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(57) ABSTRACT

A method of compensating for changes in characteristics of
a panel of a display device is disclosed. The panel includes
subpixels, each of the subpixels including an organic light
emitting diode. The method comprises: counting, by the
display device, at least one on-time of at least one subpixel
of the subpixels, the at least one on-time indicating a number
of occurrences of light emitted by the at least one subpixel;
transmitting, by the display device, the at least one on-time
to a remote compensation server through a network; deter-
mining, by the remote compensation server, an organic light
emitting diode compensation factor based on the at least one
on-time; transmitting, by the remote compensation server,
the organic light emitting diode compensation factor to the
display device through the network; and driving, by the
display device, the panel based on the organic light emitting
diode compensation factor.
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REMOTE COMPENSATION SERVICE
METHOD, REMOTE COMPENSATION
SERVICE SYSTEM, OLED DISPLAY
DEVICE, AND REMOTE COMPENSATION
SERVER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application Number 10-2015-0153693 filed on Nov. 3,
2015, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND

[0002] Field

[0003] The present disclosure relates to compensation
technologies for organic light-emitting diode (OLED) dis-
play devices.

[0004] Description of Related Art

[0005] Organic light-emitting display devices, also
referred to as organic light-emitting diode (OLED) display
devices, have recently come to prominence as next genera-
tion display devices. Such OLED display devices have
inherent advantages, such as relatively fast response speeds
and wide viewing angles, since OLEDs able to emit light by
themselves are used therein.

[0006] Such an OLED display device includes a matrix of
subpixels, each of which has an OLED, and controls the
levels of brightness of subpixels selected by scanning sig-
nals based on the grayscales of data.

[0007] In this regard, in an OLED display panel (or an
organic light-emitting display panel) of an OLED display
device, circuit elements, such as an OLED and a transistor
and a capacitor for driving the OLED, are disposed in each
of the subpixels.

[0008] In addition, in the OLED display panel, circuit
elements, such as an OLED and a transistor, may undergo
degradations in quality along with the lapse of driving time,
thereby changing characteristics thereof.

[0009] This may consequently cause differences in char-
acteristics between circuit elements in subpixels. Differ-
ences in characteristics between circuit elements may cause
differences in luminance between subpixels, thereby acting
as a major reason for lowering image quality.

[0010] In this regard, the development of a variety of
compensation technologies for reducing differences in char-
acteristics between circuit elements in an OLED display
panel has been undertaken.

[0011] Such a variety of compensation technologies
require additional components with high processing ability
for the addition of compensation functions.

[0012] However, implementing additional components
with high processing ability is cost inefficient.

SUMMARY

[0013] In one embodiment, a method of compensating for
changes in characteristics of a panel of a display device is
disclosed. The panel includes a plurality of subpixels, each
of the plurality of subpixels including an organic light
emitting diode. The method comprises: counting, by the
display device, at least one on-time of at least one subpixel
of the plurality of subpixels, the at least one on-time
indicating a number of occurrences of light emitted by the at
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least one subpixel; transmitting, by the display device, the at
least one on-time to a remote compensation server through
a network; determining, by the remote compensation server,
an organic light emitting diode compensation factor based
on the at least one on-time; transmitting, by the remote
compensation servet, the organic light emitting diode com-
pensation factor to the display device through the network;
and driving, by the display device, the panel based on the
organic light emitting diode compensation factor.

[0014] In one or more embodiments, the method further
comprises generating, by the remote compensation server,
an organic light emitting diode degradation look up table.
The organic light emitting diode compensation factor may
be determined by applying the at least on-time to the organic
light emitting diode degradation look up table.

[0015] In one or more embodiments, the method further
comprises sensing, by the display device, a voltage or
current; generating, by the display device, sensing data
indicative of a characteristic of the at least one subpixel
based on the sensed voltage or the sensed current; transmit-
ting, by the display device, the sensing data to the remote
compensation server through the network; determining, by
the remote compensation server, a transistor compensation
factor based on the sensing data; transmitting, by the remote
compensation server, the transistor compensation factor to
the display device; and wherein the panel is driven further
based on the transistor compensation factor.

[0016] In one or more embodiments, a display device is
disclosed. The display device includes: a panel including a
plurality of subpixels, each of the plurality of subpixels
including an organic light emitting diode; a counter coupled
to the panel, the counter to obtain at least one on-time of at
least one subpixel of the plurality of subpixels, the at least
one on-time indicating a number of occurrences of light
emitted by the at least one subpixel; a communication circuit
coupled to the counter and a network, the communication
circuit configured to: transmit, the at least one on-time to a
remote server through the network, and receive, an organic
light emitting diode compensation factor through the net-
work, the organic light emitting diode compensation factor
generated by the remote server based on the at least one
on-time; a compensator circuit coupled to the communica-
tion circuit, the compensator circuit configured to generate
compensated image data based on the organic light emitting
diode compensation factor; and a driver circuit coupled to
the compensator circuit and the panel, the driver configured
to drive the panel based on the compensated image data.

[0017] In one or more embodiments, the compensator
circuit is configured to generate the compensated image data
based on the organic light emitting diode compensation
factor to compensate for a change in a threshold voltage of
the organic light emitting diode.

[0018] In one or more embodiments, the display device
further includes a sensor coupled to the plurality of subpix-
els, the sensor configured to generate sensing data indicative
of a characteristic of the at least one subpixel.

[0019] porn The communication circuit may be further
configured to: transmit the sensing data to the remote server
through the network, and receive a transistor compensation
factor through the network, the transistor compensation
factor generated by the remote server based on the sensing
data.
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[0020] The compensator circuit may be configured to
generate the compensated image data further based on the
transistor compensation factor.

[0021] The at least one subpixel may include a driving
transistor, and the compensator circuit may be configured to
generate the compensated image data further based on the
transistor compensation factor to compensate for a change in
a threshold voltage or a mobility of the driving transistor.
The driving transistor may supply current to the organic light
emitting diode of the at least one subpixel for emitting light.
The sensor may be configured to sense a saturated voltage of
an electrode of the driving transistor changing from a
reference voltage. The sensing data may include a value of
the saturated voltage indicative of the threshold voltage of
the driving transistor. The sensor may be configured to sense
a voltage of an electrode of the driving transistor for a
predetermined amount of time after a reference voltage is
provided to the electrode. The sensing data may include a
value of the sensed voltage. a rate of change from the
reference voltage to the sensed voltage indicative of the
mobility of the driving transistor.

[0022] In one or more embodiments, the display device
further comprises a memory coupled to the communication
circuit, the memory to store the organic light emitting diode
compensation factor.

[0023] The communication circuit may be further config-
ured to transmit product identification information or panel
identification information to the remote server through the
network. The organic light emitting diode compensation
factor may be generated by the remote server based on the
product identification information or the panel identification
information.

[0024] In one embodiment, a method performed by a
remote server for compensating for changes in characteris-
tics of a panel in a display device through a network is
disclosed. The panel includes a plurality of subpixels, each
of the plurality of subpixels including an organic light
emitting diode. The method comprises: receiving, from the
display device and through the network, at least one on-time
of a subpixel of the plurality of subpixels, the at least one
on-time indicating a number of occurrences of light emitted
by the subpixel: determining an organic light emitting diode
compensation factor based on the at least one on-time; and
transmitting the organic light emitting diode compensation
factor to the display device through the network.

[0025] The at least one on-time may indicate the number
of occurrences of light emitted by the at least one subpixel
for a gray level.

[0026] The organic light emitting diode compensation
factor may indicate an amount of compensation correspond-
ing to a change in a threshold voltage of the organic light
emitting diode of the subpixel. The organic light emitting
diode compensation factor is determined by applying the at
least one on-time to an organic light emitting diode degra-
dation look up table.

[0027] In one or more embodiments, the method further
comprises: receiving, from the display device and through
the network, product identification information or panel
identification information; and selecting the organic light
emitting diode degradation look up table from amongst a
plurality of organic light emitting diode degradation look up
tables based on the product identification information or the
panel identification information.
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[0028] In one or more embodiments, the method further
comprises receiving sensing data indicative of a character-
istic of a driving transistor of the subpixel through the
network; determining a transistor compensation factor based
on the sensing data; and transmitting the determined tran-
sistor compensation factor to the display device. The tran-
sistor compensation factor transmitted to the display device
may indicate an amount of compensation corresponding to
a change in a threshold voltage or a mobility of the driving
transistor. The driving transistor may supply current to the
organic light emitting diode of the subpixel for emitting

light.
BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other objects, features and advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings, in which:
[0030] FIG. 11is a view illustrating a remote compensation
service system according to present embodiments;

[0031] FIG. 2 is a detailed view illustrating a remote
compensation service according to the present embodi-
ments;

[0032] FIG. 3 is a configuration view illustrating an OLED
display device according to the present embodiments;
[0033] FIG. 4 is a block diagram illustrating a remote
compensation server according to the present embodiments;
[0034] FIG. 5 is a flow diagram illustrating a remote
compensation service method according to the present
embodiments;

[0035] FIG. 6 is a circuit diagram illustrating an exem-
plary subpixel structure of the OLED display device accord-
ing to the present embodiments;

[0036] FIG. 7 is a circuit diagram illustrating another
exemplary subpixel structure of the OLED display device
according to the present embodiments;

[0037] FIG. 8 is a diagram illustrating an exemplary
compensation circuit of the OLED display device according
to the present embodiments;

[0038] FIG. 9A and FIG. 9B are a circuit diagram and a
graph illustrating a threshold voltage sensing driving method
for a driving transistor in the OLED display device accord-
ing to the present embodiments; and

[0039] FIG. 10A and FIG. 10B are a circuit diagram and
a graph illustrating a mobility sensing method for a driving
transistor in the OLED display device according to the
present embodiments.

