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(57) ABSTRACT

The present disclosure relates to a field of display technology,
and particularly to a pixel circuit and a method for driving the
same. The pixel circuitincludes a driving sub-circuit, a reset-
ting sub-circuit, and a charging sub-circuit, wherein the driv-
ing sub-circuit includes a driving transistor, a first transistor,
athird transistor, a first storage capacitor and a second storage
capacitor; the resetting sub-circuit discharges the first storage
capacitor and the second storage capacitor under the control
of a first scan signal outputted from the first scan signal line;
and the charging sub-circuit includes a fifth transistor and a
sixth transistor. With the pixel circuit of the present disclo-
sure, non-uniformity of driving transistors caused by thresh-
old voltages of the driving transistors and an image sticking
phenomenon caused by drifts of the threshold voltages of the
driving transistors may be eliminated through the compensa-
tion; and the problem of non-uniform luminance among the
light emitting devices in different pixel units of an Active
Matrix Organic Light Emitting Diode Display caused by

Int. CL. different threshold voltages of the driving transistors in the
G09G 3/32 (2006.01) different pixel units may be avoided.
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during a resetting phase, electric charges stored in the second |/
storage capacitor Cb are released through the second transistor
T2; electric charges stored in the first terminal of the first
storage capacitor Cs are released through the third transistor T3,
the driving transistor DTFT and the light emitting device
OLED; electric charges stored in the second terminal of the first
storage capacitor Cs are released through the fourth transistor
T4

during a compensating phase, the second storage capacitor Cb
is charged by the second scan signal line Scan2 through the
sixth transistor T6; the first storage capacitor Cs is charged by
the data voltage input terminal DATA through the fifth
transistor T5

during a light emitting phase, the second storage capacitor Cb
is at a high potential, such that the first transistor T1 is turned
on to establish a path from the first voltage terminal ELVDD
and the second voltage terminal ELVSS; the driving transistor
DTFT is turned on by electric charges stored in the first storage
capacitor Cs to drive the light emitting device OLED to emit
light

Fig.2
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During the resetting phase, electric charges stored in the second| /
storage capacitor Cb are released through the second transistor
T2: electric charges stored in the first terminal of the first
storage capacitor Cs are released through the third transistor
T3, the driving transistor DTFT and the light emitting device
OLLED; electric charges stored in the second terminal of the
first storage capacitor Cs are released through the fourth
transistor T4

v 102
During the compensating phase for the first storage capacitor,
the second transistor T2, the third transistor T3 and the fourth
transistor T4 are turned off by the first scan signal line Scanl;
the fifth transistor 'S is turned on by the second scan signal
line Scan2; and the first storage capacitor Cs is charged by the
data voltage input terminal DATA through the fifth transistor
T5

A

During the compensating phase {or the second storage e
capacitor, the second transistor T2, the third transistor T3 and
the fourth transistor T4 are turned off by the first scan signal
line Scanl; the fifth transistor T3 is turned off by the second

scan signal line Scan2, and the driving transistor DTIT is
maintained on; the sixth transistor T6 is turned on by the third
scan signal line Scan3; and the second storage capacitor Cb is
charged by the third scan signal line Scan3 through the sixth
transistor 16

Y
During the light emitting phase, the second transistor T2, the
third transistor T3 and the fourth transistor T4 are turned off by
the first scan signal line Scanl; the fifth transistor TS is turned
off by the second scan signal line Scan2; the sixth transistor T6
is turned oft by the third scan signal line Scan3; meanwhile the
driving transistor DTFT is turned on by electric charges stored
in the first storage capacitor Cs to drive the light emitting
device OLED to emit light

Fig.5
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During the resetting phase, electric charges stored in the first
terminal of the second storage capacitor Cb are released via the
fourth transistor T4 through the second transistor 12; electric
charges stored in the first terminal of the first storage capacitor
Cs are released through the third transistor T3, the driving
transistor D'TET and the light emitting device OLED; electric
charges stored in the second terminal of the [irst storage
capacitor Cs arc released through the fourth transistor T4

Y 202
During the compensating phase for the first storage capacitor,
the second transistor T2, the third transistor T3 and the fourth
transistor T4 are turned off by the first scan signal line Scanl;
the fifth transistor T5 is turned on by the second scan signal
line Scan2; and the first storage capacitor Cs 1s charged by the
data voltage input terminal DATA through the fifth transistor
TS

Y
During the compensating phase for the second storage
capacitor, the second transistor T2, the third transistor T3 and |/
the fourth transistor T4 are turned off by the first scan signal
line Scanl; the fifth transistor T5 is turned oft by the second
scan signal line Scan2, and the driving transistor DTFT is
maintained on; the sixth transistor T6 is turned on by the third
scan signal line Scan3; and the second storage capacitor Cb is
charged by the third scan signal line Scan3 through the sixth
transistor T6

204

A 4
During the light emitting phase, the second transistor T2, the
third transistor T3 and the fourth transistor T4 are turned off by
the first scan signal line Scanl; the fifth transistor TS is turned
off by the second scan signal line Scan2; the sixth transistor T6
is turned off by the third scan signal line Scan3; meanwhile the
driving transistor DTFT is turned on by electric charges stored
in the first storage capacitor Cs to drive the light emitting
device OLED to emit light

Fig.8
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PIXEL CIRCUIT AND METHOD FOR
DRIVING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on International Applica-
tion No. PCT/CN2013/080156 filed on Jul. 26, 2013, which
claims priority to Chinese National Application No.
201310190350.4 filed on May 21, 2013. The entire contents
of each and every foregoing application are incorporated
herein by reference.

TECHNICAL FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a field of display
technology, and particularly to a pixel circuit and a method for
driving the same.

