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writing, by the data write unit, a first preset voltage
larger than a threshold vollage of the driving
transistor to the gate of the driving transistor

I

receiving, by the detection unit, a driving current for
the driving transistor driving the light-emitting device
to emit light

|

calculating the driving current by calculating an
amount of change in a vollage on the corresponding
sense line

|

adjusling a voltage of the gate of the driving
transistor until the amount of change in the voliage
on the sense line equals a preset value

l
determining the aging of the light-emitting device by
calculating an amount of change in the voltage of
the gate of the driving transistor
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ORGANIC ELECTROLUMINESCENT
DISPLAY PANEL, DISPLAY APPARATUS
AND LUMINANCE COMPENSATION
METHOD

RELATED APPLICATIONS

The present application is the U.S. national phase entry of
the international application PCT/CN2016/079436, with an
international filing date of Apr. 15, 2016, which claims the
benefit of Chinese Patent Application No. 201510251479.0,
filed on May 15, 2015, the entire disclosures of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of display
technologies, and particularly to an organic electrolumines-
cent display panel, a display apparatus, and a method for
luminance compensation of an organic electroluminescent
display panel.

BACKGROUND

As an electric current type of light-emitting device,
organic light emitting diodes (OLEDs) have found wide
application in high performance displays. With the increase
in the size of the display, traditional passive matrix organic
light-emitting diode (PMOLED) displays require shorter
driving time for a single pixel, which necessitates an
increased transient current and increased power consump-
tion. Meanwhile, application of a large current results in a
large voltage drop on the ITO wire and a high working
voltage of the OLED, and in turn decreases its efficiency.
Active matrix organic light-emitting diode (AMOLED) dis-
plays may address these issues elegantly by means of switch
transistors scanning and inputting currents for OLEDs line
by line.

Among the three types of driving approaches for AMO-
LED, which are digital driving, current driving and voltage
driving, the voltage driving approach is similar to the
traditional driving approach for active matrix liquid crystal
displays (AMLCDs), i.e., providing by a driving chip (IC) a
voltage signal that represents a grayscale, which voltage
signal would be converted inside a sub-pixel into a current
signal for driving a thin film transistor, so as to drive the
OLED to exhibit a luminance grayscale. This approach is
advantageous in that it is fast in driving speed, simple to
implement, and appropriate for driving large-sized panels,
and thus is extensively applied in the industry.

However, in an AMOLED display of the voltage driving
type, the current-luminance (I-L) conversion efficiency
decreases as the OLED ages over time. Even if the currents
are the same, the luminance displayed may be different
because due to their different aging degrees the OLEDs are
different in their conversion efficiencies. This leads to an
issue that non-uniformity of the luminance is present in the
images displayed on the display panel.

In order to improve the luminance uniformity, external
compensation approaches are generally applied at present
for the AMOLED display of the voltage driving type.
Namely, each sub-pixel of the display panel is connected
with a driving chip through a respective sense line corre-
sponding one-to-one thereto, which driving chip detects the
aging of the OLEDs in respective sub-pixels through the
respective sense lines and then performs compensation of
the sub-pixels in accordance with the detection. Neverthe-
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less, in the above display panel, each sub-pixel is connected
to a respective sense line, leading to increased wirings in the
display panel, which is disadvantageous for fabrication of a
high resolution display panel. Moreover, the number of the
signal channels of the driving chip will be doubled, resulting
in an increased area of the driving chip and a high cost.

SUMMARY

In view of this, embodiments of the present disclosure
provide an organic electroluminescent display panel, a dis-
play apparatus, and a method for luminance compensation
of an organic electroluminescent display panel to not only
achieve compensation of the aging of the light-emitting
devices in the organic electroluminescent display panel but
also reduce the sense lines in the display panel and in turn,
to reduce the number of the signal channels of the driving
chip and thus the cost.

An organic electroluminescent display panel according to
an embodiment of the present disclosure includes a plurality
of rows of sub-pixels and a driving chip connected with the
sub-pixels through respective data lines, and at least two
adjacent sub-pixels in the same row form a pixel group. The
display panel further includes sense lines corresponding
one-to-one to the pixel groups, and first gate lines and
second gate lines that are connected with respective rows of
sub-pixels. Each of the sense lines is connected with a
respective signal channel of the driving chip.

The sub-pixel includes a driving transistor, a capacitor
connected between a source and a gate of the driving
transistor, a data write unit, a detection unit and a light-
emitting device. An input terminal of the data write unit is
connected with a corresponding one of the data lines, a
control terminal thereof is connected with a corresponding
one of the first gate lines, and an output terminal thereof is
connected with the gate of the driving transistor and a first
terminal of the capacitor. An input terminal of the detection
unit is connected with the source of the driving transistor, a
second terminal of the capacitor and a first terminal of the
light-emitting device, respectively, a control terminal
thereof is connected with a corresponding one of the second
gate lines, and an output terminal thereof is connected with
one of the sense lines that corresponds to the pixel group to
which the sub-pixel belongs. A drain of the driving transistor
is connected with a first reference signal terminal, and a
second terminal of the light-emitting device is connected
with a second reference signal terminal.

For each pixel group, the driving chip is configured to
detect aging of the light-emitting device in each sub-pixel
one by one at a first detection phase, and compensate an
initial grayscale value for a corresponding sub-pixel in
accordance with the aging of the light-emitting device in
each sub-pixel at a display phase.

Optionally, detecting the aging of the light-emitting
device in each sub-pixel includes: writing, by the data write
unit, a first preset voltage larger than a threshold voltage of
the driving transistor to the gate of the driving transistor;
receiving, by the detection unit, a driving current for the
driving transistor driving the light-emitting device to emit
light; calculating the driving current by calculating an
amount of change in a voltage on the corresponding sense
line; adjusting a voltage of the gate of the driving transistor
until the amount of change in the voltage on the sense line
equals a preset value; and determining the aging of the
light-emitting device by calculating an amount of change in
the voltage of the gate of the driving transistor.
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Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the determining the aging of the light-emitting device by
calculating the amount of change in the voltage of the gate
of the driving transistor includes:

calculating a difference between the voltage of the gate of
the driving transistor and the first preset voltage when the
amount of change in the voltage on the sense line equals the
preset value;

determining an amount of change in a driving voltage for
the driving transistor driving the light-emitting device from
the difference;

comparing the determined amount of change in the driv-
ing voltage with a pre-established correspondence between
the amount of change in the driving voltage and a percentage
of attenuation of a luminous efficiency of the light-emitting
device, to determine the percentage of attenuation of the
luminous efficiency of the light-emitting device, wherein the
percentage of attenuation of the luminous efficiency repre-
sents a ratio of an attenuated luminous efficiency to an initial
luminous efficiency of the light-emitting device.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
compensating for the corresponding sub-pixel in accordance
with the aging of the light-emitting device in each sub-pixel
includes:

determining for each sub-pixel an initial luminance value
corresponding to the initial grayscale value for the sub-pixel,
dividing the determined initial luminance value by the
percentage of attenuation of the luminous efficiency of the
corresponding light-emitting device to derive a target lumi-
nance value; and determining a first target grayscale value
corresponding to the target luminance value from the target
luminance value.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
for each pixel group, the driving chip is further configured
to detect an amount of drift of the threshold voltage of the
driving transistor in each sub-pixel one by one at a second
detection phase, and to compensate the first target grayscale
value for the corresponding sub-pixel at the display phase in
accordance with the amount of drift of the threshold voltage
of the driving transistor in each sub-pixel.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
detecting the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel includes:

writing, by the data write unit, a second preset voltage
larger than the threshold voltage of the driving transistor to
the gate of the driving transistor; providing a first reference
signal that is variable and has a voltage value less than a
threshold voltage of the light-emitting device to the first
reference signal terminal; varying the voltage value of the
first reference signal; acquiring, by the detection unit, cur-
rent values of the driving transistor under different voltages
of the first reference signal; and determining the amount of
drift of the threshold voltage of the driving transistor using
a correspondence between different source-gate voltages
and the current values, the source-gate voltage being a
difference between the voltage value of the first reference
signal and the second preset voltage.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
compensating the first target grayscale value for the corre-
sponding sub-pixel in accordance with the amount of drift of
the threshold voltage of the driving transistor in each sub-
pixel includes:
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determining for each sub-pixel an initial driving voltage
value corresponding to the first target grayscale value for the
sub-pixel; deriving a target driving voltage value by adding
the determined initial driving voltage value to the amount of
drift of the threshold voltage of the corresponding driving
transistor; and determining a second target grayscale value
corresponding to the first target grayscale value from the
target driving voltage value.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the data write unit includes a first switch transistor. The first
switch transistor has a gate connected with the correspond-
ing first gate line, a source connected with the corresponding
data line, and a drain connected with the gate of the
corresponding driving transistor.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the detection unit includes a second switch transistor. The
second switch transistor has a gate connected with the
corresponding second gate line, a source connected with a
corresponding one of the sense lines, and a drain connected
with the source of the corresponding driving transistor.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is configured to perform the first detection
phase to acquire the aging of the light-emitting devices in the
sub-pixels upon the first start-up of the organic electrolumi-
nescent display panel during a preset time period, and then
to compensate the initial grayscale value for the correspond-
ing sub-pixel at the display phase in accordance with the
most-recently acquired aging of the light-emitting device in
each sub-pixel.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is configured to perform the second detec-
tion phase to acquire the amounts of drift of the threshold
voltages of the driving transistors in the sub-pixels upon the
first start-up of the organic electroluminescent display panel
during a preset time period, and then to compensate the first
target grayscale value for the corresponding sub-pixel in
accordance with the most-recently acquired amount of drift
of the threshold voltage in each sub-pixel at the display
phase.

A display apparatus is further provided by an embodiment
of the present disclosure accordingly, which includes any
one of the organic electroluminescent display panels accord-
ing to the embodiments of the present disclosure as
described above.

Embodiments of the present disclosure further provide a
method for luminance compensation of an organic electrolu-
minescent display panel, the organic electroluminescent
display panel including a plurality of rows of sub-pixels and
a driving chip connected with the sub-pixels through respec-
tive data lines. At least two adjacent sub-pixels in the same
row form a pixel group. The display panel further includes
sense lines corresponding one-to-one to the pixel groups,
and first gate lines and second gate lines that are connected
with respective rows of sub-pixels. Each of the sense lines
is connected with a respective signal channel of the driving
chip.

The sub-pixel includes a driving transistor, a capacitor
connected between a source and a gate of the driving
transistor, a data write unit, a detection unit and a light-
emitting device. An input terminal of the data write unit is
connected with a corresponding one of the data lines, a
control terminal thereof is connected with a corresponding
one of the first gate lines, and an output terminal thereof is
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connected with the gate of the driving transistor and a first
terminal of the capacitor. An input terminal of the detection
unit is connected with the source of the driving transistor, a
second terminal of the capacitor and a first terminal of the
light-emitting device, respectively, a control terminal
thereof is connected with a corresponding one of the second
gate lines, and an output terminal thereof is connected with
one of the sense lines that corresponds to the pixel group to
which the sub-pixel belongs. A drain of the driving transistor
is connected with a first reference signal terminal, and a
second terminal of the light-emitting device is connected
with a second reference signal terminal.

The method includes:

for each pixel group, detecting by the driving chip aging
of the light-emitting device in each sub-pixel one by one at
a first detection phase; and

compensating an initial grayscale value for a correspond-
ing sub-pixel in accordance with the aging of the light-
emitting device in each sub-pixel at a display phase.

Optionally, the detecting the aging of the light-emitting
device in each sub-pixel includes: writing, by the data write
unit, a first preset voltage larger than a threshold voltage of
the driving transistor to the gate of the driving transistor;
receiving, by the detection unit, a driving current for the
driving transistor driving the light-emitting device to emit
light; calculating the driving current by calculating an
amount of change in a voltage on the corresponding sense
line; adjusting a voltage of the gate of the driving transistor
until the amount of change in the voltage on the sense line
equals a preset value; and determining the aging of the
light-emitting device by calculating an amount of change in
the voltage of the gate of the driving transistor.

Optionally, the determining the aging of the light-emitting
device by calculating the amount of change in the voltage of
the gate of the driving transistor includes:

calculating a difference between the voltage of the gate of
the driving transistor and the first preset voltage when the
amount of change in the voltage on the sense line equals the
preset value;

determining an amount of change in a driving voltage for
the driving transistor driving the light-emitting device from
the difference;

comparing the determined amount of change in the driv-
ing voltage with a pre-established correspondence between
the amount of change in the driving voltage and a percentage
of attenuation of a luminous efficiency of the light-emitting
device, to determine the percentage of attenuation of the
luminous efficiency of the light-emitting device, wherein the
percentage of attenuation of the luminous efficiency repre-
sents a ratio of an attenuated luminous efficiency to an initial
luminous efficiency of the light-emitting device.

Optionally, the compensating for the corresponding sub-
pixel in accordance with the aging of the light-emitting
device in each sub-pixel includes:

determining for each sub-pixel an initial luminance value
corresponding to the initial grayscale value for the sub-pixel,
dividing the determined initial luminance value by the
percentage of attenuation of the luminous efficiency of the
corresponding light-emitting device to derive a target lumi-
nance value; and determining a first target grayscale value
corresponding to the target luminance value from the target
luminance value.

Optionally, for each pixel group, the driving chip is
further configured to detect an amount of drift of the
threshold voltage of the driving transistor in each sub-pixel
one by one at a second detection phase, and to compensate
the first target grayscale value for the corresponding sub-
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pixel at the display phase in accordance with the amount of
drift of the threshold voltage of the driving transistor in each
sub-pixel.

Optionally, the detecting the amount of drift of the thresh-
old voltage of the driving transistor in each sub-pixel
includes:

writing, by the data write unit, a second preset voltage
larger than the threshold voltage of the driving transistor to
the gate of the driving transistor; providing a first reference
signal that is variable and has a voltage value less than a
threshold voltage of the light-emitting device to the first
reference signal terminal; varying the voltage value of the
first reference signal; acquiring, by the detection unit, cur-
rent values of the driving transistor under different voltages
of the first reference signal; and determining the amount of
drift of the threshold voltage of the driving transistor using
a correspondence between different source-gate voltages
and the current values, the source-gate voltage being a
difference between the voltage value of the first reference
signal and the second preset voltage.

Optionally, the compensating the first target grayscale
value for the corresponding sub-pixel in accordance with the
amount of drift of the threshold voltage of the driving
transistor in each sub-pixel includes:

determining for each sub-pixel an initial driving voltage
value corresponding to the first target grayscale value for the
sub-pixel; deriving a target driving voltage value by adding
the determined initial driving voltage value to the amount of
drift of the threshold voltage of the corresponding driving
transistor; and determining a second target grayscale value
corresponding to the first target grayscale value from the
target driving voltage value.

Optionally, the driving chip is configured to perform the
first detection phase to acquire the aging of the light-
emitting devices in the sub-pixels upon the first start-up of
the organic electroluminescent display panel during a preset
time period, and then to compensate the initial grayscale
value for the corresponding sub-pixel at the display phase in
accordance with the most-recently acquired aging of the
light-emitting device in each sub-pixel.

Optionally, the driving chip is configured to perform the
second detection phase to acquire the amounts of drift of the
threshold voltages of the driving transistors in the sub-pixels
upon the first start-up of the organic electroluminescent
display panel during a preset time period, and then to
compensate the first target grayscale value for the corre-
sponding sub-pixel in accordance with the most-recently
acquired amount of drift of the threshold voltage in each
sub-pixel at the display phase.