DETAILED DESCRIPTION

[0040] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which are
illustrated in the accompanying drawings. Throughout this
document, reference should be made to the drawings, in
which the same reference numerals and signs will be used to
designate the same or like components. In the following
description of the present disclosure, detailed descriptions of
known functions and components incorporated herein will
be omitted in the case that the subject matter of the present
disclosure may be rendered unclear thereby.

[0041] It will also be understood that, while terms such as
“first,” “second,” “A,” “B,” “(a),” and “(b)” may be used
herein to describe various elements, such terms are only
used to distinguish one element from another element. The
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substance, sequence, order or number of these elements is
not limited by these terms. It will be understood that when
an element is referred to as being “connected to” or “coupled
to” another element, not only can it be “directly connected
or coupled to” the other element, but it can also be “indi-
rectly connected or coupled to” the other element via an
“intervening” element. In the same context, it will be
understood that when an element is referred to as being
formed “on” or “under” another element, not only can it be
directly formed on or under another element, but it can also
be indirectly formed on or under another element via an
intervening element.

[0042] FIG.1is a view illustrating a remote compensation
service system according to present embodiments, and FIG.
2 is a detailed view illustrating a remote compensation
service according to the present embodiments.

[0043] Referring to FIG. 1, a “remote compensation ser-
vice” according to the present embodiments refers to a
service for remotely compensating for characteristics that
have changed due to degradations in circuit elements, such
as organic light-emitting diodes (OLEDs) and transistors, in
an OLED display panel 100 of an OLED display device 10
or for remotely providing compensation-related functions.
[0044] The remote compensation service system accord-
ing to the present embodiments includes a remote compen-
sation server 20 providing the remote compensation service,
the OLED display device 10 having the remote compensa-
tion service provided by the remote compensation server 20,
and the like.

[0045] The OLED display device 10 and the remote
compensation server 20 are connected via a network 30 to
transmit and receive a variety of information and data for the
remote compensation service to and from each other.
[0046] Referring to FIG. 1, the remote compensation
service 1s carried out as the OLED display device 10 and the
remote compensation server 20 communicate with each
other by setting a communications connection therebetween
through the network 30.

[0047] The OLED display device 10 includes the OLED
display panel 100 in which an OLED and one or more
transistors (DRT and SWT) are disposed on each subpixel.
[0048] In one embodiment, the OLED display device 10
does not determine panel compensation information corre-
sponding to OLED compensation factors and transistor
compensation factors by calculating or selecting the same by
itself in order to compensate for the characteristics of circuit
elements, such as the OLED and the transistors, in each
subpixel.

[0049] Instead, the remote compensation server 20
receives a remote compensation request from the OLED
display device 10 and determines panel compensation infor-
mation, such as OLED compensation factors and transistor
compensation factors, about the OLED display device 10 by
calculating or selecting the same.

[0050] Specifically, in response to the remote compensa-
tion request being received from the OLED display device
10, the remote compensation server 20 can determine panel
compensation information for the OLED display panel 100
based on a variety of reference information and provide the
determined panel compensation information to the OLED
display device 10.

[0051] The OLED display device 10 can drive the OLED
display panel 100 based on the panel compensation infor-
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mation (e.g. OLED compensation factors) provided by the
remote compensation server 20.

[0052] As described above, in one or more embodiments,
the panel compensation information, such as OLED com-
pensation values (OLED compensation factors or informa-
tion corresponding thereto) and/or transistor compensation
values (transistor compensation factors or information cor-
responding thereto), is not determined by the OLED display
device 10 but is determined by the remote compensation
server 20 having higher processing performance than the
OLED display device 10, so the panel compensation infor-
mation can be determined more accurately.

[0053] Since the remote compensation server 20 deter-
mines the panel compensation information on behalf of the
OLED display device 10, the OLED display device 10 does
not have to have functions or components for obtaining the
panel compensation information. Therefore, a complicated
control part may not be implemented in the display device
10. Thus, the processing load can be reduced, allowing the
cost of the OLED display device 10 to be reduced.

[0054] More specifically, by way of example, the OLED
display device 10 stores (or writes) OLED compensation
factors and/or transistor compensation factors in a memory
360.

[0055] Here, OLED compensation factors are also referred
to as OLED compensation values, which may mean com-
pensation values related to compensation for degradations in
OLEDs.

[0056] For example, an OLED compensation factor may
be a compensation value related to compensation for the
threshold voltage of an OLED.

[0057] OLED compensation factors may be information
determined by the remote compensation server 20, for
example, through calculation or selection.

[0058] OLED compensation factors as described above
may be used when changing image data to compensate for
degradations in the OLED.

[0059] Here, transistor compensation factors are also
referred to as transistor compensation values, which may
mean compensation values related to compensation for
degradations in driving transistors in pixels. The driving
transistors supply current through the OLED for emitting
light.

[0060] For example, a transistor compensation factor may
be a compensation value related to compensation for deg-
radations in the threshold voltage or a mobility of a driving
transistor.

[0061] Transistor compensation factors may be informa-
tion determined by the remote compensation server 20, for
example, through calculation or selection.

[0062] Transistor compensation factors as described
above may be used when changing image data to compen-
sate for degradations in the driving transistor.

[0063] Referring to FIG. 2, the OLED display device 10
stores (writes) OLED compensation factors initially pro-
vided by the remote compensation server 20 in the memory
and updates the OLED compensation factors stored in the
memory whenever OLED compensation factors are pro-
vided by the remote compensation server 20.

[0064] The remote compensation server 20 obtains sub-
pixel-specific on-times (subpixel-specific driving times) of
the OLED display panel 100 in order to determine OLED
compensation factors.
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[0065] Thus, as illustrated in FIG. 2, the OLED display
device counts and stores subpixel-specific on-times (sub-
pixel-specific driving times) in the memory and transmits
the counted subpixel-specific on-times to the remote com-
pensation server 20. The OLED display device 10 obtains
different subpixel-specific on-times for each subpixel. For
example, if the OLED display device 10 has 32 million
RGBW subpixels for displaying a 4K image, then the OLED
display device 10 obtains 32 million separate subpixel-
specific on-times. The OLED display device 10 measures,
for a subpixel, a duration of time (e.g., minutes or a number
of frames) during which the subpixel is turned on for a given
gray scale level or a range of gray scale levels (e.g., a range
between ‘180°-‘230’). In one embodiment, a subpixel is
determined to be turned off, when a gray scale level of the
subpixel is ‘0’, and is determined to be turned on when the
gray scale level of the subpixel is greater than 0.

[0066] Here, the operation of the OLED display device 10
transmitting the subpixel-specific on-times to the remote
compensation server 20 corresponds to a remote compen-
sation request through the network 30.

[0067] Then, the remote compensation server 20 receives
the subpixel-specific on-times from the OLED display
device 10 through the network 30, determines OLED com-
pensation factors based on the received subpixel-specific
on-times, and then transmits the newly-determined OLED
compensation factors to the OLED display device 10.
[0068] The OLED display device 10 updates OLED com-
pensation factors stored in the memory by receiving the
newly-determined OLED compensation factors from the
remote compensation server 20, reads the updated OLED
compensation factors, and drives the OLED display panel
100 based on the read OLED compensation factors.

[0069] Here, the OLED display device 10 may drive the
OLED display panel 100 by changing image data based on
OLED compensation factors and then supplying the changed
image data to corresponding subpixels.

[0070] As described above, the process of compensating
for OLEDs, i.e. the process of determining and acquiring
OLED compensation factors, is performed by the remote
compensation server 20 rather than the OLED display
device 10, thereby reducing the processing load of the
OLED display device 10.

[0071] In addition, since the remote compensation server
20 has a better processing capability than the OLED display
device 10, OLED compensation factors can be acquired
more accurately.

[0072] Furthermore, since the OLED display device 10 is
not required to perform the OLED compensation of deter-
mining and acquiring OLED compensation factors, the
OLED display device 10 does not have to have a module or
unit for performing OLED compensation. It is therefore
possible to reduce the number of parts or the manufacturing
costs of the OLED display device 10.

