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PIXEL UNIT CIRCUIT, COMPENSATING
METHOD THEREOF AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a field of display
technique, and particularly, to a pixel unit circuit, a compen-
sating method thereof and a display device.

BACKGROUND

[0002] As a current-type light-emitting device, Organic
Light-Emitting Diodes (OLED) have been widely used in
display devices with high performance. A traditional Passive
Matrix OLED requires a shorter driving time for a single pixel
as adisplay sizeincreases, therefore a transient current should
be increased and power consumption increases. Also, an
application of a great current may lead to an over-large volt-
age drop on lines of nanometer Indium Tin Oxides (ITO), and
cause an over-high operation voltage of the OLED, which
may in turn decrease its efficiency. As compared, an Active
Matrix OLED (AMOLED) may settle these problems perfec-
tively by scanning input OLED currents progressively by
means of switching transistors.

[0003] In adesign for an array substrate of the AMOLED,
a major problem needed to be settled is a non-uniformity in
brightness among pixel unit circuits.

[0004] Firstly, the AMOLED constructs the pixel unit cir-
cuit with Thin-Film Transistors (TFTs) to provide a corre-
sponding current to the OLED device. In the prior art, Low
Temperature Poly-Silion TFTs (LTPS TFTs) or Oxide TFTs
are generally used. As compared with a general amorphous-Si
TFT, the LTPS TFT and the Oxide TFT have ahigher mobility
and a better stability, and is more suitable to be applied to the
AMOLED display. However, because of the limitation of the
crystallization process, there is a disadvantage of non-unifor-
mity in electric parameters such as threshold voltages, the
mobility and the like while manufacturing LTPS TFTs on a
glass substrate with a large area. Such non-uniformity may be
transformed as a current difference and a brightness differ-
ence among the OLED display devices, and be perceived by
viewer, which is called as a Mura phenomenon. The Oxide
TFT has a good uniformity in the process, but similar to the
a-31 TFT, the threshold voltage of the Oxide TFT would drift
when a voltage is applied for a long time and under a high
temperature. Amounts of the drift in the thresholds of the
TFTs in respective parts on a panel would be different
because displayed contents are different, which may lead to
difference in the display brightness. Because such difference
relates to an image displayed previously, it is generally shown
as an image sticking phenomenon.

[0005] Secondly, in the display application with a large
size, a power supply voltage at a region close to a supply
position of an ARVDD power supply is higher as compared
with that at a region far away from the power position in the
array substrate, because power lines on the array substrate
have certain resistances and the driving current for all pixels
are provided by the power supply (ARVDD), and such phe-
nomenon is called as power supply drop (IR Drop). The IR
Drop may also lead to the current differences among the
different regions and in turn generate the Mura phenomenon
as display, since the voltage of the ARVDD power supply is
associated with the current. The LTPS process constructing
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the pixel unit with P-Type TFTs is sensitive to this problem
especially, because its storage capacitor is connected between
the ARVDD and gates of the driving transistors TFTs, and a
gate-source voltage Vgs of the driving transistor TFT would
be affected directly when the voltage of the ARVDD changes.

[0006] Thirdly, the OLED device may also cause the non-
uniformity in the electric performance because of a non-
uniformity in thicknesses of a mask during an evaporation
process. For the a-Si or Oxide TFT process constructing the
pixel unit with N-Type TFTs, its storage capacitor is con-
nected between a gate of a driving transistor TFT and an
anode of the OLED, and the gate-source voltages Vgs applied
to the driving transistors TFT would be different actually if
the voltages at the anodes of the respective OLEDs are dif-
ferent when a data voltage is transferred to the gates of the
respective driving transistors TFTs, such that the different
driving currents may cause the difference in the display
brightness.

[0007] The AMOLED may be divided into three categories
based on the driving types: a digital type, a current type and a
voltage type. The digital type driving method may implement
gray scales by a manner of controlling driving timing with the
TFTs as switches without compensating the non-uniformity,
but its operation frequency would increase doubled and
redoubled as the display size grows, which leads to a great
power consumption, and reach a physical limitation of the
design within a certain range, therefore it is not suitable for
the display application with the large size. The current type
driving method may implement the gray scales by a manner
of providing the driving transistors TFTs with currents having
different values directly, and may compensate the non-uni-
formity of'the driving transistors TFTs and the IR drop better,
but when a signal having a low gray scale is written, a over-
long writing time may be raised because a small current
charges a big parasitic capacitor on a data line. Such problem
is especially serious and even can not be overcome in the
display with the large size. The voltage type driving method is
similar to a driving method for the traditional Active Matrix
Liquid Crystal Display (AMLCD) and provides a voltage
signal representing the gray scale by a driving IC, and the
voltage signal may be transformed to a current signal for the
driving transistors inside the pixel circuit so as to drive the
OLED to realize the luminance gray scales. Such method has
advantages of a quick driving speed and simple implementa-
tion, which is suitable for driving the panel with the large size
and widely used in industry, however it needs to design addi-
tional TFTs and capacitor devices to compensate the non-
uniformity among the driving transistors TFTs, the IR Drop
and the non-uniformity of OLEDs.

