US 20170169767A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2017/0169767 Al

SONG (43) Pub. Date: Jun. 15, 2017
(54) ORGANIC ELECTROLUMINESCENT Publication Classification
DISPLAY PANEL, DISPLAY APPARATUS (51) Int.Cl
AND LUMINANCE COMPENSATION G09G 3/3291 (2006.01)
METHOD G09G 3/3241 (2006.01)
(52) US. CL
(71) Applicant: Boe Technology Group Co., Ltd., CPC ... G09G 3/3291 (2013.01); GO9G 3/3241
Beijing (CN) (2013.01); GO9SG 2300/0819 (2013.01); GOIG
2320/0233 (2013.01); GO9G 2320/045
) (2013.01); GO9G 2320/048 (2013.01); GO9G
(72) Inventor: Danna SONG, Beijing (CN) 2330/12 (2013.01)
Q1) Appl. No..  15/322,545 (7) ABSTRACT
An organic electroluminescent display panel and a display
_ apparatus are disclosed. At a first detection phase, aging of
(22) PCT Filed: Apr. 15, 2016 the light-emitting device in each sub-pixel is detected one by
one. At a display phase, an initial grayscale value for a
(86) PCT No.: PCT/CN2016/079436 corresponding sub-pixel is compensated in accordance with
the aging of the light-emitting device in each sub-pixel.
§ 371 (e)(D), Moreover, in the display panel the plurality of sub-pixels
(2) Date: Dec. 28, 2016 that belong to the same pixel group share a sense line, such
that the number of the wirings in the display panel can be
(30) Foreign Application Priority Data reduced and the number of the signal channels of the driving
chip can thus be reduced, leading to a reduced area of the
May 15,2015  (CN) v 201510251479.0 driving chip and a reduced manufacture cost.
1 1
Data Data Data Data
ol ol :i ol -1
Gatel } 1 ;
T | j
Gated ‘ L
Yo vob Vo

Detee
~tion
Unit

Data
Write
Unit

Detec
-tion
Unit

Scnse

Driving Chip

(3]



US 2017/0169767 A1

Jun. 15,2017 Sheet 1 of 8

Patent Application Publication

| 81

ol

diy ) Surag

ASUDG asuag
e Gy A hr—-————F - —fF - == === === === 1_
| Il |
| )1 |
” SSA SSA , ” SSA SSA "
|
[ | |
” ‘‘‘‘‘‘‘‘‘‘‘‘‘ 1 ; i }
| |
| qd10 [(KyiY) , | [(E§) (SN "
| a | q ", ﬂ\\a —q
[ [N SRR - 1! ey 1y |
W " | i 1 "
\ 1 , 0 ‘ ] 7
W W W || wun j L wen | | nuny _
| uon- ! uot)- ,W uot)- | uon !
| ama() 2313(] " | RRIRTg| M0 "
| : 10 : 1a : i : i = it i : |
I ; il ; Bl |
W / \ mu(] ,” mie(] e ] !
S - | - i
” at 21 IR zr [
I I
W —t — I — — !
| aaa aqa I aas an !
] T I goren
, o . * w ® , * ”
| :
: v < , - y 3 P .
W | / f1o1wg
I . !
” 10" 10 I 10~ 10 - !
|
S Tf P \W
BIRQ vleg e1e( ere(q



US 2017/0169767 A1

Jun. 15,2017 Sheet 2 of 8

Patent Application Publication

iy Fmang

asuay
> - |
S8A
g
e
[
LT
| e
[ IS
yas
QA b
: 7310
- $ : »
. > > » -
L[enEn
0 % 0w - 1o -
eing vieg wing eRRg



US 2017/0169767 A1

Jun. 15,2017 Sheet 3 of 8

Patent Application Publication

B iy

a2

dig) Forang

A8UDY

Gaa

ze1ey

rieg

w-'

BIHY

10 -

B

G

"
R
|

vug



US 2017/0169767 A1

Jun. 15,2017 Sheet 4 of 8

Patent Application Publication

$54

L2

jo]

,
£o318s
i

ey




US 2017/0169767 A1

Jun. 15,2017 Sheet 5 of 8

Patent Application Publication

digy Farangy

SIEIN
854 8Ea EEA

GUA

W@%cu

R

e

wymy

PPRt="0

BEEL)