BACKGROUND

[0003] Organic light emitting diodes (OLED) have been
increasingly used as current-type light-emitting devices in
high-performance Active Matrix Organic Light Emitting
Diode displays. With increasing of display size, conventional
passive matrix organic light emitting diode displays require a
shorter driving time for a single pixel, and thus require an
increased transient current, which causes increased power
consumption. Meanwhile, a voltage drop on a line of nanom-
eter indium tin oxide will be too large when a large current is
applied, such that an operating voltage of OLED is too high
and efficiency of OLED is decreased. The currents for
OLEDs are input to active-matrix organic light-emitting
diode displays when switching transistors are scanned pro-
gressively, which can solve the above problems well.

[0004] In design of an AMOLED backboard, a main prob-
lem to be solved is non-uniformity of luminance among com-
pensating circuits for respective pixel units of AMOLED.
[0005] First, for AMOLED, pixel circuits are constituted by
thin film transistors to supply currents for driving light emit-
ting devices, respectively. In prior art, Low-temperature poly-
silicon thin film transistors (LTPS TFT) or oxide thin film
transistor (Oxide TFT) are mostly adopted. Compared to a
general amorphous silicon thin film transistor (amorphous-Si
TFT), LTPS TFT and Oxide TFT have higher mobility and
more stable characteristics, and thus are more suitable for
AMOLED display. However, due to limitations of the crys-
tallization process, LTPS TFTs produced on alarge-area glass
substrate often have non-uniformity on electrical parameters
such as threshold voltage, mobility and the like, and such
non-uniformity may cause driving current difference and
luminance difference among OLED devices, that is, a mum
phenomenon occurs, which may be perceived by human eyes.
Although process of Oxide TFTs shows a better uniformity,
similar to a-Si TFTs, a threshold voltage of Oxide TFT may
drift under a high temperature or supplied with a voltage for
a long time. Due to different images as displayed, drifts of
threshold voltages of TFTs in respective areas on a panel may
be different from each other, which may cause display lumi-
nance difference, such a display luminance difference often
renders an image sticking phenomenon since such a display
luminance difference has a relation to a previously displayed
image.

[0006] Second, in large-size display applications, since a
certain resistance exists in a power supply line on the back-
board, and driving currents for all pixels are supplied from an
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ARVDD power supply, a supply voltage for an area near to a
location of the ARVDD power supply is higher than a supply
voltage for an area far from the location, such a phenomenon
is known as a voltage drop of the power supply (IR Drop). As
the voltage of the ARVDD power supply has a relation to
currents in different areas, IR drop may also cause driving
current difference among different areas, and thus a mum
phenomenon appears during display. LTPS process for con-
structing pixel units by adopting P-type TFTs is sensitive to
such an IP drop since a storage capacitor therein is connected
between the ARVDD and a gate of TFT, and thus voltage
variation of ARVDD may directly affect a gate voltage Vgs of
the driving TFT.

[0007] Third, the non-uniformity of the electrical charac-
teristics of the light-emitting devices may also be resulted
from non-uniform thickness of the mask during an evapora-
tion process. For the a-Si or Oxide TFT process constructing
pixel units by adopting N-type TFTs, a storage capacitor
therein is connected between a gate of the driving TFT and an
anode of the light-emitting device, if voltages at the first
terminals of the light-emitting devices of respective pixels are
different when a data voltage is transmitted to the gates,
voltages Vgs actually applied to the gates of TFTs may be
different, so that display luminance are different due to dif-
ferent driving currents.

[0008] Therefore, in order to solve the above problems,
there is a need for a pixel circuit and a method for driving the
same.

SUMMARY

[0009] In embodiments of the present disclosure, there are
provided a pixel circuit and a method for driving the same,
capable of solving a problem of non-uniformity of threshold
voltages of driving transistors when compensation is per-
formed in the pixel circuit in the prior art.

[0010] The embodiments of the present disclosure are
implemented with the following technical solutions.

[0011] There is provided a pixel circuit including a reset-
ting sub-circuit, a charging sub-circuit, a driving sub-circuit
and a light emitting device, wherein

[0012] a first terminal of the light emitting device is con-
nected to a second voltage terminal,

[0013] the driving sub-circuit includes a driving transistor,
a first transistor, a third transistor, a first storage capacitor and
asecond storage capacitor, a source of the driving transistor is
connected to a drain of the first transistor and a source of the
third transistor, a drain of the driving transistor is connected to
a second terminal of the light emitting device, a gate of the
driving transistor is connected to a first terminal of the first
storage capacitor; a source of the first transistor is connected
to a first voltage terminal, and a gate of the first transistor is
connected to a first terminal of the second storage capacitor;
[0014] asecond terminal of the second storage capacitor is
connected to a reference voltage terminal; a drain of the third
transistor is connected to the gate of the driving transistor, the
source of the third transistor is connected to the source of the
driving transistor, and a gate of the third transistor is con-
nected to a first scan signal line;

[0015] the resetting sub-circuit discharges the first storage
capacitor and the second storage capacitor under the control
of a first scan signal outputted from the first scan signal line;
[0016] the charging sub-circuit includes a fifth transistor
and a sixth transistor, a source of the fifth transistor is con-
nected to a data voltage input terminal, a drain of the fifth
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transistor is connected to a second terminal of the first storage
capacitor, and a gate of the fifth transistor is connected to a
second scan signal line; a gate of the sixth transistor is con-
nected to a source of the sixth transistor, and a drain of the
sixth transistor is connected to the first terminal of the second
storage capacitor.

[0017] According to an embodiment of the present disclo-
sure, the resetting sub-circuit includes a second transistor and
a fourth transistor, a source of the second transistor is con-
nected to the gate of the first transistor, a gate of the second
transistor is connected to the first scan signal line; a source of
the fourth transistor is connected to the second terminal of the
first storage capacitor, a drain of the fourth transistor is con-
nected to the reference voltage terminal, and a gate of the
fourth transistor is connected to the first scan signal line.

