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(57) ABSTRACT

An organic light-emitting display device and a method of
driving the same are disclosed. The organic light-emitting
display device includes a display panel including sub-pixels,
apower supply configured to output a voltage for driving the
sub-pixels, a selective driver configured to generate a control
signal to selectively drive a drive transistor of the sub-pixels
between first and second driving schemes, wherein the drive
transistor is driven in a saturation region in the first driving
scheme, and is driven in a linear region in the second driving
scheme, and a gamma change driver configured to change a
gamma based on the driving scheme selected by the selec-
tive driver.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0179452, filed on Dec. 26,
2016, which is incorporated herein by reference for all
purposes as if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light-
emitting display device and a method of driving the same.

Discussion of the Related Art

[0003] Along with evolving information technology, dis-
play devices have been widely used as a connection medium
between a user and information. In this regard, as one type
of display device, an organic light-emitting display device
has been increasingly employed.

[0004] The organic light-emitting display device may
include a display panel including a plurality of sub-pixels, a
driver to output a drive signal to drive the display panel, and
apower supply to generate power to be supplied to the driver
and display panel. The driver may include a scan driver to
supply a scan signal or a gate signal to the display panel, and
a data driver to supply a data signal to the display panel.
[0005] When the sub-pixels in the display panel receive
drive signals—for example, the scan signal and the data
signal—a selected sub-pixel emits a light beam. In this
manner, the sub-pixels may display an image.

[0006] The organic light-emitting display device may be
implemented in a variety of devices, such as a television, a
navigation device, a video player, a personal computer,
wearable devices including, for example, a watch and
glasses, and mobile phones including, for example, a smart-
phone. There is a need to reduce power consumption in
organic light-emitting display devices of the related art.

SUMMARY

[0007] Accordingly, the present disclosure is directed to
an organic light-emitting display device and a method of
driving the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

[0008] An object of the present disclosure is to provide an
organic light-emitting display device with reduced power
consumption.

[0009] Additional features and advantages of the disclo-
sure will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the disclosure. The objectives and
other advantages of the disclosure will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0010] To achieve these and other advantages and in
accordance with the purpose of the present disclosure, as
embodied and broadly described, an organic light-emitting
display device includes a display panel including sub-pixels,
a power supply configured to output a voltage for driving the
sub-pixels, a selective driver configured to generate a control
signal to selectively drive a drive transistor of the sub-pixels
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between first and second driving schemes, wherein the drive
transistor is driven in a saturation region in the first driving
scheme, and is driven in a linear region in the second driving
scheme, and a gamma change driver configured to change a
gamma based on the driving scheme selected by the selec-
tive driver.

[0011] In another aspect, a method of driving an organic
light-emitting display device includes generating a control
signal to selectively drive a drive transistor of sub-pixels
between first and second driving schemes, wherein the drive
transistor is driven in a saturation region in the first driving
scheme, and is driven in a linear region in the second driving
scheme, generating a signal to change a gamma based on the
selected driving scheme, and changing a level of a voltage
to be supplied to the sub-pixels based on the selected driving
scheme.

[0012] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0014] FIG. 1 is a schematic block view of an organic
light-emitting display device in accordance with a first
example embodiment of the present disclosure.

[0015] FIG. 2 schematically illustrates a configuration of
a sub-pixel in FIG. 1.

[0016] FIG. 3 illustrates a circuit configuration of a related
art sub-pixel.
[0017] FIG. 4 is a graph of a current versus voltage curve

of a drive transistor based on a related art driving scheme.
[0018] FIG. 5 illustrates a circuit configuration of a sub-
pixel in accordance with a first example embodiment of the
present disclosure.

[0019] FIG. 6 is a graph of current versus voltage curves
of a drive transistor in accordance with a first example
embodiment of the present disclosure.

[0020] FIG. 7 is a graph of a gamma voltage versus
gray-scale curve for describing a gray-scale expression
scheme in accordance with a first example embodiment of
the present disclosure.

[0021] FIG. 8 is a graph of a luminance versus gray-scale
curve based on a gray-scale expression scheme in FIG. 7.
[0022] FIG. 9 is a graph of an adaptive gamma curve for
gray-scale expression in accordance with a first example
embodiment of the present disclosure.

[0023] FIG. 10 illustrates an example configuration of a
device in accordance with a first example embodiment of the
present disclosure.

[0024] FIG. 11 is a graph of current versus voltage curves
of a drive transistor for describing a driving method of an
organic light-emitting display device in accordance with a
first example embodiment of the present disclosure.

[0025] FIG. 12 shows a block diagram of example com-
ponents of an organic light-emitting display device in accor-
dance with a first example embodiment of the present
disclosure.
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[0026] FIG. 13 shows a modular configuration in accor-
dance with a first example of the present disclosure.
[0027] FIG. 14 shows a modular configuration in accor-
dance with a second example of the present disclosure.
[0028] FIG. 15 is a schematic block view of an organic
light-emitting display device in accordance with a second
example embodiment of the present disclosure.

[0029] FIG. 16 schematically illustrates a configuration of
a sub-pixel in FIG. 15.

[0030] FIG. 17 illustrates a circuit configuration of a
sub-pixel in accordance with a second example embodiment
of the present disclosure.

[0031] FIG. 18 is a graph of current versus voltage curves
of a drive transistor in accordance with a second example
embodiment of the present disclosure.

[0032] FIG. 19 is a graph of a voltage versus gray-scale
curve of a drive transistor for describing a driving method of
an organic light-emitting display device in accordance with
a second example embodiment of the present disclosure.

[0033] FIG. 20 describes a problem of deterioration of a
drive transistor.
[0034] FIG. 21 is a graph of current versus voltage curves

for a drive transistor for describing a high level voltage
changing scheme in accordance with a second example
embodiment of the present disclosure.

[0035] FIG. 22 shows a modular configuration in accor-
dance with a third example of the present disclosure.
[0036] FIG. 23 shows a modular configuration in accor-
dance with a fourth example of the present disclosure.
[0037] FIG. 24 is a schematic block view of an organic
light-emitting display device in accordance with a third
example embodiment of the present disclosure.

[0038] FIG. 25 schematically illustrates a configuration of
a sub-pixel in FIG. 24.

[0039] FIGS. 26 and 27 are diagrams for describing a
comparison between a scheme of changing a level of a high
level voltage and a scheme of changing a level of a low level
voltage in order to drive a drive transistor in a linear region
and generate a target current.

[0040] FIG. 28 is a graph of current versus voltage curves
of a drive transistor for describing a driving method of an
organic light-emitting display device in accordance with a
third example embodiment of the present disclosure.
[0041] FIGS. 29 and 30 are views illustrating examples of
changing a low level voltage in accordance with a third
example embodiment of the present disclosure.

[0042] FIG. 31 is a view for explaining a method for
determining whether an image quality problem has occurred
when driving a drive transistor in a linear region.

[0043] FIG. 32 is a flowchart for explaining a selection
scheme of linear driving and saturation driving in accor-
dance with a third example embodiment of the present
disclosure.

[0044] FIG. 33 shows a modular configuration in accor-
dance with a fifth example of the present disclosure.
[0045] FIG. 34 shows a modular configuration in accor-
dance with a sixth example of the present disclosure.

DETAILED DESCRIPTION

[0046] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which are
illustrated in the accompanying drawings.
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[0047] An organic light-emitting display device may be
implemented, for example, as a top-emission, bottom-emis-
sion, or dual-emission type, depending on a light-emission
direction therefrom.

[0048] The organic light-emitting display device may also
be implemented, for example, as an inverted staggered,
staggered, or coplanar type, depending on a channel struc-
ture of a transistor employed. The inverted staggered type
may include a back channel etched (BCE) type or an etch
stopper (ES) type.

[0049] The organic light-emitting display device may fur-
ther be implemented, for example, as an oxide, low tem-
perature poly-silicon (LTPS), amorphous silicon (a-Si), or
poly-silicon (p-Si) type, depending on a semiconductor
material of a transistor.

[0050] The organic light-emitting display device may be
implemented, for example, in a television, a navigation
device, a video player, a personal computer, wearable
devices, such as watches and glasses, and mobile phones,
such as a smartphone.

A First Example Embodiment

[0051] FIG. 1 is a schematic block view of an organic
light-emitting display device in accordance with a first
example embodiment of the present disclosure. FIG. 2
schematically illustrates a configuration of a sub-pixel in
FIG. 1.