3o



Patent Application Publication  Jun. 15,2017 Sheet 6 of 8 US 2017/0169767 Al

[
HS |

8781 ’7
STB2 r ’7

1
i P ] [TFH ] [/,
i }
. : ] !
TTHHT ) yezson

STBS H
Fig. 4




Patent Application Publication  Jun. 15,2017 Sheet 7 of 8 US 2017/0169767 Al

&
[
%
-
£
[
—
¢ L%
2 =
i G o
s o
v L S
2 i
P
¢ s ;
;
N
*»
%
S
L
&
&
.l
»
3 3
3 &



Patent Application Publication  Jun. 15,2017 Sheet 8 of 8 US 2017/0169767 Al

fommmm o e mmmmm e
— T3 | T2 —
HS '
STRI r H
| |
STB2 | g
| i

wnt PP /) V[ [ [/,
STB4 i—l H
| | i |
[[H45 ] A V[ b /)

Fig. 6

L 5101
For each pixel group, detecting by the é//’j
driving chip aging of the light-emitting |
device in each sub-pixel one by one at
a first detection phase %
Compensating an initial grayscale 7 5102

value for a corresponding sub-pixel at P /
a display phase in accordance with
the aging of the light-emitting device in
gach sub-pixel

Fig. 7



US 2017/0169767 Al

ORGANIC ELECTROLUMINESCENT
DISPLAY PANEL, DISPLAY APPARATUS
AND LUMINANCE COMPENSATION
METHOD

RELATED APPLICATIONS

[0001] 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 disclo-
sures of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] 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

[0003] 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.

[0004] Among the three types of driving approaches for
AMOLED, 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.

[0005] However, in an AMOLED display of the voltage
driving type, the current-luminance (I-1.) conversion effi-
ciency 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.
[0006] 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 con-
nected with a driving chip through a respective sense line
corresponding 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 com-
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pensation of the sub-pixels in accordance with the detection.
Nevertheless, 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

[0007] In view of this, embodiments of the present dis-
closure provide an organic electroluminescent display panel,
a display apparatus, and a method for luminance compen-
sation 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.

[0008] 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 respec-
tive rows of sub-pixels. Each of the sense lines is connected
with a respective signal channel of the driving chip.
[0009] 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.

[0010] 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.

[0011] 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
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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.

[0012] Optionally, in the organic electroluminescent dis-
play 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:

[0013] 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;

[0014] determining an amount of change in a driving
voltage for the driving transistor driving the light-emitting
device from the difference;

[0015] comparing the determined amount of change in the
driving voltage with a pre-established correspondence
between the amount of change in the driving voltage and a
percentage of attenuation of a luminous efliciency of the
light-emitting device, to determine the percentage of attenu-
ation of the luminous efficiency of the light-emitting device,
wherein the percentage of attenuation of the luminous
efficiency represents a ratio of an attenuated luminous effi-
ciency to an initial luminous efliciency of the light-emitting
device.

[0016] Optionally, in the organic electroluminescent dis-
play 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:

[0017] 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
luminance value; and determining a first target grayscale
value corresponding to the target luminance value from the
target luminance value.

[0018] Optionally, in the organic electroluminescent dis-
play 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.

[0019] Optionally, in the organic electroluminescent dis-
play 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:

[0020] 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,
current values of the driving transistor under different volt-
ages 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
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being a difference between the voltage value of the first
reference signal and the second preset voltage.

[0021] Optionally, in the organic electroluminescent dis-
play panel according to an embodiment of the present
disclosure, 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:

[0022] 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 gray-
scale value from the target driving voltage value.

[0023] Optionally, in the organic electroluminescent dis-
play panel according to an embodiment of the present
disclosure, the data write unit includes a first switch tran-
sistor. 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 corresponding driving transistor.

[0024] Optionally, in the organic electroluminescent dis-
play 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.

[0025] Optionally, in the organic electroluminescent dis-
play 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
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 accor-
dance with the most-recently acquired aging of the light-
emitting device in each sub-pixel.

[0026] Optionally, in the organic electroluminescent dis-
play panel according to an embodiment of the present
disclosure, 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.

[0027] A display apparatus is further provided by an
embodiment of the present disclosure accordingly, which
includes any one of the organic electroluminescent display
panels according to the embodiments of the present disclo-
sure as described above.

[0028] Embodiments of the present disclosure further pro-
vide a method for luminance compensation of an organic
electroluminescent display panel, the organic electrolumi-
nescent display panel including a plurality of rows of
sub-pixels and a driving chip connected with the sub-pixels
through respective data lines. At least two adjacent sub-
pixels in the same row form a pixel group. The display panel
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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.