[0073] Referring to FIG. 2, the OLED display device 10
may update and store the subpixel-specific on-times in the
memory by counting the same. The subpixel-specific on-
times updated and stored in the memory may include gray
level-specific on-times for each of the subpixels. For each
subpixel, a separate on-time can be determined for each
possible gray level. In one example, the OLED display
device 10 determines, for a given subpixel, the subpixel has
gray level ‘100’ for 10000 frames, and has gray level ‘255
for 525 frames.
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[0074] As described above, since the remote compensa-
tion server 20 receives the gray level-specific on-times
according to the subpixels from the OLED display device 10
and determines OLED compensation factors from the
received gray level-specific on-times according to the sub-
pixels (in which calculation process may be included), the
remote compensation server 20 can more accurately deter-
mine OLED compensation factors. It is therefore possible to
more accurately and precisely compensate for degradations
in OLEDs, thereby further improving image quality.
[0075] Referring to FIG. 2, the OLED display device 10
may perform transistor compensation of sensing character-
istics (e.g. threshold voltages and mobility) of transistors in
subpixels and determining compensation values related to
compensation for the characteristics of transistors in sub-
pixels, and then may store transistor compensation factors
(transistor characteristics compensation values), obtained
through the transistor compensation, in the memory 360.
[0076] As described above, the OLED display device 10
can compensate for transistor characteristics by the transis-
tor compensation, thereby reducing differences in luminance
between subpixels due to differences in characteristics
between transistors.

[0077] The transistor compensation as described above
may include at least one of transistor threshold voltage
compensation of sensing the threshold voltages of transistors
in subpixels and compensating for threshold voltage differ-
ences between transistors and transistor mobility compen-
sation of sensing the degrees of mobility of transistors in
subpixels and compensating for mobility differences
between transistors.

[0078] The threshold voltages and the degrees of mobility
of transistors sensed and compensated for through the tran-
sistor compensation as described above can reduce differ-
ences in luminance between subpixels that would otherwise
be caused by threshold voltage differences and mobility
differences between transistors, thereby improving image
quality.

[0079] Referring to FIG. 2, the OLED display device 10
can perform the transistor compensation when a power-on
signal or a power-off signal is generated.

[0080] For example, after the power-on signal is gener-
ated, the OLED display device 10 may perform the transistor
compensation of sensing the degrees of mobility of transis-
tors and determining mobility compensation values as tran-
sistor compensation factors.

[0081] When the power-off signal is generated, the OLED
display device 10 may perform the transistor compensation
of sensing the threshold voltages of transistors, which takes
longer time than sensing the degrees of mobility of transis-
tors, and determining threshold voltage compensation values
as transistor compensation factors.

[0082] As described above, it is possible to efficiently
perform the transistor compensation by driving the sensing
at points in time suitable to sensing characteristics (the
lengths of necessary sensing times) about the threshold
voltages and the degrees of mobility of transistors.

[0083] The OLED display device 10 may provide sensing
data obtained by sensing a voltage or current indicative of
the characteristics of transistors (e.g., threshold voltage or
mobility of transistors) to the remote compensation server
20 through the network 30. Examples of the sensing data
include a value of the voltage or the current indicative of a
characteristic of a transistor, a value indicating a threshold
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voltage or a mobility of a transistor, a value indicating a
threshold voltage of an OLED, or any combination thereof.
The remote compensation server 20 may determine transis-
tor compensation factors (characteristics compensation val-
ues of transistors) based on the provided sensing data and
provide the determined transistor compensation factors to
the OLED display device 10 through the network 30.
[0084] Then, the OLED display device 10 may store the
transistor compensation factors received from the remote
compensation server 20 and then may change image data
based on the transistor compensation factors.

[0085] Referring to FIG. 2, the OLED display device 10
checks whether or not communications with the remote
compensation server 20 are available, when communica-
tions with the remote compensation server 20 are deter-
mined to be available, attempts to access the remote com-
pensation server 20, when an access to the remote
compensation server 20 has been made, counts accumulated
subpixel-specific on-times, and transmits the counted sub-
pixel-specific on-times to the remote compensation server
20.

[0086] Afterwards, the OLED display device 10 may
receive OLED compensation factors from the remote com-
pensation server 20, the OLED compensation factors deter-
mined based on the subpixel-specific on-times by the remote
compensation server 20.

[0087] As described above, the OLED display device 10
may be provided with a remote compensation service at a
suitable time by monitoring the availability of communica-
tions with the remote compensation server 20.

[0088] In a case in which there are no significant changes
in subpixel-specific on-times that have been counted and
accumulated, i.e. OLEDs have not been degraded to such a
level at which image quality is lowered, when the OLED
display device 10 requests the remote compensation server
20 to abundantly transmit subpixel-specific on-times such
that subpixel-specific on-times are too frequently updated,
OLED compensation factors are unnecessarily updated
without an improvement in image quality.

[0089] This may consequently increase the amount of data
unnecessarily transmitted between the OLED display device
10 and the remote compensation server 20 to increase the
processing load of the OLED display device 10 and/or the
processing load of the remote compensation server 20.
[0090] Thus, the OLED display device 10 may record
points in time on which subpixel-specific on-times are
transmitted to the remote compensation server 20, and when
a predetermined period of time has passed after the recorded
points in time, transmit subpixel-specific on-times to the
remote compensation server 20.

[0091] Then, the remote compensation server 20 is not
required to too frequently determine subpixel-specific on-
times, and the OLED display device 10 is not required to
unnecessarily frequently update OLED compensation fac-
tors.

[0092] Referring to FIG. 2, the remote compensation
server 20 may have OLED degradation lookup tables pre-
viously stored therein to determine OLED compensation
factors based on the OLED degradation lookup tables and
subpixel-specific on-times received from the OLED display
device 10.

[0093] The OLED degradation lookup tables as stated
above may include OLED compensation factors correspond-
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ing to on-times. Alternatively, the OLED degradation lookup
tables may include degrees of degradations in OLEDs
corresponding to on-times.

[0094] As described above, the remote compensation
server 20 may easily and conveniently determine OLED
compensation factors using the degradation lookup tables.
[0095] The OLED degradation lookup tables may be gen-
erated through OLED lifetime assessment performed on a
plurality of OLED display panels and may be stored and
managed in the remote compensation server 20 during the
fabrication process or the period in which the remote com-
pensation service is being provided.

[0096] Here, the OLED lifetime assessment includes caus-
ing degradations in an OLED by driving the OLED and then
measuring the luminance levels of the OLED depending on
driving times (on-times).

[0097] The OLED lifetime assessment is performed using
an OLED lifetime assessment system, and through the
assessment, the luminance levels of OLEDs are measured.
[0098] Then, the OLED lifetime assessment system or the
remote compensation server 20 may determine compensa-
tion values (OLED compensation factors), based on which
measured luminance levels are compensated for, and may
create the OLED degradation lookup tables including the
OLED compensation factors determined according to driv-
ing times (on-times).

[0099] The OLED degradation lookup tables may be gen-
erated according to the types of OLED display panels 100 or
the types of OLED display devices 10. Example types of
OLED display panels 100 include a panel size, a pixel
pattern (e.g., RGB, RWGB, etc.), a sub-pixel structure (e.g.,
3TIC, 4T1C, 4T2C, 5TIC, 6T1C, etc.).

[0100] Thus, the remote compensation server 20 may have
OLED degradation lookup tables according to the types of
OLED display panels 100 or the types of OLED display
devices 10 stored therein and may provide a categorized,
customized remote compensation service using an OLED
degradation lookup table matching an OLED display device
10 that has requested for remote compensation.

[0101] Considering these matters, the OLED display
device 10 may transmit product identification information or
panel identification information, in addition to subpixel-
specific on-times, to the remote compensation server 20.
[0102] Responsively. the remote conipensation server 20
may automatically generate an OLED degradation lookup
table corresponding to product identification information or
panel identification information, received together with sub-
pixel-specific on-times from the OLED display device 10,
according to products or OLED display panels, and may
automatically determine OLED compensation factors based
on the generated OLED degradation lookup table and the
subpixel-specific on-times received from the OLED display
device 10.

[0103] As described above, the OLED display device 10
may obtain OLED compensation factors suitable to the
OLED display panel 100 disposed therein.

[0104] The OLED display device 10 for providing a
remote compensation service according to the present
embodiments may be implemented as a monitor, a middle-
sized or larger display device, such as a smart television
(TV), or a mobile device, such as a smartphone, a tablet
personal computer (PC), a personal digital assistant (PDA),
or a mobile communications terminal.
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[0105] The OLED display device 10 is not limited thereto
and may be implemented as any device that can communi-
cate with the remote compensation server 20 while including
the OLED display panel 100.

[0106] The remote compensation server 20 for providing
a remote compensation service according to the present
embodiments has a set of hardware configured the same as
a web server, a web application server, or a wireless appli-
cation protocol (WAP) server. However, in terms of soft-
ware, the remote compensation server 20 may include a
program module embodied based on a language, such as C,
C++, Java, PHP, .Net, Python, or Ruby, to perform several
functions.