[0052] As shown in FIG. 1, the organic light-emitting
display device may include a host system 1000, a timing
controller 170, a data driver 130, a power supply 140, a gate
driver 150, and a display panel 110.

[0053] The host system 1000 may include a SoC (System
on Chip) having a scaler disposed therein. The host system
1000 may convert digital video data of an input video to a
data signal with a suitable format for display on the display
panel 110 and then output the data signal. The host system
1000 may also supply a variety of timing signals along with
the data signal to the timing controller 170.

[0054] The timing controller 170 may be configured to
control operation timings of the data driver 130 and the gate
driver 150 based on the timing signals from the host system
1000. Examples of the timing signals include vertical and
horizontal synchronization signals, a data enable signal, and
a main clock signal. The timing controller 170 may be
configured to a perform video process, such as data com-
pensation, for the data signal from the host system 1000, and
then supply the processed or compensated data signal DATA
to the data driver 130.

[0055] The data driver 130 may be configured to operate
based on a data control signal DDC, etc. from the timing
controller 170. The data driver 130 may be configured to
convert the data signal DATA in a digital form from the
timing controller 170 to a data signal in an analog form and
then output the analog data signal.

[0056] In this regard, the data driver 130 may be config-
ured to convert the data signal DATA in a digital form to the
data signal in an analog form based on gamma voltages from
a gamma circuit inside or outside the data driver 130. The
data driver 130 may be configured to supply the analog data
signal to data lines DL1 to DLn of the display panel 110,
where 1 is a positive integer greater than 1.

[0057] The gate driver 150 may be configured to operate
based on a gate control signal GDC from the timing con-
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troller 170. The gate driver 150 may be configured to output
a gate signal or a scan signal of a gate high voltage or a gate
low voltage.

[0058] The gate driver 150 may be configured to sequen-
tially output the gate signal in a forward or reverse direction.
The gate driver 150 may be configured to supply the gate
signal to gate lines GL1 to GLm of the display panel 110,
where m is a positive integer greater than 1.

[0059] The power supply 140 may be configured to output
a high level voltage (e.g., a drain voltage) EVDD and a low
level voltage (e.g., a source voltage) EVSS for driving the
display panel 110, and a collector voltage VCC and a ground
voltage GND for driving the data driver 130, etc. Addition-
ally, the power supply 140 may be configured to generate
voltages used in operating the display device, such as the
gate high voltage or the gate low voltage to be supplied to
the gate driver 150.

[0060] The display panel 110 may include sub-pixels SP,
the data lines DL1 to DLn coupled to the sub-pixels SP
respectively, and the gate lines GL1 to GLm coupled to the
sub-pixels SP respectively. The display panel 110 may be
configured to display an image based on the gate signal from
the gate driver 150 and the data signal from the data driver
130. The display panel 110 may include lower and upper
substrates. The sub-pixels SP may be disposed between the
lower and upper substrates.

[0061] As shownin FIG. 2, for example, a single sub-pixel
SP may include a switching thin film transistor SW coupled
to the gate line GL1 and the data line DL1 (or disposed at
an intersection thereof), and a pixel circuit PC configured to
operate based on the data signal supplied via the switching
thin film transistor SW. The pixel circuit PC may include a
drive transistor, a storage capacitor, an organic light-emit-
ting diode, and a pixel compensation circuit (not shown).
The pixel compensation circuit may be configured to com-
pensate for at least one of the drive transistor, storage
capacitor, and organic light-emitting diode.

[0062] The pixel compensation circuit may be configured
to compensate for characteristics of the drive transistor (for
example, a threshold voltage or current mobility, etc.) and/or
characteristics of the organic light-emitting diode (for
example, a threshold voltage), and/or for deteriorations
thereof. The pixel compensation circuit may operate inde-
pendently or in association with an external circuit. The
pixel compensation circuit may include at least one thin film
transistor and capacitor. The pixel compensation circuit can
be configured in a wide variety of ways depending on a
compensation method. Thus, a specific illustration and
description thereof will be omitted.

[0063] FIG. 3 illustrates a circuit configuration of a related
art sub-pixel. FIG. 4 is a graph of a current versus voltage
curve of a drive transistor based on a related art driving
scheme.

[0064] As shown in FIG. 3 and FIG. 4, in the related art
driving scheme, a drive transistor DTFT is driven in a
saturation region of the current versus voltage curve to
operate the sub-pixel. Thus, a high level drive voltage (that
is, a high level Vds and EVDD as shown in FIGS. 3 and 4)
was used.

[0065] In this way, because the related art organic light-
emitting display device drives the drive transistor DTFT in
the saturation region of the current versus voltage curve, the
high level voltage EVDD is used, leading to unnecessarily
high power consumption.
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[0066] FIG. 5 illustrates a circuit configuration of a sub-
pixel in accordance with a first example embodiment of the
present disclosure. FIG. 6 is a graph of current versus
voltage curves of a drive transistor in accordance with a first
example embodiment of the present disclosure. FIG. 7 is a
graph of a gamma voltage versus gray-scale curve for
describing a gray-scale expression scheme in accordance
with a first example embodiment of the present disclosure.
FIG. 8 is a graph of a luminance versus gray-scale curve
based on a gray-scale expression scheme in FIG. 7. FIG. 9
is a graph of an adaptive gamma curve for gray-scale
expression in accordance with a first example embodiment
of the present disclosure. FIG. 10 illustrates an example
configuration of a device in accordance with a first example
embodiment of the present disclosure. FIG. 11 is a graph of
current versus voltage curves of a drive transistor for
describing a driving method of an organic light-emitting
display device in accordance with a first example embodi-
ment of the present disclosure.

[0067] As shown in FIG. 5 and FIG. 6, in accordance with
a first example embodiment of the present disclosure, to
reduce power consumption by an organic light-emitting
display device, a drive transistor DTFT of a sub-pixel may
be driven using a combination of a saturation region and a
linear region of a current versus voltage curve.

[0068] Further, to reduce power consumption by the
organic light-emitting display device, a level of a high level
voltage EVDD may be changed to a lower level than a data
voltage V., forming a data signal.

[0069] For example, in accordance with the first example
embodiment of the present disclosure, when the drive tran-
sistor DTFT generates a current 1_oled for driving an
organic light- emitting diode OLED, the high level voltage
EVDD, which is one of parameters for generating a target
current [_target, may be lowered from a P2 level to a P1
level.

[0070] When the drive transistor DTFT of the sub-pixel is
driven in the linear region of the curve, the high level voltage
EVDD may be set at a lower level compared to a related art
method Thus, a stress level undergone by the transistor may
be reduced compared to the related art method. As a result,
deterioration of the transistor may be delayed for a longer
time petiod than in the related art method where the drive
transistor is driven in the saturation region.

[0071] FIG. 5 illustrates, by way of example, a generally-
employed 2T1C configuration where two transistors SW and
DTFT and a single capacitor Cst are used to drive an organic
light-emitting diode OLED. However, the present disclosure
is not limited thereto. Rather, examples of the present
disclosure may be applicable to an organic light-emitting
display device with a sub-pixel including various pixel
circuit configurations.

[0072] As shown in FIG. 7 and FIG. 8, the driving method
in accordance with the first example embodiment of the
present disclosure may employ a linear gamma (Linear
GMA) to express low and middle gray-scale ranges and a
non-linear gamma (for example, 2.2 GMA) to express high
gray-scale range. This is because when an actual pixel is
used to express the gray-scales, the drive transistor DTFT
may be driven in the saturation region to express the low and
middle gray-scale ranges and in the linear region to express
the high gray-scale range.

[0073] To this end, the driving method in accordance with
the first example embodiment of the present disclosure may
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employ an adaptive gamma curve including an algorithm for
determining a gamma change point (GCP). With the adap-
tive gamma curve, the GCP may be changed in an adaptive
mannet.

[0074] If the gamma is varied along the adaptive gamma
curve, the data voltage may be raised without a separate
mechanism when the transistor is driven in the linear region
drive. If the adaptive gamma curve is employed, the gamma
curve may vary depending on the low, middle, and high
gray-scale ranges.

[0075] As shown in FIG. 9, the gamma change point
(GCP) may be determined based on a data voltage level. The
data voltage level may be varied even if it is a voltage for
expressing the same gray-scale. This is, for example,
because a peak data voltage level may vary based on an
average picture level (APL) by a peak luminance control
(PLC) algorithm.