[0008] FIG. 1 illustrates a pixel unit circuit in the prior art.
As illustrated in FIG. 1, the pixel unit circuit comprises two
thin film transistors T2 and T1, and one capacitor C. The pixel
unit circuitillustrated in FIG. 1is a typical structure for a pixel
circuit of a voltage driving type (2T1C). Wherein the thin film
transistor T2 operates as a switching transistor, transfers a
voltage on a data line to a gate of the thin film transistor T1,
which operates as a driving transistor, and the driving tran-
sistor transforms the data voltage to a corresponding current
to be supplied to an OLED device. The driving transistor T1
should be in a saturation zone when it operates normally, and
provide a constant current during a scanning period for one
row. The current may be expressed as follows:
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[0009] Wherein p,is a mobility of cartiers, C 18 a capaci-
tance value of a capacitor in an oxide layer at the gate,

w
L

is a width-length ratio of the transistor, V., is a signal volt-
age on the data line, V5, is an operation voltage of the
OLED, V,,, is a threshold voltage of the driving transistor
TFT, which is a positive value for an enhanced TFT and is a
negative value for a depletion TFT. It can be seen from the
above equation that the currents would be different if the V
is different among the different pixel units. If the V,, of the
driving transistor TFT in a pixel unit drifts as time elapses, the
currents before and after drifting would be different and the
image sticking may occur. Also, the difference in the current
may be also caused by difference in the operation voltages of
the OLEDs because of a non-uniformity in the OLED
devices.

[0010] There are many pixel structures for compensating
the non-uniformity of the V,;,,,, the drift of the V,,,, and the
non-uniformity of the OLEDs, and they may be divided into
two classes, an internal compensation and an external com-
pensation, generally. The internal compensation is a compen-
sation manner for, inside a pixel, storing information on the
threshold voltage of the driving transistor TFT in the pixel
with TFTs and a capacitor and feeding back the same to a bias
voltage Vgs of the driving transistor TFT, and FIG. 2a is a
pixel unit circuit constituted by enhanced TFTs with the
internal compensation manner in the prior art, while FIG. 25
is a pixel unit circuit constituted by depletion TFTs with the
internal compensation manner in the prior art. As illustrated
in FIGS. 2a and 25, the pixel unit circuit with the internal
compensation manner in the prior art comprises a driving
transistor, which is a thin film transistor, a gate and a source of
the driving transistor are connected with each other, a drain of
the driving transistor is connected with an anode of an OLED,
and a cathode of the OLED is connected with a second power
supply voltage ELVSS. Such structure is only applicable to
the enhanced TFT, but for the depletion TFT, the TFT is still
turned on when a voltage at the gate of the TFT is 0, therefore
the voltage stored through the TFT would not include any
information on the V,,,, such that the non-uniformity in the
V ,;,,, can not be compensated.

[0011] Another compensation manner is the external com-
pensation, that is, its compensation manner is as follows: [-V
characteristics of the driving transistor and [-V characteristics
of the light-emitting device are read to an external sensing
circuit by TFTs inside the pixel, driving voltage value
required to be compensated is calculated and fed back to a
chip in a driving panel. FIG. 3 is a pixel unit circuit with the
external compensation manner in the prior art. As illustrated
in FIG. 3, the pixel unit circuit with the external compensation
manner in the prior art comprises: an Active Matrix Organic
Light-Emitting Diode (AMOLED), a display row selector, a
sensor row selector, a column readout, an image processing
LSI, an Analog-Digital Convertor (ADC) and an ASIC Pro-
cessor (AP). Wherein the ASIC Processor (AP) provides dis-
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play data to the image processing LSI, the AMOLED com-
prises an array of pixel unit circuits and reads out the currents
or voltages of the respective pixel unit circuits by the column
readout. As illustrated in FIG. 3, a triangle frame between the
column readout and the ADC represents an amplifving and
compensating circuit. Given a data voltage as a reference
voltage, when the voltage flowing out from the column read-
out is smaller than the reference voltage, it indicates that the
voltage of the pixel unit circuit at this position is needed to be
compensated, and the voltage from the column readout is
compensated by the amplifying and compensating circuit, so
that the voltage or current of the driving transistor and/or the
OLED device in the corresponding pixel unit circuit may be
compensated.

[0012] The internal compensation and the external com-
pensation have their own advantages and disadvantages. Gen-
erally, the internal compensation may only compensate the
non-uniformity and the drifts of the threshold voltages of the
driving transistor TFTs under limitations of a limited space
and a circuit structure, while the external compensation may
compensate the non-uniformity in the threshold voltages and
the non-uniformity in the mobility of the driving transistor
TFTs, and may also compensate some nonideal factors such
as an ageing of the OLED, by implementing complex algo-
rithm by means of the external integrated circuit chip(s).
However, a compensation range of the external compensation
is limited, its compensating voltage can not exceed a maxi-
mum range for voltage on the data line (DATA), while an
internal driving voltage obtained by the internal compensa-
tion circuit may exceed the maximum range for the voltage on
the data line. If the internal compensation and the external
compensation may be combined with each other, their advan-
tages may be acquired together.

