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(57) ABSTRACT

It discloses a pixel circuit and a driving method thereof. The
pixel circuit includes a light-emitting device (OLED), a driv-
ing transistor (DTFT), a storage capacitor (Cst), a first switch-
ing transistor (T1), a second switching transistor (12), a com-
pensating transistor (T3) and a fifth switching transistor (T5).
The light-emitting device (OLED) has one terminal con-
nected to a power supply (VDD). The driving transistor
(DTFT) has a first electrode connected to another terminal of
the light-emitting device (OLED), a second electrode con-
nected to a first electrode of the fifth switching transistor (T5),
and a gate connected to a first electrode of the first switching
transistor (T1). The first switching transistor (T1) has a sec-
ond electrode connected to a data line, a gate connected to a

scan line, and a first electrode connected to the gate of the
driving transistor (DTFT). The second switching transistor
(T2) has a gate connected to a control line, a first electrode
connected to the power supply (VDD), and a second electrode
connected to a second electrode of the compensating transis-
tor (T3). The compensating transistor (T3) has a first elec-
trode connected to the first electrode of the driving transistor
(DTFT), a second electrode connected to the second electrode
of the second switching transistor (T2), and a gate connected
to the first or second electrode of the compensating transistor
(T3). The fifth switching transistor (T5) has a gate connected
to the control line, a first electrode connected to the second
electrode of the driving transistor (DTFT), and a second elec-
trode connected to ground (GND). The storage capacitor
(Cst) has a first plate connected to the gate of the driving
transistor (DTFT). and a second plate connected to the second
electrode of the compensating transistor (T3).

13 Claims, 5 Drawing Sheets
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FIG. 10

turning on the first switching transistor T1 and meanwhile turning off the second
switching transistor T2 and the fifth switching transistor T'3, so that the data
signal Vdata on the data line charges the first plate of the storage capacitor Cst
via the first switching transistor T'1 and the power supply VDD charges the
second plate of the storage capacitor Cst via the light-emitting device OLED and
the compensating transistor T3

turning off the first switching transistor

"1 and meanwhile (urning on the second
switching transistor T2 and the fifth switching transistor TS, so that the light-
emitting device OLED is driven to emit light by the current, supplied from the
power supply VDD, flowing through the light-emitting device OLED, the driving
transistor DTFT and the fifth switching transistor T5 in turn

FIG. 11
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1
PIXEL CIRCUIT AND DRIVING METHOD
THEREOF

TECHNICAL FIELD OF THE DISCLOSURE

The present disclosure relates to the field of display tech-
nology, and particularly relates to a pixel circuit, a driving
method thereof, and a display apparatus.

BACKGROUND

Organic Light-Emitting Diode (OLED) is a current-driven
active light-emitting device, and has advantages of self illu-
mination, rapid response, wide view angle, and capable of
being manufactured on a flexible substrate, etc. It can be
predicted that Organic light-emitting display based on
OLEDs will be popular in the field of display. Each display
unit of the organic light-emitting display includes an OLED,
and the OLED can be divided into Passive Matrix Driving
OLED (PMOLED) and Active Matrix Driving OLED
(AMOLED) according to the manner in which OLED is
driven. Active Matrix Driving OLED (AMOLED) is widely
used in the display with large amount of information due to its
high display quality. In AMOLED, for each OLED, a current
flowing through the OLED is controlled by a Thin Film
Transistor (TFT) circuit, and the OLED and the TFT circuit
for driving the OLED constitute a pixel circuit. Therefore, in
order to ensure evenness of the luminance of an Active
Organic Light-Emitting display panel, it is necessary for the
characteristics of TFTs located in different regions of a back
board for driving OLEDs to be consistent.

A threshold voltage of a TFT depends on many factors
including doping of a first electrode of the TFT, thickness of
dielectric medium in the TFT, material of a gate of the TFT
and excess charges in the dielectric medium in the TFT. At
present, during the manufacturing process of a back board,
particularly a back board with large size, it is difficult to
achieve the consistence in such factors due to the limitation of
the process condition and level, so that drifts in threshold
voltages of respective TFTs are not consistent. In addition, the
drifts in the threshold voltages of respective TFTs will be
inconsistent due to the decrease of TFT stability caused by a
long time operation. The variance of the drifts in the threshold
voltages of respective TFTs then cause variance of the cur-
rents flowing through the respective TFTs, and thus the even-
ness of the luminance of OLEDs driven by these currents
deteriorates.

SUMMARY

Embodiments of the present disclosure provide a pixel
circuit, a driving method thereof, and a display apparatus
capable of improving the evenness of the luminance of a
light-emitting device effectively.

According to one aspect of the present disclosure, there is
provided a pixel circuit including: a light-emitting device, a
driving transistor, a storage capacitor, a first switching tran-
sistor, a second switching transistor, a compensating transis-
tor and a fifth switching transistor,

wherein each of the driving transistor, the first switching
transistor, the second switching transistor, the compensating
transistor and the fifth switching transistor includes a gate, a
first electrode and a second electrode;

one terminal of the light-emitting device is connected to a
power supply;

the first electrode of the driving transistor is connected to
another terminal of the light-emitting device, the second elec-
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trode of the driving transistor is connected to the first elec-
trode of the fifth switching transistor, and the gate of the
driving transistor is cornected to the first electrode of the first
switching transistor;

the second electrode of the first switching transistor is
connected to a data line, the gate of the first switching tran-
sistor is connected to a scan line, and the first electrode of the
first switching transistor is connected to the gate of the driving
transistor;

the gate of the second switching transistor is connected to
a control line, the first electrode of the second switching
transistor is connected to the power supply, and the second
electrode of the second switching transistor is connected to
the second electrode of the compensating transistor;

the first electrode of the compensating transistor is con-
nected to the first electrode of the driving transistor, the sec-
ond electrode of the compensating transistor is connected to
the second electrode of the second switching transistor, and
the gate of the compensating transistor is connected to the first
or second electrode of the compensating transistor;

the gate of the fifth switching transistor is connected to the
control line, the first electrode of the fifth switching transistor
is connected to the second electrode of the driving transistor,
and the second electrode of the fifth switching transistor is
connected to ground; and

a first plate of the storage capacitor is connected to the gate
of the driving transistor, and a second plate of the storage
capacitor is connected to the second electrode of the compen-
sating transistor.

Accordingto another aspect of the present disclosure, there
is provided a driving method of the pixel circuit, including:

turning on the first switching transistor and meanwhile
turning off the second switching transistor and the fifth
switching transistor, so that the data signal on the data line
charges the first plate of the storage capacitor via the first
switching transistor and the power supply charges the second
plate of the storage capacitor via the light-emitting device and
the compensating transistor; and

turning off the first switching transistor and meanwhile
turning on the second switching transistor and the fifth
switching transistor, so that the light-emitting device is driven
to emit light by the current, supplied from the power supply,
flowing through the light-emitting device, the driving transis-
tor and the fifth switching transistor in turn.

According to another aspect of the present disclosure, there
is provided a display apparatus including the pixel circuit
provided in embodiments of the present disclosure.

In the pixel circuit, the driving method of the pixel circuit,
and the display apparatus provided in the embodiments of the
present disclosure, the switching and charging/discharging
process of the pixel circuit are controlled by the compensating
transistor, the storage capacitor and a plurality of switching
transistors, so that the voltage across the two terminals of the
compensating transistor acts upon the driving transistor and
thus the driving current of the driving transistor is indepen-
dent of the threshold voltage of the driving transistor, which
compensates the variation in the current flowing through the
light-emitting device caused by inconsistence or drift of the
threshold voltage of the driving transistor, which can effec-
tively increase the evenness of the luminance of the light-
emitting device.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the technical solutions of embodiments
of the present disclosure or the prior art, accompanying draw-
ings used in the descriptions of the embodiments of the
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present disclosure or the prior art will be briefly explained
below. It is obvious that the accompanying drawings
described below are merely a part of embodiments of the
present disclosure but not all of embodiments of the present
disclosure. Other drawings can also be obtained by those
skilled in the art based on the teachings of these drawings
without paying any creative labor.