[0029] 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.

[0030] The method includes:

[0031] 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

[0032] compensating an initial grayscale value for a cor-
responding sub-pixel in accordance with the aging of the
light-emitting device in each sub-pixel at a display phase.
[0033] 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.

[0034] 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:
[0035] 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;

[0036] determining an amount of change in a driving
voltage for the driving transistor driving the light-emitting
device from the difference;

[0037] comparing the determined amount of change in the
driving voltage with a pre-established correspondence
between the amount of change in the driving voltage and a
percentage of attenuation of a luminous efliciency of the
light-emitting device, to determine the percentage of attenu-
ation of the luminous efficiency of the light-emitting device,
wherein the percentage of attenuation of the luminous
efficiency represents a ratio of an attenuated luminous effi-
ciency to an initial luminous efficiency of the light-emitting
device.
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[0038] Optionally, the compensating for the correspond-
ing sub-pixel in accordance with the aging of the light-
emitting device in each sub-pixel includes:

[0039] 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.

[0040] 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.

[0041] Optionally, the detecting the amount of drift of the
threshold voltage of the driving transistor in each sub-pixel
includes:

[0042] 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,
current values of the driving transistor under different volt-
ages 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.

[0043] Optionally, the compensating the first target gray-
scale 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:

[0044] 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 gray-
scale value from the target driving voltage value.

[0045] Optionally, the driving chip is configured to per-
form 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 gray-
scale 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.

[0046] Optionally, the driving chip is configured to per-
form 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
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acquired amount of drift of the threshold voltage in each
sub-pixel at the display phase.

[0047] With the organic electroluminescent display panel,
the display apparatus, and the method for luminance com-
pensation 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
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

[0048] FIG. 1 is a structural schematic diagram of an
organic electroluminescent display panel according to an
embodiment of the present disclosure;

[0049] FIG. 2 is a structural schematic diagram of an
organic electroluminescent display panel according to an
embodiment of the present disclosure;

[0050] 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 accord-
ing to an embodiment of the present disclosure is at a first
detection phase;

[0051] 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;

[0052] FIG. 5 is a schematic diagram of a display panel
according 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,

[0053] 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; and

[0054] FIG. 7 is a flow chart of a method for luminance
compensation of an organic electroluminescent display
panel according to an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0055] To clearly illustrate the solutions of the embodi-
ments of the present disclosure, the principle of the embodi-
ments of the present disclosure is first explained below. For
the light-emitting devices in the sub-pixels, their luminous
efficiencies 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 deriv-
ing the aging of the light-emitting devices, the initial gray-
scale value for each sub-pixel can be compensated in
accordance with the aging of the respective light-emitting
device in the sub-pixel, such that the actual luminance of the
light-emitting device is the same as the luminance of the
light-emitting device with the initial luminous efficiency and
under the circumstance of the grayscale input to the sub-
pixel being the initial grayscale value.

[0056] For an organic electroluminescent display panel,
the initial luminous efficiencies of the light-emitting devices
provided 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.

[0057] Of course, the above conclusion is drawn with the
other conditions (e.g., the threshold voltages of the driving
transistors) being the same for the respective sub-pixels.
[0058] Specific implementations of the organic electrolu-
minescent display panel and the display apparatus according
to embodiments of the present disclosure are described in
detail below in connection with the drawings.

[0059] As shown in FIG. 1, an organic electroluminescent
display 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
1s 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.
[0060] 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
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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.

[0061] 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.

[0062] 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 transistor 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 “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.

[0063] With the organic electroluminescent display panel
according 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 I, flowing through the driving transistor to driving
the light-emitting device to emit light meets the formula:
1=KV, gS—Vth)ZZK(Vgl—VD—Vth )%, 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 is
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,

Jun. 15,2017

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.

[0064] 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.

[0065] 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 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.

[0066] In implementations, in the organic electrolumines-
cent 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.
[0067] 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 disclosure, not for limiting the present disclosure.
[0068] Optionally, in the organic electroluminescent dis-
play 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.

[0069] 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 connected with the gate of the corresponding driving
transistor DT.

[0070] In implementations, when the first gate line con-
trols 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.

[0071] 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.

[0072] Optionally, in the organic electroluminescent dis-
play 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.

[0073] The second switch transistor T2 has a gate con-
nected with the corresponding second gate line “Gate2”, a
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source connected with a corresponding one of the sense lines
“Sense”, and a drain connected with the source of the
corresponding driving transistor DT.

[0074] 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.