[0018] According to an embodiment of the present disclo-
sure, a drain of the second transistor is connected to the
reference voltage terminal; as an alternative, a drain of the
second transistor is connected to the source of the fourth
transistor.

[0019] According to an embodiment of the present disclo-
sure, a gate and a source of the sixth transistor are connected
to the second scan signal line; as an alternative, a gate and a
source of the sixth transistor are connected to the third scan
signal line.

[0020] According to an embodiment of the present disclo-
sure, the light emitting device is an organic light emitting
diode.

[0021] According to an embodiment of the present disclo-
sure, all of the driving transistor, the first transistor, the second
transistor, the third transistor, the fourth transistor, the fifth
transistor and the sixth transistor are N-type field effect tran-
sistors.

[0022] There is provided a method for driving the above-
mentioned pixel circuit, characterized in that, the method
includes steps of:

[0023] during a resetting phase, turning on the second tran-
sistor, the third transistor and the fourth transistor through the
first scan signal line, such that electric charges stored in the
second storage capacitor are released, electric charges stored
in the first terminal of the first storage capacitor are released
through the third transistor, the driving transistor and the light
emitting device, and electric charges stored in the second
terminal of the first storage capacitor are released through the
fourth transistor;

[0024] during a compensating phase, turning offthe second
transistor, the third transistor and the fourth transistor through
the first scan signal line, and turning on the fifth transistor
through the second scan signal line, such that the first storage
capacitor is charged by the data voltage input terminal
through the fifth transistor, and turning on the sixth transistor
through the second or a third scan signal line, such that the
second storage capacitor is charged;

[0025] during a light emitting phase, turning offthe second
transistor, the third transistor and the fourth transistor through
the first scan signal line, turning off the fifth transistor through
the second scan signal line, and turning off the sixth transistor
through the second or the third scan signal line, such that the
first transistor is turned on by electric charges stored in the
second storage capacitor, and the driving transistor is turned
on by electric charges stored in the first storage capacitor to
drive the light emitting device to emit light.
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[0026] According to an embodiment, the method further
includes:
[0027] during the resetting phase, turning off the first tran-

sistor by releasing electric charges stored in the first terminal
of the second storage capacitor through the second transistor;
or turning off the first transistor by releasing electric charges
stored in the first terminal of the second storage capacitor
through the second transistor and the fourth transistor.
[0028] Compared to the prior art, the embodiments of the
present disclosure has the following advantages:

[0029] 1. In the pixel circuit of the embodiments of the
present disclosure, during process of compensating for the
light emitting device, non-uniformity of driving transistors
being n-type enhanced or depleted TFTs caused by threshold
voltages of the driving transistors and an image sticking phe-
nomenon caused by drifts of the threshold voltages of the
driving transistors may be effectively eliminated through the
compensation; and the problem of non-uniform luminance
among the light emitting devices in different pixel units of an
Active Matrix Organic Light Emitting Diode Display caused
by different threshold voltages of the driving transistors in the
different pixel units may be avoided. In addition, with the
pixel circuit of the embodiments of the present disclosure,
non-uniformity of electrical properties of the light emitting
devices caused by non-uniform thickness of a mask during an
evaporation process may be eliminated, and difference
among driving currents for the respective light emitting
devices in the Active Matrix Organic Light Emitting Diode
Display caused by the non-uniformity of the light emitting
devices may also be eliminated, thus improving a compen-
sating effect of the pixel circuit on the light emitting device,
and further improving performance of the Active Matrix
Organic Light Emitting Diode Display.

[0030] 2. In the embodiments of the present disclosure, a
circuit configuration with a third scan signal line is proposed,
thereby the sixth transistor for controlling the charging of the
second storage capacitor and the fifth transistor for control-
ling the loading of the data voltage and the charging of the first
storage capacitor may be scanned separately; that is, the
charging process of the first storage capacitor and the charg-
ing process of the second storage capacitor which are origi-
nally performed simultaneously are now performed in two
separate steps; such a purpose may be achieved that the first
storage capacitor is pre-charged for a certain time, the second
storage capacitor is then charged to turn on the first transistor,
and thus the operating power supply for light-emitting is
turned on. Since it takes a certain time for the storage capaci-
tors to be charged and discharged, the problem of non-uni-
form and insufficient compensation caused by insufficient
charging time for the first storage capacitor may be solved
with such a configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The embodiments of the present disclosure will be
described in detail with reference to accompanying drawings
and embodiments.

[0032] FIG. 1is a schematic diagram of circuit configura-
tion of a pixel circuit in a first embodiment of the present
disclosure;

[0033] FIG. 2 is a flowchart of a method for driving the
pixel circuit in the first embodiment of the present disclosure;
[0034] FIG. 3 is a schematic diagram of timing control of
the method for driving the pixel circuit in the first embodi-
ment of the present disclosure;
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[0035] FIG. 4 is a schematic diagram of circuit configura-
tion of a pixel circuit in a second embodiment of the present
disclosure;

[0036] FIG. 5 is a flowchart of a method for driving the
pixel circuit in the second embodiment of the present disclo-
sure;

[0037] FIG. 6 is a schematic diagram of timing control of
the method for driving the pixel circuit in the second embodi-
ment of the present disclosure;

[0038] FIG. 7 is a schematic diagram of circuit configura-
tion of a pixel circuit in a third embodiment of the present
disclosure;

[0039] FIG. 8 is a flowchart of a method for driving the
pixel circuit in the third embodiment of the present disclo-
sure; and

[0040] FIG. 9 is a schematic diagram of timing control of
the method for driving the pixel circuit in the third embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0041] Below, the technical solutions in the embodiments
of the present disclosure will be described clearly and thor-
oughly with reference to the accompanying drawings of the
embodiments of the present disclosure. Obviously, the
embodiments as described are only some of the embodiments
of the present disclosure, and are not all of the embodiments
of the present disclosure. All other embodiments obtained by
those skilled in the art based on the embodiments in the
present disclosure without paying any inventive labor should
fall into the protection scope of the present disclosure.