FIG. 1 is a circuit diagram of a pixel circuit provided in an
embodiment of the present disclosure;

FIG. 2 is a timing sequence diagram of respective signal
lines when the pixel circuit shown in FIG. 1 drives the light-
emitting device;

FIG. 3 is a schematic equivalent circuit diagram of the pixel
circuit shown in FIG. 1 in a compensating stage;

FIG. 4is a schematic equivalent circuit diagram of the pixel
circuit shown in FIG. 1 in a stage for switching to light
emission;

FIG. 5is acircuit diagram of another pixel circuit provided
in an embodiment of the present disclosure;

FIG. 6 is a circuit diagram of another pixel circuit provided
in an embodiment of the present disclosure;

FIG. 7 is a circuit diagram of another pixel circuit provided
in the embodiments of the present disclosure;

FIG. 8is a circuit diagram of another pixel circuit provided
in the embodiments of the present disclosure;

FIG. 91is a schematic equivalent circuit diagram of the pixel
circuit shown in FIG. 8 in a compensating stage;

FIG. 10 is a schematic equivalent circuit diagram of the
pixel circuit shown in FIG. § in a stage for switching to light
emission; and

FIG. 11 is a flow chart of a driving method for the pixel
circuits provided in an embodiment of the present disclosure.

DETAILED DESCRIPTION

Below, the technical solutions of embodiments of the
present disclosure will be described clearly and fully taken in
conjunction of accompanying drawings of the embodiments
of the present disclosure. Obviously, the embodiments
described are merely a part of embodiments of the present
disclosure but not all of embodiments of the present disclo-
sure. All other embodiments obtained by those skilled in the
art based on the teachings of the embodiments of the present
disclosure without paying any creative labor should fall
within the scope claimed by the present disclosure.

As shown in FIG. 1, in an embodiment of the present
disclosure, there is provided a pixel circuit, including: a light-
emitting device OLED, a driving transistor DTFT, a storage
capacitor Cst, a first switching transistor T1, a second switch-
ing transistor T2, a compensating transistor T3 and a fifth
switching transistor T5.

The driving transistor DTFT, the first switching transistor
T1, the second switching transistor T2, the compensating
transistor T3 and the fifth switching transistor T5 are N-type
Thin Film Transistors (TFTs), each of which includes a
source, a drain and a gate.

One terminal of the light-emitting device OLED is con-
nected to a power supply VDD;

the drain (a first electrode) of the driving transistor DTFT is
connected to another terminal of the light-emitting device
OLED, the source (a second electrode) of the driving transis-
tor DTFT is connected to the drain (a first electrode) of the
fifth switching transistor TS5, and the gate of the driving tran-
sistor DTFT is connected to the drain (a first electrode) of the
first switching transistor T1;

the source (a second electrode) of the first switching tran-
sistor T1 is connected to a data line, the gate of the first
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switching transistor T1 is connected to a scan line, and the
drain (the first electrode) of the first switching transistor T1 is
connected to the gate of the driving transistor DTFT;,

the gate of the second switching transistor T2 is connected
to a control line, the drain (a first electrode) of the second
switching transistor T2 is connected to the power supply
VDD, and the source (a second electrode) of the second
switching transistor T2 is connected to the source (a second
electrode) of the compensating transistor T3;

the gate and the drain (a first electrode) of the compensat-
ing transistor T3 are connected to each other, and the drain
(the first electrode) of the compensating transistor T3 is con-
nected to the drain (the first electrode) of the driving transistor
DTFT, and the source (the second electrode) of the compen-
sating transistor T3 is connected to the source (the second
electrode) of the second switching transistor T2;

the gate of the fifth switching transistor T5 is connected to
the control line, the drain (the first electrode) of the fifth
switching transistor T5 is connected to the source (the second
electrode) of the driving transistor DTFT, and the source (a
second electrode) of the fifth switching transistor DTFT is
connected to ground,

a first plate of the storage capacitor Cst is connected to the
gate of the driving transistor DTFT, and a second plate of the
storage capacitor Cst is connected to the source (the second
electrode) of the compensating transistor T3.

It should be noted that, in the present embodiment, the
compensating transistor T3 is equivalent to a diode, and the
drain (the first electrode) and the gate of the compensating
transistor T3 are connected to each other to be equivalent to a
positive electrode of the diode and connected to the drain (the
first electrode) of the driving transistor DTFT, and the source
(the second electrode) of the compensating transistor T3 is
equivalent to a negative electrode of the diode and connected
to the source (the second electrode) of the second switching
transistor T2.

It should be noted that, in the present embodiment, differ-
ent signals are transmitted on the scan line, the control line
and the data line, respectively, wherein a scan signal Vscan is
transmitted on the scan line, a control signal EM is transmit-
ted on the control line, and a data signal Vdata is transmitted
on the data line.

Below, the operation process of the pixel circuit shown in
FIG. 1 will be described in detail with reference to FIGS. 2-4.
When driving, the operation of the pixel circuit shown in FIG.
1 canbedivided into two driving stages: a compensating stage
and a stage for switching to light emission. FIG. 2 shows a
timing sequence diagram of respective signal lines when the
pixel circuit shown in FIG. 1 drives the light-emitting device
OLED. As shown in FIG. 2, the compensating stage and the
stage for switching to light emission are denoted by @, and

, respectively. A driving method of the pixel circuit shown
in FIG. 1 is as follows:

A First Stage: Compensating Stage

in the compensating stage, the scan signal Vscanisata high
level and the control signal EM is at a low level. The first
switching transistor T11s turned on since the input scan signal
Vscan is at the high level, and the second switching transistor
T2 and the fifth switching transistor T5 are turned off since the
control signal EM is at the low level. The compensating
transistor T3 is in a forward conductive state in the compen-
sating stage. At this time, the pixel circuit shown in FIG. 1
may be equivalent to the circuit structure shown in FIG. 3.

Combining FIG. 1 and FIG. 3, in the compensating stage,
the data signal Vdata may input to the gate of the driving
transistor DTFT via the first switching transistor T1, and thus
charge the storage capacitor Cst so that the data signal Vdata
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input to the gate of the driving transistor DTFT is maintained,
since the first switching transistor T1 is turned on. After the
completion of the charging,

avoltage VA at point A equals to the data signal Vdata,

that is, VA=Vdata (1)

a voltage VB at point B equals to a value obtained by
subtracting a threshold voltage Voth of the light-emitting
device OLED and a threshold voltage Vth3 of the compen-
sating transistor T3 from the power supply voltage VDD,

that is, VB=VDD-Voth-Vih3 Q

s0, a voltage across the two plates of the storage capacitor
Cstis:

VAB=VA-VB
= Vdata— (VDD — Vorh - Vih3)
= Vdata— VDD + Voth + Vih3

Meanwhile, the storage capacitor Cst and the power supply
VDD are disconnected since the second switching transistor
T2 is turned off due to the low level of the control signal EM
input to the gate of the second switching transistor T2, which
makes sure that the light-emitting device OLED and the com-
pensating transistor T3 are forward conductive. Moreover,
the driving transistor DTFT and the ground GND are discon-
nected since the fifth switching transistor T5 is turned off due
to the low level of the control signal EM input to the gate of
the fifth switching transistor TS, which avoids the loss of the
data signal Vdata input to the gate of the driving transistor
DTFT via the connection between the fifth switching transis-
tor T5 and the ground GND.

A Second Stage: A Stage for Switching to Light Emission

in the stage for switching to light emission, the scan signal
Vscan is at a low level and the control signal EM is at a high
level. The first switching transistor T1 is turned off since the
input scan signal Vscan is at the low level, and the second
switching transistor T2 and the fifth switching transistor T5
are turned on since the control signal EM is at the high level.
The compensating transistor T3 is in a reverse blocking state
in the stage for switching to light emission. At this time, the
pixel circuit shown in FIG. 1 may be equivalent to the circuit
structure shown in FIG. 4.

Combining FIG. 1 and FIG. 4, the first switching transistor
T1 is turned off since the scan signal Vscan input to the gate
of the first switching transistor T1 is at the low level, so that
the gate of the driving transistor DTFT and the data line are
separated from each other, and thus the driving transistor
DTFT drives the light-emitting device OLED without being
affected by the variation of the data signal Vdata input to the
source of the first switching transistor T1.

Meanwhile, the upper plate of the storage capacitor Cst is
directly connected to the power supply VDD since the second
switching transistor T2 is turned on due to the high level of the
control signal EM input to the gate of the second switching
transistor T2, which makes the voltage VB at point B change
to the VDD instantaneously. It can be known from principles
of the physics, the voltage across the two plates of the storage
capacitor Cst cannot change instantaneously, and thus, in the
stage for switching to light emission, the above equation (3)
still stands when the voltage VB at point B just jumps to the
VDD. So, the voltage VA at point A equals to a sum of the
voltage VB at point B and the voltage VAB across point A and
point B, that is,
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VA = VB -VAB
= VDD + (Vdata— VDD + Vorh + Vih3)
= Vdata + Vih + Vih3

@

Meanwhile, the source of the driving transistor DTFT is
directly connected to the ground GND since the fifth switch-
ing transistor T5 is turned on due to the high level of the
control signal EM input to the gate of the fifth switching
transistor T5. At this time, the driving transistor DTFT oper-
ates in a saturation state, and thus a current I flowing through
the source and the drain of the driving transistor DTFT (i.e., a
driving current I for driving the light-emitting device OLED
to emit light) varies as the variation of the voltage Vgs
between the gate and the source of the driving transistor
DTFT and the detailed relationship is represented by the
following equation (5). The driving transistor DTFT begins to
drive the light-emitting device OLED to emit light.