[0107] The remote compensation server 20 may be con-
nected to a plurality of OLED display devices 10 acting as
clients via the network 30. In this case, the remote compen-
sation server 20 may be a computer system that receives a
task execution request from a client or another server,
obtains a result by performing the task, and provides the
result to the client or another server or may be a set of
computer software (a server program) installed for this
computer system.

[0108] The remote compensation server 20 may include a
series of application programs running on the remote com-
pensation server 20, or in some cases, a variety of databases
constructed inside or outside of the remote compensation
server 20, in addition to the server program.

[0109] The network 30 connecting the OLED display
device 10 and the remote compensation server 20 may be an
open network, such as the Internet, or a closed network, such
as a local area network (LAN) or a wide area network
(WAN).

[0110] In addition, when the OLED display device 10 is a
mobile device, such as a smartphone, a tablet PC, a PDA, or
a mobile communications terminal, the network 30 may
further include a wireless access network, such as a mobile
communications network or a WiFi network.

[0111] Reference will now be made in detail to the OLED
display device 10 and the remote compensation server 20
included in the remote compensation server system accord-
ing to the present embodiments as described above.

[0112] FIG. 3 is a configuration view illustrating the
OLED display device 10 according to the present embodi-
ments.

[0113] Referring to FIG. 3, the OLED display device 10
for a remote compensation service according to the present
embodiments includes the OLED display panel 100, a driver
310, a controller 340, a host module 350, a remote processor
300, a memory 360, a counter 370, a communications
module 380, a compensator 390, and the like. These com-
ponents (e.g., modules or other components shown in FIG.
3) may be implemented as hardware, software, or a combi-
nation of both.

[0114] Inthe OLED display panel 100, an OLED and one
or more transistors are disposed in each of subpixels SP.

[0115] The driver 310 may drive the OLED display panel
100.
[0116] The communications module 380 may communi-

cate with the remote compensation server 20 through the
network 30.

[0117] The communications module 380 may be a wired
communications module or a wireless communications
module.
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[0118] The memory 360 stores OLED compensation fac-
tors, subpixel-specific on-times, and the like.

[0119] The memory 360 may be a single memory or may
be two or more memories divided according to the types of
information or data stored therein.

[0120] The counter 370 may count and update subpixel-
specific on-times stored in the memory 360. The counter 370
may be implemented as a circuit block. In one example, the
counter 370 counts that a subpixel is on with a gray level
‘100°-4150” for 10000 frames, with a gray level <151°-200
for 525 frames, etc. Analyzing subpixel-specific on-times for
different gray scale levels for a pixel allows determination of
accurate compensation factors.

[0121] The remote processor 300 is a control component
for a remote compensation service. In one embodiment, the
remote processor 300 can be implemented on a reconfigu-
rable hardware (e.g., a field programmable gate array
(FPGA)), or one or more application specific integrated
circuits (ASICs). The remote processor 300 may transmit
subpixel-specific on-times stored in the memory 360 to the
remote compensation server 20 via the communications
module 380, receive OLED compensation factors newly-
determined by the remote compensation server 20, and
update OLED compensation factors stored in the memory
360.

[0122] The compensator 390 may include an OLED com-
pensator 391 and a transistor compensator 392.

[0123] The OLED compensator 391 may change image
data based on updated OLED compensation factors.
[0124] Here, the OLED compensator 391 of the OLED
display device 10 acquires OLED compensation factors for
OLED compensation by receiving the OLED compensation
factors from remote compensation server 20 instead of
determining the OLED compensation factors by itself.
[0125] The OLED compensator 391 of the OLED display
device 10 performs the processing of changing image data
using OLED compensation factors acquired from the remote
compensation server 20, such that degradations in OLEDs
are substantially compensated for.

[0126] The OLED display device 10 as described above
does not determine OLED compensation factors by itself in
order to compensate for degradations in OLEDs (occurring
as changes in threshold voltages) in the OLED display panel
100, but instead receives OLED compensation factors deter-
mined by the remote compensation server 20 and applies the
received OLED compensation factors to compensate for
degradations in OLEDs (e.g. changes image data). It is
therefore possible to significantly reduce the processing load
due to the calculation of OLED compensation factors or the
like while more accurately perform compensation for deg-
radations in OLEDs.

[0127] The transistor compensator 392 may perform the
transistor compensation (i.e. may determine transistor com-
pensation factors corresponding to the characteristics com-
pensation values of transistors related to compensation for
the characteristics of transistors based on sensing data
obtained by sensing the characteristics of transistors).
[0128] The transistor compensator 392 may store transis-
tor compensation factors, obtained through the transistor
compensation, in the memory 360.

[0129] The transistor compensator 392 of the OLED dis-
play device 10 as described above may compensate for
characteristics of transistors (e.g. a driving transistor DRT
illustrated in FIG. 7), i.e. may reduce differences in charac-
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teristics between transistors (e.g. differences in threshold
voltages or mobility). This may consequently reduce differ-
ences in luminance between subpixels due to the differences
in characteristics between transistors, thereby improving
image quality.

[0130] The transistor compensation of determining tran-
sistor compensation factors corresponding to compensation
values of transistors related to compensation for the char-
acteristics of transistors based on sensing data obtained by
sensing the characteristics of transistors may also be per-
formed by the remote compensation server 20.

[0131] In this case, the transistor compensator 392 may
receive the transistor compensation factors obtained through
the transistor compensation performed by the remote com-
pensation server 20 and store the transistor compensation
factors in the memory 360.

[0132] The remote processor 300 may check whether or
not communications with the remote compensation server
20 via the communications module 380 are available. When
communications with the remote compensation server 20 are
determined to be available, the remote processor 300 may
transmit subpixel-specific on-times to the remote compen-
sation server 20.

[0133] In a case in which there are no significant changes
in subpixel-specific on-times that have been counted and
accumulated, i.e. OLEDs have not been degraded to such a
level at which image quality is lowered, when the OLED
display device 10 requests the remote compensation server
20 to abundantly transmit subpixel-specific on-times such
that the subpixel-specific on-times are too frequently
updated, OLED compensation factors are unnecessarily
updated without an improvement in image quality.

[0134] This may consequently increase the amount of data
unnecessarily transmitted between the OLED display device
10 and the remote compensation server 20 to increase the
processing load of the OLED display device 10 and/or the
processing load of the remote compensation server 20.
[0135] Thus, the OLED display device 10 may record
points in time on which the subpixel-specific on-times are
transmitted to the remote compensation server 20 and trans-
mit subpixel-specific on-times, which have been counted
and accumulated up to present, to the remote compensation
server 20 after a predetermined period of time has passed
after the recorded points in time.

[0136] As described above, the remote compensation
server 20 can avoid unnecessarily determining subpixel-
specific on-times, and the OLED display device 10 can
avoid unnecessarily updating OLED compensation factors.
[0137] The predetermined period of time is a period of
time defining a period of remote compensation, and may be
set as a period of time in which OLEDs may degrade to such
a level at which image quality is influenced.

[0138] The predetermined period of time may be set to a
fixed value or may be adaptively varied by the OLED
display device 10 or the remote compensation server 20.
[0139] Referring to FIG. 3, at least one of the counter 370,
the remote processor 300, and the compensator 390 may be
embodied within the controller 340 or may be embodied as
separate parts outside of the controller 340.

[0140] The driver 310 may include a data driver 320
driving a plurality of data lines DL disposed on the OLED
display panel 100 and a gate driver 330 driving a plurality
of gate lines GL disposed on the OLED display panel 100.
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[0141] Referring to FIG. 3, in the OLED display device 10
according to the present embodiments, a plurality of sub-
pixels SP as well as the plurality of data lines DL and the
plurality of gate lines GL may be disposed on the OLED
display panel 100.

[0142] In the OLED display device 10 according to the
present embodiments, the controller 340 may control the
data driver 320 and the gate driver 330.

[0143] The controller 340 controls the data driver 320 and
the gate driver 330 by supplying a variety of control signals
to the data driver 320 and the gate driver 330.

[0144] The controller 340 starts scanning in points in time
realized by frames, converts image data input by the host
module 350 into a data signal format used in the data driver
320, outputs the converted image data, and in response to the
scanning, regulates data driving at suitable points in time.
[0145] The controller 340 may be a timing controller used
in a typical display device or may be a controller including
a timing controller and performing other control functions.
[0146] The data driver 320 drives the plurality of data
lines DL by supplying data voltages thereto. The data driver
320 is also referred to as a “source driver.”

[0147] The gate driver 330 drives the plurality of gate
lines GL by sequentially sending scanning signals thereto.
The gate driver 330 is also referred to as a “scanning driver.”
[0148] The gate driver 330 sequentially supplies scanning
signals having an on or off voltage to the plurality of gate
lines GL under the control of the controller 340.

[0149] When a specific gate line is opened by the gate
driver 330, the data driver 320 converts image data received
from the controller 340 into analog data voltages and
supplies the analog data voltages to the plurality of data lines
DL.