SUMMARY

[0013] The present disclosure provides a pixel unit circuit,
a compensating method thereof and a display device, which
may settle a problem in the pixel unit circuit of the prior art
that an internal compensation and an external compensation
can not to be combined, may settle a problem of non-unifor-
mity in threshold voltages of driving transistors of light-
emitting devices and the corresponding pixel unit circuits
occurred when a compensation is performed, and may have
an extraction function for circuit characteristics of the driving
transistors and the light-emitting devices so as to help imple-
mentation of the external compensation and realize an object
for eliminating the Mura phenomenon in the display device
finally.

[0014] In embodiments of the present disclosure, there is
provided a pixel unit circuit comprising a driving transistor, a
first transistor, a second transistor, a third transistor, a fourth
transistor, a storage capacitor and a light-emitting device,
wherein,

[0015] a drain of the driving transistor is connected with a
source of the fourth transistor, a source thereof is connected
with a drain of the third transistor, and a gate thereof is
connected with a first terminal of the storage capacitor and a
source of the first transistor;

[0016] a drain of the first transistor is connected with the
source of the fourth transistor, the source thereof is connected
with the gate of the driving transistor, and a gate thereof is
connected with a scan control signal line;

[0017] a drain of the second transistor is connected with a
data line, a source thereof is connected with the source of the
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driving transistor and the drain of the third transistor, and a
gate thereof is connected with the scan control signal line;
[0018] the drain of the third transistor is connected with the
source of the driving transistor, a source thereof is connected
with an anode of the light-emitting device, and a gate thereof
is connected with a light-emitting control signal line;

[0019] a drain of the fourth transistor is connected with a
first power supply voltage, the source thereof is connected
with the drain of the driving transistor and the drain of the first
transistor, and a gate thereof'is connected with a pre-charging
control signal line;

[0020] the first terminal of the storage capacitor is con-
nected with the gate of the driving transistor, and a second
terminal thereof is connected with the first power supply
voltage;

[0021] a cathode of the light-emitting device is connected
with a second power supply voltage.

[0022] Further, in the pixel unit circuit according to the
embodiments of the present disclosure, the light-emitting
device is an Organic Light-Emitting Diode device.

[0023] Further, in the embodiments of the present disclo-
sure, there is further provided a compensating method for the
pixel unit circuit, comprising:

[0024] selecting a compensation manner according to an
operation stage of a light-emitting device, wherein the com-
pensation manner comprises an internal compensation man-
ner and an external compensation manner;

[0025] compensating the light-emitting device with the
internal compensation manuer, if the light-emitting device is
in an operation stage for light-emitting normally; and
[0026] compensating the light-emitting device with the
external compensation manner, if the light-emitting device is
in an operation stage of a panel reset or an operation stage of
an idle display between frames or rows.

[0027] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said compensating the light-emitting device with
the internal compensation manner further comprises:

[0028] pre-charging the driving transistor;

[0029] performing a voltage compensation or a current
compensation on the driving transistor; and

[0030] performing a voltage compensation or a current
compensation on the light-emitting device, in order to remain
the light-emitting device to emit light.

[0031] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said pre-charging the driving transistor further
comprises:

[0032] setting a light-emitting control signal as a low level
to turn off the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor; setting a
scan control signal as a high level to turn on the first transistor
and the second transistor; and making a voltage at the source
of the driving transistor be a voltage V., on the data line.
[0033] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said performing a voltage compensation or a cur-
rent compensation on the driving transistor further com-
prises:

[0034] setting a light-emitting control signal as a low level
to turn off the third transistor; setting a pre-charging control
signal as a low level to turn off the fourth transistor; setting a
scan control signal as a high level to turn on the first transistor
and the second transistor; and making a voltage at the gate of
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the driving transistor be V,,..,+V,,,,, wherein V., is the
voltage on the data line, and V,,, is a threshold voltage of the
driving transistor.

[0035] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said performing a voltage compensation or a cut-
rent compensation on the light-emitting device in order to
remain the light-emitting device to emit light further com-
prises:

[0036] setting a light-emitting control signal as a high level
to turn on the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor; setting a
scan control signal as a low level to turn off the first transistor
and the second transistor; and making a current 1 ; -, input to
the light-emitting device through the driving transistor be:

lorep = 3 “tnCox - T [Vpars — Vorenls

[0037] wherein is a mobility of carriers, C,y is a capaci-
tance value of the storage capacitor in an oxide layer at the
gate,

w
L

is a width-length ratio of the driving transistor, V., is a
voltage on the data line, V; -5, 1s an anode voltage of the
light-emitting device.

[0038] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said compensating the light-emitting device with
the external compensation manner further comprises:

[0039] extracting a current from the driving transistor;
[0040] extracting a current from the light-emitting device;
and

[0041] detecting the current extracted from the driving tran-

sistor or the light-emitting device, and performing a voltage
compensation or a current compensation on the light-emitting
device according to a value of the detected current.

[0042] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said extracting a current from the driving transis-
tor further comprises:

[0043] setting a light-emitting control signal as a low level
to turn off the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor; setting a
scan control signal as a high level to turn on the first transistor
and the second transistor; and enabling a current of the driv-
ing transistor to be input to the data line while shielding a
current of the light-emitting device from being input to the
data line.