I=K(Vgs-Vihy (©)

wherein, Vgs is a gate-source voltage of the driving tran-
sistor DTFT, in the present embodiment,

Vgs=VA-0=Vdata+Voth+Vth3 (6)

K=, *Cox*(W/L)/2, wherein p - is representative of
effective carrier mobility of DTFT, Cox is representative of
gate insulating layer dielectric constant thereof, W/L is rep-
resentative of channel width-length ratio of the driving tran-
sistor DTFT, wherein W is representative of channel width, L
is representative of channel length. K can be considered as a
constant due to the relative stability of the values of W, L, Cox
and 10 a same structure.

After substituting the equation (6) into the equation (5), in
the present embodiment, the current flowing through the driv-
ing transistor DTFT is:

T=K(Vdata+ Voth+Vih3-Vih)? M

It can be known from the equation (7) that the current 1
flowing through the driving transistor DTFT has a relation
with the threshold voltage Vth3 of the compensating transis-
tor T3, the threshold voltage Vth of the driving transistor
DTFT and the threshold voltage Voth of the light-emitting
device OLED, in addition to with the data signal Vdata and
the constant K. According to principles of short range order of
the Low Temperature Poly-silicon (LIPS) process, TFTs ina
short range can be considered as uniform, that is, character-
istics of TFT's being in close distance and with a same struc-
ture are almost the same. Thus, for example, in the present
embodiment, locations of the compensating transistor T3 and
the driving transistor DTFT are close and can be considered
as in a short range, so the threshold voltage Vth3 of the
compensating transistor T3 and the threshold voltage Vth of
the driving transistor DTFT are almost the same, that is,
Vth3-Vth=0. Accordingly, according to the equation (7), the
current I flowing through the driving transistor DTEFT is:

T=K(Vdata+Vothy* ®)

that is, the current I flowing through the driving transistor
DTFT merely has a relation with the data signal Vdata and the
threshold voltage Voth of the light-emitting device OLED.

As such, in the pixel circuit provided in the embodiment of
the present disclosure, on one hand, the driving current I is
independent of the threshold voltage Vth of the driving tran-
sistor DTFT, which avoids the current variation in the driving
current I (i.e., current flowing through the light-emitting
device OLED) caused by drift of the threshold voltage of the
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driving transistor DIET due to manufacturing process of the
back-board or long-time operation thereof, which effectively
increases the evenness of the luminance of the light-emitting
device OLED.

On the other hand, according to the equation (8), the pixel
circuit provided in the embodiment of the present disclosure
can compensate not only the variation of the driving current I
caused by the drift of the threshold voltage Vth of the driving
transistor DTFT, but also the variation of the current flowing
through the light-emitting device OLED caused by the higher
or lower of the threshold voltage Voth of the light-emitting
device OLED since the driving current I has a relation with
the threshold voltage Voth of the light-emitting device OLED,
which further increases the evenness of the luminance of the
light-emitting device OLED. The reasons are as follows,
according to the equation (8), in the pixel circuit provided in
the embodiment of the present disclosure, the driving current
I will increase as the threshold voltage Voth of the light-
emitting device OLED increases and decrease as the thresh-
old voltage Voth of the light-emitting device OLED
decreases, so when the threshold voltage Voth increases due
to the aging of the OLED, the driving current I will increase
accordingly, so as to compensate the reduction in the driving
current I caused by increase of the threshold voltage Voth of
the light-emitting device OLED.

It should be noted that, in the present embodiment, in the
compensating stage, the light-emitting device OLED is in a
charging circuit loop of the storage capacitor Cst although the
light-emitting device OLED is not driven to emit light by the
driving transistor DTFT, and thus OLED will emit light to a
certain extent when the data signal Vdata is input to the gate
ofthe driving transistor DTFT and charges the storage capaci-
tor Cst.

In the above embodiment, the driving transistor DTFT, the
compensating transistor T3 and the respective switching tran-
sistors are N-type TFTs, but the present disclosure is not
limited thereto. Part or all of the above respective N-type
TFTs may be substituted by P-type TFTs, if only the follow-
ing conditions are satisfied.

A first condition of the compensating transistor T3 and the
driving transistor DTFT being of a same type, that is, both of
them being N-type TFTs or P-type TFTs, shall be satisfied.
Since the compensating transistor T3 is used for providing a
compensation voltage to make the driving current I of the
driving transistor DTFT independent of the threshold voltage
Vth of the driving transistor DTFT, and it is necessary for a
compensating voltage Vth3 provided by the compensating
transistor T3 being equal to the threshold voltage Vth of the
driving transistor DTFT. Such an effect can be achieved by
ensuring that the compensating transistor T3 and the driving
transistor DTFT are in close distance and with the same
structure and thus the short range order condition of LIPS
process is met.

A second condition of the second switching transistor T2
and the fifth switching transistor T5 being of a same type, that
is, both of them being N-type TFTs or P-type TFTs, shall be
satisfied. Itis necessary for the second switching transistor T2
and the fifth switching transistor T5 being turned on or off
simultaneously, which is controlled by the control signal EM
on the control line.

It should be noted that the conditions for a P-type TFT and
for an N-type TFT being turned on or off are different, when
N-type TFTs in the above embodiment are substituted by
P-type TFTs, in order to ensure the functions of the pixel
circuit being performed normally, corresponding adjustments
are necessary for signals input to gates of the respective TFTs,
such as the scan signal Vscan input to the gate of the first
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switching transistor T1, the control signal EM input to the
gates of the second switching transistor T2 and the fifth
switching transistor T5, and the data signal Vdata input to the
gate of the driving transistor DTFT. Description will be given
in detail by particular embodiments.

As shown in FIG. 5, in another embodiment of the present
disclosure, the pixel circuit includes: a light-emitting device
OLED, a driving transistor DTFT, a storage capacitor Cst, a
first switching transistor T1, a second switching transistor T2,
a compensating transistor T3 and a fifth switching transistor
T5.

The driving transistor DTFT and the compensating tran-
sistor T3 are P-type Thin Film Transistors (TFTs), the first
switching transistor T1, the second switching transistor T2
and the fifth switching transistor T5 are N-type TFTs, each
TFT includes a source, a drain and a gate.

One terminal of the light-emitting device OLED is con-
nected to a power supply VDD;

the source (a first electrode) of the driving transistor DTFT
is connected to another terminal of the light-emitting device
OLED, the drain (a second electrode) of the driving transistor
DTFT is connected to the drain (a first electrode) of the fifth
switching transistor T5, and the gate of the driving transistor
DTFT is connected to the drain (a first electrode) of the first
switching transistor T1;

the source (a second electrode) of the first switching tran-
sistor T1 is connected to a data line, the gate of the first
switching transistor T1 is connected to a scan line, and the
drain (the first electrode) of the first switching transistor T1 is
connected to the gate of the driving transistor DTFT;

the gate of the second switching transistor T2 is connected
to a control line, the drain (a first electrode) of the second
switching transistor T2 is connected to the power supply
VDD, and the source (a second electrode) of the second
switching transistor T2 is connected to the drain (a second
electrode) of the compensating transistor T3;

the gate and the drain (the second electrode) of the com-
pensating transistor T3 are connected to each other, and the
source (a first electrode) of the compensating transistor T3 is
connected to the source (the first electrode) of the driving
transistor DTFT, and the drain (the second electrode) of the
compensating transistor T3 is connected to the source (the
second electrode) of the second switching transistor T2;

the gate of the fifth switching transistor T5 is connected to
the control line, the drain (the first electrode) of the fifth
switching transistor T5 is connected to the drain (the second
electrode) of the driving transistor DTFT, and the source (a
second electrode) of the fifth switching transistor T5 is con-
nected to ground;

a first plate of the storage capacitor Cst is connected to the
gate of the driving transistor DTFT, and a second plate of the
storage capacitor Cst is connected to the drain (the second
electrode) of the compensating transistor T3.

Compared to the embodiment shown in FIG. 1, only the
driving transistor DTFT and the compensating transistor T3
are different from those in the embodiment shown in FIG. 1,
and accordingly data signal Vdata input to the gate of the
driving transistor DTFT is different from that in the embodi-
ment shown in FIG. 1.