[0150] Although the data driver 320 is illustrated in FIG.
3 as being positioned on one side (the upper side or the lower
side) of the OLED display panel 100, the data driver 320
may be positioned on both sides (e.g. both the upper side and
the lower side) of the OLED display panel 100 depending on
the driving method, the design of the panel, or the like.
[0151] Although the gate driver 330 is illustrated in FIG.
3 as being positioned on one side (the left side or the right
side) of the OLED display panel 100, the gate driver 330
may be positioned on both sides (e.g. both the left side and
the right side) of the OLED display panel 100 depending on
the driving method, the design of the panel, or the like.
[0152] The controller 340 receives a variety of timing
signals including a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, an input data
enable (DE) signal, and a clock signal from the host module
350, together with input image data.

[0153] The controller 340 not only outputs converted
image data by converting image data input from an external
source into a data signal format readable by the data driver
320, but also outputs a variety of control signals to the data
driver 320 and the gate driver 330 by generating the variety
of control signals in response to a variety of received timing
signals, including a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsyne, an input DE signal,
and a clock signal, in order to control the data driver 320 and
the gate driver 330.

[0154] Forexample, the controller 340 outputs a variety of
gate control signals (GCSs) including a gate start pulse
(GSP), a gate shift clock (GSC) signal, and a gate output
enable (GOE) signal in order to control the gate driver 330.
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[0155] Here, the GSP controls the operation start timing of
one or more gate driver ICs (GDICs) of the gate driver 330.
The GSC signal is a clock signal commonly input to the
GDIC:s to control the shift timing of scanning signals (gate
pulses). The GOE signal designates the timing information
of one or more GDICs.

[0156] In addition, the controller 340 outputs a variety of
data control signals (DCSs) including a source start pulse
(SSP), a source sampling clock (SSC) signal, and a source
output enable (SOE) signal in order to control the data driver
320.

[0157] Here, the SSP controls the data sampling start
timing of one or more source driver ICs (SDICs) of the data
driver 320. The SSC signal is a clock signal controlling the
data sampling timing of each of the SDICs. The SOE signal
controls the output timing of the data driver 320.

[0158] The data driver 320 may include one or more
SDICs configured to drive corresponding data lines.
[0159] Each of the SDICs may be connected to the bond-
ing pads of the OLED display panel 100 by tape-automated
bonding (TAB) or chip-on-glass (COG) bonding, may be
directly disposed on the OLED display panel 100, or in some
cases, may be integrated with the OLED display panel 100,
on a portion of the OLED display panel 100. Alternatively,
each of the SDICs may be mounted on a film connected to
the OLED display panel 100 by a chip-on film (COF)
method.

[0160] Each of the source driver ICs may include a shift
register, a latch circuit, a digital-to-analog converter (DAC),
an output buffer, and the like.

[0161] In some cases, each of the source driver ICs may
further include an analog-to-digital converter (ADC).

[0162] The gate driver 330 may include one or more
GDICs.
[0163] Each of the GDICs may be connected to the

bonding pads of the OLED display panel 100 by tape-
automated bonding (TAB) or chip-on-glass (COG) bonding,
may be implemented as a gate-in-panel (GIP)-type IC
directly disposed on the OLED display panel 100, or in some
cases, may be integrated with the OLED display panel 100,
on a portion of the OLED display panel 100. Alternatively,
each of the GDICs may be mounted on a film connected to
the OLED display panel 100 by a chip-on film (COF)
method.

[0164] Each of the GDICs may include a shift register, a
level shifter, and the like.

[0165] The OLED display device 10 according to the
present embodiments may include one or more source
printed circuit boards (S-PCBs) for circuit-connection to one
or more SDICs and a control printed circuit board (C-PCB)
on which control components and a variety of electronic
devices are mounted.

[0166] Each of the S-PCBs may have a SDIC mounted
thereon, or may be connected to a film on which the SDIC
is mounted.

[0167] The C-PCB may have the controller 340, a power
controller, and the like mounted thereon, in which the
controller 340 controls the operations of the data driver 320,
the gate driver 330, and the like, and the power controller
supplies a variety of voltages or currents to or controls the
supply of the variety of voltages or currents to the OLED
display panel 100, the data driver 320, the gate driver 330,
and the like.
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[0168] Each of the S-PCBs and the C-PCB may be con-
nected by means of one or more connecting members.
[0169] Here, the connecting member may be a flexible
printed circuit (FPC), a flexible flat cable (FFC), or the like.
[0170] Each of the S-PCBs and the C-PCB may be inte-
grated as a single PCB.

[0171] The other components except for the host module
350 and the communications module 380 in FIG. 3 may
form a display module.

[0172] In addition, each of the subpixels SP disposed on
the OLED display panel 100 may include a circuit element,
such as a transistor.

[0173] For example, each subpixel SP includes circuit
elements, such as an OLED and a driving transistor for
driving the OLED.

[0174] The types and number of circuit elements of each
subpixel SP may be determined variously depending on
functions provided thereby, the design thereof, and the like.
[0175] FIG. 4 is a block diagram illustrating the remote
compensation server 20 according to the present embodi-
ments.

[0176] Referring to FIG. 4, the remote compensation
server 20 for a remote compensation service according to the
present embodiments may include a communications mod-
ule 410, a remote compensator module 420, and a memory
430.

[0177] The communications module 410 communicates
with the OLED display device 10 that has accessed the
remote compensation server 20 via a wired or wireless
medium.

[0178] The remote compensator module 420 may deter-
mine (or update) OLED compensation factors based on
subpixel-specific on-times transmitted by the OLED display
device 10 and received via the communications module 410,
and transmit the determined (or updated) OLED compen-
sation factors to the OLED display device 10 via the
communications module 410.

[0179] The remote compensator module 420 determines
and provides the OLED compensation factors to the OLED
display device 10, such that the remote compensation server
20 provides a remote compensation service.

[0180] When the remote compensation server 20 as
described above is used, the OLED display device 10 as
described above does not determine OLED compensation
factors by itself in order to compensate for degradations in
OLEDs (occurring as changes in threshold voltages) in the
OLED display panel 100, but receives OLED compensation
factors determined by the remote compensation server 20
and applies the received OLED compensation factors to
compensation for degradations in OLEDs (e.g. changes
image data). It is therefore possible to significantly reduce
the processing load due to the calculation of OLED com-
pensation factors or the like while more accurately perform
compensation for degradations in OLEDs.

[0181] Referring to FIG. 4, the memory 430 may have
OLED degradation lookup tables previously stored therein.
[0182] The remote compensator module 420 may deter-
mine OLED compensation factors based on the OLED
degradation lookup tables and subpixel-specific on-times
received from the OLED display device 10.

[0183] As described above, the remote compensation
server 20 may easily and conveniently determine OLED
compensation factors using the degradation lookup tables.
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[0184] The OLED degradation lookup tables may be gen-
erated through OLED lifetime assessment performed on a
plurality of OLED display panels and may be stored and
managed in the remote compensation server 20 during the
fabrication process or the period in which the remote com-
pensation service is being provided.

[0185] Here, the OLED lifetime assessment includes caus-
ing degradations in an OLED by driving the OLED and then
measuring the luminance levels of the OLED depending on
driving times (on-times).

[0186] The OLED lifetime assessment is performed using
an OLED lifetime assessment system, and through the
assessment, the luminance levels of OLEDs are measured.
[0187] Then, the OLED lifetime assessment system or the
remote compensation server 20 may determine compensa-
tion values (OLED compensation factors), based on which
measured luminance levels are compensated for, and may
generate the OLED degradation lookup tables including the
OLED compensation factors determined according to driv-
ing times (on-times).

[0188] The OLED degradation lookup tables may be gen-
erated according to the types of OLED display panels 100 or
the types of OLED display devices 10.

[0189] Thus, the remote compensation server 20 may have
OLED degradation lookup tables according to the types of
OLED display panels 100 or the types of OLED display
devices 10 stored therein and may provide a categorized,
customized remote compensation service using an OLED
degradation lookup table matching an OLED display device
10 that has requested for remote compensation.

[0190] The remote compensation service method accord-
ing to the present embodiments as described above will be
briefly described again.

[0191] FIG. 5 is a flow diagram illustrating the remote
compensation service method according to the present
embodiments.

[0192] Referring to FIG. 5, the remote compensation
service method according to the present embodiments may
include: operation S504 of counting, by the OLED display
device 10, subpixel-specific on-times; operation S506 of
checking, by the OLED display device 10, whether or not a
communication access to the remote compensation server 20
has been made; operation S508 of transmitting, by the
OLED display device 10, the counted subpixel-specific
on-times to the remote compensation server 20; operation
S510 of newly determining, by the remote compensation
server 20, OLED compensation factors based on the
received subpixel-specific on-times; operation S512 of
transmitting, by the remote compensation server 20, the
newly-determined compensation factors to the OLED dis-
play device 10; operation S514 of updating, by the OLED
display device 10, OLED compensation factors stored in the
memory 360 by receiving the newly-determined OLED
compensation factors transmitted from the remote compen-
sation server 20; and operation S516 of driving, by the
OLED display device 10, the OLED display panel 100 based
on the updated OLED compensation factors.