First Embodiment

[0042] As shown in FIG. 1, a pixel circuit of the first
embodiment of the present disclosure is mainly used for
compensating for driving of respective light emitting devices
in an Active Matrix Organic Light Emitting Diode Display,
wherein driving of each of light emitting devices is compen-
sated by one of pixel circuits, and each of pixel circuits
includes a resetting sub-circuit, a charging sub-circuit, a driv-
ing sub-circuit and a light emitting device, wherein

[0043] a first terminal of the light emitting device OLED is
connected to a second voltage terminal ELVSS;

[0044] the driving sub-circuit includes a driving transistor
DTFT, afirst transistor T1, a third transistor T3, a first storage
capacitor Cs and a second storage capacitor Cb, wherein a
source of the driving transistor DTFT is connected to a drain
of the first transistor T1 and a source of the third transistor T3,
a drain of the driving transistor DTFT is connected to a
second terminal of the light emitting device OLED, a gate of
the driving transistor DTFT is connected to a first terminal of
the first storage capacitor Cs; a source of the first transistor T1
is connected to a first voltage terminal ELVDD, and a gate of
the first transistor T1 is connected to a first terminal of the
second storage capacitor Cb;

[0045] asecond terminal of the second storage capacitor Cb
is connected to an import terminal VSS in reference voltage
terminals; a drain of the third transistor T3 is connected to the
gate of the driving transistor DTFT, the source of the third
transistor T3 is connected to the source of the driving transis-
tor DTFT, and a gate of the third transistor T3 is connected to
a first scan signal line Scanl.

[0046] Inthe present embodiment, the resetting sub-circuit
discharges the first storage capacitor Cs and the second stor-
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age capacitor Cb under the control of a first scan signal
outputted from the first scan signal line Scanl.

[0047] Inthe present embodiment, the resetting sub-circuit
includes a second transistor T2 and a fourth transistor T4, a
source of the second transistor T2 is connected to the gate of
the first transistor T1, a drain of the second transistor T2 is
connected to the import terminal VSS in the reference voltage
terminals, a gate of the second transistor T2 is connected to
the first scan signal line Scanl; a source of the fourth transis-
tor T4 is connected to a second terminal of the first storage
capacitor Cs, a drain of the fourth transistor T4 is connected to
the import terminal VSS in the reference voltage terminals,
and a gate of the fourth transistor T4 is connected to the first
scan signal line Scanl.

[0048] The charging sub-circuit includes a fifth transistor
T5 and a sixth transistor T6, a source of the fifth transistor T5
is connected to a data voltage input terminal DATA, a drain of
the fifth transistor T5 is connected to the source of the fourth
transistor T4, and a gate of the fifth transistor T5 is connected
to a second scan signal line Scan2; a gate and a source of the
sixth transistor T6 are both connected to the second scan
signal line Scan2, and a drain of the sixth transistor T6 is
connected to the source of the second transistor T2.

[0049] Compared to traditional pixel structures, the pixel
structure descried in the present embodiment may effectively
solve the problems of drift and non-uniformity of threshold
voltages of driving transistors being enhanced or depleted
TFTs and those of voltage non-uniformity and aging of the
light emitting devices.

[0050] The pixel circuit in the present embodiment is con-
nected to an operating power supply (belongs to the prior art)
for light emitting, which provides the first voltage terminal
ELVDD and the second voltage terminal ELVSS for the pixel
circuit. In the present embodiment, a voltage at the second
voltage terminal ELVSS is usually selected in a range from
-5V to 0V and may be obtained through actual adjustment. In
the present embodiment, the light emitting device is an
organic light emitting diode (OLED device).

[0051] In the pixel circuit of the present embodiment, dur-
ing process of compensating for the light emitting device,
non-uniformity of driving transistors being n-type enhanced
or depleted TFTs due to threshold voltages of the driving
transistors and an image sticking phenomenon due to drifts of
the threshold voltages of the driving transistors may be effec-
tively eliminated through the compensation; and the problem
of luminance non-uniformity among the light emitting
devices in different pixel units of an Active Matrix Organic
Light Emitting Diode Display caused by different threshold
voltages of the driving transistors in the different pixel units
may be avoided. In addition, with the pixel circuit of the
present embodiment, non-uniformity of electrical properties
of the light emitting devices caused by non-uniform thickness
of a mask during an evaporation process may be eliminated,
and difference among driving currents for the respective light
emitting devices in the Active Matrix Organic Light Emitting
Diode Display caused by the non-uniformity of the light
emitting devices may also be eliminated, thus improving a
compensating effect of the pixel circuit for the light emitting
device, and further improving quality of the Active Matrix
Organic Light Emitting Diode Display.

[0052] In the present embodiment, the reference voltage
terminals may include a plurality of import terminals VSS for
being connected to the second terminal of the second storage
capacitor Ch, the drain of the second transistor T2, the drain
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of the fourth transistor T4 and/or the second voltage terminal
ELVSS. The reference voltage terminals are used for provid-
ing a reference potential for the above elements, for example,
for being connected to a neutral line or an earth line to provide
a zero potential or a negative voltage.

[0053] In the present embodiment, the driving transistor
may be a driving transistor being an N-type TFT, and may
particularly be an enhanced (with a positive threshold volt-
age) or depleted (with a negative threshold voltage) TFT; all
of the driving transistor, the first transistor, the second tran-
sistor, the third transistor, the fourth transistor, the fifth tran-
sistor and the sixth transistor are field effect transistors.
[0054] With reference to FIG. 2 and FIG. 3, in the present
embodiment, there is further provided a method for driving
the above-mentioned pixel circuit, the method includes a
resetting phase, a compensating phase and a light emitting
phase. These three phases will be described in detail with
reference to FI1G. 3, wherein Vy,_,,, represents a potential
waveform outputted from the first scan signal line Scanl,
Vgouns Tepresents a potential waveform outputted from the
second scan signal line Scan2, V,,, represents a potential
waveform inputted from the data voltage input terminal
DATA, t1 represents the resetting phase, t2 represents the
compensating phase, and t3 represents the light emitting
phase.