In the embodiment shown in FIG. 1, the driving transistor
DTFT is an N-type TFT and the current I flowing through the
source and the drain of the N-type driving transistor DTFT
increases as the data signal Vdata rises and decreases as the
data signal Vdata falls. In the present embodiment, the driving
transistor DTFT is a P-type TFT and the current I flowing
through the source and the drain of the P-type driving tran-
sistor DTFT decreases as the data signal Vdata rises and
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increases as the data signal Vdata falls. Therefore, as for a
same current [ flowing through the driving transistor DTFT,
the data signal Vdata in the embodiment shown in FIG. 1 and
that in the present embodiment can be different.

It should be noted that, except the above differences, other
parts of the pixel circuit in the present embodiment have the
same structure as those shown in FIG. 1, and repeated
descriptions will not be given.

The pixel circuit provided in the present embodiment can
achieve the same technical effect as the embodiment shown in
FIG. 1 as well by substituting the N-type driving transistor
DTFT and the N-type compensating transistor T3 in FIG. 1 by
the corresponding P-type driving transistor DTFT and the
corresponding P-type compensating transistor T3.

FIG. 6 shows a circuit diagram of another pixel circuit
provided by another embodiment of the present disclosure.
As shown in FIG. 6, difference between the present embodi-
ment and the embodiment shown in FIG. 1 lies in that the
second switching transistor T2 and the fifth switching tran-
sistor T5 are not N-type TFTs but P-type TFTs. Accordingly,
the control signal EM input to the gate of the second switch-
ing transistor T2 and the gate of the fifth switching transistor
T5 is different from that in the embodiment shown in FIG. 1.

Particularly, as shown in FIG. 6, the pixel circuit provided
in the present embodiment includes: a light-emitting device
OLED, a driving transistor DTFT, a storage capacitor Cst, a
first switching transistor T1, a second switching transistor T2,
a compensating transistor T3 and a fifth switching transistor
T5. The driving transistor DTFT, the first switching transistor
T1 and the compensating transistor T3 are N-type Thin Film
Transistors (TFTs), the second switching transistor T2 and
the fifth switching transistor T5 are P-type TFTs, each TFT
includes a source, a drain and a gate.

One terminal of the light-emitting device OLED is con-
nected to a power supply VDD;

the drain (a first electrode) of the driving transistor DTFT is
connected to another terminal of the light-emitting device
OLED, the source (a second electrode) of the driving transis-
tor DTFT is connected to the source (a first electrode) of the
fifth switching transistor T5, and the gate of the driving tran-
sistor DTFT is connected to the drain (a first electrode) of the
first switching transistor T1;

the source (a second electrode) of the first switching tran-
sistor T1 is connected to a data line, the gate of the first
switching transistor T1 is connected to a scan line, and the
drain (the first electrode) of the first switching transistor T1 is
connected to the gate of the driving transistor DTFT;

the gate of the second switching transistor T2 is connected
to a control line, the source (a first electrode) of the second
switching transistor T2 is connected to the power supply
VDD, and the drain (a second electrode) of the second switch-
ing transistor T2 is connected to the source (a second elec-
trode) of the compensating transistor T3;

the gate and the drain (a first electrode) of the compensat-
ing transistor T3 are connected to each other, and the drain
(the first electrode) of the compensating transistor T3 is con-
nected to the drain (the first electrode) of the driving transistor
DTFT, and the source (the second electrode) of the compen-
sating transistor T3 is connected to the drain (the second
electrode) of the second switching transistor T2;

the gate of the fifth switching transistor T5 is connected to
the control line, the source (the first electrode) of the fifth
switching transistor T5 is connected to the source (the second
electrode) of the driving transistor DTFT, and the drain (a
second electrode) of the fifth switching transistor T5 is con-
nected to ground,
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a first plate of the storage capacitor Cst is connected to the
gate of the driving transistor DTFT, and a second plate of the
storage capacitor Cst is connected to the source (the second
electrode) of the compensating transistor T3.

The operation process of the pixel circuit of the present
embodiment is similar to that of the pixel circuit shown in
FIG. 1, except that the manner in which the second switching
transistor T2 and the fifth switching transistor T5 are turned
on or off under the control of the control signal EM differs
from that in the embodiment shown in FIG. 1.

Particularly, one difference between the present embodi-
ment and that shown in FIG. 1 lies in that the second switch-
ing transistor T2 and the fifth switching transistor T5 are
turned off when the control signal EM is at a high level in a
compensating stage in the present embodiment. The opera-
tion process of the pixel circuit provided in the present
embodiment in the compensating stage is similar to that in the
embodiment shown in FIGS. 1-4, and repeated description
will be emitted.

Accordingly, another difference between the present
embodiment and that shown in FIG. 1 lies in that the second
switching transistor T2 and the fifth switching transistor T5
are turned on when the control signal EM is at a low level in
astage for switching to light emission in the present embodi-
ment. The operation process of the pixel circuit provided in
the present embodiment in the stage for switching to light
emission is similar to that in the embodiment shown in FIGS.
1-4, and repeated description will be emitted.

As shown in FIG. 7, a pixel circuit provided in another
embodiment of the present disclosure includes: a light-emit-
ting device OLED, a driving transistor DTFT, a storage
capacitor Cst, a first switching transistor T1, a second switch-
ing transistor T2, a compensating transistor T3 and a fifth
switching transistor T5. The driving transistor DTFT, the
second switching transistor T2, the compensating transistor
T3 and the fifth switching transistor T5 are N-type Thin Film
Transistors (TFTs), and the first switching transistor T1 is a
P-type TFT, each TFT includes a source, a drain and a gate.

One terminal of the light-emitting device OLED is con-
nected to a power supply VDD;

the drain (a first electrode) of the driving transistor DTFT is
connected to another terminal of the light-emitting device
OLED, the source (a second electrode) of the driving transis-
tor DTFT is connected to the drain (a first electrode) of the
fifth switching transistor T5, and the gate of the driving tran-
sistor DTFT is connected to the source (a first electrode) of
the first switching transistor T1;

the drain (a second electrode) of the first switching transis-
tor T11s connected to a data line, the gate of the first switching
transistor T1 is connected to a scan line, and the source (the
first electrode) of the first switching transistor T1 is connected
to the gate of the driving transistor DTFT;

the gate of the second switching transistor T2 is connected
to a control line, the drain (a first electrode) of the second
switching transistor T2 is connected to the power supply
VDD, and the source (a second electrode) of the second
switching transistor T2 is connected to the source (a second
electrode) of the compensating transistor T3;

the gate and the drain (a first electrode) of the compensat-
ing transistor T3 are connected to each other, and the drain
(the first electrode) of the compensating transistor T3 is con-
nected to the drain (the first electrode) of the driving transistor
DTFT, and the source (the second electrode) of the compen-
sating transistor T3 is connected to the source (the second
electrode) of the second switching transistor T2;

the gate of the fifth switching transistor T5 is connected to
the control line, the drain (the first electrode) of the fifth
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switching transistor T5 is connected to the source (the second
electrode) of the driving transistor DTFT, and the source (a
second electrode) of the fifth switching transistor T5 is con-
nected to ground,

a first plate of the storage capacitor Cst is connected to the
gate of the driving transistor DTFT, and a second plate of the
storage capacitor Cst is connected to the source (the second
electrode) of the compensating transistor T3.

The operation process of the pixel circuit of the present
embodiment is similar to that of the pixel circuit shown in
FIG. 1, except that the manner in which the first switching
transistor T1 is turned on or off under the control of the scan
signal Vscan differs from that in the embodiment shown in
FIG. 1.

Particularly, ina compensating stage, the scan signal Vscan
is at a low level so that the first switching transistor T1 is
turned on. The operation process of the pixel circuit provided
in the present embodiment in the compensating stage is simi-
lar to that in the embodiment shown in FIGS. 1-4, and
repeated description will be emitted.

Particularly, in a stage for switching to light emission, the
scan signal Vscan is at a high level so that the first switching
transistor T1 is turned off. The operation process of the pixel
circuit provided in the present embodiment in the stage for
switching to light emission is similar to that in the embodi-
ment shown in FIGS. 1-4, and repeated description will be
emitted.

Several cases of pixel circuit are described in detail in the
above embodiments of the present disclosure, such as a case
wherein respective TFTs are all N-type TFTs, a case wherein
the driving transistor DTFT and the compensating transistor
T3 are P-type TFTs and other TFTs are N-type TFTs, a case
wherein the second switching transistor T2 and the fifth
switching transistor T5 are P-type TFTs and other TFTs are
N-type TFTs, and a case wherein the first switching transistor
T1 is a P-type TFT and other TFTs are N-type TFTs. How-
ever, the present disclosure is not limited thereto, and in other
embodiments of the present disclosure, the above respective
switching transistors, the driving transistor DTFT and the
compensating transistor T3 may all be P-type TFTs or be a
combination in other forms of part of TFTs being P-type
TFTs and other part of TFTs being N-type TFTs, as long as it
is ensured that the compensating transistor T3 and the driving
transistor DTFT being of a same type, that is, both being
N-type TFTs or P-type TFTs, and meanwhile the second
switching transistor T2 and the fifth switching transistor T5
being of a same type.