[0193] When the remote compensation service method as
described above is used, panel compensation information,
such as OLED compensation values (OLED compensation
factors or information corresponding thereto) and/or tran-
sistor compensation values (transistor compensation factors
or information corresponding thereto), is not determined by
the OLED display device 10 but is determined by the remote
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compensation server 20 having higher processing perfor-
mance than the OLED display device 10, so the panel
compensation information can be determined more accu-
rately.

[0194] Since the remote compensation server 20 deter-
mines the panel compensation information on behalf of the
OLED display device 10, the OLED display device 10 does
not have to have functions or components required for
obtaining the panel compensation information. It is therefore
unnecessary to design a complicated control part and it is
possible to reduce the processing load, thereby reducing the
price of the OLED display device 10.

[0195] Before the above-described operation S504, in
operation S502, the OLED display device 10 may have the
OLED compensation factors previously stored therein, pro-
vided by the remote compensation server 20.

[0196] In addition, the remote compensation server 20
may have an OLED lookup table previously stored therein
(8501) through OLED lifetime assessment (S500).

[0197] In this case, the remote compensation server 20
may determine OLED compensation factors based on the
previously-stored OLED degradation lookup tables and sub-
pixel-specific on-times received from the OLED display
device 10.

[0198] Reference will now be made in greater detail to
transistor compensation of compensating for the character-
istics (e.g. threshold voltages and the degrees of mobility) of
transistors based on the structure of subpixels in which
degradation in OLEDs occur and sensing data obtained by
sensing the characteristics of transistors.

[0199] FIG. 6 is a circuit diagram illustrating an exem-
plary subpixel structure of the OLED display device 10
according to the present embodiments.

[0200] Referring to FIG. 6, in the OLED display device 10
according to the present embodiments, each subpixel
includes an OLED, a driving transistor DRT driving the
OLED, a switching transistor SWT transferring a data
voltage to a second node N2 corresponding to the gate node
of the driving transistor DRT, and a storage capacitor Cstg
maintaining the data voltage corresponding to an image
signal voltage or a voltage corresponding to the data voltage
for a period of a single frame.

[0201] The OLED may include a first electrode (e.g. an
anode), an organic layer, a second electrode (e.g. a cathode),
and the like.

[0202] The first electrode may be connected to a first node
N1 of the driving transistor DRT, and the second electrode
may be connected to a supply point of a base voltage EVSS.
[0203] The driving transistor DRT drives the OLED by
supplying current to the OLED, according to a voltage
across the storage capacitor Cstg.

[0204] The first node N1 of the driving transistor DRT
may be electrically connected to the first electrode of the
OLED, and may act as a source node or a drain node. The
second node N2 of the driving transistor DRT may be
electrically connected to a source node or a drain of the
switching transistor SWT, and may act as a gate node. A
third node N3 of the driving transistor DRT may be elec-
trically connected to a driving voltage line DVL, through
which the base voltage EVDD is supplied, and may act as
the drain node or the source node.

[0205] As illustrated in FIG. 2, the driving transistor DRT
and the switching transistor SWT may be n-type transistors
or p-type transistors.
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[0206] The switching transistor SWT may be electrically
connected between a data line DL and the second node of the
driving transistor DRT, and may be controlled in response to
a scanning signal SCAN applied to the gate node thereof
through a gate line.

[0207] The switching transistor SWT may be turned on by
the scanning signal to transfer a data voltage Vdata supplied
from the data line DL to the second node N2 of the driving
transistor DRT.

[0208] The storage capacitor Cstg may be electrically
connected between the first node N1 and the second node N2
of the driving transistor DRT.

[0209] The storage capacitor Cstg is not a parasitic capaci-
tor (e.g. Cgs or Cgd), i.e. an internal capacitor formed
between the first node N1 and the second node N2 as part of
the driving transistor DRT, but is a distinct component from
the driving transistor DRT.

[0210] In the case of OLED display device 10 according
to the present embodiments, circuit elements, such as an
OLED and a transistor DRT, may undergo degradations in
quality along with the lapse of the driving time of each
subpixel SP.

[0211] This may consequently change unique characteris-
tics (e.g. threshold voltages and mobility) of the circuit
elements, such as the OLED and the transistor DRT.
[0212] Such changes in the characteristics of the circuit
elements lead to changes in the luminance of the corre-
sponding subpixel. Thus, changes in the characteristics of
the circuit elements may correspond to changes in the
luminance of the subpixel.

[0213] In addition, the degrees of changes in the charac-
teristics between circuit elements may differ depending on
the degrees of degradations in the circuit elements.

[0214] Such differences in characteristics between circuit
elements cause differences in luminance between subpixels.
Thus, differences in characteristics between circuit elements
may correspond to differences in luminance between sub-
pixels.

[0215] Changes in the luminance of subpixels or differ-
ences in luminance between subpixels as described above
may lower the accuracy of the ability of subpixels to express
luminance or may cause the screen to malfunction, which is
problematic.

[0216] Here, the characteristics of circuit elements (here-
inafter, also referred to as the “subpixel characteristics™)
may include, for example, the threshold voltages and the
degrees of mobility of driving transistors DRT, and/or the
threshold voltages of OLEDs.

[0217] The OLED display device 10 according to the
present embodiments may provide a function of sensing
(measuring) changes in the luminance of subpixels and
differences in luminance between subpixels (changes in the
characteristics of circuit elements and differences in char-
acteristics between circuit elements) and a function of
compensating for changes in the luminance of subpixels and
differences in luminance between subpixels based on the
result of the sensing.

[0218] In order to provide the functions of sensing and
compensating for changes in the luminance of subpixels and
differences in luminance between subpixels, the OLED
display device 10 according to the present embodiments
includes a relevant subpixel structure and a compensation
circuit including sensing and compensation components.
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[0219] FIG. 7 is a circuit diagram illustrating another
exemplary subpixel structure of the OLED display device
according to the present embodiments.

[0220] Referring to FIG. 7, each of subpixels disposed on
the OLED display panel 100 according to the present
embodiments includes, for example, an OLED, a driving
transistor DRT, a switching transistor SWT, and a storage
capacitor Cstg, as well as a sensing transistor SENT.
[0221] The sensing transistor SENT may be electrically
connected between a first node N1 of the driving transistor
DRT and a reference voltage line RVL, through which a
reference voltage Vref'is supplied, and may be controlled in
response to a sensing signal SENSE, a type of scanning
signal, being applied to a gate node thereof.

[0222] The sensing transistor SENT is turned on in
response to the sensing signal SENSE, and applies the
reference voltage Vref supplied through the reference volt-
age line RVL to the first node N1 of the driving transistor
DRT.

[0223] In addition, the sensing transistor SENT may be
used as one of voltage-sensing paths for the first node N1 of
the driving transistor DRT.

[0224] A scanning signal SCAN and the sensing signal
SENSE may be separate gate signals. In this case, the
scanning signal SCAN and the sensing signal SENSE may
be applied to a gate node of the switching transistor SWT
and a gate node of the sensing transistor SEN'T, respectively,
through different gate lines.

[0225] In some cases, the scanning signal SCAN and the
sensing signal SENSE may be the same gate signal. In this
case, the scanning signal SCAN and the sensing signal
SENSE may be applied in common to the gate node of the
switching transistor SWT and the gate node of the sensing
transistor SENT through the same gate line.

[0226] FIG. 8 is a diagram illustrating an exemplary
compensation circuit of the OLED display device 10 accord-
ing to the present embodiments.

[0227] Referring to FIG. 8, the OLED display device 10
according to the present embodiments includes a sensor 810,
the memory 360, and the compensator 390. The sensor 810
is configured to sense changes in the characteristics of
subpixels (characteristics of driving transistors and charac-
teristics of OLEDs) and/or differences in characteristics
between subpixels and to output sensing data. The memory
360 stores the sensing data therein. In one embodiment, the
sensing data stored in the memory 360 can be forwarded to
the remote compensation server 20 through the network 30.
In one embodiment, the remote compensation server 20
obtains the compensation factors (e.g., OLED compensation
factors and/or transistor compensation factors) based on the
sensing data, and provides the obtained compensation fac-
tors to the OLED display device 10 through the network 30.
In another embodiment, the compensator 390 obtains the
compensation factors based on the sensing data. The com-
pensation factors can be stored at the memory 360. The
compensator 390 performs a compensation process to com-
pensate for changes in the characteristics of subpixels and/or
differences in characteristics between subpixels, based on
the compensation factors stored at the memory 360.

[0228] The sensor 810 may include one or more analog-
to-digital converters (ADCs).

[0229] Each of the ADCs may be included inside an SDIC,
and in some cases, may be disposed outside of the SDIC.
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[0230] The compensator 390 may be included inside the
controller 340, or may be disposed outside of the controller
340.