[0055] 1. During the resetting phase, the first scan signal
line Scanl outputs a high potential, and the second scan signal
line Scan2 outputs a low potential; the second transistor T2,
the third transistor T3 and the fourth transistor T4 are turned
on by the first scan signal line Scanl; the driving transistor
DTFT is turned on by the third transistor T3; electric charges
stored in the second storage capacitor Cb are released to the
import terminal Vss in the reference voltage terminals
through the second transistor T2, such that the first transistor
T1 is turned off; electric charges stored in the first terminal of
the first storage capacitor Cs are released to the second volt-
age terminal ELVSS through the third transistor T3, the driv-
ing transistor DTFT and the light emitting device OLED;
meanwhile, electric charges stored in the second terminal of
the first storage capacitor Cs are released to an import termi-
nal Vss in the reference voltage terminals through the fourth
transistor T4,

[0056] Once the electric charges in the first storage capaci-
tor Cs and the second storage capacitor Cb are released com-
pletely, a voltage at the gate of the driving transistor DTFT is
VoreptV,, wherein VvV, -nisa voltage at the first terminal of
the light emitting device OLED, and V,,, is the threshold
voltage of the driving transistor DTFT. V., and V, are
both constant values in the present embodiment.

[0057] 2. During the compensating phase, the second scan
signal line Scan2, outputs a high potential, and the first scan
signal line Scan1 outputs a low potential; the second transis-
tor T2, the third transistor T3 and the fourth transistor T4 are
turned off by the first scan signal line Scant; the fifth transistor
T5 and the sixth transistor T6 are turned on by the second scan
signal line Scan2; the second storage capacitor Cb is charged
by the second scan signal line Scan2 through the sixth tran-
sistor T6; meanwhile, the first storage capacitor Cs is charged
by the data voltage input terminal DATA through the fifth
transistor T5; the first terminal of the first storage capacitor Cs
israisedtoV ,,,+V o; gtV Wherein V ,, is a data voltage
and V,, is the threshold voltage of the driving transistor
DTFT; since a voltage at the first terminal of the first storage
capacitor Cs is equal to the voltage at the gate of the driving
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transistor DTFT (referring to FIG. 1), the voltage at the gate
of the driving transistor DTFT is also raised to V ,,,,+V or e+
V.

[0058] 3. During the light emitting phase, the second scan
signal line Scan2 and the first scan signal line Scanl both
output a low potential; the second transistor T2, the third
transistor T3 and the fourth transistor T4 are turned off by the
first scan signal line Scanl; the fifth transistor T5 and the sixth
transistor T6 are turned off by the second scan signal line
Scan2; the second storage capacitor Cb is at a high potential,
such that the first transistor T1 is turned on meanwhile, the
driving transistor DTFT is turned on by electric charges
stored in the first storage capacitor Cs to drive the light emit-
ting device OLED to emit light.

[0059] At this time, the voltage at the gate of the driving
transistor DTFT is maintained to be V,, +V o;zptVy, @
driving current inputted to the light emitting device OLED
through the driving transistor DTFT can be represented by:

w
lorep = 3 #.Cox - " [Vpara» —Vorep — Vi - ELVSS]

[0060] Wherein p, represents a carrier mobility, C,y repre-
sents a gate oxide layer capacitance of the first storage capaci-
tor Cs, W/L represents a width/length ratio of a channel of the
driving transistor DTFT, V., represents the voltage of the
gate of the driving transistor DTFT, V- represents an
operating voltage of the light emitting device OLED, ELVSS
represents a voltage at the second voltage terminal. That is,
Vouza ™V satY oreptVa

[0061] Substituting the above equation into the equation of
the driving current 1, -, the driving current 1, 5, inputted
to the light emitting device OLED through the driving tran-
sistor DTFT becomes:

1 w
loLep = 3 - #nCox - I - Waaar —Vorp + Vi = Vorep — Vi — ELVSS] =

7

W
“#n Cox - T+ Vet = ELVSSP

I —

[0062] From the above equation it can be known that the
driving current I, -, flowing through the driving transistor
DTFT merely has relation to V ,,,, and ELVSS, but has no
relation to the threshold voltage V,;, of the driving transistor
DTFT and the operating voltage for light emitting V ,; -, of
the light emitting device OLED. Therefore, the compensation
may be well done even if V,;, is less than 0, thus basically
eliminating the effect of the non-uniformity and drift of the
threshold voltages. With the pixel circuit of the present
embodiment, no matter whether the enhanced TFTs or the
depleted driving TFTs are adopted therein, the effect of the
non-uniformity of the threshold voltages may be compen-
sated, and thus the luminance non-uniformity of the light
emitting devices may be well compensated. So the pixel
circuit of the present embodiment may have a broader appli-
cation scope.

Second Embodiment

[0063] A pixel circuit and method for driving the same in
the second embodiment are improvements on the basis of
those in the first embodiment, technical contents disclosed in
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the first embodiment are not repeated herein under a premise
that the contents disclosed in the first embodiment also
belong to contents disclosed in the second embodiment.
[0064] Withreference to FIG. 4, as a variant of the technical
solution in the first embodiment, the pixel circuit of the sec-
ond embodiment further includes a third scan signal line
Scan3. Particularly, the charging sub-circuit includes a fifth
transistor T5 and a sixth transistor T6, wherein a source of the
fifth transistor T5 is connected to a data voltage input terminal
DATA, a drain of the fifth transistor T5 is connected to the
source of the fourth transistor T4, and a gate of the fifth
transistor T5 is connected to a second scan signal line Scan2;
a gate and a source of the sixth transistor T6 are both con-
nected to the third scan signal line Scan3, and a drain of the
sixth transistor T6 is connected to the source of the second
transistor T2.