When one or more N-type TFTs in the pixel circuit shown
in FIG. 1 are substituted by P-type TFTs, the manner in which
the respective P-type TFTs are connected in the pixel circuit
is similar to the manner in which the original respective
N-type TFTs are connected in the pixel circuit shown in FIG.
1, and can be adjusted according to the corresponding rela-
tionships among the voltage potentials of the gates, the drains
and the source of P-type TFTs and N-type TFTs on the prin-
ciples of semiconductor physics. For example, in the embodi-
ment shown in FIG. 1, the respective TFTs are all the N-type
TFTs, the first electrodes of the respective TFTs are all the
drains and the second electrodes of the respective TFTs are all
the sources. In the other embodiments of the present disclo-
sure, when one of TFTs is replaced from the N-type TFT to
the P-type TFT, its connection manner can still be described
by the connection manner of the first and second electrodes of
the corresponding TFTs in the embodiment shown in FIG. 1
except that the source or the drain being represented by which
one of the first electrode and the second electrode may differ
according to the particular type of the TFT.
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In the embodiment shown in FIG. 1, when the TFTs except
for the compensating transistor T3 are replaced from N-type
TFTs to P-type TFTs, the first electrodes of the P-type TFTs
correspond to the sources of the P-type TFTs and the second
electrodes of the P-type TEFTs correspond to the drains of the
P-type TFTs. As for the compensating transistor T3, the gate
and the drain thereof are always connected to each other,
therefore the gate and the drain (the first electrode) of T3 are
connected to each other when T3 is an N-type TFT. and the
gate and the drain (the second electrode) of T3 are connected
to each other when T3 is a P-type TFT. At this time, the
compensating transistor T3 is equivalent to a diode, the drain
and the gate thereof are connected to each other to be equiva-
lent to one electrode of the diode, and the source thereof is
equivalent to another electrode of the diode. In a particular
circuit, the electrodes of the diode can be connected to a high
voltage potential or a low voltage potential in the particular
circuit according to the requirement for forward bias or
reverse bias of the diode.

It should be noted that the structure of the pixel circuit
provided in the present embodiment of the present disclosure
1s similar to that in the embodiment shown in FIG. 1, and the
difference therebetween lies in that each of TFTs being an
N-type TFT or a P-type TFT may be different. Accordingly,
the connection in the circuit will be adjusted adaptively, as
long as the functions of the circuit in the compensating stage
and the stage for switching to light emission can be achieved
normally.

Furthermore, as shown in F1G. 8, a pixel circuit provided in
another embodiment of the present disclosure may further
include a fourth switching transistor T4. It should be noted
that the pixel circuit in the present embodiment except for the
fourth switching transistor T4 is the same as that in the
embodiment shown in FIG. 1.

Particularly, a gate of the fourth switching transistor T4 is
connected to the scan line, a drain (a first electrode) of the
fourth switching transistor T4 is connected to the drain (the
first electrode) of the second switching transistor T2 and a
source (a second electrode) of the fourth switching transistor
T4 is connected to the drain (the first electrode) of the driving
transistor DTFT; the fourth switching transistor T4 and the
first switching transistor T1 are of the same type, that is, both
are N-type TFTs or P-type TFTs. For the connection of the
light-emitting device OLED, the driving transistor DTFT, the
storage capacitor Cst, the first switching transistor T1, the
second switching transistor T2, the compensating transistor
T3 and the fifth switching transistor T5, please refer to the
detail description for the embodiment shown in FIG. 1, and
repeated description will be emitted.

Below, description will be given in detail to the operation
process of the pixel circuit in the present embodiment in
conjunction with FIG. 2, and FIGS. 8-10.

Under the timing sequence shown in FIG. 2, the operation
process of the pixel circuit shown in FI1G. 8 is divided into two
stages as well.

A First Stage: Compensating Stage

In the compensating stage, the scan signal Vscan is at a
high level and the control signal EM is at a low level, and the
pixel circuit shown in FIG. 8 can be equivalent to the circuit
structure shown in FIG. 9. Combining FIG. 8 and FIG. 9, the
first switching transistor T1 and the fourth switching transis-
tor T4 are N-type TFTs, and they are turned on as the scan
signal Vscan input to the gates of the first switching transistor
T1 and the fourth switching transistor T4 is at the high level.
Meanwhile, the second switching transistor T2 and the fifth
switching transistor T5 are also N-type TFTs, and are turned
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off as the control signal EM input to the gates of the second
switching transistor T2 and the fifth switching transistor T5 is
at the low level.

Particularly, when the fourth switching transistor T4 is
turned on, the light-emitting device OLED is shorted by the
fourth switching transistor T4 being on. Therefore, different
from the embodiment shown in FIG. 1, in the present embodi-
ment, no current flows through the light-emitting device
OLED during this stage and the light-emitting device OLED
does not emit light. When the first switching transistor T1 is
turned on, the data signal Vdata is input to the gate of the
driving transistor DTFT via the first switching transistor T1,
and charges the storage capacitor Cst to make sure that the
data signal Vdata input to the gate of the driving transistor
DTFT is maintained.

After the completion of charging, a voltage VA at point A is
the data signal Vdata,

that is, VA=Vdata O]

avoltage VB at point B is a value obtained by subtracting

a threshold voltage Vth3 of the compensating transistor T3
from the power supply voltage VDD,

that is, VB=VDD-Vik3 (10)

s0, the voltage across the two plates of the storage capacitor
Cstis:

VAB=VA-VB
= Vdara— (VDD - Vil3)
= Vdata— VDD + Vi3

an

At this time, the second switching transistor T2 discon-
nects the storage capacitor Cst from the power supply VDD
due to the low level of the input control signal EM, so as to
make sure that the compensating transistor T3 is forward
conductive. The fifth switching transistor T5 disconnects the
driving transistor DTFT from the ground GND due to the low
level of the input control signal EM, so as to avoid the loss of
the data signal Vdata input to the gate of the driving transistor
DTFT via the connection between the fifth switching transis-
tor T5 and the ground GND.

A Second Stage: A Stage for Switching to Light Emission

In the stage for switching to light emission, the scan signal
Vscan is at a low level and the control signal EM is at a high
level. At this time, the pixel circuit shown in FIG. 8 can be
equivalent to that shown in FIG. 10.

Combining FIG. 8 and FIG. 10, the first switching transis-
tor T1 s turned off due to the low level of the input scan signal
Vscan, so that the gate of the driving transistor DTFT and the
source of the first switching transistor T1 (i.e., the input
terminal of the data signal Vdata) are separated from each
other, and thus the driving transistor DTFT drives the light-
emitting device OLED without being affected by the varia-
tion of the signal of the source of the first switching transistor
T1. Meanwhile, the fourth switching transistor T4 is turned
off due to the low level of the input scan signal Vscan, and the
light-emitting device OLED is no longer shorted, so that the
light-emitting device OLED is driven to emit light.

Meanwhile, the upper plate of the storage capacitor Cst is
directly connected to the power supply VDD since the second
switching transistor T2 is turned on due to the high level of the
control signal EM, which makes the voltage VB at point B
Jump to VDD instantaneously. It can be known from the
principles of physics, the voltage across the two plates of the
storage capacitor Cst cannot change instantaneously, and thus
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the above equation (11) still stands when the voltage VB at
point B just jumps to VDD. So, the voltage VA at point A
equals to a sum of the voltage VB at point B and the voltage
VAB across point A and point B, that is,

VA=VB+VAB (12)
= VDD + (Vdata— VDD + Vih3)
= Vdata+ Vith3

Meanwhile, the source of the driving transistor DTFT is
directly connected to the ground GND since the fifth switch-
ing transistor T5 is turned on due to the high level of the
control signal EM. At this time, The driving transistor DTFT
begins to drive the light-emitting device OLED to emit light.
A gate-source voltage of the driving transistor DTFT is as
follows:

Vgs=VA-0=Vdata+Vith3 (13)

According to the equations (5) and (13), in the present

embodiment, the current flowing through the driving transis-
tor DTFT is as follows:

T=K(Vdata+Vih3-Vih) (14

Similar to the principle of the previously described
embodiments, when locations of the compensating transistor
T3 and the driving transistor DTFT are close, the threshold
voltage Vth3 of the compensating transistor T3 and the
threshold voltage Vth of the driving transistor DTFT are
almost the same, that is, Vth3—Vth=0. Then the equation (14)
can be represented as:

I=K-Vdata? 15)

wherein K has the same meaning as that in the previously
described embodiments and can be considered as a constant
herein. As such, the current flowing through the driving tran-
sistor DTFT only has a relation with the data signal Vdata and
independent of the threshold voltage Vth of the driving tran-
sistor DTFT, which avoids the variation in the current flowing
through the light-emitting device OLED caused by drift of the
threshold voltage of the driving transistor DTFT due to manu-
facturing process of the back-board or long-time operation
thereof, which effectively increases the evenness of the lumi-
nance of the light-emitting device OLED.