[0231] Sensing data output from the sensor 810 may be
composed of, for example, a low-voltage differential signal-
ing (LVDS) data format.

[0232] The OLED display device 10 according to the
present embodiments may further include a first switch SW1
and a second switch SW2 in order to control the sensing
driving, i.e. in order to control the voltage application state
of the first node N1 of the driving transistor DRT in each
subpixel SP in a state related to sensing of subpixel char-
acteristics.

[0233] Whether or not to supply the reference voltage Vref
to the reference voltage line RVL may be controlled using
the first switch SW1.

[0234] When the first switch SW1 is turned on, the refer-
ence voltage Vref may be applied to the first node N1 of the
driving transistor DRT through the turned-on sensing tran-
sistor SENT.

[0235] When the voltage state of the first node N1 of the
driving transistor DRT reflects subpixel characteristics, the
voltage state of the reference voltage line RVL may reflect
subpixel characteristics, in which the reference voltage line
RVL may be equipotential with the first node N1 of the
driving transistor DRT. Here, a line capacitor formed on the
reference voltage line RVL may be charged with a voltage
that reflects subpixel characteristics.

[0236] When the voltage state of the first node N1 of the
driving transistor DRT reflects subpixel characteristics, the
second switch SW2 is turned on, such that the sensor 810 is
connected to the reference voltage line RVL.

[0237] Then, the sensor 810 senses the voltage of the
reference voltage line RVL, the state of which reflects
subpixel characteristics, 1.e. the voltage of the first node N1
of the driving transistor DRT. Here, the reference voltage
line RVL is also referred to as a “sensing line.”

[0238] A single reference voltage line RVL as described
above may be present in every subpixel row (or column) or
may be present in at least every second subpixel row (or
column).

[0239] For example, when a pixel is composed of four
subpixels (red, white, green, and blue subpixels), a single
reference voltage line RVL may be present in every pixel
row or column including four subpixel rows or columns
(red, white, green, and blue subpixel rows or columns).
[0240] When the sensor 810 is connected to the reference
voltage line RVL, the sensor 810 senses the voltage of the
first node N1 of the driving transistor DRT (the voltage of
the reference voltage line RVL or a voltage charged in the
line capacitor on the reference voltage line RVL).

[0241] The voltage sensed by the sensor 810 may be a
voltage value Vdata-Vth or Vdata-AVth including a thresh-
old voltage Vth or a threshold voltage difference AVth of the
driving transistor DRT or may be a voltage value related to
sensing of the mobility of the driving transistor DRT.
[0242] Reference will now be briefly made to a threshold
voltage sensing driving operation and a mobility sensing
driving operation for the driving transistor DRT.

[0243] FIG. 9A and FIG. 9B are a circuit diagram and a
voltage graph illustrating a threshold voltage sensing driving
method for the driving transistor DRT in the OLED display
device 10 according to the present embodiments.
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[0244] Referring to FIG. 9A and FIG. 9B, in the threshold
voltage sensing driving operation, the first node N1 and the
second node N2 of the driving transistor DRT are initialized
to a reference voltage Vref and a threshold voltage sensing
driving data voltage Vdata.

[0245] Afterwards, the first node N1 of the driving tran-
sistor DRT is floated.

[0246] This consequently causes a rise in the voltage of
the first node N1 of the driving transistor DRT. After the
voltage has risen for a predetermined period of time, the
growth rate of the voltage of the first node N1 of the driving
transistor DRT gradually decreases, and the voltage is satu-
rated.

[0247] The saturated voltage of the first node N1 of the
driving transistor DRT may correspond to the difference
between the data voltage Vdata and the threshold voltage
Vth or the difference between the data voltage Vdata and the
threshold voltage difference AVth.

[0248] When the voltage of the first node N1 of the driving
transistor DRT 1s saturated, the sensor 810 senses the
saturated voltage of the first node N1 of the driving transistor
DRT.

[0249] The voltage Vsense sensed by the sensor 810 may
be a voltage Vdata-Vth obtained by deducting the threshold
voltage Vth from the data voltage Vdata or a voltage
Vdata-AVth obtained by deducting the threshold voltage
difference AVth from the data voltage Vdata.

[0250] FIG. 10A and FIG. 10B are a circuit diagram and
a voltage graph illustrating a mobility sensing method for
the driving transistor DRT in the OLED display panel 100
according to the present embodiments.

[0251] Referring to FIG. 10A and FIG. 10B, in a mobility
sensing operation, the first node N1 and the second node N2
of the driving transistor DRT are initialized to a reference
voltage Vref and a mobility sensing driving data voltage
Vdata.

[0252] Afterwards, the first node N1 of the driving tran-
sistor DRT is floated.

[0253] This consequently causes a rise in the voltage of
the first node N1 of the driving transistor DRT.

[0254] The rate at which the voltage of the first node N1
of the driving transistor DRT rises (an amount of change in
voltage rise per time AAV) indicates the current capability of
the driving transistor DRT, i.e. the mobility of the driving
transistor DRT. The greater the current capability (mobility)
of the driving transistor DRT is, the more sharply the voltage
of the first node N1 of the driving transistor DRT rises.
[0255] After the voltage has risen for a predetermined
period of time, the sensor 810 senses the risen voltage of the
first node N1 of the driving transistor DRT, i.e. the voltage
of the reference voltage line RVL that has risen following the
rise in the voltage of the first node N1 of the driving
transistor DRT.

[0256] Referring to FIG. 8, as the threshold voltage or
mobility sensing driving operation is performed as described
above, the sensor 810 digitizes the voltage Vsense sensed for
threshold voltage sensing or mobility sensing, generates
sensing data including the converted digital value, and
outputs the generated sensing data.

[0257] The sensing data output by the sensor 810 may be
stored in the memory 360 or may be provided to the
compensator 390.

[0258] The compensator 390 may acquire the character-
istics (e.g. a threshold voltage or mobility) or changes in the
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characteristics (e.g. changes in the threshold voltage or
mobility) of the driving transistor DRT in corresponding
subpixels, based on the sensing data stored in the memory
360 or provided by the sensor 810, and may perform a
characteristics compensation process.

[0259] Here, changes in the characteristics of the driving
transistor DRT may mean that sensing data has been
changed from previous sensing data or reference sensing
data.

[0260] Here, differences in characteristics between driving
transistor DRT may be obtained by comparing the charac-
teristics between the driving transistors DRT or changes in
the characteristics of the driving transistors DRT. When
changes in the characteristics of driving transistor DRT
mean that the sensing data has been changed from the
reference sensing data, the differences in characteristics
between the driving transistors DRT (ie. differences in
luminance between subpixels) may be obtained from the
changes in the characteristics of the driving transistors DRT.
[0261] The characteristics compensation process may
include threshold voltage compensation to compensate for
the threshold voltages of the driving transistors DRT and
mobility compensation to compensate for the degrees of
mobility of the driving transistors DRT.

[0262] The threshold voltage compensation may include
calculating compensation values related to compensation for
threshold voltages or differences in threshold voltages
(changes in threshold voltages) and storing the calculated
compensation values in the memory 360, and may include
changing corresponding image data based on the calculated
compensation values.

[0263] The mobility compensation may mean the process
of calculating compensation values related to compensation
for mobility or mobility differences (changes in mobility)
and storing the calculated compensation values in the
memory 360, and may include changing corresponding
image data using the calculated compensation values.
[0264] The compensation values (threshold voltage com-
pensation values) calculated in the threshold voltage com-
pensation and the compensation values (mobility compen-
sation values) calculated in the mobility compensation are
collectively referred to as “transistor compensation factors”
or “transistor compensation values.”

[0265] The compensator 390 may change image data
through the threshold voltage compensation or the mobility
compensation and provide the changed data to a correspond-
ing SDIC in the data driver 320.

[0266] Then, the corresponding SDIC converts the
changed data into data voltages through a digital-to-analog
converter (DAC) 820 and provides the converted data (data
voltages) to corresponding subpixels, such that subpixel
characteristics compensation (threshold voltage compensa-
tion or mobility compensation) may be actually performed.
[0267] The subpixel characteristics compensation pet-
formed as above may reduce or remove differences in
luminance between subpixels, thereby improving image
quality.

[0268] As set forth above, the present embodiments pro-
vide the remote compensation service method, the remote
compensation service system, the OLED display device 10,
and the remote compensation server 20, in which the remote
compensation server can perform the compensation function
to compensate for changes in element characteristics (e.g.
changes in threshold voltages) due to degradations in circuit
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elements (e.g. OLEDs) in the OLED display panel 100 on
behalf of the OLED display device 10.

[0269] In addition, the present embodiments provide the
remote compensation service method, the remote compen-
sation service system, the OLED display device 10, and the
remote compensation server 20, in which the remote com-
pensation server 20 can perform the compensation function
to compensate for changes in element characteristics due to
degradations in circuit elements in the OLED display panel
100 on behalf of the OLED display device 10, thereby
reducing the processing load of the OLED display device 10
regarding the compensation function.