[0044] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, said extracting a current from the light-emitting
device further comprises:

[0045] setting a light-emitting control signal as a high level
to turn on the third transistor; setting a pre-charging control
signal as a low level to turn off the fourth transistor; setting a
scan control signal as a high level to turn on the first transistor
and the second transistor; and enabling a current of the light-
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emitting device to be input to the data line while shielding a
current of the driving transistor from being input to the data
line.

[0046] Further, in the compensating method for the pixel
unit circuit according to the embodiments of the present dis-
closure, the light-emitting device is an Organic Light-Emit-
ting Diode device.

[0047] Inthe embodiments of the present disclosure, there
is further provided a display device comprising the pixel unit
circuit according to the embodiments of the present disclo-
sure.

[0048] With the pixel unit circuit, the compensating
method thereof and the display device according to the
embodiments of the present disclosure, following benefit
effects may be acquired.

[0049] First, the pixel unit circuit and the compensating
method thereof according to the embodiments of the present
disclosure may compensate the OLED device by combining
the internal compensation and the external compensation, and
have advantages of both the internal compensation and the
external compensation. The Mura phenomenon caused by the
non-uniformity in the threshold voltages or their drifts in the
N-type depletion or enhanced driving transistor TFT may be
eliminated effectively by the internal compensation, which
may enhance a display effect. Additionally, the pixel unit
circuit and the compensating method thereof according to the
embodiments of the present disclosure may have a function
for extracting characteristics of the driving TFT and charac-
teristics of the OLED, which may be applicable to the external
compensation driving effectively.

[0050] Second, the pixel unit circuit and the compensating
method thereof according to the embodiments of the present
disclosure may compensate a current difference among dif-
ferent regions caused by the IR drop and enhance the display
effect.

[0051] Third, the display device according to the embodi-
ments of the present disclosure may further eliminate the
Mura phenomenon and enhance the display effect on the
display device by utilizing the pixel unit circuit according to
the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIG. 1 is a pixel unit circuit in the prior art;

[0053] FIG. 2 is a pixel unit circuit with an internal com-
pensation manner in the prior art;

[0054] FIG. 3 is a pixel unit circuit with an external com-
pensation manner in the prior art;

[0055] FIG. 4 is a circuit diagram illustrating a pixel unit
circuit according to embodiments of the present disclosure;
[0056] FIG. 5 is a flowchart illustrating a compensating
method for the pixel unit circuit according to the embodi-
ments of the present disclosure;

[0057] FIG. 6 is a flowchart illustrating the compensating
method for the pixel unit circuit under the internal compen-
sation manner according to the embodiments of the present
disclosure;

[0058] FIG. 7 is an equivalent circuit diagram illustrating
the pixel unit circuit under the internal compensation manner
according to the embodiments of the present disclosure;
[0059] FIG. 8 is a control signal timing diagram of the
compensating method for the pixel unit circuit under the
internal compensation manner according to the embodiments
of the present disclosure;

Nov. 26, 2015

[0060] FIG. 9 is a flowchart illustrating the compensating
method for the pixel unit circuit under the external compen-
sation manner according to the embodiments of the present
disclosure;

[0061] FIG. 10 is an equivalent circuit diagram illustrating
the pixel unit circuit under the external compensation marner
according to the embodiments of the present disclosure; and
[0062] FIG. 11 is a control signal timing diagram of the
compensating method for the pixel unit circuit under the
external compensation manner according to the embodiments
of the present disclosure.

DETAILED DESCRIPTION

[0063] In order to understand the present disclosure better,
the present disclosure would be described below in connec-
tion with accompanying drawings and embodiments of the
present disclosure.

[0064] A pixel unit circuit according to the embodiments of
the present disclosure is mostly used for a driving compen-
sation of a light-emitting device OLED, driving for each of
the light-emitting devices is compensated by one pixel unit
circuit, and each of pixel unit circuits is structured by con-
necting 5 thin film transistors and 1 transistor to the light-
emitting device. This structure may be used for both of an
internal compensation and an external compensation. A dis-
play process for the internal compensation is divided into 3
sub-processes, and they are a precharging sub-process, a
compensating sub-process and a displaying sub-process,
respectively. The external compensation is divided into 2
sub-processes, and they are a current-extraction sub-process
of a driving transistor TFT and a current-extraction sub-pro-
cess of the light-emitting device, respectively. As compared
the traditional pixel structure, the pixel unit circuit according
to the embodiments of the present disclosure may compen-
sate the drifts and non-uniformity in the threshold voltages of
the enhanced-type or depletion-type driving transistor TFT,
and the non-uniformity in the voltages and an ageing of the
light-emitting device.

[0065] 1In the pixel unit circuit according to the embodi-
ments of the present disclosure, the light-emitting device at its
output terminal may be an AMOLED. The pixel unit circuit
may eliminate the non-uniformity in the threshold voltages in
the N-type depletion or enhanced driving transistor TFT
effectively by the internal compensation, which may enhance
a display effect. Additionally, the pixel unit circuit according
to the embodiments of the present disclosure may have a
function for extracting characteristics of the driving transistor
TFT and characteristics of the light-emitting device, which
may be applicable to the external compensation driving effec-
tively. The light-emitting device herein refers to an OLED
device, and the characteristics of the light-emitting device
refer to voltage-current characteristics of the OLED device.