Moreover, in the present embodiment, the light-emitting
device OLED is shorted by the fourth switching transistor T4
in the compensating stage, that is, no current flows through
the light-emitting device OLED in the compensating stage
and the light-emitting device OLED does not emit light,
which avoids flicker of the light-emitting device OLED in the
compensating stage.

It should be noted that, although description is given with
taking OLED as an example in the present disclosure, the
light-emitting device provided in the embodiments of the
present disclosure may also be other light-emitting devices
capable of being driven by the pixel circuit in the embodi-
ments of the present disclosure, and thus is not limited in the
present disclosure.

It should be noted that, in the present embodiment, descrip-
tion is given to the case where the fourth switching transistor
T4 is added into the embodiment shown in FIG. 1, i.e., the
embodiment wherein all of the respective TFTs are N-type
TFTs, but the present disclosure is not limited thereto. In
other embodiments of the present disclosure, part or all of the
above respective N-type TFTs may be substituted by P-type
TFTs, if only the following conditions are satisfied: the com-



US 9,030,388 B2

15

pensating transistor T3 and the driving transistor DTFT being
TFTs of a same type, the fourth switching transistor T4 and
the first switching transistor T1 being TFTs of a same type,
and the second switching transistor T2 and the fifth switching
transistor T5 being TFTs of a same type. Here, TFTs of a same
type refers to TFTs of N-type or TFTs of P-type.

Corresponding to the previously described pixel circuit, as
shown in FIG. 11, in embodiments of the present disclosure,
there is provided a driving method of the pixel circuit includ-
ing the steps of:

S11, turning on the first switching transistor T1 and mean-
while turning off the second switching transistor T2 and the
fifth switching transistor T5, so that the data signal Vdata on
the data line charges the first plate of the storage capacitor Cst
via the first switching transistor T1 and the power supply
VDD charges the second plate of the storage capacitor Cst via
the light-emitting device OLED and the compensating tran-
sistor T3;

S12, turning off the first switching transistor T1 and mean-
while turning on the second switching transistor T2 and the
fifth switching transistor T5, so that the light-emitting device
OLED s driven to emit light by the current, supplied from the
power supply VDD, flowing through the light-emitting
device OLED, the driving transistor DTFT and the fifth
switching transistor T5 in turn.

In the driving method of the pixel circuit provided in the
embodiments of the present disclosure, the driving of the
pixel circuit is divided into two stages by controlling the
switching and the charging/discharging process of the circuit
with the compensating transistor T3, the storage capacitor
and a plurality of switching transistors, so that the driving
current of the driving transistor DTFT is independent of the
threshold voltage Vth of the driving transistor DTFT, which
compensates the variation in the current flowing through the
light-emitting device OLED caused by inconsistence or drift
of the threshold voltage Vth of the driving transistor DTFT,
and can effectively increase the evenness of the luminance of
the light-emitting device OLED.

Meanwhile, the threshold voltage Voth of the light-emit-
ting device such as OLED may be added to the voltage across
the gate and the second electrode of the driving transistor
DTFT in the stage for switching to light emission, which can
compensates the variation in the current flowing through the
light-emitting device OLED caused by the increase of the
threshold voltage of the light-emitting device OLED.

It should be noted that, in the present embodiment, the
light-emitting device is OLED, but the present disclosure is
not limited thereto. The light-emitting device may also be
other light-emitting devices capable of being driven by the
pixel circuit provided in the embodiments of the present
disclosure, and is not limited in the present disclosure.

Optionally, in one embodiment of the present disclosure,
the first switching transistor T1, the second switching tran-
sistor T2 and the fifth switching transistor T35 are N-type
TFTs, the first electrodes thereof are the drains and the second
electrodes thereof are the sources. For the step S11, the driv-
ing method of the pixel circuit provided in the embodiments
of the present disclosure can control the first switching tran-
sistor T1 to be turned on by inputting a high level through the
scan line to the gate of the first switching transistor T1, and
meanwhile control the second switching transistor T2 and the
fifth switching transistor T5 to be turned off by inputting alow
level through the control line to the gates of the second
switching transistor T2 and the fifth switching transistor T5.
Accordingly, for the step S12, the driving method of the pixel
circuit provided in the embodiments of the present disclosure
can control the first switching transistor T1 to be turned off by
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inputting a low level through the scan line to the gate of the
first switching transistor T1, and meanwhile control the sec-
ond switching transistor T2 and the fifth switching transistor
T5 to be turned on by inputting a high level through the
control line to the gates of the second switching transistor T2
and the fifth switching transistor T5.

Optionally, in another embodiment of the present disclo-
sure, the first switching transistor T1 is an N-type TFT, the
first electrode thereof is the drain and the second electrode
thereof is the source; the second switching transistor T2 and
the fifth switching transistor T5 are P-type TFTs, the first
electrodes thereof are the sources and the second electrodes
thereof are the drains. For the step S11, the driving method of
the pixel circuit provided in the embodiments of the present
disclosure can control the first switching transistor T1 to be
turned on by inputting a high level through the scan line to the
gate of the first switching transistor T1, and meanwhile con-
trol the second switching transistor T2 and the fifth switching
transistor T5 to be turned off by inputting a high level through
the control line to the gates of the second switching transistor
T2 and the fifth switching transistor T5. Accordingly, for the
step S12, the driving method of the pixel circuit provided in
the embodiments of the present disclosure can control the first
switching transistor T1 to be turned off by inputting a low
level through the scan line to the gate of the first switching
transistor T1, and meanwhile control the second switching
transistor T2 and the fifth switching transistor T5 to be turned
on by inputting a low level through the control line to the gates
of the second switching transistor T2 and the fifth switching
transistor T5.

Optionally, in another embodiment of the present disclo-
sure, the first switching transistor T1 is a P-type TFT, the first
electrode thereof is the source and the second electrode
thereof is the drain; both the second switching transistor T2
and the fifth switching transistor T5 are N-type TFTs, the first
electrodes thereof are the drains and the second electrodes
thereof are the sources.

For the step S11, the driving method of the pixel circuit
provided in the embodiments of the present disclosure can
control the first switching transistor T1 to be turned on by
inputting a low level through the scan line to the gate of the
first switching transistor T1, and meanwhile control the sec-
ond switching transistor T2 and the fifth switching transistor
T5to be turned off by inputting a low level through the control
line to the gates of the second switching transistor T2 and the
fifth switching transistor T5. Accordingly, for the step S12,
the driving method of the pixel circuit provided in the
embodiments of the present disclosure can control the first
switching transistor T1 to be turned off by inputting a high
level through the scan line to the gate of the first switching
transistor T1, and meanwhile control the second switching
transistor T2 and the fifth switching transistor T5 to be turned
on by inputting a high level through the control line to the
gates of the second switching transistor T2 and the fifth
switching transistor T5.

Optionally, in another embodiment of the present disclo-
sure, the first switching transistor T1, the second switching
transistor T2 and the fifth switching transistor T5 are P-type
TFTs. For the step S11, the driving method of the pixel circuit
provided in the embodiments of the present disclosure can
control the first switching transistor T1 to be turned on by
inputting a low level through the scan line to the gate of the
first switching transistor T1, and meanwhile control the sec-
ond switching transistor T2 and the fifth switching transistor
T5 to be turned off by inputting a high level through the
control line to the gates of the second switching transistor T2
and the fifth switching transistor T5. Accordingly, for the step
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S12, the driving method of the pixel circuit provided in the
embodiments of the present disclosure can control the first
switching transistor T1 to be turned off by inputting a high
level through the scan line to the gate of the first switching
transistor T1, and meanwhile control the second switching
transistor T2 and the fifth switching transistor T5 to be turned
on by inputting a low level through the control line to the gates
of the second switching transistor T2 and the fifth switching
transistor T5.

Furthermore, in another embodiment of the present disclo-
sure, in the step S11, turning on the first switching transistor
T1 may further include turning on the first switching transis-
tor T1 and the fourth switching transistor T4 simultaneously.