[0076] Because the data voltage level may be different
even for the same gray-scale, the gamma change point
(GCP) may be determined based on the peak luminance
control (PLC) or the average picture level (APL) reference.
As a result, the gamma change point (GCP) may shift down
to the linear region or up to the non-linear region based on
the data voltage level.

[0077] As shown in FIG. 9 and FIG. 10, the gamma
change point (GCP) may vary based on characteristics of the
data voltage level. Thus, to reflect variations in the charac-
teristics of the data voltage level, the organic light-emitting
display device may be configured such that the gamma
change point (GCP) at a gamma circuit (GMA IC) 135 may
be controlled based on a gamma change signal GMAC from
the timing controller (T-con) 170.

[0078] In this regard, a module or system for changing a
driving scheme for the drive transistor may be contained in
the timing controller 170. However, the present disclosure is
not limited thereto. The module or system for changing the
driving scheme for the drive transistor may be formed as a
separate circuit, in which case the gamma change signal
GMAC may be supplied from the separate circuit.

[0079] As shown in FIG. 11, in a method for driving the
organic light-emitting display device in accordance with the
first example embodiment of the present disclosure, to avoid
image quality deterioration resulting from the driving of the
drive transistor in the linear region, the driving scheme may
be changed for an image data anticipated to have such image
quality deterioration.

[0080] For example, when an image data which is not
expected to have such image quality deterioration is input,
a driving scheme is carried out as shown in portion (a) of
FIG. 11. That is, the drive transistor is driven in the linear
region, and the level of the high level voltage EVDD is
changed to a level lower than the level of the data voltage
Vpaz

[0081] On the other hand, when an image data which is
expected to have such image quality deterioration is input,
a driving scheme is carried out as shown in portion (b) of
FIG. 11. That is, the drive transistor is driven in the satu-
ration region, and the level of the high level voltage EVDD
is changed to a level higher than the level of the data voltage
\/DATA'

[0082] In this regard, to switch the driving schemes of the
drive transistor based on whether such image quality dete-
rioration is anticipated for a certain image data, the device
may be configured, for example, as discussed below.
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[0083] FIG. 12 shows a block diagram of example com-
ponents of an organic light-emitting display device in accor-
dance with a first example embodiment of the present
disclosure. FIG. 13 shows a modular configuration in accor-
dance with a first example of the present disclosure. FIG. 14
shows a modular configuration in accordance with a second
example of the present disclosure.

[0084] As shown in FIG. 12, the organic light-emitting
display device in accordance with the first example embodi-
ment of the present disclosure may include a selective driver
160, a power supply 140, and a compensation circuit 180.
The selective driver 160 and compensation circuit 180 may
be integrated into a single module, for example, into a timing
controller.

[0085] The selective driver 160 may be configured to
enable selective driving of a drive transistor of a sub-pixel
between the first and the second driving schemes. In the first
driving scheme, for example, the drive transistor of the
sub-pixel in a display panel may be driven in a saturation
region (EVDD>V,,.,). In the second driving scheme, for
example, the drive transistor of the sub-pixel in the display
panel may be driven in the linear region (EVDD<Vp, 7).
For enabling such selective driving, the selective driver 160
may include a non-linear driver (or normal driver) 161, a
linear driver 163, and a gamma change driver 165.

[0086] The non-linear driver 161 may be configured to
generate a first drive control signal to instruct the first
driving scheme to be carried out. That is, using the first drive
control signal, the drive transistor of the sub-pixel in the
display panel may be driven in the saturation or non-linear
region. In this regard, when the non-linear driver 161
outputs the first drive control signal to the power supply 140,
the power supply 140 may be configured to change the level
of the high level voltage EVDD to a level higher than the
level of the data voltage V7.

[0087] The linear driver 163 may be configured to gener-
ate a second drive control signal to instruct the second
driving scheme to be carried out. That is, using the second
drive control signal, the drive transistor of the sub-pixel in
the display panel may be driven in the linear or non-
saturation region. In this regard, when the linear driver 163
outputs the second drive control signal to the power supply
140, the power supply 140 may be configured to change the
level of the high level voltage EVDD to a level lower than
the level of the data voltage V..

[0088] The linear driver 163 may force the drive transistor
of the sub-pixel in the display panel to be driven in the
saturation region when an image data with expected image
quality deterioration is input. In other words, even if the
driving scheme is set to the second driving scheme for the
linear driver 163, the linear driver 163 may force performing
the first driving scheme in the saturation region, not the
second driving scheme in the linear region, when an image
data with expected image quality deterioration is input.
[0089] To this end, the linear driver 163 may be configured
to reference a lookup table which includes parameters of one
or more factors for predicting or forecasting image quality
deterioration. The lookup table may be stored in a memory
as data. Alternatively, the linear driver 163 may be config-
ured to predict the image quality deterioration using an
image analysis algorithm.

[0090] The factors for predicting or forecasting the image
quality deterioration may include, but are not limited to, an
average picture level (APL), a total current flowing in the
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organic light-emitting diode (total EL current), a peak value
of the gray-scale, an image complexity, a drive frequency, a
crosstalk pattern, and so on. These factors may be provided
as parametric threshold values through experiments.
[0091] The linear driver 163 may be configured to com-
pare parameter values of the current image data with the
parametric threshold values in the lookup table and to enable
the drive transistor to be driven in the saturation region, for
example, only when the parameter value(s) of the current
image data is or are determined to be smaller than the
respective parametric threshold value(s).

[0092] For example, upon determination that the image
quality deterioration is expected to occur, the linear driver
163 may operate together with the non-linear driver 161
such that the first drive control signal from the non-linear
driver 161 is changed to a logic high, instead of the second
drive control signal from the linear driver 163 being changed
to a logic low.

[0093] The gamma change driver 165 may be configured
to set a gamma based on characteristics parameters in
accordance with a predetermined condition for the present
device. The gamma change driver 165 may be configured to
output a gamma change signal to determine a gamma change
point at a gamma circuit based on a change in the driving
schemes. The gamma change driver 165 may be configured
to output the gamma change signal based on the character-
istics parameters such as the peak luminance control (PLC)
and/or average picture level (APL).

[0094] The compensation module or circuit 180 may be
configured to analyze a data signal to be supplied to the
display panel, and to compensate and improve for variation
of the display panel resulting from the selective driving
between the first and the second driving schemes respec-
tively using the saturation region and the linear region.
Further, the compensation module or circuit 180 may be
configured to compensate for the variation of the display
panel resulting from a change in the gamma change point.
[0095] Further, the compensation module 180 may be
configured to calculate a display panel characteristics varia-
tion, for example, an IR drop (a voltage drop due to current
and resistance) resulting from the driving in the linear region
and then to compensate for the variation. To this end, the
compensation module 180 may be configured to generate
and output a compensation signal for compensating for the
display panel characteristics variation based on an analysis
of the data signal and the gamma change signal from the
gamma change driver 165.

[0096] In accordance with the first example embodiment
of the present disclosure, the power consumption of the
device may be reduced while the deterioration of the drive
transistor may be delayed via the selective driving scheme
based on the image quality detetioration estimation. To that
end, a drive control signal may be generated to enable
selective driving between the first and the second driving
schemes for the drive transistor of the sub-pixel, where the
first and the second schemes respectively employ the satu-
ration and the linear regions for the drive transistor. Then,
based on the selected driving scheme, a gamma change
signal may be generated to change the gamma based on the
selected driving scheme, and/or a level of a high level
voltage (e.g., EVDD) to be supplied to the sub-pixel may be
changed.

[0097] Hereinafter, an example modular configuration of
an organic light-emitting display device will be described
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where the selective driver 160 and compensation module
180 are incorporated into the timing controller 170.

[0098] As shown in FIG. 13 illustrating a first example
modular configuration of the organic light-emitting display
device, the organic light-emitting display device may be
modularized with a first circuit board BD1, a second circuit
board BD2, and a display panel 110. The first circuit board
BD1 may include a host system 1000 and a power supply
140 disposed thereon. The second circuit board BD2 may
include the timing controller 170, the gamma circuit 135,
and a voltage switching circuit ST disposed thereon. The
voltage switching circuit ST may be disposed inside or
outside the power supply 140.