With the organic electroluminescent display panel, the
display apparatus, and the method for luminance compen-
sation of an organic electroluminescent display panel
according to embodiments of the present disclosure, when
the data write unit writes the first preset voltage to the gate
of the driving transistor, the driving current for the driving
transistor driving the light-emitting device to emit light is
received by the detection unit, the driving current is detected
by calculating the amount of change in the voltage on the
sense line, and the voltage of the gate of the driving
transistor is adjusted until the amount of change in the
voltage on the sense line equals the preset value. Thereby,
the amount of change in the driving voltage is calculated by
calculating the amount of change in the voltage of the gate
of the driving transistor, and in turn the aging of the
corresponding light-emitting device is derived. The initial
grayscale value for the corresponding sub-pixel is further
compensated in accordance with the aging of the light-
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emitting device in each sub-pixel, such that in the case that
the threshold voltages of the driving transistors are the same,
the light-emitting devices of the sub-pixels with different
luminous efficiencies still have the same luminance if the
input initial grayscale values are the same. That is, the
uniformity of the luminance of the display panel is
improved. Moreover, in the organic electroluminescent dis-
play panel the plurality of sub-pixels belonging to the same
pixel group share a sense line. As compared with the prior
art where each sub-pixel is connected to a respective sense
line, this may facilitate the fabrication of a high resolution
display panel by reducing the number of the wirings in the
display panel, and reduce the area of the driving chip and
thus the manufacture cost by reducing the number of the
signal channels of the driving chip.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural schematic diagram of an organic
electroluminescent display panel according to an embodi-
ment of the present disclosure;

FIG. 2 1s a structural schematic diagram of an organic
electroluminescent display panel according to an embodi-
ment of the present disclosure;

FIGS. 3a to 3¢ are schematic diagrams of various phases
where a driving voltage of a driving transistor in one of the
sub-pixels is detected when the display panel according to
an embodiment of the present disclosure is at a first detection
phase;

FIG. 4 is a schematic diagram of waveforms for a display
panel according to an embodiment of the present disclosure
when a driving voltage of a light-emitting device in a
sub-pixel is detected;

FIG. 5 is a schematic diagram of a display panel accord-
ing to an embodiment of the present disclosure when it is at
a second detection phase where a current of a driving
transistor in one of the sub-pixels is detected,

FIG. 6 is a schematic diagram of waveforms for a display
panel according to an embodiment of the present disclosure
when a current of a driving transistor in a sub-pixel is
detected;

FIG. 7 is a flow chart of a method for luminance com-
pensation of an organic electroluminescent display panel
according to an embodiment of the present disclosure; and

FIG. 8 is a flow chart showing the step of detecting the
aging of the light-emitting device in each sub-pixel accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION

To clearly illustrate the solutions of the embodiments of
the present disclosure, the principle of the embodiments of
the present disclosure is first explained below.

For the light-emitting devices in the sub-pixels, their
luminous efliciencies decrease progressively over time.
Given the same initial luminous efficiency, different light-
emitting devices may still be subject to different degrees of
decrease in the luminous efficiency over time. However,
after deriving the aging of the light-emitting devices, the
initial grayscale value for each sub-pixel can be compen-
sated in accordance with the aging of the respective light-
emitting device in the sub-pixel, such that the actual lumi-
nance of the light-emitting device is the same as the
luminance of the light-emitting device with the initial lumi-
nous efficiency and under the circumstance of the grayscale
input to the sub-pixel being the initial grayscale value.
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For an organic electroluminescent display panel, the ini-
tial luminous efficiencies of the light-emitting devices pro-
vided thereon may be regarded as being the same. Thus, if
the input initial grayscale value is compensated for the
light-emitting device in each of the sub-pixels in accordance
with the aging of the light-emitting device, the luminance of
the respective light-emitting devices on the whole display
panel will be the same in the case that the initial grayscale
values for the respective sub-pixels on the display panel are
the same.

Of course, the above conclusion is drawn with the other
conditions (e.g., the threshold voltages of the driving tran-
sistors) being the same for the respective sub-pixels.

Specific implementations of the organic electrolumines-
cent display panel and the display apparatus according to
embodiments of the present disclosure are described in
detail below in connection with the drawings.

As shown in FIG. 1, an organic electroluminescent dis-
play panel according to an embodiment of the present
disclosure includes a plurality of rows of sub-pixels 01 and
a driving chip 2 connected with the sub-pixels 01 through
respective data lines “Data”. At least two adjacent sub-pixels
01 in the same row form a pixel group 1. The display panel
further includes sense lines “Sense” corresponding one-to-
one to the pixel groups 1, and first gate lines “Gatel” and
second gate lines “Gate2” that are located at the same side
of the respective rows of sub-pixels 01 and connected with
the respective rows of sub-pixels 01 (one row of sub-pixels
is taking as an example for illustration in FIG. 1). The sense
lines “Sense” are connected respectively with the signal
channels (not shown) of the driving chip 2, with each sense
line “Sense” corresponding to a respective signal channel.

The sub-pixel 01 includes a driving transistor DT, a
capacitor C1 connected between a source and a gate of the
driving transistor DT, a data write unit 11, a detection umt
12 and a light-emitting device D. An input terminal of the
data write unit 11 is connected with a corresponding one of
the data lines “Data”, a control terminal thereof is connected
with a corresponding one of the first gate lines “Gatel”, and
an output terminal thereof is connected with the gate of the
driving transistor DT and a first terminal of the capacitor C1.
An input terminal of the detection unit 12 is connected with
the source of the driving transistor DT, a second terminal of
the capacitor C1 and a first terminal of the light-emitting
device D, respectively, a control terminal thereof is con-
nected with a corresponding one of the second gate lines
“Gate2”, and an output terminal thereof is connected with
one of the sense lines “Sense” that corresponds to the pixel
group 1 to which the sub-pixel 01 belongs. A drain of the
driving transistor DT is connected with a first reference
signal terminal VDD, and a second terminal of the light-
emitting device D is connected with a second reference
signal terminal VSS.

For each pixel group 1, the driving chip 2 is configured to
detect aging of the light-emitting device D in each sub-pixel
01 one by one at a first detection phase, and compensate an
initial grayscale value for a corresponding sub-pixel 01 in
accordance with the aging of the light-emitting device D in
each sub-pixel 01 at a display phase. Optionally, detecting
the aging of the light-emitting device D in each sub-pixel 01
includes: writing, by the data write unit 11, a first preset
voltage larger than a threshold voltage of the driving tran-
sistor to the gate of the driving transistor DT; receiving, by
the detection unit 12, a driving current for the driving
transistor DT driving the light-emitting device D to emit
light; detecting the driving current by calculating an amount
of change in a voltage on the corresponding sense line
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“Sense”; adjusting a voltage of the gate of the driving
transistor DT until the amount of change in the voltage on
the sense line equals a preset value; and determining the
aging of the light-emitting device D by calculating an
amount of change in the voltage of the gate of the driving
transistor DT.

With the organic electroluminescent display panel accord-
ing to embodiments of the present disclosure, when the data
write unit writes the first preset voltage Vgl to the gate of
the driving transistor, the driving transistor is turned on, and
the voltage difference Vgs between the gate and source of
the driving transistor meets Vgs=Vgl-V,, where V, is a
driving voltage on the light-emitting device, i.e., a voltage
across the light-emitting device. It can be known from the
saturation state current characteristic, the driving current 1,
flowing through the driving transistor to driving the light-
emitting device to emit light meets the formula: 1,=K(V_ -
V=K (Vgl-V -V, ), where K is a structure parameter
which is relatively stable for the same structures and thus
may be regarded as a constant. The driving current for the
driving transistor driving the light-emitting device 1is
received by the detection unit, and the driving current can be
detected by calculating the amount of change in the voltage
on the sense line. Due to the aging of the light-emitting
device, V,, does not equal to the driving voltage of the
light-emitting device with an initial luminous efficiency,
leading to a change in the driving current of the light-
emitting device. As such, the voltage of the gate of the
driving transistor is adjusted until the amount of change in
the voltage on the sense line equals a preset value. At this
point, the driving current equals to the driving current for the
light-emitting device with the initial luminous efficiency,
indicating that at this time the driving voltage of the light-
emitting device equals to the driving voltage in the case of
the light-emitting device having the initial luminous effi-
ciency, namely, the luminance is the same. Thereby, the
amount of change in the driving voltage is calculated by
calculating the amount of change in the voltage of the gate
of the driving transistor, and in turn the aging of the
corresponding light-emitting device is derived. The initial
grayscale value for the corresponding sub-pixel is further
compensated in accordance with the aging of the light-
emitting device in each sub-pixel, such that in the case that
the threshold voltages of the driving transistors are the same,
the light-emitting devices of the sub-pixels with different
luminous efficiencies still have the same luminance if the
input initial grayscale values are the same. That is, the
uniformity of the luminance of the display panel is
improved. Moreover, in the organic electroluminescent dis-
play panel the plurality of sub-pixels belonging to the same
pixel group share a sense line. As compared with the prior
art where each sub-pixel is connected to a respective sense
line, this may facilitate the fabrication of a high resolution
display panel by reducing the number of the wirings in the
display panel, and reduce the area of the driving chip and
thus the manufacture cost by reducing the number of the
signal channels of the driving chip.