[0066] FIG. 4 is a circuit diagram illustrating the pixel unit
circuit according to embodiments of the present disclosure.
As illustrated in FIG. 4, the pixel unit circuit according to the
embodiments of the present disclosure comprises a driving
transistor T1, a first transistor T2, a second transistor T3, a
third transistor T4, a fourth transistor T5, a storage capacitor
C4rand a light-emitting device, and the light-emitting device
is an Organic Light-Emitting Diode OLED device.

[0067] The driving transistor T1 is used for driving the
light-emitting device. In an example, a drain of the driving
transistor T1 is connected with a source of the fourth transis-
tor T5, a source thereofis connected with a drain of the third
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transistor T4, and a gate thereof is connected with a first
terminal of the storage capacitor C and a source of the first
transistor T2.

[0068] The first transistor T2 is a control switch for a scan
control signal. In an example, a drain of the first transistor T2
1s connected with the source of the fourth transistor T5, the
source thereof is connected with the gate of the driving tran-
sistor T1, and a gate thereof is connected with a scan control
signal line SCAN.

[0069] The second transistor T3 is another control switch
for the scan control signal. In an example, a drain of the
second transistor T3 is connected with a data line DATA, a
source thereof is connected with the source of the driving
transistor T1 and the drain of the third transistor T4, and a gate
thereof is connected with the scan control signal line SCAN.
[0070] The third transistor T4 is a control switch for a
light-emitting control signal. In an example, the drain of the
third transistor T4 is connected with the source of the driving
transistor T1, a source thereof is connected with an anode of
the light-emitting device OLED, and a gate thereof is con-
nected with a light-emitting control signal line EM.

[0071] The fourth transistor T5 is a control switch for a
pre-charging control signal. In an example, a drain of the
fourth transistor T5 is connected with a first power supply
voltage ELVDD, the source thereof is connected with the
drain of the driving transistor T1 and the drain of the first
transistor T2, and a gate thereof is connected with a pre-
charging control signal line PR.

[0072] The first terminal of the storage capacitor Cg is
connected with the gate of the driving transistor T1, and a
second terminal thereof is connected with the first power
supply voltage ELVDD.

[0073] A cathode of the light-emitting device OLED is
connected with a second power supply voltage ELVSS.
[0074] The second power supply voltage ELVSS is a volt-
age supplied to the cathode of the light-emitting device, and is
within a range between -5V to OV generally and may be
acquired by an actual test.

[0075] Further, FIG. 5 is a flowchart illustrating a compen-
sating method for the pixel unit circuit according to the
embodiments of the present disclosure, as illustrated in FIG.
5, the method comprises:

[0076] at a step S100, selecting a compensation manner
according to an operation stage of a light-emitting device,
wherein the compensation manner comprises an internal
compensation manner and an external compensation manner;
[0077] at a step S200, compensating the light-emitting
device with the internal compensation manner, if the light-
emitting device is in an operation stage for light-emitting
normally; and

[0078] at a step S300, compensating the light-emitting
device with the external compensation manner, if the light-
emitting device is in an operation stage of a PANEL RESET
or an operation stage of an idle display between frames or
rows, which may be considered as abnormal operation stages,
wherein the light-emitting device is an Organic Light-Emit-
ting Diode device OLED.

[0079] Furthermore, FIG. 6 is a flowchart illustrating the
compensating method for the pixel unit circuit under the
internal compensation manner according to the embodiments
of the present disclosure. As illustrated in FIG. 6, in the step
S200, the step of compensating the light-emitting device with
the internal compensation manner further comprises:
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[0080] atastep S210, pre-charging the drain of the driving
transistor;
[0081] at astep S220, performing a voltage compensation

or acurrent compensation on the gate of the driving transistor;
and

[0082] at astep S230, performing a voltage compensation
or a current compensation on the light-emitting device, in
order to remain the light-emitting device to emit light.
[0083] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, the step of pre-charging the drain of the driving
transistor in the step S210 further comprises:

[0084] setting a light-emitting control signal EM as a low
level to turn off the third transistor; setting a pre-charging
control signal PR as a high level to turn on the fourth transis-
tor; setting a scan control signal as a high level to turn on the
first transistor and the second transistor; and making a voltage
at the source of the driving transistor be a voltage V., on
the data line.

[0085] FIG. 7 is an equivalent circuit diagram illustrating
the pixel unit circuit under the internal compensation manner
according to the embodiments of the present disclosure. As
illustrated in (a) of FIG. 7, in a precharging stage: the driving
transistor T1, the first transistor T2, the second transistor T3
and the fourth transistor T5 are turned on, and the third tran-
sistor T4 is turned off; the voltage on the data line is the signal
voltage V 47, of a current frame on the data line, electronic
charges stored in the capacitor Cy; are released, so that the
source of the driving transistor T1 is precharged to a high
level, that is, the voltage V1, on the data line.

[0086] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, the step of performing a voltage compensation or
a current compensation on the gate of the driving transistor in
the step S220 further comprises:

[0087] setting the light-emitting control signal as a low
level to turn off the third transistor; setting the pre-charging
control signal as a low level to turn off the fourth transistor;
setting the scan control signal as a high level to turn on the first
transistor and the second transistor; and making a voltage at
the gate of the driving transistor be V,,,,+V,, , Wherein
V par 18 the voltage on the data line, and V,,, is a threshold
voltage of the driving transistor.

