfies the equation of I,,,.,=K(V Sg—l\/'thl)2
“K{V,, “[Vioen =Vl HV 2=V 010)Cont/(Conn #Cn) 1=
|Vth|]} :K[(Vdata_vrefz)cstl/(cstl+Cst2)]2s where all of K,
C,,, and C_, are structural parameters, which are relatively
stable and thus can be regarded as constants in the same
structure. As can be apparent, the operating current [,; ., of
the light emitting element D1 has been independent of the
threshold voltage V,, of the drive transistor M0 but only
related to the voltage V,,, of the signal input at the data
signal end and the voltage V,_ at the second reference
signal end to thereby thoroughly avoid the operating current
lorgp of the light emitting element D1 from being influ-
enced by the drift of the threshold voltage V,, of the drive
transistor due to the process flow and running for a long
period of time, so as to ensure the normal operation of the
light emitting element D1.

The operation principle has been described here only by
taking the two structures of the pixel circuit according to the
embodiment of the invention as examples, and the operation
principle of the pixel circuit according to the embodiment of
the invention in other structures is the same as that in the
above examples, and a repeated description thereof will be
omitted here.

Based upon the same inventive concept, an embodiment
of the invention further provides an organic electrolumines-
cent display panel which includes a plurality of the pixel
circuits according to any one of the above embodiments of
the invention. Since the organic electroluminescent display
panel addresses the problem under a similar principle to the
pixel circuit described above, for an implementation of the
organic electroluminescent display panel, reference can be
made to the implementation of the pixel circuit, and a
repeated description thereof will be omitted here.

Preferably in order to simplify the circuit structure, in the
above organic electroluminescent display panel according to
the embodiment of the invention, as illustrated in FIG. 12A
and FIG. 12B, each pixel circuit of pixel circuits in the other
rows than the last row in the organic electroluminescent
display panel has a first scan signal end Scanl connected
with a scan line Scan n of the row where the pixel circuit is
located (where n is a positive integer larger than or equal to
1 and smaller than N, and N is the number of scan lines in
the organic electroluminescent display panel) and a second
scan signal end Scan2 connected with a scan line Scan n+1
of the next row to the row where the pixel circuit is located.

Preferably in order to simplify the circuit structure, in the
above organic electroluminescent display panel according to
the embodiment of the invention, when the pixel circuit is
structurally embodied particularly as the above five switch
transistors and one drive transistor according to the above
embodiment of the invention, the reset signal end of each
pixel circuit in the other rows than the first row in the organic
electroluminescent display panel can also be connected with
the drain of the fifth switch transistor or the signal output end
of the fifth switch element in the previous pixel circuit.

Based upon the same inventive concept, an embodiment
of the invention further provides a display device which
includes the above organic electroluminescent display panel
according to the embodiment of the invention, and the
display device can be a display, a handset, a TV set, a
notebook computer, an all-in-one machine and the like.It
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should be understood by those ordinarily skilled in the art

that all the other components indispensable to the display

device are included, so a repeated description thereof will be

omitted here, and the invention will not be limited in this
regard. 5

The embodiments of the invention provide a pixel circuit,
an organic electroluminescent display panel and a display
device. The pixel circuit includes: a light emitting element,
a first capacitor, a reset control module, a drive control
10
control module. In a reset phase, the reset control module

writes a reset signal transmitted from the reset signal end

into the second end of the first capacitor under control of the
first scan signal end. In a compensation phase, the reset
control module writes a data signal transmitted from the data
signal end into the first end of the first capacitor under
control of the reset control signal end, and the drive control

15

module charges the first capacitor through the compensation

control module under control of the second scan signal end,

and in a light emission phase, both the light emission control 20

module and the first capacitor control the drive control
module to drive the light emitting element to emit light
under control of the light emission control signal end. The

compensation control module can compensate for the drift
of the threshold voltage in the drive control module in the
compensation phase, so in the light emission phase, the
operating current at which the drive control module drives

25

the light emitting element to emit light can only be related
to the voltage of the data signal input at the data signal end

and the voltage at the second reference signal end but 30

independent of the threshold voltage in the drive control

module to thereby avoid the influence of the threshold
voltage on the light emitting element, so as to stabilize the

operating current driving the light emitting element to emit
light and improve the uniformity of image brightness in the
display area of the display device.

Evidently those skilled in the art can make various

35

modifications and variations to the invention without depart-

ing from the spirit and scope of the invention. Thus the
invention is also intended to encompass these modifications
and variations thereto as long as the modifications and

40

variations come into the scope of the appended claims and
their equivalents.