In the organic electroluminescent display panel according
to an embodiment of the present disclosure, the larger is the
number of the sub-pixels in the pixel group, the smaller is
the number of the sense lines and however the longer the
first detection phase will last. Thus, the number of the
sub-pixels in the pixel groups may be set according to actual
needs.

Further, in the organic electroluminescent display panel
according to an embodiment of the present disclosure, in the
case that the sub-pixels in a pixel (e.g., a pixel generally
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consists of an R sub-pixel, a G sub-pixel and a B sub-pixel,
or an R sub-pixel, a G sub-pixel, a B sub-pixel and a W
sub-pixel) are located at the same row, these sub-pixels in
the pixel may be grouped into a pixel group, i.e., a pixel
group is a pixel, although the present disclosure is not so
limited.

In implementations, in the organic electroluminescent
display panel according to an embodiment of the present
disclosure, as shown in FIG. 2, the light-emitting device D
is generally an organic light-emitting diode (OLED),
although the present disclosure is not so limited.

The present disclosure is described in detail in connection
with the embodiments. It is to be noted that the embodiments
are for the purposes of better illustrating the present disclo-
sure, not for limiting the present disclosure.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
as shown in FIG. 2, the data write unit 11 may specifically
include a first switch transistor T1.

The first switch transistor T1 has a gate connected with
the corresponding first gate line “Gatel”, a source connected
with the corresponding data line “Data”, and a drain con-
nected with the gate of the corresponding driving transistor
DT.

In implementations, when the first gate line controls the
first switch transistor to be in a turned-on state, the first
switch transistor writes a data signal on the data line to the
gate of the driving transistor.

The above is an illustration of a specific structure of the
data write unit in the organic electroluminescent display
panel. In implementations, the specific structure of the data
write unit is not limited to the above structure provided by
the embodiment of the present disclosure, and can be other
structures that are known to a person skilled in the art. The
present disclosure is not so limited.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
as shown in FIG. 2, the detection unit 12 may specifically
include a second switch transistor T2.

The second switch transistor T2 has a gate connected with
the corresponding second gate line “Gate2”, a source con-
nected with a corresponding one of the sense lines “Sense”,
and a drain connected with the source of the corresponding
driving transistor DT.

In implementations, when the second gate line controls
the second switch transistor to be in a turned-on state, the
second switch transistor provides the driving current at the
source of the driving transistor to the driving chip through
the sense line, such that the driving current of the light-
emitting device can be calculated by calculating the amount
of change in the voltage on the sense line.

The above is an illustration of a specific structure of the
detection unit in the organic electroluminescent display
panel. In implementations, the specific structure of the
detection unit is not limited to the above structure provided
by the embodiment of the present disclosure, and can be
other structures that are known to a person skilled in the art.
The present disclosure is not so limited.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is used to determine the aging of the
light-emitting device by calculating the amount of change in
the voltage of the gate of the driving transistor. The deter-
mining specifically includes:
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calculating a difference between the voltage of the gate of
the driving transistor and the first preset voltage when the
amount of change in the voltage on the sense line equals the
preset value;

determining an amount of change in the driving voltage
for the driving transistor driving the light-emitting device
from the difference;

comparing the determined amount of change in the driv-
ing voltage with a pre-established correspondence between
the amount of change in the driving voltage and a percentage
of attenuation of a luminous efficiency of the light-emitting
device, to determine the percentage of attenuation of the
luminous efficiency of the light-emitting device. The per-
centage of attenuation of the luminous efficiency represents
a ratio of an attenuated luminous efficiency to an initial
luminous efficiency of the light-emitting device.

The working principle of the above display panel accord-
ing to the embodiment of the present disclosure at the first
detection phase is described below in detail by taking a pixel
group of the organic electroluminescent display panel as
shown in FIG. 2 as an example. For instance, the driving
chip detects at the first detection phase the aging of the
OLED:s in the first sub-pixel, the second sub-pixel, the third
sub-pixel and the fourth sub-pixel one by one.

When the first sub-pixel (as shown in the left of FIG. 3a)
is detected, at a first phase, as shown in FIG. 3a, the first gate
line “Gate 1” controls the first switch transistor T1 to be in
a turned-on state, and the second gate line “Gate2” controls
the second switch transistor T2 to be in a turned-off state,
such that the sense line “Sense” is in a reset state. The
driving chip 2 outputs the first preset voltage Vgl only to the
data line “Data” that is connected with the first sub-pixel, in
which case only the driving transistor DT in the first
sub-pixel is turned on, and the voltage difference between
the gate and source of this driving transistor DT is
Vgs=Vgl-V,, -, where VOLES is the driving voltage on
the OLED.

At a second phase, as shown in FIG. 35, the first gate line
“Gatel” controls the first switch transistor T1 to be in a
turned-off state, and the second gate line “Gate2” controls
the second switch transistor T2 to be in a turned-off state. At
this point, the driving current flowing through the driving
transistor DT in the first sub-pixel to driving the OLED in
the first sub-pixel to emit light is 15, -p=K(V, gS—Vth)EZK
(Vel-V 1 2p-V,1)% and this driving current flows to the
sense line “Sense” through the second transistor T2.

At a third phase, as shown in FIG. 3¢, the first gate line
“Gatel” controls the first switch transistor T1 to be in a
turned-on state, and the second gate line “Gate2” controls
the second switch transistor T2 to be in a turned-on state.
The driving chip 2 receives the driving current for the OLED
through the second switch transistor T2, calculates the
driving current by calculating the amount of change in the
voltage on the sense line, adjusts the signal on the data line
“Data” corresponding to the first sub-pixel until the amount
of change in the voltage on the sense line “Sense” equals a
preset value (at this point, the driving current equals to the
driving current for the light-emitting device with the initial
luminous efficiency), and determines the amount of change
in the driving voltage of the OLED and thus the aging of this
OLED in the first sub-pixel by calculating the amount of
change in the voltage on the data line “Data” (ie., the
amount of change in the voltage of the gate of the driving
transistor).

Thereafter, the driving chip 2 detects the aging of the
OLED:s in the second sub-pixel, the third sub-pixel and the
fourth sub-pixel one by one. Specifically, the above three
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phases are also performed in detecting these three sub-
pixels, the working principles of which are the same as that
of the first sub-pixel, and thus are not discussed here for
simplicity.

It is to be noted that in FIGS. 3a to 3¢ an underlined
reference sign of a device indicates that the device is not in
operation and otherwise the device is in operation.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is used to compensate for the corresponding
sub-pixel in accordance with the aging of the light-emitting
device in each sub-pixel. The compensating specifically
includes:

determining for each sub-pixel an initial luminance value
corresponding to the initial grayscale value for the sub-pixel;
dividing the determined initial luminance value by the
percentage of attenuation of the luminous efliciency of the
corresponding light-emitting device to derive a target lumi-
nance value; and determining a first target grayscale value
(i.e., the compensated grayscale) corresponding to the target
luminance value from the target luminance value.

Specifically, the driving chip may achieve the determina-
tion of the percentage of attenuation of the luminous effi-
ciency using the waveforms for detecting the driving voltage
of the light-emitting device in the sub-pixel as shown in FIG.
4. Of course, embodiments of the present disclosure are not
limited to using the waveforms given in FIG. 4 to achieve
the determination of the percentage of attenuation of the
luminous efficiency.

In FIG. 4, HS is a horizontal sync signal with each pulse
representing a start of a row.

STB1 is a latch signal, by which the data in a shift register
is transferred to a latch and the content of the data is
displayed by the driving circuit lighting up the light-emitting
device.