[0075] The above is an illustration of a specific structure
of the detection unit in the organic electroluminescent dis-
play 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.

[0076] Optionally, in the organic electroluminescent dis-
play 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 determining specifically includes:

[0077] 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;

[0078] determining an amount of change in the driving
voltage for the driving transistor driving the light-emitting
device from the difference;

[0079] comparing the determined amount of change in the
driving 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 attenu-
ation of the luminous efficiency of the light-emitting device.
The percentage of attenuation of the luminous efficiency
represents a ratio of an attenuated luminous efficiency to an
initial luminous efficiency of the light-emitting device.
[0080] The working principle of the above display panel
according 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.

[0081] When the first sub-pixel (as shown in the left of
FIG. 3a) is detected, at a first phase, as shown in FIG. 3aq,
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-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
Ves=Vgl-V, o, Where V-, is the driving voltage on
the OLED.

[0082] 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
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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 1o, zn=K(V -
V. P=K(Vel-V o, o=V, ), and this driving current flows
to the sense line “Sense” through the second transistor T2.
[0083] 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” (i.e., the
amount of change in the voltage of the gate of the driving
transistor).

[0084] 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
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.

[0085] Itis 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.

[0086] Optionally, in the organic electroluminescent dis-
play 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:

[0087] 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 (i.e., the compensated grayscale) corresponding to the
target luminance value from the target luminance value.
[0088] Specifically, the driving chip may achieve the
determination of the percentage of attenuation of the lumi-
nous efficiency using the waveforms for detecting the driv-
ing 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.

[0089] InFIG. 4, HS is a horizontal sync signal with each
pulse representing a start of a row.

[0090] STBI 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.

[0091] STB2 is a trigger signal of the data line at the first
detection phase, which signal is designed for determining
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the percentage of attenuation of the luminous efficiency in
the embodiment of the present disclosure.

[0092] DATA is a data signal that is input to the data line.
[0093] STB4 and STBS5 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 1s a
trigger signal for the display phase of the sense line “Sense”,
and STB5 is a trigger signal for the first detection phase of
the sense line “Sense”.

[0094] Sense is a signal that is output on the sense line
“Sense”, and “Sense Signal” is the driving voltage of the
light-emitting device.

[0095] 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.

[0096] 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.
[0097] 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.

[0098] Optionally, in the organic electroluminescent dis-
play 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
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 accor-
dance with the most-recently acquired aging of the light-
emitting device in each sub-pixel.

[0099] Furthermore, in view of that in practice the thresh-
old 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
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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.

[0100] The instances where the difference in the amounts
of attenuvation 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.
[0101] Optionally, in the organic electroluminescent dis-
play 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 dis-
play phase in accordance with the amount of drift of the
threshold voltage of the driving transistor in each sub-pixel.
[0102] Optionally, in the organic electroluminescent dis-
play panel according to an embodiment of the present
disclosure, the driving chip detecting the amount of drift of
the threshold voltage of the driving transistor in each sub-
pixel specifically includes:

[0103] 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,
current values of the driving transistor under different volt-
ages 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.

[0104] Specifically, upon acquisition of the correspon-
dence 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 I-V charac-
teristic. 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 volt-
age of the driving transistor.

[0105] 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.

[0106] 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
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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.

[0107] Optionally, in the organic electroluminescent dis-
play 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
accordance with the amount of drift of the threshold voltage
of the driving transistor in each sub-pixel. The compensating
specifically includes:

[0108] 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 gray-
scale value from the target driving voltage value.

[0109] Specifically, in implementations, in the organic
electroluminescent display panel according to an embodi-
ment 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 after the above compensation of the amount
of drift of the threshold voltage) for the corresponding
sub-pixel is compensated in accordance with the aging of the
light-emitting device in each sub-pixel. The specific detec-
tion is the same as the above embodiments, and thus is not
discussed here for simplicity.

[0110] Specifically, the driving chip may achieve the
determination 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.

[0111] In FIG. 6, HS is a horizontal sync signal with each
pulse representing a start of a row.

[0112] 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.

[0113] STB2 is a trigger signal of the data line at the
second detection phase, which signal is designed for deter-
mining the amount of drift of the threshold voltage of the
driving transistor in the embodiment of the present disclo-
sure.

[0114] DATA is a data signal that is input to the data line.
[0115] STB4 and STBS5 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,
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wherein STB4 is a trigger signal for the display phase of the
sense line “Sense”, and STB5 is a trigger signal for the
second detection phase of the sense line “Sense”.