What is claimed is:
1. A pixel circuit comprising: a light emitting element, a
first capacitor, a reset control module, a drive control mod-

45

ule, a compensation control module, and a light emission
control module, wherein:

a first signal end of the reset control module is connected
with a data signal end, a second signal end of the reset
control module is connected with a reset control signal
end, and a third signal end of the reset control module
is connected respectively with a first end of the first
capacitor and a first signal end of the light emission
control module; and a fourth signal end of the reset
control module is connected with a first scan signal end,
a fifth signal end of the reset control module is con-
nected with a reset signal end, and a sixth signal end of
the reset control module is connected respectively with
a second end of the first capacitor, a first signal end of 60
the compensation control module and a first signal end
of the drive control module;

a second signal end of the drive control module is
connected with a first reference signal end, and a third
signal end of the drive control module is connected
respectively with a second signal end of the compen-
sation control module and a second signal end of the
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light emission control module; and a third signal end of
the compensation control module is connected with a
second scan signal end, wherein reset control signal
end and the second scan signal end are not connected
to a common signal end,

a third signal end of the light emission control module is
connected with a light emission control signal end, a
fourth signal end of the light emission control module
is connected with a second reference signal end, and a
fifth signal end of the light emission control module is
connected with a first end of the light emitting element;
and a second end of the light emitting element is
connected with a third reference signal end;

in a reset phase, the reset control module provides a data
signal transmitted from the data signal end to the first
end of the first capacitor under control of the reset
control signal end, and the reset control module pro-
vides a reset signal transmitted from the reset signal
end into the second end of the first capacitor under
control of the first scan signal end,

in a compensation phase, the drive control module
charges the first capacitor through the compensation
control module under control of the second scan signal
end; wherein the compensation control module com-
prises a first switch transistor having a gate connected
with the second scan signal end, a source connected
with the third signal end of the drive control module,
and a drain connected with the second end of the first
capacitor; wherein the first switch transistor is turned
off in the reset phase, and the first switch transistor is
turned on in the compensation phase.

2. The pixel circuit according to claim 1, wherein in a light
emission phase, both the light emission control module and
the first capacitor control the drive control module to drive
the light emitting element to emit light under control of the
light emission control signal end.

3. The pixel circuit according to claim 1, wherein the reset
signal end is the first scan signal end or the second reference
signal end.

4. The pixel circuit according to claim 1, wherein the
drive control module comprises a drive transistor having a
gate being the first signal end of the drive control module,
a source being the second signal end of the drive control
module, and a drain being the third signal end of the drive
control module.

5. The pixel circuit according to claim 4, wherein the
drive transistor is a P-type transistor, a voltage at the first
reference signal end is a positive voltage, and a voltage at the
third reference signal end is lower than the voltage at the first
reference signal end.

6. The pixel circuit according to claim 5, wherein the reset
control module comprises a second switch transistor and a
third switch transistor, the second switch transistor having a
gate connected with the reset control signal end, a source
connected with the data signal end, and a drain connected
with the first end of the first capacitor, and

the third switch transistor having a gate connected with
the first scan signal end, a source connected with the
reset signal end, and a drain connected with the second
end of the first capacitor.

7. The pixel circuit according to claim 6, wherein all of the
first switch transistor, the second switch transistor, and the
third switch transistor are P-type transistors or N-type tran-
sistors.

8. The pixel circuit according to claim 5, wherein the light
emission control module comprises a fourth switch transis-
tor and a fifth switch transistor, wherein:
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both a gate of the fourth switch transistor and a gate of the
fifth switch transistor are connected with the light
emission control signal end, a source of the fourth
switch transistor is connected with the second reference
signal end, and a drain of the fourth switch transistor is
connected with the first end of the first capacitor; and

asource of the fifth switch transistor is connected with the
drain of the drive transistor, and a drain of the fifth
switch transistor is connected with the first end of the
light emitting element.

9. The pixel circuit according to claim 4 wherein the pixel

circuit further comprises a second capacitor, wherein:

a first end of the second capacitor is connected with the
first reference signal end, and a second end of the
second capacitor is connected with the gate of the drive
transistor.