STB2 is a trigger signal of the data line at the first
detection phase, which signal is designed for determining
the percentage of attenuation of the luminous efficiency in
the embodiment of the present disclosure.

DATA is a data signal that is input to the data line.

STB4 and STBS are control signals to control the first
detection phase and the display phase of the sense line
“Sense”, which signals are designed for determining the
percentage of attenuation of the luminous efficiency in the
embodiment of the present disclosure, wherein STB4 is a
trigger signal for the display phase of the sense line “Sense”,
and STBS is a trigger signal for the first detection phase of
the sense line “Sense”.

Sense is a signal that is output on the sense line “Sense”,
and “Sense Signal” is the driving voltage of the light-
emitting device.

The first detection phase T1 may be the first time period
described above, and the display phase T2 may be the
second time period described above.

The start point of the first time period as shown in FIG.
4 is the same as the falling edge of the horizontal sync signal
that indicates the start of a period, and the end point of the
second time period is the same as the falling edge of the
horizontal sync signal that indicates the end of a period. Of
course the present disclosure is not limited to the instance
where the sum of the durations of these two time periods
equals to the duration of a period of the horizontal sync
signal. The specific position of the start point of the first time
period may be adjusted according to the actual conditions,
including the RC parameter of the display panel, the switch-
ing time, the output capacity of the driving chip, etc.
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Further, in the organic electroluminescent display panel
according to an embodiment of the present disclosure, the
operations in the first detection phase may be performed
each time the display panel starts up to acquire the aging of
the light-emitting devices in the sub-pixels, and then at the
display phase the initial grayscale value for the correspond-
ing sub-pixel is always compensated in accordance with the
most-recently acquired aging of the light-emitting device in
each sub-pixel. Of course, in implementations, there may be
some instances where the operations in the first detection
phase are performed at intervals to acquire the aging of the
light-emitting devices in the sub-pixels, and then at the
display phase the initial grayscale value for the correspond-
ing sub-pixel is always compensated in accordance with the
most-recently acquired aging of the light-emitting device in
each sub-pixel until the next time the aging of the light-
emitting devices in the sub-pixels is determined.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is used to perform the first detection phase
to acquire the aging of the light-emitting devices in the
sub-pixels upon the first start-up of the organic electrolumi-
nescent display panel during a preset time period, and then
to compensate the initial grayscale value for the correspond-
ing sub-pixel at the display phase in accordance with the
most-recently acquired aging of the light-emitting device in
each sub-pixel.

Furthermore, in view of that in practice the threshold
voltages of the driving transistors in the sub-pixels also drift
over time, and that the amounts of drift of the threshold
voltages of the driving transistors in the sub-pixels are
different (which will affect the working currents input to the
light-emitting devices and thus the uniformity of the dis-
played images), in addition to compensating the difference
in the amounts of attenuation of the luminous efficiencies of
the light-emitting devices, the difference in the amounts of
drift of the threshold voltages of the driving transistors is to
be compensated in order to improve the uniformity of the
display panel. There may be some instances where the
difference in the amounts of attenuation of the luminous
efficiencies of the light-emitting devices in the sub-pixels is
compensated first, and then the difference in the amounts of
drift of the threshold voltages of the driving transistors in the
sub-pixels is compensated. Alternatively, there may be some
instances where the difference in the amounts of drift of the
threshold voltages of the driving transistors in the sub-pixels
is compensated first, and then the difference in the amounts
of attenuation of the luminous efficiencies of the light-
emitting devices in the sub-pixels is compensated.

The instances where the difference in the amounts of
attenuation of the luminous efficiencies of the light-emitting
devices is compensated first, and then the difference in the
amounts of drift of the threshold voltages of the driving
transistors is compensated are described below.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
for each pixel group, the driving chip is further used to detect
an amount of drift of the threshold voltage of the driving
transistor in each sub-pixel one by one at a second detection
phase, and to compensate the first target grayscale value for
the corresponding sub-pixel at the display phase in accor-
dance with the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
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the driving chip detecting the amount of drift of the thresh-
old voltage of the driving transistor in each sub-pixel
specifically includes:

writing, by the data write unit, a second preset voltage to
the gate of the driving transistor; providing a first reference
signal that is variable and has a voltage value less than a
threshold voltage of the light-emitting device to the first
reference signal terminal; varying the voltage value of the
first reference signal; acquiring, by the detection unit, cur-
rent values of the driving transistor under different voltages
of the first reference signal; and determining the amount of
drift of the threshold voltage of the driving transistor using
a correspondence between different source-gate voltages
and the current values, the source-gate voltage being a
difference between the voltage value of the first reference
signal and the second preset voltage.

Specifically, upon acquisition of the correspondence of
the driving transistor between different source-gate voltages
and the current values, the I-V characteristic of the driving
transistor is derived. In turn, the threshold voltage of the
driving transistor can be derived from the [-V characteristic.
The amount of drift of the threshold voltage of the driving
transistor can be derived by subtracting a preset standard
threshold voltage from the derived threshold voltage of the
driving transistor.

FIG. 5 is a schematic diagram showing that the driving
chip 2 is detecting the amount of drift of the threshold
voltage of the driving transistor DT in the first sub-pixel at
the second detection phase. The reference sign of the OLED
device is underlined, indicating that the OLED is not in
operation.

Specifically, after the detection of the first sub-pixel, the
driving chip detects the amounts of drift of the threshold
voltages of the driving transistors in the second sub-pixel,
the third sub-pixel and the fourth sub-pixel one by one. The
specific working principles for detecting these three sub-
pixels are the same as that for the first sub-pixel, and thus are
not discussed here for simplicity.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is used to compensate the first target
grayscale value for the corresponding sub-pixel in accor-
dance with the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel. The compensating spe-
cifically includes:

determining for each sub-pixel an initial driving voltage
value corresponding to the first target grayscale value for the
sub-pixel; deriving a target driving voltage value by adding
the determined initial driving voltage value to the amount of
drift of the threshold voltage of the corresponding driving
transistor; and determining a second target grayscale value
corresponding to the first target grayscale value from the
target driving voltage value.

Specifically, in implementations, in the organic electrolu-
minescent display panel according to an embodiment of the
present disclosure, in the instance where the amounts of drift
of the threshold voltages of the driving transistors in the
sub-pixels are compensated first, and then the difference in
the amounts of attenuation of the luminous efficiencies of the
light-emitting devices in the sub-pixels is compensated, at
the display phase, the first target grayscale value (here the
first target grayscale value is the initial grayscale value input
during the displaying) is compensated first in accordance
with the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel to derive a second
grayscale value, and then the initial grayscale value (here the
initial grayscale value is the derived second grayscale value
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after the above compensation of the amount of drift of the
threshold voltage) for the corresponding sub-pixel is com-
pensated in accordance with the aging of the light-emitting
device in each sub-pixel. The specific detection is the same
as the above embodiments, and thus is not discussed here for
simplicity.

Specifically, the driving chip may achieve the determina-
tion of the amount of drift of the threshold voltage of the
driving transistor using the waveforms for detecting the
current of the driving transistor in the sub-pixel as shown in
FIG. 6. Of course, embodiments of the present disclosure are
not limited to using the waveforms given in FIG. 6 to
achieve the determination of the amount of drift of the
threshold voltage of the driving transistor.

In FIG. 6, HS is a horizontal sync signal with each pulse
representing a start of a row.

STB1 is a latch signal, by which the data in a shift register
is transferred to a latch and the content of the data is
displayed by the driving circuit lighting up the light-emitting
device.

STB2 is a trigger signal of the data line at the second
detection phase, which signal is designed for determining
the amount of drift of the threshold voltage of the driving
transistor in the embodiment of the present disclosure.

DATA is a data signal that is input to the data line.

STB4 and STBS are control signals to control the second
detection phase and the display phase of the sense line
“Sense”, which signals are designed for determining the
amount of drift of the threshold voltage of the driving
transistor in the embodiment of the present disclosure,
wherein STB4 is a trigger signal for the display phase of the
sense line “Sense”, and STBS5 is a trigger signal for the
second detection phase of the sense line “Sense”.