[0099] As shown in FIG. 14 illustrating a second example
modular configuration of the organic light-emitting display
device, the organic light-emitting display device may be
modularized with a first circuit board BD1, a second circuit
board BD2, and a display panel 110. The first circuit board
BD1 may include a host system 1000, a power supply 140
and a voltage switching circuit ST disposed thereon. The
second circuit board BD2 may include a timing controller
170 and a gamma circuit 135 disposed thereon. The voltage
switching circuit ST may be disposed inside or outside the
power supply 140.

[0100] The timing controller 170 may be configured to
output a switch control signal STC to selectively supply a
first high level voltage EVDDI1 or a second high level
voltage EVDD2 from the power supply 140 disposed on the
first circuit board BD1. In one example, the first high level
voltage EVDDI1 (e.g., a saturation region drive voltage) may
be higher than the second high level voltage EVDD2 (e.g,,
a linear region drive voltage).

[0101] The timing controller 170 may be configured to
generate a first switch control signal at the same time when
the first drive control signal is generated by the non-linear
driver disposed therein to drive the drive transistor in the
saturation region, that is, a normal driving condition.
[0102] Further, the timing controller 170 may be config-
ured to output a gamma change signal GMAC when there is
aneed for a gamma change. For example, the gamma circuit
135 may be configured to supply a gamma voltage GMA1
complying with a first gamma curve to a data driver 130
based on the gamma change signal GMAC.

[0103] When the timing controller 170 has outputted the
first drive control signal and the first switch control signal,
the voltage switching circuit ST may be configured to
operate such that the first high level voltage EVDDI1 from
the power supply 140 is supplied to the display panel 110.
In this way, the display panel 110 may operate based on an
operating condition of the saturation region.

[0104] The timing controller 170 may be configured to
generate a second switch control signal at the same time
when the second drive control signal is generated by the
linear driver disposed therein to drive the drive transistor in
the linear region, that is, a change driving condition.
[0105] Further, the timing controller 170 may be config-
ured to output a gamma change signal GMAC when there is
aneed for a gamma change. For example, the gamma circuit
135 may be configured to supply a gamma voltage GMA2
complying with a second gamma curve to the data driver 130
based on the gamma change signal GMAC.

[0106] When the timing controller 170 has outputted the
second drive control signal and the second switch control
signal, the voltage switching circuit ST may be configured to
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operate such that the second high level voltage EVDD?2 from
the power supply 140 is supplied to the display panel 110.
In this way, the display panel 110 may operate based on an
operating condition of the linear region.

[0107] As described above, in accordance with example
embodiments of the present disclosure, to change the level
of the high level voltage, the voltage switching circuit ST
may receive the first and the second high level voltages
EVDD1 and EVDD2 from the first circuit board BD1 having
the host system 1000 and the power supply 140, and select
one of the two high level voltages EVDD1 and EVDD2
based on the computing result (parameter computing result)
by the timing controller 170, as illustrated in FIG. 13.
Alternatively, the voltage switching circuit ST may receive
as a feedback the computing result by the timing controller
170 and select one of the two high level voltages EVDD1
and EVDD?2 based on the feedback, as illustrated in FIG. 14.
These two approaches are merely examples. As another
alternative, for example, the power supply 140 and timing
controller 170 both may be disposed on the second circuit
board BD2. The present disclosure is not limited to the
above example configurations.

A Second Example Embodiment

[0108] FIG. 15 is a schematic block view of an organic
light-emitting display device in accordance with a second
example embodiment of the present disclosure. FIG. 16
schematically illustrates a configuration of a sub-pixel in
FIG. 15.

[0109] As shown in FIG. 15, the organic light-emitting
display device may include a host system 1000, a timing
controller 170, a data driver 130. a power supply 140, a gate
driver 150, and a display panel 110.

[0110] The host system 1000 may include a SoC (System
on Chip) having a scaler disposed therein, and may convert
digital video data of an input video to a data signal with a
suitable format for display on the display panel 110, and then
output the converted data signal. The host system 1000 may
supply a variety of timing signals along with the data signal
to the timing controller 170.

[0111] The timing controller 170 may be configured to
control operation timings of the data driver 130 and gate
driver 150 based on timing signals from the host system
1000, such as vertical and horizontal synchronization sig-
nals, a data enable signal, a main clock signal, etc. The
timing controller 170 may be configured to perform video
process, such as data compensation, for the data signal from
the host system 1000, and then supply the processed or
compensated data signal to the data driver 130.

[0112] The data driver 130 may be configured to operate
based on a data control signal DDC, etc. from the timing
controller 170. The data driver 130 may be configured to
convert the data signal DATA in a digital form from the
timing controller 170 to a data signal in an analog form and
then output the analog signal.

[0113] In this regard, the data driver 130 may be config-
ured to convert the data signal DATA in a digital form to the
data signal in an analog form based on gamma voltages from
a gamma circuit inside or outside the data driver 130. The
data driver 130 may be configured to supply the analog data
signal to data lines DL1 to DLn of the display panel 110.
[0114] The gate driver 150 may be configured to operate
based on a gate control signal GDC from the timing con-
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troller 170. The gate driver 150 may be configured to output
a gate signal or a scan signal of a gate high voltage or a gate
low voltage.

[0115] The gate driver 150 may be configured to sequen-
tially output the gate signal in a forward or reverse direction.
The gate driver 150 may be configured to supply the gate
signal to gate lines GL1 to GLm of the display panel 110.
[0116] The power supply 140 may be configured to output
a high level voltage (e.g.. a drain voltage) EVDD and a low
level voltage (e.g., a source voltage) EVSS for driving the
display panel 110, and a collector voltage VCC and a ground
voltage GND for driving the data driver 130, etc. Addition-
ally, the power supply 140 may be configured to generate
voltages required for operations of the display device, such
as the gate high voltage or the gate low voltage to be
supplied to the gate driver 150.

[0117] The display panel 110 may include sub-pixels SP,
the data lines DL1 to DLn coupled to the sub-pixels SP
respectively, and the gate lines GL1 to GLm coupled to the
sub-pixels SP respectively. The display panel 110 may be
configured to display an image based on the gate signal from
the gate driver 150 and the data signal from the data driver
130. The display panel 110 may include lower and upper
substrates. The sub-pixels SP may be disposed between the
lower and upper substrates.

[0118] As shown in FIG. 16, a single sub-pixel includes a
switching thin film transistor SW coupled to the gate line
GL1 and data line DL1 (or disposed at an intersection
thereof), and a pixel circuit PC configured to operate based
on the data signal supplied via the switching thin film
transistor SW. The pixel circuit PC may include a drive
transistor, a storage capacitor, an organic light-emitting
diode, and a pixel compensation circuit. The pixel compen-
sation circuit may be configured to compensate for at least
one of the drive transistor, storage capacitor, and organic
light-emitting diode.

[0119] The pixel compensation circuit may be configured
to compensate for characteristics of the drive transistor (for
example, a threshold voltage, current mobility, etc.), and/or
characteristics of the organic light-emitting diode (for
example, a threshold voltage) and/or for deteriorations
thereof. The pixel compensation circuit may operate inde-
pendently or in association with an external circuit. The
pixel compensation circuit may include at least one thin film
transistor and capacitor. The pixel compensation circuit can
be configured in a wide variety of ways depending on a
compensation method. Thus, a specific illustration and
description thereof will be omitted.

[0120] FIG. 17 illustrates a circuit configuration of a
sub-pixel in accordance with a second example embodiment
of the present disclosure. FIG. 18 is a graph of current versus
voltage curves of a drive transistor in accordance with a
second example embodiment of the present disclosure. FIG.
19 is a graph of a voltage versus gray-scale curve of a drive
transistor for describing a driving method of an organic
light-emitting display device in accordance with a second
example embodiment of the present disclosure. FIG. 20
describes a problem of deterioration of a drive transistor.
FIG. 21 is a graph of current versus voltage curves for a
drive transistor for describing a high level voltage changing
scheme in accordance with a second example embodiment
of the present disclosure.

[0121] As shown in FIG. 17 and FIG. 18, in accordance
with a second example embodiment of the present disclo-
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sure, in order to achieve power consumption reduction for
the organic light-emitting display device, a drive transistor
DTFT of a sub-pixel may be driven using a combination of
a saturation region and a linear region of a current versus
voltage curve.

[0122] Further, in order to achieve power consumption
reduction for the organic light-emitting display device, a
level of a high level voltage EVDD may be changed to a
level lower than a level of a data voltage V5, forming a
data signal.