[0116] 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.

[0117] 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.

[0118] Further, in the organic electroluminescent display
panel according to an embodiment of the present disclosure,
the operations in the second detection phase may be per-
formed 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
compensated 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 sub-pixel until the next time the amounts
of drift of the threshold voltages of the driving transistors in
the sub-pixels is determined.

[0119] Optionally, in the organic electroluminescent dis-
play 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
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 accor-
dance with the most-recently acquired aging of the light-
emitting device in each sub-pixel.

[0120] 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 per-
formed. Alternatively, the first detection phase is performed
immediately 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.
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[0121] Based on the same inventive concept, embodi-
ments 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 pro-
vided with other indispensable components, which are not
discussed here for simplicity and should not be regarded as
limiting the present disclosure.

[0122] Embodiments of the present disclosure further pro-
vide a method for luminance compensation of an organic
electroluminescent display panel. The organic electrolumi-
nescent display panel includes a plurality of rows of sub-
pixels and a driving chip connected with the sub-pixels
through respective 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.

[0123] 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.

[0124] As shown in FIG. 7, the method includes:

[0125] 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

[0126] S102: compensating an initial grayscale value for a
corresponding sub-pixel at a display phase in accordance
with the aging of the light-emitting device in each sub-pixel.

[0127] 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.
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[0128] 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:
[0129] 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;

[0130] determining an amount of change in a driving
voltage for the driving transistor driving the light-emitting
device from the difference;

[0131] comparing the determined amount of change in the
driving voltage with a pre-established correspondence
between the amount of change in the driving voltage and a
percentage of attenuation of a luminous efliciency of the
light-emitting device, to determine the percentage of attenu-
ation of the luminous efficiency of the light-emitting device.
The percentage of attenuation of the luminous efficiency
represents a ratio of an attenuated luminous efficiency to an
initial luminous efficiency of the light-emitting device.
[0132] Optionally, the compensating for the correspond-
ing sub-pixel in accordance with the aging of the light-
emitting device in each sub-pixel includes:

[0133] 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
luminance value; and determining a first target grayscale
value corresponding to the target luminance value from the
target luminance value.

[0134] 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.

[0135] Optionally, the detecting the amount of drift of the
threshold voltage of the driving transistor in each sub-pixel
includes:

[0136] 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,
current values of the driving transistor under different volt-
ages 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.

[0137] Optionally, the compensating the first target gray-
scale 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:

[0138] 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
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corresponding driving transistor; and determining a second
target grayscale value corresponding to the first target gray-
scale value from the target driving voltage value.
[0139] Optionally, the driving chip is configured to per-
form 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 gray-
scale 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.
[0140] Optionally, the driving chip is configured to per-
form 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.
[0141] With the organic electroluminescent display panel,
the display apparatus, and the method for luminance com-
pensation 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
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.
[0142] 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.

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
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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;

for each pixel group, the driving chip being configured to
detect aging of the light-emitting device in each sub-
pixel one by one at a first detection phase, and com-
pensate 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.

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

3. The organic electroluminescent display panel as recited
in claim 2, wherein 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 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
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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 efliciency represents a ratio of an
attenuated luminous efficiency to an initial luminous
efficiency of the light-emitting device.

4. The organic electroluminescent display panel as recited
in claim 3, wherein 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 lumi-
nance value from the target luminance value.

5. The organic electroluminescent display panel as recited
in claim 4, 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.

6. The organic electroluminescent display panel as recited
in claim 5, 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.

7. The organic electroluminescent display panel as recited
in claim 6, wherein 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 comprises:

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.
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8. 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.

9. (canceled)

10. 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 gray-
scale 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.

11. The organic electroluminescent display panel as
recited in claim 5, 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 elec-
troluminescent 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.

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

13. 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
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
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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.

14. The method as recited in claim 13, wherein the
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 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.

15. The method as recited in claim 14, wherein the
determining the aging of the light-emitting device by cal-
culating 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 efliciency represents a ratio of an
attenuated luminous efficiency to an initial luminous
efficiency of the light-emitting device.

16. The method as recited in claim 15, 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

Jun. 15,2017

17. The method as recited in claim 16, 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 accor-
dance with the amount of drift of the threshold voltage of the
driving transistor in each sub-pixel.

18. The method as recited in claim 17, 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.

19. The method as recited in claim 18, 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:

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.

20. The method as recited in claim 13, 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.

21. The method as recited in claim 17, 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.
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