The second detection phase T3 may be the first time
period described above, and the display phase T2 may be the
second time period described above.

The start point of the first time period as shown in FIG.
6 is the same as the falling edge of the horizontal sync signal
that indicates the start of a period, and the end point of the
second time period is the same as the falling edge of the
horizontal sync signal that indicates the end of a period. Of
course the present disclosure is not limited to the instance
where the sum of the durations of these two time periods
equals to the duration of a period of the horizontal sync
signal. The specific position of the start point of the first time
period may be adjusted according to the actual conditions,
including the RC parameter of the display panel, the switch-
ing time, the output capacity of the driving chip, etc.

Further, in the organic electroluminescent display panel
according to an embodiment of the present disclosure, the
operations in the second detection phase may be performed
each time the display panel starts up to acquire the amounts
of drift of the threshold voltages of the driving transistors in
the sub-pixels, and then at the display phase the grayscale
value for the corresponding sub-pixel is always compen-
sated in accordance with the most-recently acquired amount
of drift of the threshold voltage of the driving transistor in
each sub-pixel. Of course, in implementations, there may be
some instances where the operations in the second detection
phase are performed at intervals to acquire the amounts of
drift of the threshold voltages of the driving transistors in the
sub-pixels, and then at the display phase the grayscale value
for the corresponding sub-pixel is always compensated in
accordance with the most-recently acquired amount of drift
of the threshold voltage of the driving transistor in each
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sub-pixel until the next time the amounts of drift of the
threshold voltages of the driving transistors in the sub-pixels
is determined.

Optionally, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the driving chip is used to perform the first detection phase
to acquire the aging of the light-emitting devices in the
sub-pixels upon the first start-up of the organic electrolumi-
nescent display panel during a preset time period, and then
to compensate the initial grayscale value for the correspond-
ing sub-pixel at the display phase in accordance with the
most-recently acquired aging of the light-emitting device in
each sub-pixel.

Further, in the organic electroluminescent display panel
according to an embodiment of the present disclosure, the
first detection phase and the second detection phase may be
performed successively, namely, the second detection phase
is performed immediately after the completion of the first
detection phase, and then the display phase is performed.
Alternatively, the first detection phase is performed imme-
diately after the completion of the second detection phase,
and then the display phase is performed. Of course, the first
detection phase and the second detection phase may be
performed at intervals, namely, the second detection phase is
performed after some time the first detection phase is
completed, or the first detection phase is performed after
some time the second detection phase is completed. The
present disclosure is not so limited.

Based on the same inventive concept, embodiments of the
present disclosure further provide a display apparatus, which
includes the organic electroluminescent display panels
according to the embodiments of the present disclosure as
described above. The display apparatus may be a display, a
cell phone, a television, a laptop, an all-in-one computer, and
so on. It should be understood by an average person skilled
in the art that the display apparatus is provided with other
indispensable components, which are not discussed here for
simplicity and should not be regarded as limiting the present
disclosure.

Embodiments of the present disclosure further provide a
method for luminance compensation of an organic electrolu-
minescent display panel. The organic electroluminescent
display panel includes a plurality of rows of sub-pixels and
a driving chip connected with the sub-pixels through respec-
tive data lines. At least two adjacent sub-pixels in the same
row form a pixel group. The display panel further includes
sense lines corresponding one-to-one to the pixel groups,
and first gate lines and second gate lines that are connected
with respective rows of sub-pixels. Each of the sense lines
is connected with a respective signal channel of the driving
chip.

The sub-pixel includes a driving transistor, a capacitor
connected between a source and a gate of the driving
transistor, a data write unit, a detection unit and a light-
emitting device. An input terminal of the data write unit is
connected with a corresponding one of the data lines, a
control terminal thereof is connected with a corresponding
one of the first gate lines, and an output terminal thereof is
connected with the gate of the driving transistor and a first
terminal of the capacitor. An input terminal of the detection
unit is connected with the source of the driving transistor, a
second terminal of the capacitor and a first terminal of the
light-emitting device, respectively, a control terminal
thereof is connected with a corresponding one of the second
gate lines, and an output terminal thereof is connected with
one of the sense lines that corresponds to the pixel group to
which the sub-pixel belongs. A drain of the driving transistor
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is connected with a first reference signal terminal, and a
second terminal of the light-emitting device is connected
with a second reference signal terminal.

As shown in FIG. 7, the method includes:

S101: for each pixel group, detecting by the driving chip
aging of the light-emitting device in each sub-pixel one by
one at a first detection phase; and

S102: compensating an initial grayscale value for a cor-
responding sub-pixel at a display phase in accordance with
the aging of the light-emitting device in each sub-pixel.

Optionally, as shown in FIG. 8, the step of detecting the
aging of the light-emitting device in each sub-pixel includes:
writing, by the data write unit, a first preset voltage larger
than a threshold voltage of the driving transistor to the gate
of the driving transistor; receiving, by the detection unit, a
driving current for the driving transistor driving the light-
emitting device to emit light; calculating the driving current
by calculating an amount of change in a voltage on the
corresponding sense line; adjusting a voltage of the gate of
the driving transistor until the amount of change in the
voltage on the sense line equals a preset value; and deter-
mining the aging of the light-emitting device by calculating
an amount of change in the voltage of the gate of the driving
transistor.

Optionally, the determining the aging of the light-emitting
device by calculating the amount of change in the voltage of
the gate of the driving transistor includes:

calculating a difference between the voltage of the gate of
the driving transistor and the first preset voltage when the
amount of change in the voltage on the sense line equals the
preset value;

determining an amount of change in a driving voltage for
the driving transistor driving the light-emitting device from
the difference;

comparing the determined amount of change in the driv-
ing voltage with a pre-established correspondence between
the amount of change in the driving voltage and a percentage
of attenuation of a luminous efficiency of the light-emitting
device, to determine the percentage of attenuation of the
luminous efficiency of the light-emitting device. The per-
centage of attenuation of the luminous efliciency represents
a ratio of an attenuated luminous efficiency to an initial
luminous efficiency of the light-emitting device.

Optionally, the compensating for the corresponding sub-
pixel in accordance with the aging of the light-emitting
device in each sub-pixel includes:

determining for each sub-pixel an initial luminance value
corresponding to the initial grayscale value for the sub-pixel,
dividing the determined initial luminance value by the
percentage of attenuation of the luminous efficiency of the
corresponding light-emitting device to derive a target lumi-
nance value; and determining a first target grayscale value
corresponding to the target luminance value from the target
luminance value.

Optionally, for each pixel group, the driving chip is
further configured to detect an amount of drift of the
threshold voltage of the driving transistor in each sub-pixel
one by one at a second detection phase, and to compensate
the first target grayscale value for the corresponding sub-
pixel at the display phase in accordance with the amount of
drift of the threshold voltage of the driving transistor in each
sub-pixel.

Optionally, the detecting the amount of drift of the thresh-
old voltage of the driving transistor in each sub-pixel
includes:

writing, by the data write unit, a second preset voltage
larger than the threshold voltage of the driving transistor to

20

25

40

45

60

65

18

the gate of the driving transistor; providing a first reference
signal that is variable and has a voltage value less than a
threshold voltage of the light-emitting device to the first
reference signal terminal; varying the voltage value of the
first reference signal; acquiring, by the detection unit, cur-
rent values of the driving transistor under different voltages
of the first reference signal; and determining the amount of
drift of the threshold voltage of the driving transistor using
a correspondence between different source-gate voltages
and the current values, the source-gate voltage being a
difference between the voltage value of the first reference
signal and the second preset voltage.

Optionally, the compensating the first target grayscale
value for the corresponding sub-pixel in accordance with the
amount of drift of the threshold voltage of the driving
transistor in each sub-pixel includes:

determining for each sub-pixel an initial driving voltage
value corresponding to the first target grayscale value for the
sub-pixel; deriving a target driving voltage value by adding
the determined initial driving voltage value to the amount of
drift of the threshold voltage of the corresponding driving
transistor; and determining a second target grayscale value
corresponding to the first target grayscale value from the
target driving voltage value.