[0123] For example, in accordance with the second
example embodiment of the present disclosure, when the
drive transistor generates a current I_oled for driving an
organic light-emitting diode, a level of the high level voltage
EVDD, which is one of the parameters for generating a
target current I_target, may be lowered from a P2 level to a
P1 level.

[0124] When the drive transistor DTFT of the sub-pixel is
driven in the linear region of the curve, the level of the high
level voltage EVDD may be lowered compared to the
related art method. Thus, a stress level undergone by the
transistor may be reduced compared to the related art
method. As a result, deterioration of the transistor may be
expected to be delayed for a longer time period than in the
related art method where the drive transistor is driven in the
saturation region.

[0125] FIG. 17 illustrates, by way of example, a generally-
employed 2T1C configuration where two transistors SW and
DTFT and a single capacitor Cst are used to drive an organic
light-emitting diode OLED. However, the present disclosure
is not limited thereto. Rather, the present disclosure may be
applicable to an organic light-emitting display device with a
sub-pixel including various pixel circuit configurations.

[0126] The driving method in accordance with the second
example embodiment of the present disclosure, as in the first
example embodiment of the present disclosure, may employ
a linear gamma (Linear GMA) for expression of low and
middle gray-scale ranges, and employ a non-linear gamma
(for example, 2.2 GMA) for expression of a high gray-scale
range. This is because when expressing the gray-scale using
the actual pixel, the drive transistor is driven in the satura-
tion region for the expression of the low and middle gray-
scale ranges, and in the linear region for the expression of
the high gray-scale range.

[0127] As shown in FIG. 19, in a method for driving the
organic light-emitting display device in accordance with the
second example embodiment of the present disclosure, in
order to avoid image quality deterioration resulting from the
driving of the drive transistor in the linear region, an image
data which is expected to have such image quality deterio-
ration may be subjected to a different driving scheme.

[0128] For example, when an image data which is not
expected to have such image quality deterioration is input,
a driving scheme is carried out as shown in portion (a) of
FIG. 19. That is, the drive transistor is driven in the linear
region, and the level of the high level voltage EVDD is
changed to a level lower than the level of the data voltage
Vpaz-

[0129] To the contrary, when an image data which is
expected to have such image quality deterioration is input,
a driving scheme is carried out as shown in portion (b) of
FIG. 19. That is, the drive transistor is driven in the
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saturation region, and the level of the high level voltage
EVDD is changed to a level higher than the level of the data
voltage V7.

[0130] However, as can be seen in portion (a) of FIG. 19,
it may be necessary to increase the data voltage V., to
satisfy a target current I_target when the drive transistor is
driven in the linear region. As such, an example of the timing
in which the data voltage V., to satisfy the target current
1_target should be increased may by explained as follows.

[0131] As shown in FIG. 20, when the driving time of the
drive transistor DTFT is continued or a positive voltage is
applied continuously to the drive transistor DTFT, a thresh-
old voltage Vth is shifted in a positive direction due to the
image quality deterioration. In this case, a Vgs (or Vgs-Vth)
of the drive transistor DTFT is lowered gradually, so the data
voltage V7, should be further increased to satisfy the
target current [_target.

[0132] Therefore, when the threshold voltage of the drive
transistor DTFT is shifted in the positive direction due to the
image quality deterioration, the data voltage V., should
be further increased, however, in this case, constraints may
arise due to the limited output range of the data driver. That
is to say, it may be difficult to cope with a situation where
the data driver cannot increase the data voltage V7,
beyond a constant range due to the limited output range.

[0133] Additionally, if a problem such as image quality
deterioration is caused continuously, the deterioration devia-
tion of the threshold voltage is scattered on a basis of
position or sub-pixel of the display panel, which may result
in increased screen stain on the display panel and decreased
life time of the display panel. According to experiment
results, this problem may appear more serious when the
drive transistor is driven in the linear region; therefore, in
accordance with the second example embodiment of the
present disclosure, it may be improved as follows.

[0134] As shown in FIG. 21, when an image data which is
not expected to have such image quality deterioration is
input, the driving transistor is driven in the linear region, and
a level of the high level voltage EVDD may be changed to
a level lower than a level of the data voltage V5. At the
same time, it may maintain the target current I_target by
avoiding the increase in a data voltage V4, and gradually
increasing the level of the high level voltage EVDD depend-
ing on the deterioration characteristic of the drive transistor.

[0135] That is, in accordance with the second example
embodiment of the present disclosure, the drive transistor is
driven in the linear region, and the deterioration character-
istic of the drive transistor, for example, the threshold
voltage is monitored or sensed. Further, when the deterio-
ration characteristic of the drive transistor, for example, the
threshold voltage deviates from a reference range (for
example, a reference threshold voltage) set inside the timing
controller 170, the increase in a data voltage V., may be
avoided and a level of the high level voltage EVDD may be
increased gradually.

[0136] To facilitate understanding of the descriptions, a
comparison of the first example embodiment with the sec-
ond example embodiment may be described as follows.
[0137] In the first example embodiment, in order to drive
the drive transistor in the linear region and generate the
target current I_target, a level of the high level voltage
EVDD is lowered from P2 level to P1 level, and the data
voltage V4 18 increased to Vd3.
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[0138] In the second example embodiment, in order to
drive the drive transistor in the linear region and generate the
target current I_target, a level of the high level voltage
EVDD is lowered from P2 level to P1 level, and the data
voltage V,,,,, is maintained in a previous level such as Vdl,
or increased to Vd2 by a small amount. Further, in the
second example embodiment, the deterioration characteris-
tic of the drive transistor, for example, the threshold voltage
is monitored or sensed, and in response to changes in the
deterioration characteristic of the drive transistor, for
example, the threshold voltage, the levels PV1, PV2, PV3 of
the high level voltage EVDD are increased gradually.
[0139] Thelevels PV1, PV2, PV3 of the high level voltage
EVDD are increased gradually, for example, in a P2 direc-
tion in proportion to the changes in the threshold voltage. As
such, in the second example embodiment, the levels PV1,
PV2, PV3 of the high level voltage EVDD are also changed,
taking account of the deterioration characteristic and com-
pensation margin of the drive transistor. At this time,
because the gradually changed high level voltage EVDD is
commonly supplied to all of the sub-pixels of the display
panel, a global compensation effect can be expected.
[0140] As explained above, it may be difficult to obtain a
margin that can satisfy a target current I_target only by
increasing a data voltage V, ,,,, when the threshold voltage
of the drive transistor DTFT is changed in a positive
direction beyond a constant value, for example, a reference
threshold voltage set by the experiment. However, in accor-
dance with the second example embodiment of the present
disclosure, a margin being capable of satisfying a target
current I_target may be obtained, because it may be possible
to perform an additional compensation from the data voltage
V 4z When the levels PV1, PV2, PV3 of the high level
voltage EVDD are changed in response to changes in the
threshold voltage of the drive transistor.

[0141] Accordingly, in accordance with the second
example embodiment of the present disclosure, it may be
possible to secure a compensation range (for example, an
output range that may be necessary to compensate for the
data voltage) of the data voltage V., in a larger width
compared to the first example embodiment, because the
margin capable of changing the data voltage V., is
increased.

[0142] In this connection, as in the second example
embodiment, in order to switch the driving schemes of the
drive transistor based on whether such an image quality
problem occurs for a certain image data, and change the
level of high level voltage EVDD gradually, the present
device may be configured as follows:

[0143] FIG. 22 shows a modular configuration in accot-
dance with a third example of the present disclosure. F1G. 23
shows a modular configuration in accordance with a fourth
example of the present disclosure.

[0144] As shown in FIG. 22, illustrating a third example
modular configuration of an organic light-emitting display
device, the organic light-emitting display device may be
modularized with a first circuit board BD1, a second circuit
board BD2, and a display panel 110. The first circuit board
BD1 may include a system 1000 and a power supply 140
disposed thereon. The second circuit board BD2 may
include a timing controller 170, a gamma circuit 135, and a
voltage switching circuit ST disposed thereon. The voltage
switching circuit ST may be disposed inside or outside the
power supply 140. The gamma circuit 135 may perform the
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same or similar functions or operations as those shown and
described in the first example or the second example. Thus,
the descriptions thereof may be discussed with reference to
the portion of the first example or the second example of the
present disclosure.