Particularly, in the step S11, turning on the first switching
transistor T1 and the fourth switching transistor T4 simulta-
neously, and meanwhile turning off the second switching
transistor T2 and the fifth switching transistor T5, makes the
data line (i.e., the data line where the data signal Vdata is
located) charge the first plate of the storage capacitor Cst via
the first switching transistor T1 and the power supply VDD
charge the second plate of the storage capacitor Cst via the
fourth switching transistor T4 and the compensating transis-
tor T3.

Accordingly, in the step S12, turning off the first switching
transistor T1 may further include turning off the first switch-
ing transistor T1 and the fourth switching transistor 14 simul-
taneously. Particularly, in the step S12, turning off the first
switching transistor T1 and the fourth switching transistor T4
simultaneously and meanwhile turning on the second switch-
ing transistor T2 and the fifth switching transistor T5, makes
the light-emitting device OLED be driven to emit light by the
current, supplied from the power supply VDD, flowing
through the light-emitting device OLED, the driving transis-
tor DTFT and the fifth switching transistor T5 in turn.

The gate of the fourth switching transistor T4 is connected
to the scan line, the first electrode of the fourth switching
transistor T4 is connected to the first electrode of the second
switching transistor T2, and the second electrode of the fourth
switching transistor T4 is connected to the first electrode of
the driving transistor DTFT, and the fourth switching transis-
tor T4 and the first switching transistor T1 are of the same
type.

The fourth switching transistor T4 and the first switching
transistor T1 are turned on or off simultaneously since they
are controlled by the scan signal Vscan. In the present
embodiment, for the principle and detailed process for turn-
ing on or off the fourth switching transistor T4 and the first
switching transistor T1, please refer to the description of the
previously described embodiments of the present disclosure,
and repeated description will be emitted.

In the present embodiment, the light-emitting device
OLED is shorted by the turned-on fourth switching transistor
T4 in the compensating stage, that is, no current flows through
the light-emitting device OLED in the compensating stage
and the light-emitting device OLED does not emit light,
which avoids flicker of the light-emitting device OLED in the
compensating stage.

Accordingly, the present disclosure further provides a dis-
play apparatus including any of the pixel circuits provided in
the previous embodiments and thus having the advantageous
technical effect achieved by the pixel circuits provided by the
embodiments of the present disclosure. The pixel circuits and
the advantageous technical effect thereofhave been explained
above, and thus repeated description will be emitted.
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computer program. The associated computer program can be
stored in a computer readable storage medium, and, when
being executed, performs the steps of the above method/
process embodiments. The storage medium can include any
kind of medium capable of storing program codes such as
ROM. RAM, magnetic disc, optical disc, etc.

The above descriptions are only for illustrating the embodi-
ments of the present disclosure, and in no way limit the scope
of the present disclosure. It will be obvious that those skilled
in the art may make modifications, variations and equiva-
lences to the above embodiments without departing from the
spirit and scope of the present disclosure as defined by the
following claims. Such variations and modifications are
intended to be included within the spirit and scope of the
present disclosure. The protection scope of the present dis-
closure should be defined by the attached claims.

What is claimed is:

1. A pixel circuit comprising:

a light-emitting device, a driving transistor, a storage
capacitor, a first switching transistor, a second switching
transistor, a compensating transistor and a fifth switch-
ing transistor,

wherein each of the driving transistor, the first switching
transistor, the second switching transistor, the compen-
sating transistor and the fifth switching transistor com-
prises a gate, a first electrode and a second electrode;

one terminal of the light-emitting device is connected to a
power supply;

the first electrode of the driving transistor is connected to
another terminal of the light-emitting device, the second
electrode of the driving transistor is connected to the first
electrode of the fifth switching transistor, and the gate of
the driving transistor is connected to the first electrode of
the first switching transistor;

the second electrode of the first switching transistor is
connected to a data line, the gate of the first switching
transistor is connected to a scan line, and the first elec-
trode of the first switching transistor is connected to the
gate of the driving transistor;

the gate of the second switching transistor is connected to
a control line, the first electrode of the second switching
transistor is connected to the power supply, and the
second electrode of the second switching transistor is
connected to the second electrode of the compensating
transistor;

the first electrode of the compensating transistor is con-
nected to the first electrode of the driving transistor, the
second electrode of the compensating transistor is con-
nected to the second electrode of the second switching
transistor, and the gate of the compensating transistor is
connected to the first or second electrode of the compen-
sating transistor;

the gate of the fifth switching transistor is connected to the
control line, the first electrode of the fifth switching
transistor is connected to the second electrode of the
driving transistor, and the second electrode of the fifth
switching transistor is connected to ground; and

a first plate of the storage capacitor is connected to the gate
of the driving transistor, and a second plate of the storage
capacitor is connected to the second electrode of the
compensating transistor.

2. The pixel circuit according to claim 1, further compris-

ing: a fourth switching transistor, wherein a gate of the fourth

Those skilled in the art can understand that all or part of 65 switching transistor is connected to the scan line, a first elec-

steps in the above method/process embodiments can be
implemented through hardware instructed by associated

trode of the fourth switching transistor is connected to the first
electrode of the second switching transistor and a second
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electrode of the fourth switching transistor is connected to the
first electrode of the driving transistor,

wherein the fourth switching transistor and the first switch-

ing transistor are of the same type.

3. The pixel circuit according to claim 1, wherein

the driving transistor and the compensating transistor are

N-type Thin Film Transistors (TFTs), the first electrodes
of the driving transistor and the compensating transistor
are the drains and the second electrodes of the driving
transistor and the compensating transistor are the
sources; and the gate and the first electrode of the com-
pensating transistor are connected to each other; or

the driving transistor and the compensating transistor are

P-type TFTs, the first electrodes of the driving transistor
and the compensating transistor are the sources and the
second electrodes of the driving transistor and the com-
pensating transistor are the drains; and the gate and the
second electrode of the compensating transistor are con-
nected to each other.

4. The pixel circuit according to claim 1, wherein

the second switching transistor and the fifth switching tran-

sistor are N-type TFTs, the first electrodes of the second
switching transistor and the fifth switching transistor are
the drains and the second electrodes of the second
switching transistor and the fifth switching transistor are
the sources; or

the second switching transistor and the fifth switching tran-

sistor are P-type TFTs, the first electrodes of the second
switching transistor and the fifth switching transistor are
the sources and the second electrodes of the second
switching transistor and the fifth switching transistor are
the drains.

5. The pixel circuit according to claim 1, wherein

the first switching transistor is an N-type TFT, the first

electrode of the first switching transistor is the drain and
the second electrode of the first switching transistor is
the source; or

the first switching transistor is a P-type TFT, the first elec-

trode of the first switching transistor is the source and the
second electrode of the first switching transistor is the
drain.

6. The pixel circuit according to claim 1, wherein the
light-emitting device is an Organic Light-Emitting Diode.

7. A method comprising providing a pixel circuit having a
light-emitting device, a driving transistor, a storage capacitor,
a first switching transistor, a second switching transistor, a
compensating transistor, a fourth switching transistor and a
fifth switching transistor, wherein each of the driving transis-
tor, the first switching transistor, the second switching tran-
sistor, the compensating transistor, the fourth switching tran-
sistor and the fifth switching transistor comprises a gate, a
first electrode and a second electrode; one terminal of the
light-emitting device is connected to a power supply; the first
electrode of the driving transistor is connected to another
terminal of the light-emitting device, the second electrode of
the driving transistor is connected to the first electrode of the
fifth switching transistor, and the gate of the driving transistor
is connected to the first electrode of the first switching tran-
sistor; the second electrode of the first switching transistor is
connected to a data line, the gate of the first switching tran-
sistor is connected to a scan line, and the first electrode of the
first switching transistor is connected to the gate of the driving
transistor; the gate of the second switching transistor is con-
nected to a control line, the first electrode of the second
switching transistor is connected to the power supply, and the
second electrode of the second switching transistor is con-
nected to the second electrode of the compensating transistor;
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the first electrode of the compensating transistor is connected
to the first electrode of the driving transistor, the second
electrode of the compensating transistor is connected to the
second electrode of the second switching transistor, and the
gate of the compensating transistor is connected to the first or
second electrode of the compensating transistor; the gate of
the fifth switching transistor is connected to the control line,
the first electrode of the fifth switching transistor is connected
to the second electrode of the driving transistor, and the
second electrode of the fifth switching transistor is connected
to ground; the gate of the fourth switching transistor is con-
nected to the scan line, the first electrode of the fourth switch-
ing transistor is connected to the first electrode of the second
switching transistor, and the second electrode of the fourth
switching transistor is connected to the first electrode of the
driving transistor; a first plate of the storage capacitor is
connected to the gate of the driving transistor, and a second
plate of the storage capacitor is connected to the second
electrode of the compensating transistor;

turning on the first switching transistor and meanwhile

turning off the second switching transistor and the fifth
switching transistor, so that the data signal on the data
line charges the first plate of the storage capacitor via the
first switching transistor and the power supply charges
the second plate of the storage capacitor via the light-
emitting device and the compensating transistor; and

turning off the first switching transistor and meanwhile

8.

turning on the second switching transistor and the fifth
switching transistor, so that the light-emitting device is
driven to emit light by the current, supplied from the
power supply, flowing through the light-emitting device,
the driving transistor and the fifth switching transistor in
turn.