[0270] Furthermore, the present embodiments provide the
remote compensation service method, the remote compen-
sation service system, the OLED display device 10, and the
remote compensation server 20, in which the remote com-
pensation server 20 having higher processing performance
than the OLED display device 10 can perform the compen-
sation function for the OLED display panel 100, thereby
enabling more accurate compensation.

[0271] In addition, the present embodiments provide the
remote compensation service method, the remote compen-
sation service system, the OLED display device 10, and the
remote compensation server 20, in which the remote com-
pensation server 20 can perform the compensation function
for the OLED display panel 100 on behalf of the OLED
display device 10, thereby removing requirements for the
design of additional components and the design of high
processing components in relation to the compensation
function performed by the OLED display device 10.
[0272] Furthermore, according to the present embodi-
ments, when the OLED display device 10 for a remote
compensation service is a mobile device, such as a smart-
phone or a tablet PC, a variety of operations that the OLED
display device 10 or the remote compensation server 20
executes to perform the remote compensation service may
be embodied as a computer program.

[0273] The computer program may be programmed as
codes and segments executed by a computing device, such
as the OLED display device 10 and/or the remote compen-
sation server 20, such that a variety of operations for a
remote compensation service can be executed by the OLED
display device 10.

[0274] The computer program may be written in a storage
medium in the form of instructions executable by a com-
puting device, such as the OLED display device 10 and/or
the remote compensation server 20.

[0275] The storage medium readable by a computing
device, in which an application or a computer program for
executing the remote compensation service according to the
present embodiments is written, may be an application store
server, an application provider server including a web server
or the like related to the application or the corresponding
service, a storage medium included therein, or another
computer or a storage medium thereof in which the com-
puter program is written.

[0276] The application or computer program for executing
the remote compensation service according to the present
embodiments may be installed in the OLED display device
10, which can be embodied as a smartphone, a tablet PC, a
PDA, a mobile communication terminal, or the like, after
being downloaded from the application server or the appli-
cation provider server including a web server or the like. In
some cases, after the application or computer program is
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downloaded from the application provider server to a com-
mon PC, the application or computer program may be
installed in the OLED display device 10 using a synchro-
nization program.

[0277] The foregoing descriptions and the accompanying
drawings have been presented in order to explain the certain
principles of the present disclosure. A person skilled in the
art to which the disclosure relates can make many modifi-
cations and variations by combining, dividing, substituting
for, or changing the elements without departing from the
principle of the disclosure. The foregoing embodiments
disclosed herein shall be interpreted as illustrative only but
not as limitative of the principle and scope of the disclosure.
It should be understood that the scope of the disclosure shall
be defined by the appended Claims and all of their equiva-
lents fall within the scope of the disclosure.

What is claimed is:

1. A method of compensating for changes in characteris-
tics of a panel of a display device, the panel including a
plurality of subpixels, each of the plurality of subpixels
including an organic light emitting diode, the method com-
prising:

counting, by the display device, at least one on-time of at
least one subpixel of the plurality of subpixels, the at
least one on-time indicating a number of occurrences of
light emitted by the at least one subpixel;

transmitting, by the display device, the at least one
on-time to a remote compensation server through a
network;

determining, by the remote compensation server, an
organic light emitting diode compensation factor based
on the at least one on-time;

transmitting, by the remote compensation server, the
organic light emitting diode compensation factor to the
display device through the network; and

driving, by the display device, the panel based on the
organic light emitting diode compensation factor.

2. The method of claim 1, further comprising:

generating, by the remote compensation server, an organic
light emitting diode degradation look up table,

wherein the organic light emitting diode compensation
factor is determined by applying the at least on-time to
the organic light emitting diode degradation look up
table.

3. The method of claim 1, further comprising:

sensing, by the display device, a voltage or current;

generating, by the display device, sensing data indicative
of a characteristic of the at least one subpixel based on
the sensed voltage or the sensed current;

transmitting, by the display device, the sensing data to the
remote compensation server through the network;

determining, by the remote compensation server, a tran-
sistor compensation factor based on the sensing data;

transmitting, by the remote compensation server, the
transistor compensation factor to the display device;
and

wherein the panel is driven further based on the transistor
compensation factor.

4. A display device comprising:

a panel including a plurality of subpixels, each of the
plurality of subpixels including an organic light emit-
ting diode;

a counter coupled to the panel, the counter to obtain at
least one on-time of at least one subpixel of the
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plurality of subpixels, the at least one on-time indicat-
ing a number of occurrences of light emitted by the at
least one subpixel;
a communication circuit coupled to the counter and a
network, the communication circuit configured to:
transmit, the at least one on-time to a remote server
through the network, and

receive, an organic light emitting diode compensation
factor through the network, the organic light emitting
diode compensation factor generated by the remote
server based on the at least one on-time;
a compensator circuit coupled to the communication
circuit, the compensator circuit configured to generate
compensated image data based on the organic light
emitting diode compensation factor;
and a driver circuit coupled to the compensator circuit and
the panel, the driver configured to drive the panel based
on the compensated image data.
5. The display device of claim 4, wherein the at least one
on-time indicates the number of occurrences of light emitted
by the at least one subpixel for a gray level.
6. The display device of claim 4, wherein the compensator
circuit is configured to generate the compensated image data
based on the organic light emitting diode compensation
factor to compensate for a change in a threshold voltage of
the organic light emitting diode.
7. The display device of claim 4, further comprising;
a sensor coupled to the plurality of subpixels, the sensor
configured to generate sensing data indicative of a
characteristic of the at least one subpixel,
wherein the communication circuit is further configured
to:
transmit the sensing data to the remote server through
the network, and

receive a transistor compensation factor through the
network, the transistor compensation factor gener-
ated by the remote server based on the sensing data,
and

wherein the compensator circuit is configured to generate
the compensated image data further based on the tran-
sistor compensation factor.

8. The display device of claim 7, wherein the at least one
subpixel includes a driving transistor, and wherein the
compensator circuit is configured to generate the compen-
sated image data further based on the transistor compensa-
tion factor to compensate for a change in a threshold voltage
or a mobility of the driving transistor.

9. The display device of claim 8, wherein the driving
transistor supplies current to the organic light emitting diode
of the at least one subpixel for emitting light.

10. The display device of claim 9, wherein the sensor is
configured to sense a saturated voltage of an electrode of the
driving transistor changing from a reference voltage,
wherein the sensing data includes a value of the saturated
voltage indicative of the threshold voltage of the driving
transistor.

11. The display device of claim 9. wherein the sensor is
configured to sense a voltage of an electrode of the driving
transistor for a predetermined amount of time after a refer-
ence voltage is provided to the electrode, wherein the
sensing data includes a value of the sensed voltage, a rate of
change from the reference voltage to the sensed voltage
indicative of the mobility of the driving transistor.
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12. The display device of claim 4, further comprising a
memory coupled to the communication circuit, the memory
to store the organic light emitting diode compensation factor.

13. The display device of claim 4, wherein the commu-
nication circuit is further configured to transmit product
identification information or panel identification information
to the remote server through the network, and wherein the
organic light emitting diode compensation factor is genet-
ated by the remote server based on the product identification
information or the panel identification information.

14. A method performed by a remote server for compen-
sating for changes in characteristics of a panel in a display
device through a network, the panel including a plurality of
subpixels, each of the plurality of subpixels including an
organic light emitting diode, the method comprising:

receiving, from the display device and through the net-

work, at least one on-time of a subpixel of the plurality
of subpixels, the at least one on-time indicating a
number of occurrences of light emitted by the subpixel;
determining an organic light emitting diode compensation
factor based on the at least one on-time; and
transmitting the organic light emitting diode compensa-
tion factor to the display device through the network.

15. The method of claim 14, wherein the at least one
on-time indicates the number of occurrences of light emitted
by the at least one subpixel for a gray level.

16. The method of claim 14, wherein the organic light
emitting diode compensation factor indicates an amount of
compensation corresponding to a change in a threshold
voltage of the organic light emitting diode of the subpixel.
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17. The method of claim 14, wherein the organic light
emitting diode compensation factor is determined by apply-
ing the at least one on-time to an organic light emitting diode
degradation look up table.

18. The method of claim 17, further comprising:

receiving, from the display device and through the net-

work, product identification information or panel iden-
tification information; and

selecting the organic light emitting diode degradation

look up table from amongst a plurality of organic light
emitting diode degradation look up tables based on the
product identification information or the panel identi-
fication information.

19. The method of claim 14, further comprising:

receiving sensing data indicative of a characteristic of a

driving transistor of the subpixel through the network;
determining a transistor compensation factor based on the
sensing data; and

transmitting the determined transistor compensation fac-

tor to the display device.

20. The method of claim 19, wherein the transistor
compensation factor transmitted to the display device indi-
cates an amount of compensation corresponding to a change
in a threshold voltage or a mobility of the driving transistor.

21. The method of claim 20, wherein the driving transistor
supplies current to the organic light emitting diode of the
subpixel for emitting light.
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