[0088] FIG. 7 is the equivalent circuit diagram illustrating
the pixel unit circuit under the internal compensation marner
according to the embodiments of the present disclosure. As
illustrated in (b) of FIG. 7, in a compensating stage: the
driving transistor T1, the first transistor T2 and the second
transistor T3 are turned on, and the third transistor T4 and the
fourth transistor T5 are turned off, the gate of the driving
transistor T1 is discharged until the voltage at the gate of the
driving transistor T1 is equal to V 5 ,7,+V,,,., and at this time
the transistor precharged is compensated, the electronic
charges stored across the two terminals of the storage capaci-
tor Cgp are equal to (Vierynn=Vm=Vpura) Cspy Wherein
V z1vop 18 a voltage of the first power supply voltage ELVDD,
C, 18 a capacitance value of the storage capacitor C,in the
oxide layer at the gate, Vthn is the threshold voltage of the
driving transistor T1, and V7, is the signal voltage on the
data line.

[0089] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, the step of performing a voltage compensation or
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a current compensation on the light-emitting device in order
to remain the light-emitting device to emit light in the step
S230 further comprises:

[0090] setting the light-emitting control signal as a high
level to turn on the third transistor; setting the pre-charging
control signal as a high level to turn on the fourth transistor;
setting the scan control signal as a low level to turn off the first
transistor and the second transistor; and making a current
1, £p input to the light-emitting device through the driving
transistor be:

1 w R
lorzp = 5 1t Cox - I [Vpara — Vorenl”,

[0091] wherein p, is a mobility of carriers, C, is a capaci-
tance value of the storage capacitor in an oxide layer at the
gate,

w
L

is a width-length ratio of the driving transistor, V., is a
voltage on the data line, V5, 5, 18 a voltage at an anode of the
light-emitting device.

[0092] FIG. 7 is the equivalent circuit diagram illustrating
the pixel unit circuit under the internal compensation manner
according to the embodiments of the present disclosure. As
illustrated in (c) of FIG. 7, the light-emitting device is the
OLED device, and in a light-emitting stage: the driving tran-
sistor T1, the third transistor T4 and the fourth transistor T5
are turned on, and the first transistor T2 and the second tran-
sistor T3 are turned off, the storage capacitor Cis connected
between the gate of the driving transistor T1 and the first
power supply voltage ELVDD and remains the voltage at the
gate of the driving transistor T1 to be V7,4V ,,,, Wherein
V., 18 the threshold voltage of the driving transistor T1, and
V pary 18 the signal voltage at the data line; at this time, the
data line is disconnected with the pixel unit circuit, the volt-
age at the source of the driving transistor T1 changes to
V orep @s the current of the OLED device begins to be stable,
and the voltage at the gate of the driving transistor T1 is
remained as V.4V, so the current I, ., flowing
through the thin film transistor T1 is as follows:

1 1’4
lorep = 3 nCox - I “Vpars + Vi = Vi = Vorepl*
1 w ,
=3 #nCox - I [Vpars = Vorepl™

[0093] wherein a, is the mobility of carriers, C,y is the
capacitance value of the storage capacitor Cg, in the oxide
layer at the gate,

w
L

is the width-length ratio of the driving transistor T1,V 7, 1s
the signal voltage on the data line, V ,; 1, is the voltage at the
anodeofthe OLED device, that is, the operation voltage of the
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OLED device, V,,, is the threshold voltage of the driving
transistor T1, which is the positive value for an enhanced TFT
transistor and is a negative value for a depletion TFT transis-
tor.

[0094] It can be seen from the above equation that the
current flowing through the driving transistor is independent
of its threshold voltage V ,,, and is also independent of the
voltage across the light-emitting device, thus the effect
caused by the non-uniformity in the threshold voltages and
their drifts of the driving transistors is eliminated mainly. The
pixel unit circuit according to the embodiments of the present
disclosure may compensate the effect caused by the non-
uniformity in the threshold voltages of the driving transistors
both for the enhanced thin film transistor and for the depletion
thin film transistor, therefore its applicability is wider.
[0095] FIG. 8 is a control signal timing diagram of the
compensating method for the pixel unit circuit under the
internal compensation manner according to the embodiments
of the present disclosure. As illustrated in FIG. 8, in the
internal compensation, the control timings for the light-emit-
ting control signal EM, the pre-charging control signal PR
and the scan control signal SCAN are:

[0096] during the precharging stage, which corresponds to
the step S210, the light-emitting control signal EM isina low
level, the pre-charging control signal PR and the scan control
signal SCAN are in a high level;

[0097] during the compensating stage, which corresponds
to the step S220, the light-emitting control signal EM and the
pre-charging control signal PR are in a low level, and the scan
control signal SCAN is in a high level; and

[0098] during the light-emitting stage, which corresponds
to the step S230, the light-emitting control signal EM and the
pre-charging control signal PR are in ahighlevel, and the scan
control signal SCAN are in a low level.