Optionally, the driving chip is configured to perform the
first detection phase to acquire the aging of the light-
emitting devices in the sub-pixels upon the first start-up of
the organic electroluminescent display panel during a preset
time period, and then to compensate the initial grayscale
value for the corresponding sub-pixel at the display phase in
accordance with the most-recently acquired aging of the
light-emitting device in each sub-pixel.

Optionally, the driving chip is configured to perform the
second detection phase to acquire the amounts of drift of the
threshold voltages of the driving transistors in the sub-pixels
upon the first start-up of the organic electroluminescent
display panel during a preset time period, and then to
compensate the first target grayscale value for the corre-
sponding sub-pixel in accordance with the most-recently
acquired amount of drift of the threshold voltage in each
sub-pixel at the display phase.

With the organic electroluminescent display panel, the
display apparatus, and the method for luminance compen-
sation of an organic electroluminescent display panel
according to embodiments of the present disclosure, when
the data write unit writes the first preset voltage to the gate
of the driving transistor, the driving current for the driving
transistor driving the light-emitting device to emit light is
received by the detection unit, the driving current is detected
by calculating the amount of change in the voltage on the
sense line, and the voltage of the gate of the driving
transistor is adjusted until the amount of change in the
voltage on the sense line equals the preset value. Thereby,
the amount of change in the driving voltage is calculated by
calculating the amount of change in the voltage of the gate
of the driving transistor, and in turn the aging of the
corresponding light-emitting device is derived. The initial
grayscale value for the corresponding sub-pixel is further
compensated in accordance with the aging of the light-
emitting device in each sub-pixel, such that in the case that
the threshold voltages of the driving transistors are the same,
the light-emitting devices of the sub-pixels with different
luminous efficiencies still have the same luminance if the
input initial grayscale values are the same. That is, the
uniformity of the luminance of the display panel is
improved. Moreover, in the organic electroluminescent dis-
play panel the plurality of sub-pixels belonging to the same
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pixel group share a sense line. As compared with the prior
art where each sub-pixel is connected to a respective sense
line, this may facilitate the fabrication of a high resolution
display panel by reducing the number of the wirings in the
display panel, and reduce the area of the driving chip and
thus the manufacture cost by reducing the number of the
signal channels of the driving chip.

Apparently, various modifications and variations may be
made to the present disclosure by those skilled in the art
without departing from the spirit and scope of the present
disclosure. Thus, if these modifications and variations to the
present disclosure fall within the scope of the appended
claims and equivalents thereof, the present disclosure is
intended to encompass these modifications and variations.

What is claimed is:

1. An organic electroluminescent display panel compris-

ing:

a plurality of rows of sub-pixels and a driving chip
connected with the sub-pixels through respective data
lines; wherein at least two adjacent sub-pixels in the
same row form a pixel group;

the display panel further comprises sense lines corre-
sponding one-to-one to the pixel groups, and first gate
lines and second gate lines that are connected with
respective rows of sub-pixels, wherein each of the
sense lines is connected with a respective signal chan-
nel of the driving chip;

the sub-pixel comprising a driving transistor, a capacitor
connected between a source and a gate of the driving
transistor, a data write unit, a detection unit and a
light-emitting device, wherein an input terminal of the
data write unit is connected with a corresponding one
of the data lines, a control terminal thereof is connected
with a corresponding one of the first gate lines, and an
output terminal thereof is connected with the gate of the
driving transistor and a first terminal of the capacitor,
wherein an input terminal of the detection unit is
connected with the source of the driving transistor, a
second terminal of the capacitor and a first terminal of
the light-emitting device, respectively, a control termi-
nal thereof is connected with a corresponding one of
the second gate lines, and an output terminal thereof is
connected with one of the sense lines that corresponds
to the pixel group to which the sub-pixel belongs, and
wherein a drain of the driving transistor is connected
with a first reference signal terminal, and a second
terminal of the light-emitting device is connected with
a second reference signal terminal;

wherein for each pixel group, the driving chip is config-
ured to detect aging of the light-emitting device in each
sub-pixel one by one at a first detection phase, and
compensate an initial grayscale value for a correspond-
ing sub-pixel in accordance with the aging of the
light-emitting device in each sub-pixel at a display
phase;

wherein the driving chip is further configured for: writing
with the data write unit, a first preset voltage larger than
a threshold voltage of the driving transistor to the gate
of the driving transistor; receiving with the detection
unit, a driving current for the driving transistor driving
the light-emitting device to emit light; calculating the
driving current by calculating an amount of change in
a voltage on the corresponding sense line; adjusting a
voltage of the gate of the driving transistor until the
amount of change in the voltage on the sense line
equals a preset value; and determining the aging of the
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light-emitting device by calculating an amount of
change in the voltage of the gate of the driving tran-
sistor;
and wherein the driving chip is further configured for:
calculating, by the driving chip, a difference between the
voltage of the gate of the driving transistor and the first
preset voltage when the amount of change in the
voltage on the sense line equals the preset value;

determining an amount of change in a driving voltage for
the driving transistor driving the light-emitting device
from the difference; and

comparing the determined amount of change in the driv-

ing voltage with a pre-established correspondence
between the amount of change in the driving voltage
and a percentage of attenuation of a luminous efficiency
of the light-emitting device, to determine the percent-
age of attenuation of the luminous efficiency of the
light-emitting device, wherein the percentage of attenu-
ation of the luminous efficiency represents a ratio of an
attenuated luminous efficiency to an initial luminous
efficiency of the light-emitting device.

2. The organic electroluminescent display panel as recited
in claim 1, wherein the driving chip is further configured for:

determining for each sub-pixel an initial luminance value

corresponding to the initial grayscale value for the
sub-pixel; dividing the determined initial luminance
value by the percentage of attenuation of the luminous
efficiency of the corresponding light-emitting device to
derive a target luminance value; and determining a first
target grayscale value corresponding to the target lumi-
nance value from the target luminance value.

3. The organic electroluminescent display panel as recited
in claim 2, wherein for each pixel group, the driving chip is
further configured to detect an amount of drift of the
threshold voltage of the driving transistor in each sub-pixel
one by one at a second detection phase, and to compensate
the first target grayscale value for the corresponding sub-
pixel at the display phase in accordance with the amount of
drift of the threshold voltage of the driving transistor in each
sub-pixel.

4. The organic electroluminescent display panel as recited
in claim 3, wherein detecting the amount of drift of the
threshold voltage of the driving transistor in each sub-pixel
comprises:

writing, by the data write unit, a second preset voltage

larger than the threshold voltage of the driving transis-
tor to the gate of the driving transistor;

providing a first reference signal that is variable and has

a voltage value less than a threshold voltage of the
light-emitting device to the first reference signal ter-
minal;

varying the voltage value of the first reference signal;

acquiring, by the detection unit, current values of the
driving transistor under different voltages of the first
reference signal; and

determining the amount of drift of the threshold voltage of

the driving transistor using a correspondence between
different source-gate voltages and the current values,
the source-gate voltage being a difference between the
voltage value of the first reference signal and the
second preset voltage.

5. The organic electroluminescent display panel as recited
in claim 4, wherein the driving chip is further configured for:

determining, for each sub-pixel an initial driving voltage

value corresponding to the first target grayscale value
for the sub-pixel,
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deriving, a target driving voltage value by adding the
determined initial driving voltage value to the amount
of drift of the threshold voltage of the corresponding
driving transistor; and

determining, a second target grayscale value correspond-

ing to the first target grayscale value from the target
driving voltage value.

6. The organic electroluminescent display panel as recited
in claim 3, wherein the driving chip is configured to perform
the second detection phase to acquire the amounts of drift of
the threshold voltages of the driving transistors in the
sub-pixels upon the first start-up of the organic electrolumi-
nescent display panel during a preset time period, and then
to compensate the first target grayscale value for the corre-
sponding sub-pixel in accordance with the most-recently
acquired amount of drift of the threshold voltage in each
sub-pixel at the display phase.

7. The organic electroluminescent display panel as recited
in claim 1, wherein

characterized in that the data write unit comprises a first

switch transistor, wherein the first switch transistor has
a gate connected with the corresponding first gate line,
a source connected with the corresponding data line,
and a drain connected with the gate of the correspond-
ing driving transistor; alternatively,

the detection unit comprises a second switch transistor,

wherein the second switch transistor has a gate con-
nected with the corresponding second gate line, a
source connected with a corresponding one of the sense
lines, and a drain connected with the source of the
corresponding driving transistor.