[0145] As shown in FIG. 23, illustrating a fourth example
modular configuration of the organic light-emitting display
device, the organic light-emitting display device may be
modularized with a first circuit board BD1, a second circuit
board BD2, and a display panel 110. The first circuit board
BD1 may include a host system 1000, a power supply 140,
and a voltage switching circuit ST disposed thereon. The
second circuit board BD2 may include a timing controller
170 and a gamma circuit 135 disposed thereon. The voltage
switching circuit ST may be disposed inside or outside the
power supply 140. The gamma circuit 135 may perform the
same or similar functions or operations as those shown and
described in the first example or the second example. Thus,
the descriptions thereof may be discussed with reference to
the portion of the first example or the second example of the
present disclosure.

[0146] The timing controller 170 may be configured to
output a switch control signal STC to selectively supply a
first high level voltage EVDDI and a second high level
voltage EVDD?2 from the power supply 140 disposed on the
first circuit board BD1. In one example, the first high level
voltage EVDDI (e.g., a saturation region drive voltage) may
be higher than the second high level voltage EVDD2 (e.g.,
a linear region drive voltage).

[0147] The timing controller 170 may be configured to
generate a first switch control signal at the same time when
a first drive control signal is generated by a non-linear driver
disposed therein, wherein the first drive control signal
enables driving for the drive transistor in a saturation region,
that is, a normal driving condition.

[0148] When the timing controller 170 has outputted the
first drive control signal and first switch control signal, the
voltage switching circuit ST may be configured to operate
such that the first high level voltage EVDDI from the power
supply 140 is supplied to the display panel 110. In this way,
the display panel 110 may operate based on an operation
condition of the saturation region.

[0149] The timing controller 170 may be configured to
generate a second switch control signal at the same time
when a second drive control signal is generated by a linear
driver disposed therein, wherein the second drive control
signal enables driving for the drive transistor in a linear
region, that is, a change driving condition.

[0150] Further, the timing controller 170 monitors or
senses deterioration characteristics of the drive transistor, for
example, Vth continuously, and generates a power variable
signal EVC to increase a level of a high level voltage EVDD
gradually based on the deterioration characteristic of the
drive transistor, for example, Vth. At this time, the timing
controller 170 performs compensation operations to avoid
an increase in a data voltage V.., and gradually increase
the level of the high level voltage EVDD, when the dete-
rioration characteristic of the drive transistor, for example,
Vth deviates from a reference range (a reference threshold
voltage) set inside the timing controller 170.

[0151] When the timing controller 170 has outputted the
second drive control signal and second switch control signal,
the voltage switching circuit ST may be configured to
operate such that the second high level voltage EVDD?2 from
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the power supply 140 is supplied to the display panel 110.
In this way, the display panel 110 may operate based on an
operation condition of the linear region. When the timing
controller 170 has outputted the power variable signal EVC,
the power supply 140 changes a level of the second high
level voltage EVDD2 based on the compensation operations
by the timing controller 170 and outputs the level.

A Third Example Embodiment

[0152] FIG. 24 is a schematic block view of an organic
light-emitting display device in accordance with a third
example embodiment of the present disclosure. FIG. 25
schematically illustrates a configuration of a sub-pixel in
FIG. 24.

[0153] As shown in FIG. 24, the organic light-emitting
display device may include a host system 1000, a timing
controller 170, a data driver 130, a power supply 140, a gate
driver 150, and a display panel 110.

[0154] The host system 1000 may include a SoC (System
on Chip) having a scaler disposed therein, and may convert
digital video data of an input video to a data signal with a
suitable format for display on the display panel 110, and then
output the converted data signal. The host system 1000 may
supply a variety of timing signals along with the data signal
to the timing controller 170.

[0155] The timing controller 170 may be configured to
control operation timings of the data driver 130 and gate
driver 150 based on the timing signals from the host system
1000, such as based on vertical and horizontal synchroni-
zation signals, a data enable signal, a main clock signal, etc.
The timing controller 170 may be configured to perform a
video process, such as data compensation, for the data signal
from the host system 1000, and then supply the processed or
compensated data signal to the data driver 130.

[0156] The data driver 130 may be configured to operate
based on a data control signal DDC, etc. from the timing
controller 170. The data driver 130 may be configured to
convert the data signal DATA in a digital form from the
timing controller 170 to a data signal in an analog form and
then output the converted data signal.

[0157] In this regard, the data driver 130 may be config-
ured to convert the data signal DATA in a digital form to the
data signal in an analog form based on gamma voltages from
a gamma circuit inside or outside the data driver 130. The
data driver 130 may be configured to supply the analog data
signal to data lines DL1 to DLn of the display panel 110.

[0158] The gate driver 150 may be configured to operate
based on a gate control signal GDC from the timing con-
troller 170. The gate driver 150 may be configured to output
a gate signal or a scan signal of a gate high voltage or a gate
low voltage.

[0159] The gate driver 150 may be configured to sequen-
tially output the gate signal in a forward or reverse direction.
The gate driver 150 may be configured to supply the gate
signal to gate lines GL1 to GLm of the display panel 110.
[0160] The power supply 140 may be configured to output
a high level voltage (e.g., a drain voltage) EVDD and a low
level voltage (e.g., a source voltage) EVSS for driving the
display panel 110, and a collector voltage VCC and a ground
voltage GND for driving the data driver 130, etc. Addition-
ally, the power supply 140 may be configured to generate
voltages required for operations of the display device, such
as the gate high voltage or the gate low voltage to be
supplied to the gate driver 150.
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[0161] The display panel 110 may include sub-pixels SP,
the data lines DL1 to DLn coupled to the sub-pixels SP
respectively, and the gate lines GL.1 to GLm coupled to the
sub-pixels SP respectively. The display panel 110 may be
configured to display an image based on the gate signal from
the gate driver 150 and the data signal from the data driver
130. The display panel 110 may include lower and upper
substrates. The sub-pixels SP may be disposed between the
lower and upper substrates.

[0162] As shown in FIG. 25, a single sub-pixel includes a
switching thin film transistor SW coupled to the gate line
GL1 and data line DL1 (or disposed at an intersection
thereof), and a pixel circuit PC configured to operate based
on the data signal supplied via the switching thin film
transistor SW. The pixel circuit PC may include a drive
transistor, a storage capacitor, an organic light-emitting
diode, and a pixel compensation circuit. The pixel compen-
sation circuit may be configured to compensate for at least
one of the drive transistor, storage capacitor, and organic
light-emitting diode.

[0163] The pixel compensation circuit may be configured
to compensate for characteristics of the drive transistor (for
example, a threshold voltage, current mobility, etc.), and/or
characteristics of the organic light-emitting diode (for
example, a threshold voltage) and/or for deteriorations
thereof. The pixel compensation circuit may operate inde-
pendently or in association with an external circuit. The
pixel compensation circuit may include at least one thin film
transistor and capacitor. The pixel compensation circuit can
be configured in a wide variety of ways depending on a
compensation method. Thus, a specific illustration and
description thereof will be omitted.

[0164] FIGS. 26 and 27 are diagrams for describing a
comparison between a scheme of changing a level of a high
level voltage and a scheme of changing a level of a low level
voltage in order to drive a drive transistor in a linear region
and generate a target current. FIG. 28 is a graph of current
versus voltage curves of a drive transistor for describing a
driving method of an organic light-emitting display device
in accordance with a third example embodiment of the
present disclosure. FIGS. 29 and 30 are views illustrating
examples of changing a low level voltage in accordance with
a third example embodiment of the present disclosure.
[0165] As shown in FIG. 26, the second example embodi-
ment lowers a level of a high level voltage EVDD to drive
a drive transistor DTFT in a linear region and generate a
target current I_target, but maintains a data voltage V,,, at
a previous level or slightly increases the data voltage V.,
from the previous level. To this end, the second example
embodiment changes the high level voltage EVDD while a
low level voltage EVSS is fixed.

[0166] As shown in FIG. 27, the third example embodi-
ment increases a level of the low level voltage EVSS to drive
the drive transistor DTFT in the linear region and generate
the target current I_target, but maintains the data voltage
Vpurs at the previous level or slightly increases the data
voltage V.., from the previous level. To this end, the third
example embodiment changes the low level voltage EVSS
while the high level voltage EVDD is fixed.