[0065] With such aconfiguration, the sixth transistor T6 for
controlling the charging of the second storage capacitor Ch
and the fifth transistor T5 for controlling the loading of the
data voltage and the charging of the first storage capacitor Cs
may be scanned separately; that is, the charging process of the
first storage capacitor Cs and the charging process of the
second storage capacitor Cb which are originally performed
simultaneously are now performed in two separate steps; such
a purpose may be achieved that the first storage capacitor Cs
is pre-charged for a certain time, the second storage capacitor
Cb is then charged to turn on the first transistor, and thus the
operating power supply for light-emitting is turned on. Since
it takes a certain time for the storage capacitors to be charged
or be released, the problem of non-uniform and insufficient
compensation caused by insufficient charging time for the
first storage capacitor Cs may be solved with such a configu-
ration.

[0066] With reference to FIG. 5 and FIG. 6, the method for
driving the above-mentioned pixel circuit in the present
embodiment includes a resetting phase, a compensating
phase and a light emitting phase, wherein the compensating
phase further includes a compensating phase for the first
storage capacitor and a compensating phase for the second
storage capacitor. These four phases will be described in
detail with reference to FIG. 6, wherein V., represents a
potential waveform outputted from the first scan signal line
Scanl, Vg, represents a potential waveform outputted
from the second scan signal line Scan2, V_,, ; represents a
potential waveform outputted from the second scan signal
line Scan3, V,,,,, represents a potential waveform inputted
from the data voltage input terminal DATA, t1 represents the
resetting phase, t2 represents the compensating phase for the
first capacitor, t3 represents the compensating phase for the
second capacitor, and t4 represents the light emitting phase.
[0067] 101. During the resetting phase, the first scan signal
line Scanl outputs a high potential, and meanwhile, the sec-
ond scan signal line Scan2, and the third scan signal line
Scan3 output a low potential; the second transistor T2, the
third transistor T3 and the fourth transistor T4 are turned on
by the first scan signal line Scan1; the driving transistor DTFT
is turned on by the third transistor T3;

[0068] electric charges stored in the second storage capaci-
tor Cb are released to an import terminal Vss in the reference
voltage terminals through the second transistor T2, such that
the first transistor T1 is turned off; electric charges stored in
the first terminal of the first storage capacitor Cs are released
to the second voltage terminal ELVSS through the third tran-
sistor T3, the driving transistor DTFT and the light emitting
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device OLED; electric charges stored in the second terminal
of the first storage capacitor Cs are released to an import
terminal Vss in the reference voltage terminals through the
fourth transistor T4; once the electric charges in the first
storage capacitor Cs and the second storage capacitor Cb are
released completely, a voltage at the gate of the driving tran-
sistor DTFT is Vo, pp+V 4, Wherein V,, .o, is a voltage at the
first terminal ofthe light emitting device OLED, and V ;, is the
threshold voltage of the driving transistor DTFT. V,, ., and
V,,, are both constant values in the present embodiment.
[0069] 102. During the compensating phase for the first
storage capacitor, the second scan signal line Scan2 outputs a
high potential, and the third scan signal line Scan3 and the
first scan signal line Scanl output a low potential; the second
transistor T2, the third transistor T3 and the fourth transistor
T4 are turned off by the first scan signal line Scanl; the fifth
transistor T5 is turned on by the second scan signal line
Scan2; and the first storage capacitor Cs is charged by the data
voltage input terminal DATA through the fifth transistor T5;
[0070] At this time, a data voltage V., is loaded to the
second terminal of the first storage capacitor Cs by the data
voltage input terminal DATA, such that the first terminal of
the first storage capacitor Cs is raised t0 V ;, +V 5, zr+ Vs,
wherein V ;. is the data voltage and V,, is the threshold
voltage of the driving transistor DTFT; since a voltage at the
first terminal of the first storage capacitor Cs is equal to the
voltage at the gate of the driving transistor DTFT (referring to
FIG. 4), the voltage at the gate of the driving transistor DTFT
is also raised to V,,,+V or entV,,. At this time, the second
storage capacitor Cb is not charged since the sixth transistor
T6 is turned off.

[0071] 103. During the compensating phase for the second
storage capacitor, the third scan signal line Scan3 outputs a
high potential, and the second scan signal line Scan2 and the
first scan signal line Scanl output a low potential; the second
transistor T2, the third transistor T3 and the fourth transistor
T4 are turned off by the first scan signal line Scanl; the fifth
transistor T5 is turned off by the second scan signal line
Scan?, and the driving transistor DTFT is maintained on; the
sixth transistor T6 is turned on by the third scan signal line
Scan3; and the second storage capacitor Cb is charged by the
third scan signal line Scan3 through the sixth transistor T6.
[0072] 104. During the light emitting phase, all of the third
scan signal line Scan3, the second scan signal line Scan2 and
the first scan signal line Scanl output a low potential; the
second transistor 12, the third transistor T3 and the fourth
transistor T4 are turned off by the first scan signal line ScanT;
the fifth transistor T5 is turned off by the second scan signal
line Scan2; the sixth transistor T6 is turned off by the third
scan signal line Scan3; the first transistor T1 is turned on by
the second storage capacitor Cb; meanwhile the driving tran-
sistor DTFT is turned on by electric charges stored in the first
storage capacitor Cs to drive the light emitting device OLED
to emit light.

[0073] At this time, the voltage at the gate of the driving
transistor DTFT is maintained to be V,,, +V 5 zp+V,, and
the light emitting device OLED is driven by the driving tran-
sistor DTFT.

Third Embodiment

[0074] A pixel circuit and method for driving the same in
the third embodiment are improvements on the basis of those
in the second embodiment, technical contents disclosed inthe
second embodiment are not repeated herein under a premise
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that the contents disclosed in the second embodiment also
belong to contents disclosed in the third embodiment.