8. The organic electroluminescent display panel as recited
in claim 1, wherein the driving chip is configured to perform
the first detection phase to acquire the aging of the light-
emitting devices in the sub-pixels upon the first start-up of
the organic electroluminescent display panel during a preset
time period, and then to compensate the initial grayscale
value for the corresponding sub-pixel at the display phase in
accordance with the most-recently acquired aging of the
light-emitting device in each sub-pixel.

9. A display apparatus comprising the organic electrolu-
minescent display panel as recited in claim 1.

10. A method for luminance compensation of an organic
electroluminescent display panel, the organic electrolumi-
nescent display panel comprising a plurality of rows of
sub-pixels and a driving chip connected with the sub-pixels
through respective data lines, wherein at least two adjacent
sub-pixels in the same row form a pixel group; the display
panel further comprising sense lines corresponding one-to-
one to the pixel groups, and first gate lines and second gate
lines that are connected with respective rows of sub-pixels,
wherein each of the sense lines is connected with a respec-
tive signal channel of the driving chip;

the sub-pixel comprising a driving transistor, a capacitor

connected between a source and a gate of the driving
transistor, a data write unit, a detection unit and a
light-emitting device, wherein an input terminal of the
data write unit is connected with a corresponding one
of the data lines, a control terminal thereof is connected
with a corresponding one of the first gate lines, and an
output terminal thereof is connected with the gate of the
driving transistor and a first terminal of the capacitor,
wherein an input terminal of the detection unit is
connected with the source of the driving transistor, a
second terminal of the capacitor and a first terminal of
the light-emitting device, respectively, a control termi-
nal thereof is connected with a corresponding one of
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the second gate lines, and an output terminal thereof is
connected with one of the sense lines that corresponds
to the pixel group to which the sub-pixel belongs, and
wherein a drain of the driving transistor is connected
with a first reference signal terminal, and a second
terminal of the light-emitting device is connected with
a second reference signal terminal;

wherein the method comprises:

for each pixel group, detecting by the driving chip aging
of the light-emitting device in each sub-pixel one by
one at a first detection phase; and

compensating an initial grayscale value for a correspond-

ing sub-pixel in accordance with the aging of the
light-emitting device in each sub-pixel at a display
phase;
wherein detecting the aging of the light-emitting device in
each sub-pixel comprises: writing, by the data write
unit, a first preset voltage larger than a threshold
voltage of the driving transistor to the gate of the
driving transistor; receiving, by the detection unit, a
driving current for the driving transistor driving the
light-emitting device to emit light; calculating the driv-
ing current by calculating an amount of change in a
voltage on the corresponding sense line; adjusting a
voltage of the gate of the driving transistor until the
amount of change in the voltage on the sense line
equals a preset value; and determining the aging of the
light-emitting device by calculating an amount of
change in the voltage of the gate of the driving tran-
sistor;
and wherein determining the aging of the light-emitting
device by calculating the amount of change in the
voltage of the gate of the driving transistor comprises:

calculating a difference between the voltage of the gate of
the driving transistor and the first preset voltage when
the amount of change in the voltage on the sense line
equals the preset value;

determining an amount of change in a driving voltage for

the driving transistor driving the light-emitting device
from the difference;

comparing the determined amount of change in the driv-

ing voltage with a pre-established correspondence
between the amount of change in the driving voltage
and a percentage of attenuation of a luminous efficiency
of the light-emitting device, to determine the percent-
age of attenuation of the luminous efficiency of the
light-emitting device, wherein the percentage of attenu-
ation of the luminous efficiency represents a ratio of an
attenuated luminous efficiency to an initial luminous
efficiency of the light-emitting device.

11. The method as recited in claim 10, wherein the
compensating for the corresponding sub-pixel in accordance
with the aging of the light-emitting device in each sub-pixel
comprises:

determining for each sub-pixel an initial luminance value

corresponding to the initial grayscale value for the
sub-pixel; dividing the determined initial luminance
value by the percentage of attenuation of the luminous
efficiency of the corresponding light-emitting device to
derive a target luminance value; and

determining a first target grayscale value corresponding to

the target luminance value from the target luminance
value.

12. The method as recited in claim 11, wherein for each
pixel group, the driving chip is further configured to detect
an amount of drift of the threshold voltage of the driving
transistor in each sub-pixel one by one at a second detection
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phase, and to compensate the first target grayscale value for
the corresponding sub-pixel at the display phase in accor-
dance with the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel.

13. The method as recited in claim 12, wherein the
detecting the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel comprises:

writing, by the data write unit, a second preset voltage

larger than the threshold voltage of the driving transis-
tor to the gate of the driving transistor;

providing a first reference signal that is variable and has

a voltage value less than a threshold voltage of the
light-emitting device to the first reference signal ter-
minal;

varying the voltage value of the first reference signal;

acquiring, by the detection unit, current values of the
driving transistor under different voltages of the first
reference signal; and determining the amount of drift of
the threshold voltage of the driving transistor using a
correspondence between different source-gate voltages
and the current values, the source-gate voltage being a
difference between the voltage value of the first refer-
ence signal and the second preset voltage.

14. The method as recited in claim 13, wherein the
compensating the first target grayscale value for the corre-
sponding sub-pixel in accordance with the amount of drift of
the threshold voltage of the driving transistor in each sub-
pixel comprises:
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determining for each sub-pixel an initial driving voltage
value corresponding to the first target grayscale value
for the sub-pixel;

deriving a target driving voltage value by adding the

determined initial driving voltage value to the amount
of drift of the threshold voltage of the corresponding
driving transistor; and

determining a second target grayscale value correspond-

ing to the first target grayscale value from the target
driving voltage value.

15. The method as recited in claim 12, wherein the driving
chip is configured to perform the second detection phase to
acquire the amounts of drift of the threshold voltages of the
driving transistors in the sub-pixels upon the first start-up of
the organic electroluminescent display panel during a preset
time period, and then to compensate the first target grayscale
value for the corresponding sub-pixel in accordance with the
most-recently acquired amount of drift of the threshold
voltage in each sub-pixel at the display phase.

16. The method as recited in claim 10, wherein the driving
chip is configured to perform the first detection phase to
acquire the aging of the light-emitting devices in the sub-
pixels upon the first start-up of the organic electrolumines-
cent display panel during a preset time period, and then to
compensate the initial grayscale value for the corresponding
sub-pixel at the display phase in accordance with the most-
recently acquired aging of the light-emitting device in each
sub-pixel.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
RHA
IPCH %5

CPCH¥S

RIEHRI(IF)

H

B (i)

1 4%

H AT 08
ShEREEE

BEG®)

AFT—HANBRLAETARNEREE. EF QUMK , BN
BB FERPHEABMHNEL. EETHE  RESNFRES
R AEBRFHBCRIMEMEN FEENDBIREE, I, EERER
T, BETHEGZANSNFEERAZERNL  EEERERTHFL
MBI LR H BRI A NES BERHE T URE LR , S
WA N ERR N HF B HE R AR,

patsnap
BNBEBEAXEREIR , EREENREMESZE
US10008159 NFF(RE)R 2018-06-26
US15/322545 RiFH 2016-04-15
RARAREERAROGERLE
ERAMBEARBERLF.
ERFMEEARGERARE.
SONG DANNA
SONG, DANNA
G09G3/32 G09G3/3291 G09G3/3241

G09G3/3291 G09G3/3241 G09G2300/0819 G09G2330/12 G09G2320/045 G09G2320/048 G09G2320
/0233 G09G3/3233 G09G2300/0426 G09G2300/0465 G09G2300/0842 G09G2320/0295

+/RJE , HALTER& GRISWOLD LLP

B

201510251479.0 2015-05-15 CN
US20170169767A1

Espacenet



https://share-analytics.zhihuiya.com/view/5788a5a5-3ce2-4358-94c6-893379491476
https://worldwide.espacenet.com/patent/search/family/053694775/publication/US10008159B2?q=US10008159B2