[0099] Further, the compensating method for the pixel unit
circuit according to the embodiments of the present disclo-
sure further comprises compensating the light-emitting
device under the external compensation manner. The external
compensation occurs mainly during an operation stage of a
PANEL RESET or during an operation stage of an idle dis-
play between frames or rows. For example, the PANEL
RESET may occur at a moment of power on. The process of
the external compensation is divided into two stages: the
current extraction of the driving transistor and the current
extraction of the light-emitting device.

[0100] Further, FIG. 9 is a flowchart illustrating the com-
pensating method for the pixel unit circuit under the external
compensation manner according to the embodiments of the
present disclosure. As illustrated in FIG. 9, in the step S300,
the step of compensating the light-emitting device with the
external compensation manner further comprises:

[0101] atastep 3310, extracting a current from the driving
transistor;
[0102] at a step of S320, extracting a current from the

light-emitting device; and

[0103] ata step S330, detecting the current extracted from
the driving transistor or the light-emitting device, and per-
forming a voltage compensation or a current compensation
on the light-emitting device according to a value of the
detected current.

[0104] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, the step of extracting a current from the driving
transistor in the step S310 further comprises:
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[0105] setting a light-emitting control signal as a low level
to turn off the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor; setting a
scan control signal as a high level to turn on the first transistor
and the second transistor; and enabling a current of the driv-
ing transistor to be input to the data line while shielding a
current of the light-emitting device from being input to the
data line. A value of the current flowing through the driving
transistor is detected by a sensing chip connected to the data
line.

[0106] The voltage of the signal on the data line is denoted
as a reference voltage V., and V<V, -, wherein
V erypp 18 the voltage of the power supply ELVDD. FIG. 10
is an equivalent circuit diagram illustrating the pixel unit
circuit under the external compensation manner according to
the embodiments of the present disclosure. As illustrated in
(a) of FIG. 10, the light-emitting device is the OLED device,
the driving transistor T1, the first transistor T2, the second
transistor T3 and the fourth transistor T5 are turned on, the
third transistor T4 is turned off; at this time, the OLED device
is disconnected with the driving transistor T1, the voltage
between the gate and the source of the driving transistor T1 is
biased as Vg y5p—Vrer and the driving current of the driv-
ing transistor T1 flows into the data line through the second
transistor T3, so that the external sensing chip connected to
the data line may sense this current value and perform further
processing.

[0107] Furthermore, in the compensating method for the
pixel unit circuit according to the embodiments of the present
disclosure, the step of extracting a current from the light-
emitting device in the step $320 further comprises:

[0108] setting the light-emitting control signal as a high
level to turn on the third transistor; setting the pre-charging
control signal as a low level to turn off the fourth transistor;
setting the scan control signal as a high level to tumn on the
second transistor; and enabling a current of the light-emitting
device to be input to the data line while shielding a current of
the driving transistor from being input to the data line. The
value of a current flowing through the light-emitting device is
detected by the sensing chip connected to the data line.

[0109] The voltage of the signal on the data line is denoted
as thereference voltage V., and V>V, wherein V,,,, 1s
the threshold voltage of the driving transistor T1. FIG. 10 is
the equivalent circuit diagram illustrating the pixel unit cir-
cuitunder the external compensation manner according to the
embodiments of the present disclosure. As illustrated in (b) of
FIG. 10, the light-emitting device is the OLED device, the
first transistor T2, the second transistor T3 and the third
transistor T4 are turned on at this time, the driving transistor
T1 and the fourth transistor T5 are turned off; a voltage
difference between the anode and the cathode of the OLED
device is biased as V-~V oo, and the current flowing
through the OLED device is input into the data line through
the second transistor T3, so that the external sensing chip
connected to the data line may sense this current value and
perform further processing.

[0110] FIG. 11 is a control signal timing diagram of the
compensating method for the pixel unit circuit under the
external compensation manner according to the embodiments
of the present disclosure. As illustrated in FIG. 11, the control
timings for the light-emitting control signal EM, the pre-
charging control signal PR and the scan control signal SCAN
are:
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[0111] during a first stage, which corresponds to the step
S310 for extracting a current from the driving transistor T1,
the light-emitting control signal EM is in a low level, the
pre-charging control signal PR and the scan control signal
SCAN are in a high level; and

[0112] duringa second stage, which corresponds to the step
S320 for extracting a current from the OLED device, the
light-emitting control signal EM and the scan control signal
SCAN are in a high level, and the pre-charging control signal
PRis in a low level.

[0113] It can be seen from above, such pixel unit circuit
may be operated with the two operation modes of the internal
compensation and the external compensation, therefore its
compensation effect may have the advantages of both of
them.

[0114] In the embodiments of the present disclosure, there
is further provided a display device comprising the pixel umt
circuit according to the embodiments of the present disclo-
sure and compensating the pixel unit circuit by the compen-
sating method according to the embodiments of the present
disclosure.

[0115] The embodiment of the invention being thus
described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a depar-
ture from the spirit and scope of the invention, and all such
modifications as would be obvious to those skilled in the art
are intended to be included within the scope of the following
claims.