[0075] With reference to FIG. 7, as a variant of the technical
solution in the second embodiment, the resetting sub-circuit
further includes a second transistor T2 and a fourth transistor
T4, wherein a source of the second transistor T2 is connected
to the gate of the first transistor T1, a drain of the second
transistor T2 is connected to a source of the fourth transistor
T4, and a gate of the second transistor T2 is connected to the
first scan signal line Scanl; the source of the fourth transistor
T4 is connected to the second terminal of the first storage
capacitor Cs, a drain ofthe fourth transistor T4 is connected to
an import terminal VSS in the reference voltage terminals,
and a gate of the fourth transistor T4 is connected to the first
scan signal line Scanl. Thereby, the circuit configuration is
simplified and cost thereof is saved.

[0076] With reference to FIG. 8 and F1G. 9, the method for
driving the above-mentioned pixel circuit in the present
embodiment includes a resetting phase, a compensating
phase and a light emitting phase, wherein the compensating
phase further includes a compensating phase for the first
storage capacitor and a compensating phase for the second
storage capacitor. These four phases will be described in
detail with reference to FIG. 9, wherein V_,,, represents a
potential waveform outputted from the first scan signal line
Scanl, V.. represents a potential waveform outputted
from the second scan signal line Scan2, V_ , represents a
potential waveform outputted from the second scan signal
line Scan3, V,,,, represents a potential waveform inputted
from the data voltage input terminal DATA, t1 represents the
resetting phase, t2 represents the compensating phase for the
first capacitor, 3 represents the compensating phase for the
second capacitor, and t4 represents the light emitting phase.

[0077] 201. During the resetting phase, the first scan signal
line Scanl outputs a high potential, and meanwhile the sec-
ond scan signal line Scan2, and the third scan signal line
Scan3 output a low potential; the second transistor T2, the
third transistor T3 and the fourth transistor T4 are turned on
by the first scan signal line Scan1; the driving transistor DTFT
is turned on by the third transistor T3;

[0078] electric charges stored in the first terminal of the
second storage capacitor Cb are released to an import termi-
nal Vss in the reference voltage terminals via the fourth tran-
sistor T4 through the second transistor T2, and electric
charges stored in the second terminal of the second storage
capacitor Cb are released to the import terminal Vss, such that
the first transistor T1 is turned off; electric charges stored in
the first terminal of the first storage capacitor Cs are released
to the second voltage terminal ELVSS through the third tran-
sistor T3, the driving transistor DTFT and the light emitting
device OLED; electric charges stored in the second terminal
of the first storage capacitor Cs are released to the import
terminal Vss in the reference voltage terminals through the
fourth transistor T4; once the electric charges in the first
storage capacitor Cs and the second storage capacitor Cb are
released completely, a voltage at the gate of the driving tran-
sistor DTFT is V oy g+ V 4, Wwherein Vo, is a voltage at the
first terminal of the light emitting device OLED, and V ,;, is the
threshold voltage of the driving transistor DTFT. V,, ., and
V,,, are both constant values in the present embodiment.

[0079] 202. During the compensating phase for the first
storage capacitor, the second scan signal line Scan2 outputs a
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high potential, and the third scan signal line Scan3 and the
first scan signal line Scanl output a low potential; the second
transistor T2, the third transistor T3 and the fourth transistor
T4 are turned off by the first scan signal line Scanl; the fifth
transistor T5 is turned on by the second scan signal line
Scan2; and the first storage capacitor Cs is charged by the data
voltage input terminal DATA through the fifth transistor T5.

[0080] At this time, a data voltage V ;,,, is loaded to the
second terminal of the first storage capacitor Cs by the data
voltage input terminal DATA, such that the first terminal of
the first storage capacitor Cs is raised to V,, . +V o7 zn+V 4,
wherein V., is the data voltage and V,, is the threshold
voltage of the driving transistor DTFT; since a voltage at the
first terminal of the first storage capacitor Cs is equal to the
voltage at the gate of the driving transistor DTFT (referring to
FIG. 7), the voltage at the gate of the driving transistor DTFT
is also raised to V,_, +V ; .+ V,,,. At this time, the second
storage capacitor Cb is not charged since the sixth transistor
T6 is turned off.

[0081] 203. During the compensating phase for the second
storage capacitor, the third scan signal line Scan3 outputs a
high potential, and the second scan signal line Scan2, and the
first scan signal line Scan1 output a low potential; the second
transistor T2, the third transistor T3 and the fourth transistor
T4 are turned off by the first scan signal line Scanl; the fifth
transistor T5 is turned off by the second scan signal line
Scan2, and the driving transistor DTFT is maintained on; the
sixth transistor T6 is turned on by the third scan signal line
Scan3; and the second storage capacitor Cb is charged by the
third scan signal line Scan1 through the sixth transistor T6.

[0082] 204. During the light emitting phase, all of the third
scan signal line Scan3, the second scan signal line Scan2 and
the first scan signal line Scanl output a low potential; the
second transistor 12, the third transistor T3 and the fourth
transistor T4 are turned off by the first scan signal line Scanl;
the fifth transistor T5 is turned off by the second scan signal
line Scan2; the sixth transistor T6 is turned off by the third
scan signal line Scan3; the first transistor T1 is turned on by
the second storage capacitor Cb; meanwhile the driving tran-
sistor DTFT is turned on by electric charges stored in the first
storage capacitor Cs to drive the light emitting device OLED
to emit light.

[0083] At this time, the voltage at the gate of the driving
transistor DTFT is maintained to be V ,,, +V o7 zp+V,,, and
the light emitting device OLED is driven by the driving tran-
sistor DTFT.

[0084] It should be noted that sources and drains of all of
transistors in the embodiments of the present disclosure are
symumetric in structure, and thus may be interchanged to each
other. In the embodiments of the present disclosure, in order
to distinguish two electrodes other than a gate of a transistor,
one is referred to as a source and the other is referred to as a
drain. The drain may be used as a signal output terminal when
the source is used as a signal input terminal, and vice versa.