[0167] As can be seen from FIGS. 26 and 27, a drain-
source voltage Vds of the drive transistor DTFT=the high
level voltage EVDD-the low level voltage EVSS is also
defined in the third example embodiment as well as the
second example embodiment. That is, when one of the level
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of the high level voltage EVDD and the level of the low level
voltage EVSS is lowered, the drain-source voltage Vds of
the drive transistor DTFT is also lowered. Therefore,
because a method of changing the level of the high level
voltage EVSS as well as a method of changing the level of
the high level voltage EVDD changes the voltage depending
on a change of a threshold voltage of the drive transistor
DTFT, both example embodiments may improve life time of
the product.

[0168] FIG. 27 illustrates, by way of example, a generally-
employed 2T1C configuration where two transistors SW and
DTFT and a single capacitor Cst are used to drive an organic
light-emitting diode OLED. However, the present disclosure
is not limited thereto. Rather, the present disclosure may be
applicable to an organic light-emitting display device with a
sub-pixel including various pixel circuit configurations.
[0169] As shown in FIG. 28, in accordance with the third
example embodiment of the present disclosure, in order to
achieve power consumption reduction for the organic light-
emitting display device, the drive transistor DTFT of the
sub-pixel may be driven using a combination of a saturation
region and a linear region of a current versus voltage curve.
Further, in order to achieve power consumption reduction
for the organic light-emitting display device, a level of the
low level voltage EVSS may be changed in response to a
change of the data voltage V45, constituting a data signal.
[0170] For example, in accordance with the third example
embodiment of the present disclosure, when the drive tran-
sistor generates a current I_oled for driving the organic
light-emitting diode, the level of the low level voltage
EVSS, which is one of the conditions for generating the
target current I_target, becomes higher than P1. However,
this condition is satisfied when the drive transistor DTFT is
driven in the linear region rather than the saturation region.
[0171] As shown in first and second frames (1st frame,
2nd frame) of FIG. 29, when the drive transistor DTFT is
driven in the saturation region, the level of the low level
voltage EVSS is maintained at 0V level.

[0172] As shown in third and fourth frames (3rd frame, 4th
frame) in FIG. 29, when the drive transistor DTFT is driven
in the linear region, the level of the low level voltage EVSS
is maintained at a level of 6V. Here, the voltage level of 6V
should be understood as an example.

[0173] As shown in FIG. 30, when driving the drive
transistor DTFT in the linear region, the level of the low
level voltage EVSS may gradually increase from OV to 6V.
As described above, the level of the low level voltage EVSS
changes gradually instead of OV or 6V in consideration of an
image quality problem. The method of gradually changing
the level of the low level voltage EVSS is for considering
deterioration characteristics and compensation margin of the
drive transistor DTFT. Also, because the gradually changed
low level voltage EVSS is commonly supplied to all of the
sub-pixels of a display panel, a global compensation effect
may be expected.

[0174] When the drive transistor DTFT of the sub-pixel is
driven in the linear region, the level of the low level voltage
EVSS is maintained or higher than the previous level while
the level of the high level voltage EVDD is fixed. Thus, a
stress level undergone by the transistor may be reduced
compared to a related art method. As a result, the deterio-
ration of the transistor may be expected to be delayed by a
longer time period than in the related art method where the
drive transistor is driven in the saturation region.
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[0175] The third example embodiment controls a circuit
that generates the low level voltage EVSS, not a circuit that
generates the high level voltage EVDD with a relatively
high power consumption and a complicated device configu-
ration. Because the circuit for changing the high level
voltage may include a large number of components, and
variability of the variable voltage may be large and unstable
when the voltage is changed, there is a variety of burdens in
the circuit for changing the high level voltage. On the other
hand, the circuit for changing the low level voltage may be
less burdensome than the circuit for changing the high level
voltage, because of fewer components and less variability or
instability when the voltage is changed. Therefore, the third
example embodiment may further reduce the power con-
sumption as compared with the second example embodi-
ment, and facilitate the configuration and implementation of
the circuit.

[0176] Inaddition, because the third example embodiment
changes the low level voltage, it may be possible to design
a power supply capable of outputting and changing the
voltage by only one converter, thereby having excellent
economical efficiency (e.g., reduction in manufacturing
cost). Because the third example embodiment changes the
low level voltage that is not a high power consumption
voltage such as the high level voltage, it may be expected to
achieve high stability and high power consumption effi-
ciency compared with a method of changing the high level
voltage.

[0177] FIG. 31 is a view for explaining a method for
determining whether an image quality problem has occurred
when driving a drive transistor in a linear region. FIG. 32 is
a flowchart for explaining a selection scheme of linear
driving and saturation driving in accordance with a third
example embodiment of the present disclosure.

[0178] As shown in FIG. 31, when an image is displayed
on a display panel 110, there is a pattern that causes a
luminance deviation due to an influence of an IR drop (a
voltage drop due to current and resistance). The pattern
occurs when there is a vertical line where a deviation of a
data voltage is large. Generally, when a black box on a white
background is displayed on the display panel 110, a crosstalk
which is an image quality problem due to the deviation of
the data voltage occurs.

[0179] When an image capable of causing the image
quality problem is displayed on the display panel 110, if a
driving transistor is driven in a linear region, an image
quality is lowered further (see the display panel of portion
(a) of FIG. 31 and the display panel of portion (b) of FIG.
31

[0180] In order to solve this problem, it may be necessary
to determine whether an input image data causes the image
quality problem based on an image analysis algorithm. A
confidence measure for determining presence or absence of
an image having a large influence by the IR drop will be
described as follows.

[0181] First, a gray threshold value Gth may be set so that
a portion where a data transition of an input data voltage
shows a large width can be filtered. For example, the gray
threshold value can be algorithmized to detect a portion
where the gray difference appears larger than the gray
threshold value Gth.

[0182] When the gray threshold value Gth is set to
Gth=200 as shown in FIG. 31, moving from the white
background 255 to the black box 3, the difference between
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these values appears as “255-3>Gth=200". Therefore, this
image is determined to be an image which is expected to
cause the crosstalk, which is the image quality problem due
to the deviation of the data voltage.

[0183] It is determined whether the image is a suitable
image for linear driving or a suitable image for saturation
driving based on a result of counting whether the number of
patterns corresponding to the image causing the crosstalk in
one frame as described above is greater than or less than a
preset line or an area threshold (N Line/Area Threshold; Nth
and N is a natural number). At this time, an image in which
the linear driving is not suitable is switched to the saturation
driving depending on the result of the final determination.
[0184] As shown in FIG. 32, in a method of driving an
organic light emitting display device in accordance with the
third example embodiment, an input image is measured in
order to extract a frame having a large influence of an IR
drop (S110). The method of measuring the input image may
be based on an algorithm by setting a threshold value as
shown in FIG. 31, but the present disclosure is not limited
thereto.

[0185] After the input image is measured, it is determined
whether the image is suitable for the linear driving or the
saturation driving (S120). The method of determining the
suitable image for the linear driving or the suitable image for
the saturation driving may be performed by setting the
threshold value as described with reference to FIG. 31 and
algorithmizing it, but the present disclosure is not limited
thereto.

[0186] In the linear driving method, a low level voltage
EVSS may be changed in a state where a high level voltage
EVDD is fixed (5130). The linear driving scheme has a
global compensation effect. After calculating an average
value of gray-scales in a vertical direction, a gray-scale
value can be transmitted so that a compensation value is
increased or decreased based on the average value.

[0187] In the saturation driving scheme, the high level
voltage EVDD and the low level voltage EVSS may be fixed
(S140). The saturation driving scheme is limited to a frame
in which the influence of the IR drop is expected to be large,
such as a monochromatic pattern and a crosstalk pattern.
[0188] As in the third example embodiment, when the
display panel is driven by dividing a display area into the
linear region and the saturation region by frame depending
on characteristics of an image, it may be possible to avoid
image quality problems such as deviation in vertical lumi-
nance and crosstalk due to the IR drop, as well as reduction
in power consumption.

[0189] As in the third example embodiment, in order to
switch selectively the driving scheme of the drive transistor
based on whether such an image quality problem occurs for
a certain image data, and change a level of the low level
voltage EVSS gradually, the present device may be config-
ured as follows.

[0190] FIG. 33 shows a modular configuration in accor-
dance with a fifth example of the present disclosure. FIG. 34
shows a modular configuration in accordance with a sixth
example of the present disclosure.