The method according to claim 7, wherein

the step of turning on the first switching transistor and

meanwhile turning off the second switching transistor
and the fifth switching transistor, so that the data signal
on the data line charges the first plate of the storage
capacitor via the first switching transistor and the power
supply charges the second plate of the storage capacitor
via the light-emitting device and the compensating tran-
sistor comprises:

turning on the first switching transistor and the fourth

switching transistor simultaneously and meanwhile
turning off the second switching transistor and the fifth
switching transistor, so that the data line charges the first
plate of the storage capacitor via the first switching
transistor and the power supply charges the second plate
of the storage capacitor via the fourth switching transis-
tor and the compensating transistor; and

the step of turning off the first switching transistor and

meanwhile turning on the second switching transistor
and the fifth switching transistor, so that the light-emit-
ting device is driven to emit light by the current, supplied
from the power supply, flowing through the light-emit-
ting device, the driving transistor and the fifth switching
transistor in turn comprises:

turning off the first switching transistor and the fourth

switching transistor simultaneously and meanwhile
turning on the second switching transistor and the fifth
switching transistor, so that the light-emitting device is
driven to emit light by the current, supplied from the
power supply, flowing through the light-emitting device,
the driving transistor and the fifth switching transistor in
turn,

wherein a gate of the fourth switching transistor is con-

nected to the scan line, a first electrode of the fourth
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switching transistor is connected to the first electrode of
the second switching transistor and a second electrode of
the fourth switching transistor is connected to the first
electrode of the driving transistor,

wherein the fourth switching transistor and the first switch-
ing transistor are of the same type.

9. The method according to claim 7, wherein

the first switching transistor is an N-type Thin Film Tran-
sistor (TFT), the first electrode of the first switching
transistor is the drain and the second electrode of the first
switching transistor is the source;

the second switching transistor and the fifth switching tran-
sistor are N-type TFTs, the first electrodes of the second
switching transistor and the fifth switching transistor are
the drains and the second electrodes of the second
switching transistor and the fifth switching transistor are
the sources;

wherein the step of turning on the first switching transistor
and meanwhile turning off the second switching transis-
tor and the fifth switching transistor comprises:

turning on the first switching transistor by inputting a high
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning off the second
switching transistor and the fifth switching transistor by
inputting a low level through the control line to the gates
of the second switching transistor and the fifth switching
transistor;

wherein the step of turning off'the first switching transistor
and meanwhile turning on the second switching transis-
tor and the fifth switching transistor comprises:

turning off the first switching transistor by inputting a low
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning on the second
switching transistor and the fifth switching transistor by
inputting a high level through the control line to the gates
ofthe second switching transistor and the fifth switching
transistor.

10. The method according to claim 7, wherein

the first switching transistor is an N-type Thin Film Tran-
sistor TFT, the first electrode of the first switching tran-
sistor is the drain and the second electrode of the first
switching transistor is the source;

the second switching transistor and the fifth switching tran-
sistor are P-type TFTs, the first electrodes of the second
switching transistor and the fifth switching transistor are
the sources and the second electrodes of the second
switching transistor and the fifth switching transistor are
the drains;

wherein the step of turning on the first switching transistor
and meanwhile turning off the second switching transis-
tor and the fifth switching transistor comprises:

turning on the first switching transistor by inputting a high
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning off the second
switching transistor and the fifth switching transistor by
inputting a high level through the control line to the gates
ofthe second switching transistor and the fifth switching
transistor;

wherein the step of turning off'the first switching transistor
and meanwhile turning on the second switching transis-
tor and the fifth switching transistor comprises:

turning off the first switching transistor by inputting a low
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning on the second
switching transistor and the fifth switching transistor by
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inputting a low level through the control line to the gates
of the second switching transistor and the fifth switching
transistor.

11. The method according to claim 7, wherein

the first switching transistor is a P-type Thin Film Transis-
tor TFT, the first electrode of the first switching transis-
tor is the source and the second electrode of the first
switching transistor is the drain;

the second switching transistor and the fifth switching tran-
sistor are N-type TFTs, the first electrodes of the second
switching transistor and the fifth switching transistor are
the drains and the second electrodes of the second
switching transistor and the fifth switching transistor are
the sources;

wherein the step of turning on the first switching transistor
and meanwhile turning off the second switching transis-
tor and the fifth switching transistor comprises:

turning on the first switching transistor by inputting a low
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning off the second
switching transistor and the fifth switching transistor by
inputting alow level through the control line to the gates
of the second switching transistor and the fifth switching
transistor;

wherein the step of turning off the first switching transistor
and meanwhile turning on the second switching transis-
tor and the fifth switching transistor comprises:

turning off the first switching transistor by inputting a high
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning on the second
switching transistor and the fifth switching transistor by
inputting a high level through the control line to the gates
of the second switching transistor and the fifth switching
transistor.

12. The method according to claim 7, wherein

the first switching transistor is a P-type Thin Film Transis-
tor (TFT), the first electrode of the first switching tran-
sistor is the source and the second electrode of the first
switching transistor is the drain;

the second switching transistor and the fifth switching tran-
sistor are P-type TFTs, the first electrodes of the second
switching transistor and the fifth switching transistor are
the sources and the second electrodes of the second
switching transistor and the fifth switching transistor are
the drains;

wherein the step of turning on the first switching transistor
and meanwhile turning off the second switching transis-
tor and the fifth switching transistor comprises:

turning on the first switching transistor by inputting a low
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning off the second
switching transistor and the fifth switching transistor by
inputting a high level through the control line to the gates
of the second switching transistor and the fifth switching
transistor;

wherein the step of turning off the first switching transistor
and meanwhile turning on the second switching transis-
tor and the fifth switching transistor comprises:

turning off the first switching transistor by inputting a high
level through the scan line to the gate of the first switch-
ing transistor, and meanwhile turning on the second
switching transistor and the fifth switching transistor by
inputting alow level through the control line to the gates
of the second switching transistor and the fifth switching
transistor.

13. A display apparatus comprising a pixel circuit having a

light-emitting device, a driving transistor, a storage capacitor,



US 9,030,388 B2

23

a first switching transistor, a second switching transistor, a
compensating transistor, a fourth switching transistor and a
fifth switching transistor, wherein each of the driving transis-
tor, the first switching transistor, the second switching tran-
sistor, the compensating transistor, the fourth switching tran-
sistor and the fifth switching transistor comprises a gate, a
first electrode and a second electrode; one terminal of the
light-emitting device is connected to a power supply; the first
electrode of the driving transistor is connected to another
terminal of the light-emitting device, the second electrode of
the driving transistor is connected to the first electrode of the
fifth switching transistor, and the gate of the driving transistor
is connected to the first electrode of the first switching tran-
sistor; the second electrode of the first switching transistor is
connected to a data line, the gate of the first switching tran-
sistor is connected to a scan line, and the first electrode of the
first switching transistor is connected to the gate of the driving
transistor; the gate of the second switching transistor is con-
nected to a control line, the first electrode of the second
switching transistor is connected to the power supply, and the
second electrode of the second switching transistor is con-

24

nected to the second electrode of the compensating transistor;
the first electrode of the compensating transistor is connected
to the first electrode of the driving transistor, the second
electrode of the compensating transistor is connected to the
second electrode of the second switching transistor, and the
gate of the compensating transistor is connected to the first or
second electrode of the compensating transistor; the gate of
the fifth switching transistor is connected to the control line,
the first electrode of the fifth switching transistor is connected
to the second electrode of the driving transistor, and the
second electrode of the fifth switching transistor is connected
to ground; the gate of the fourth switching transistor is con-
nected to the scan line, the first electrode of the fourth switch-
ing transistor is connected to the first electrode of the second
switching transistor, and the second electrode of the fourth
switching transistor is connected to the first electrode of the
driving transistor; a first plate of the storage capacitor is
connected to the gate of the driving transistor, and a second
plate of the storage capacitor is connected to the second
electrode of the compensating transistor.
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