1. A pixel unit circuit comprising a driving transistor, a first
transistor, a second transistor, a third transistor, a fourth tran-
sistor, a storage capacitor and a light-emitting device,
wherein,

a drain of the driving transistor is connected with a source
of the fourth transistor, a source thereof is connected
with a drain of the third transistor, and a gate thereof is
connected with a first terminal of the storage capacitor
and a source of the first transistor;

adrain of the first transistor is connected with the source of
the fourth transistor, the source thereof is connected with
the gate of the driving transistor, and a gate thereof is
connected with a scan control signal line;

a drain of the second transistor is connected with a data
line, a source thereof is connected with the source of the
driving transistor and the drain of the third transistor, and
a gate thereof is connected with the scan control signal
line;

the drain of the third transistor is connected with the source
of the driving transistor, a source thereof is connected
with an anode of the light-emitting device, and a gate
thereof is connected with a light-emitting control signal
line;

a drain of the fourth transistor is connected with a first
power supply voltage, the source thereof is connected
with the drain of the driving transistor and the drain of
the first transistor, and a gate thereof is connected with a
pre-charging control signal line;

the first terminal of the storage capacitor is connected with
the gate of the driving transistor, and a second terminal
thereof is connected with the first power supply voltage;

a cathode of the light-emitting device is connected with a
second power supply voltage.

2. The pixel unit circuit of claim 1, wherein the light-

emitting device is an Organic Light-Emitting Diode device.
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3. A compensating method for the pixel unit circuit of
claim 1, comprising:
selecting a compensation manner according to an opera-
tion stage of a light-emitting device, wherein the com-
pensation manner comprises an internal compensation
manner and an external compensation manner;

compensating the light-emitting device with the internal
compensation mannet, if the light-emitting device is in
an operation stage for light-emitting normally; and

compensating the light-emitting device with the external
compensation manner, if the light-emitting device is in
an operation stage of a panel reset or an operation stage
of an idle display between frames or rows.

4. The compensating method for the pixel unit circuit of
claim 3, wherein said compensating the light-emitting device
with the internal compensation manner further comprises:

pre-charging the driving transistor;

performing a voltage compensation or a current compen-

sation on the driving transistor; and

performing a voltage compensation or a current compen-

sation on the light-emitting device, in order to remain the
light-emitting device to emit light.

5. The compensating method for the pixel unit circuit of
claim 4, wherein said pre-charging the driving transistor fur-
ther comprises:

setting a light-emitting control signal as a low level to turn

off the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor;
setting a scan control signal as a high level to turn on the
first transistor and the second transistor; and making a
voltage at the source ofthe driving transistor be a voltage
V 4z o0 the data line.

6. The compensating method for the pixel unit circuit of
claim 4, wherein said performing a voltage compensation or
a current compensation on the driving transistor further com-
prises:

setting a light-emitting control signal as a low level to turn

off the third transistor; setting a pre-charging control
signal as a low level to turn off the fourth transistor;
setting a scan control signal as a high level to turn on the
first transistor and the second transistor; and making a
voltage at the gate of the driving transistor be V., +
V. Wherein V1, is the voltage on the data line, and
V ;.. 18 a threshold voltage of the driving transistor.

7. The compensating method for the pixel unit circuit of
claim 4, wherein said performing a voltage compensation or
a current compensation on the light-emitting device in order
to remain the light-emitting device to emit light further com-
prises:

setting a light-emitting control signal as a high level to turn

on the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor;
setting a scan control signal as a low level to turn off the
first transistor and the second transistor; and making a
current I, -y, input to the light-emitting device through
the driving transistor be:
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lorp = 3 - Cox - T [Voars — Vorenl*

wherein 1, is a mobility of carriers, C,1s a capacitance value
of the storage capacitor in an oxide layer at the gate,

w
L

is a width-length ratio of the driving transistor, V,,, is a
voltage on the data line, V ,; -, 1s a voltage at the anode of the
light-emitting device.

8. The compensating method for the pixel unit circuit of
claim 3, wherein said compensating the light-emitting device
with the external compensation manner further comprises:

extracting a current from the driving transistor;
extracting a current from the light-emitting device; and

detecting the current extracted from the driving transistor
or the light-emitting device, and performing a voltage
compensation or a current compensation on the light-
emitting device according to a value of the detected
current.

9. The compensating method for the pixel unit circuit of
claim 8, wherein said extracting a current from the driving
transistor further comprises:

setting a light-emitting control signal as a low level to turn
off the third transistor; setting a pre-charging control
signal as a high level to turn on the fourth transistor;
setting a scan control signal as a high level to turn on the
first transistor and the second transistor; and enabling a
current of the driving transistor to be input to the data
line while shielding a current of the light-emitting device
from being input to the data line.

10. The compensating method for the pixel unit circuit of
claim 9, wherein said extracting a current from the light-
emitting device further comprises:

setting a light-emitting control signal as a high level to turn
on the third transistor; setting a pre-charging control
signal as a low level to turn off the fourth transistor;
setting a scan control signal as a high level to turn on the
first transistor and the second transistor; and enabling a
current of the light-emitting device to be input to the data
line while shielding a current of the driving transistor
from being input to the data line.

11. The compensating method for the pixel unit circuit of
claim 3, wherein the light-emitting device is an Organic
Light-Emitting Diode device.

12. A display device comprising the pixel unit circuit of
claim 1.
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