[0085] The above descriptions are only for illustrating the
embodiments of the present disclosure, and will make no
limitation on the protection scope of the present disclosure. It
will be obvious that modifications, variations and equiva-
lences to the above embodiments made by those skilled in the
art in the technical scope as disclosed in the embodiments of
the present disclosure are intended to be included in the
protection scope of the present disclosure. The protection



US 2015/0028766 A1l

scope of the present disclosure should be defined by the
protection scope as claimed in the following claims.
1. A pixel circuit, comprising a resetting sub-circuit, a
charging sub-circuit, a driving sub-circuit and a light emitting
device, wherein
a first terminal of the light emitting device is connected to
a second voltage terminal;

the driving sub-circuit comprises a driving transistor, a first
transistor, a third transistor, a first storage capacitor and
a second storage capacitor, wherein a source of the driv-
ing transistor is connected to a drain of the first transistor
and a source of the third transistor, a drain of the driving
transistor is connected to a second terminal of the light
emitting device, a gate of the driving transistor is con-
nected to a first terminal of the first storage capacitor; a
source of the first transistor is connected to a first voltage
terminal, and a gate of the first transistor is connected to
a first terminal of the second storage capacitor; a second
terminal of the second storage capacitor is connected to
a reference voltage terminal; a drain of the third transis-
tor is connected to the gate of the driving transistor, the
source of the third transistor is connected to the source of
the driving transistor, and a gate of the third transistor is
connected to a first scan signal line;

the resetting sub-circuit discharges the first storage capaci-

tor and the second storage capacitor under a control of a
first scan signal outputted from the first scan signal line;

the charging sub-circuit comprises a fifth transistor and a

sixth transistor, a source of the fifth transistor is con-
nected to a data voltage input terminal, a drain of the fifth
transistor is connected to a second terminal of the first
storage capacitor, and a gate of the fifth transistor is
connected to a second scan signal line; a gate of the sixth
transistor is connected to a source of the sixth transistor,
and a drain of the sixth transistor is connected to the first
terminal of the second storage capacitor.

2. The pixel circuit of claim 1, wherein the resetting sub-
circuit comprises a second transistor and a fourth transistor, a
source of the second transistor is connected to the gate of the
first transistor, a gate of the second transistor is connected to
the first scan signal line; a source of the fourth transistor is
connected to the second terminal of the first storage capacitor,
a drain of the fourth transistor is connected to the reference
voltage terminal, and a gate of the fourth transistor is con-
nected to the first scan signal line.

3. The pixel circuit of claim 2, wherein a drain of the second
transistor is connected to the reference voltage terminal; or

adrain of the second transistor is connected to the source of

the fourth transistor.

4. The pixel circuit of claim 3, wherein a gate and a source
of the sixth transistor are connected to the second scan signal
line; or
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a gate and a source of the sixth transistor are connected to
the third scan signal line.

5. The pixel circuit of claim 1, wherein the light emitting
device is an organic light emitting diode.

6. The pixel circuit of claim 2, wherein all of the driving
transistor, the first transistor, the second transistor, the third
transistor, the fourth transistor, the fifth transistor and the
sixth transistor are N-type field effect transistors.

7. A method for driving the pixel circuit of claim 4, com-
prising:

during a resetting phase, turning on the second transistor,
the third transistor and the fourth transistor through the
first scan signal line, such that electric charges stored in
the second storage capacitor are released, electric
charges stored in the first terminal of the first storage
capacitor are released through the third transistor, the
driving transistor and the light emitting device, and elec-
tric charges stored in the second terminal of the first
storage capacitor are released through the fourth transis-
tor;

during a compensating phase, turning off the second tran-
sistor, the third transistor and the fourth transistor
through the first scan signal line, and turning on the fifth
transistor through the second scan signal line, such that
the first storage capacitor is charged by the data voltage
input terminal through the fifth transistor; and turning on
the sixth transistor through the second or a third scan
signal line, such that the second storage capacitor is
charged,

during a light emitting phase, turning off the second tran-
sistor, the third transistor and the fourth transistor
through the first scan signal line, turning off the fifth
transistor through the second scan signal line, and turn-
ing off the sixth transistor through the second or the third
scan signal line, such that the first transistor is turned on
by electric charges stored in the second storage capaci-
tor, and the driving transistor is turned on by electric
charges stored in the first storage capacitor to drive the
light emitting device to emit light.

8. The method of claim 7, wherein

during the resetting phase, releasing electric charges stored
in the first terminal of the second storage capacitor
through the second transistor so that the first transistor is
turned off;, or

releasing electric charges stored in the first terminal of the
second storage capacitor through the second transistor
and the fourth transistor so that the first transistor is
turned off.
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The present disclosure relates to a field of display technology,
and particularly to a pixel circuit and a method for driving the
same. The pixel circuit includes a driving sub-circuit, a reset-
ting sub-circuit, and a charging sub-circuit, wherein the driv-
ing sub-circuit includes a driving transistor, a first transistor,
a third transistor, a first storage capacitor and a second storage
capacitor; the resetting sub-circuit discharges the first storage
capacitor and the second storage capacitor under the control
of a first scan signal outputted from the first scan signal line;
and the charging sub-circuit includes a fifth transistor and a
sixth transistor. With the pixel circuit of the present disclo-
sure, non-uniformity of driving transistors caused by thresh-
old voltages of the driving transistors and an image sticking
phenomenon caused by drifts of the threshold voltages of the
driving transistors may be eliminated through the compensa-
tion; and the problem of non-uniform luminance among the
light emitting devices in different pixel units of an Active
Matrix Organic Light Emitting Diode Display caused by
different threshold voltages of the driving transistors in the
different pixel units may be avoided.
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