10. A pixel circuit comprising: a light emitting element, a
first capacitor, a drive transistor, a first switch element, a
second switch element, a third switch element, a fourth
switch element, and a fifth switch element, wherein:

a source of the drive transistor is connected with a first
reference signal end, a drain of the drive transistor is
connected respectively with a signal input end of the
first switch element and a signal input end of the fifth
switch element, and a gate of the drive transistor is
connected respectively with a second end of the first
capacitor, a signal output end of the third switch
element and a signal output end of the first switch
element; and a control end of the first switch element is
connected with a second scan signal end;

a signal input end of the second switch element is con-
nected with a data signal end, a signal output end of the
second switch element is connected respectively with a
first end of the first capacitor and a signal output end of
the fourth switch element, and a control end of the
second switch element is connected with a reset control
signal end, wherein reset control signal end and the
second scan signal end are not connected to a common
signal end;

asignal input end of the third switch element is connected
with a reset signal end, and a control end of the third
switch element is connected with a first scan signal end;

a signal input end of the fourth switch element is con-
nected with a second reference signal end, and a control
end of the fourth switch element is connected respec-
tively with a control end of the fifth switch element and
a light emission control signal end; and

a first end of the light emitting element is connected with
a signal output end of the fifth switch element, and a
second end of the light emitting element is connected
with a third reference signal end;

in areset phase, the second switch element provides a data
signal transmitted from the data signal end to the first
end of the first capacitor under control of the reset
control signal end, and the third switch element pro-
vides a reset signal transmitted from the reset signal
end into the second end of the first capacitor under
control of the first scan signal end,

in a compensation phase, the drive transistor charges the
first capacitor through the first switch element under
control of the second scan signal end,

wherein the first switch element is turned off in the reset
phase, and the first switch element is turned on in the
compensation phase.

11. The pixel circuit according to claim 10, wherein in a

light emission phase, all of the fourth switch element, the
fifth switch element and the first capacitor control the drive
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transistor to drive the light emitting element to emit light
under control of the light emission control signal end.

12. The pixel circuit according to claim 10, the reset
signal end is one of the first scan signal end and the second
reference signal end.

13. The pixel circuit according to claim 10, wherein the
drive transistor is a P-type transistor, a voltage at the first
reference signal end is a positive voltage, and a voltage at the
third reference signal end is lower than the voltage at the first
reference signal end.

14. The pixel circuit according to claim 10, wherein the
first reference signal end is the second reference signal end.

15. The pixel circuit according to claim 10, further
comprising a second capacitor, wherein:

a first end of the second capacitor is connected with the
first reference signal end, and a second end of the
second capacitor is connected with the gate of the drive
transistor.

16. An organic electroluminescent display panel compris-

ing a plurality of pixel circuits,

each of the pixel circuits comprising: a light emitting
element, a first capacitor, a drive transistor, a first
switch element, a second switch element, a third switch
element, a fourth switch element and a fifth switch
element, wherein:

a source of the drive transistor is connected with a first
reference signal end, a drain of the drive transistor is
connected respectively with a signal input end of the
first switch element and a signal input end of the fifth
switch element, and a gate of the drive transistor is
connected respectively with a second end of the first
capacitor, a signal output end of the third switch
element and a signal output end of the first switch
element; and a control end of the first switch element is
connected with a second scan signal end;

a signal input end of the second switch element is con-
nected with a data signal end, a signal output end of the
second switch element is connected respectively with a
first end of the first capacitor and a signal output end of
the fourth switch element, and a control end of the
second switch element is connected with a reset control
signal end, wherein reset control signal end and the
second scan signal end are not connected to a common
signal end;

a signal input end of the third switch element is connected
with a reset signal end, and a control end of the third
switch element is connected with a first scan signal end;

a signal input end of the fourth switch element is con-
nected with a second reference signal end, and a control
end of the fourth switch element is connected respec-
tively with a control end of the fifth switch element and
a light emission control signal end; and

a first end of the light emitting element is connected with
a signal output end of the fifth switch element, and a
second end of the light emitting element is connected
with a third reference signal end,

in a reset phase, the second switch element provides a data
signal transmitted from the data signal end to the first
end of the first capacitor under control of the reset
control signal end, and the third switch element pro-
vides a reset signal transmitted from the reset signal
end into the second end of the first capacitor under
control of the first scan signal end,

in a compensation phase, the drive transistor charges the
first capacitor through the first switch element under
control of the second scan signal end,
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wherein the first switch element is turned off in the reset
phase, and the first switch element is turned on in the
compensation phase.

17. The organic electroluminescent display panel accord-
ing to claim 16, wherein in a light emission phase, all of the
fourth switch element, the fifth switch element and the first
capacitor control the drive transistor to drive the light
emitting element to emit light under control of the light
emission control signal end; and wherein the reset signal end
is one of the first scan signal end and the second reference
signal end.

18. The organic electroluminescent display panel accord-
ing to claim 16, wherein each pixel circuit of pixel circuits
in other rows than a last row in the organic electrolumines-
cent display panel has a first scan signal end connected with
a scan line of a row where the pixel circuit 1s located and a
second scan signal end connected with a scan line of a next
row to the row where the pixel circuit is located.

19. A display device, comprising the organic electrolumi-
nescent display panel according to claim 16.
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