[0191] As shown in FIG. 33, illustrating a fifth example
modular configuration of an organic light-emitting display
device, the organic light-emitting display device may be
modularized with a first circuit board BD1, a second circuit
board BD2, and a display panel 110. The first circuit board
BD1 may include a host system 1000 and a power supply
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140 disposed thereon. The second circuit board BD2 may
include a timing controller 170, a gamma circuit 135, and a
voltage switching circuit ST disposed thereon. The voltage
switching circuit ST may be disposed inside or outside the
power supply 140. The gamma circuit 135 may perform the
same or similar functions or operations as those shown and
described in the first example or the second example. Thus,
the descriptions thereof may be discussed with reference to
the portion of the first example or the second example of the
present disclosure.

[0192] As shown in FIG. 34, illustrating a sixth example
modular configuration of the organic light-emitting display
device, the organic light-emitting display device may be
modularized with a first circuit board BD1, a second circuit
board BD2, and a display panel 110. The first circuit board
BD1 may include a host system 1000, a power supply 140,
and a voltage switching circuit ST disposed thereon. The
second circuit board BD2 may include a timing controller
170 and a gamma circuit 135 disposed thereon. The voltage
switching circuit ST may be disposed inside or outside the
power supply 140. The gamma circuit 135 may perform the
same or similar functions or operations as those shown and
described in the first example or the second example. Thus,
the descriptions thereof may be discussed with reference to
the portion of the first example or the second example of the
present disclosure.

[0193] The timing controller 170 may be configured to
output a switch control signal STC to selectively supply a
first high level voltage EVDDI or a second high level
voltage EVDD?2 from the power supply 140 disposed on the
first circuit board BD1. In one example, the first high level
voltage EVDDI (e.g., a saturation region drive voltage) may
be higher than the second high level voltage EVDD2 (e.g,,
a linear region drive voltage).

[0194] The timing controller 170 may be configured to
generate a first switch control signal at the same time when
a first drive control signal is generated by a non-linear driver
disposed therein, wherein the first drive control signal
enables driving for a drive transistor in a saturation region,
that is, a normal driving condition.

[0195] When the timing controller 170 has outputted the
first drive control signal and first switch control signal, the
voltage switching circuit ST may be configured to operate
such that the first high level voltage EVDDI1 from the power
supply 140 is supplied to the display panel 110. In this way,
the display panel 110 may operate based on an operation
condition of the saturation region.

[0196] The timing controller 170 may be configured to
generate a second switch control signal at the same time
when a second drive control signal is generated by a linear
driver disposed therein, wherein the second drive control
signal enables driving for the drive transistor in a linear
region, that is, a change driving condition.

[0197] Further, the timing controller 170 monitors or
senses a deterioration characteristic of the drive transistor,
for example, Vth continuously, and generates a power vari-
able signal EVC to increase a level of a low level voltage
EVSS gradually based on the deterioration characteristic of
the drive transistor, for example, Vth. At this time, the timing
controller 170 performs compensation operations to avoid
an increase in a data voltage V5, and gradually increase
the level of the level voltage EVSS, when the deterioration
characteristic of the drive transistor, for example, Vth devi-
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ates from a reference range (e.g., a reference threshold
voltage) set inside the timing controller 170.

[0198] When the timing controller 170 has outputted the
second drive control signal and second switch control signal,
the voltage switching circuit ST may be configured to
operate such that the second high level voltage EVDD?2 from
the power supply 140 is supplied to the display panel 110.
In this way, the display panel 110 may operate based on an
operation condition of the linear region. When the timing
controller 170 has outputted the power variable signal EVC,
the power supply 140 changes a level of the second high
level voltage EVDD?2 based on the compensation operations
by the timing controller 170 and outputs the level.

[0199] The present disclosure may reduce power con-
sumption by the display device via the changing method of
the high level voltage based on the selective driving of the
drive transistor of the sub-pixel in the saturation and linear
regions. Further, the present disclosure can suppress dete-
rioration in the display image quality caused by a change in
the driving scheme by taking into account the presence or
absence of an anticipated image quality deterioration occur-
rence in selectively driving the drive transistor of the sub-
pixel in the saturation and linear regions. Further, the present
disclosure can delay deterioration in the drive transistor by
selectively driving the drive transistor of the sub-pixel in the
saturation and linear regions. Further, when driving the
driving transistor in the linear region, there is an effect that
the life time of the product may be improved by gradually
changing the high level voltage depending on the change of
the threshold voltage. Furthermore, when driving the drive
transistor in the linear region, there is an effect that the
power consumption may be reduced by gradually changing
the low level voltage depending on the change of the
threshold voltage.

[0200] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic light-emitting display device and a method of driv-
ing the same of the present disclosure without departing
from the spirit or scope of the disclosure. Thus, it is intended
that the present disclosure cover the modifications and
variations of this disclosure provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a display panel including sub-pixels;

a power supply configured to output a voltage for driving
the sub-pixels;

a selective driver configured to generate a control signal
to selectively drive a drive transistor of the sub-pixels
between first and second driving schemes,

wherein the drive transistor is driven in a saturation region
in the first driving scheme, and is driven in a linear
region in the second driving scheme; and

a gamma change driver configured to change a gamma
based on the driving scheme selected by the selective
driver.

2. The device of claim 1, wherein the selective driver is

configured to:

generate a first control signal for driving the drive tran-
sistor in the saturation region when low and middle
gray-scale ranges are expressed on the display panel;
and
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generate a second control signal for driving the drive
transistor in the linear region when a high gray-scale
range is expressed on the display panel.

3. The device of claim 1, wherein the selective driver is
configured to change operating condition of the drive tran-
sistor from the linear region to the saturation region based on
an analysis result of image data to be supplied to the display
panel.

4. The device of claim 1, wherein the selective driver is
configured to change operating condition of the drive tran-
sistor from the linear region to the saturation region when
image data to be supplied to the display panel has a
parameter value smaller than a predetermined threshold
value.

5. The device of claim 1, wherein the selective driver
includes:

a normal driver configured to generate a control signal for
driving the drive transistor of the sub-pixels in the
saturation region;

a linear driver configured to generate a control signal for
driving the drive transistor of the sub-pixels in the
linear region; and

a compensation module configured to compensate for
variation of the display panel resulting from the selec-
tive driving between the first and second driving
schemes.

6. The device of claim 1, wherein the power supply is

configured to:

supply a first level voltage to the display panel when the
drive transistor of the sub-pixels is driven in the satu-
ration region; and

supply a second level voltage to the display panel when
the drive transistor of the sub-pixels is driven in the
linear region, wherein the second level voltage is
different from the first level voltage.

7. The device of claim 6, wherein the power supply
includes a voltage switching circuit configured to perform a
switching operation to supply one of the first level voltage
and the second level voltage to the display panel.

8. The device of claim 6, wherein the first level voltage is
higher than a data voltage to be supplied to the display panel,
and the second level voltage is lower than the data voltage.

9. The device of claim 6, wherein the second level voltage
is changed gradually in response to a change in a threshold
voltage of the drive transistor.

10. The device of claim 6, further comprising a timing
controller configured to:

monitor a threshold voltage of the drive transistor;

generate a power variable signal to increase a level of the
second level voltage gradually in response to a change
in the threshold voltage of the drive transistor; and

output the power variable signal to the power supply.

11. The device of claim 1, wherein the power supply is
configured to:

change a high level voltage while a low level voltage is
fixed; or

change the low level voltage while the high level voltage
is fixed.

12. The device of claim 11, further comprising:

a compensation circuit configured to analyze a data signal
to be supplied to the display panel, and to compensate
the data signal to compensate and improve variation of
the display panel resulting from the selective driving
between the first and the second driving schemes.
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13. The device of claim 12, further comprising:

a timing controller configured to output the data signal to
be supplied to the display panel, and

a data driver configured to convert the data signal output
from the timing controller into a data voltage and to
output the data voltage,

wherein the timing controller includes the selective driver
and the compensation circuit, and

wherein the power supply is configured to change a level
of the low level voltage based on a compensation
operation of the data signal by the timing controller.

14. The device of claim 12, further comprising:

a first circuit board on which the power supply is dis-
posed,

a second circuit board on which the timing controller is
disposed,

a voltage switching circuit which is disposed on the first
circuit board or the second circuit board and configured
to perform a switching operation so that one of the high
level voltage and the low level voltage output from the
power supply is supplied to the display panel based on
a control signal output from the timing controller.

15. The device of claim 14, wherein the voltage switching

circuit is configured to:

perform the switching operation so that the high level
voltage is supplied to the display panel when a first
signal is output from the timing controller; and

perform the switching operation so that the low level
voltage is supplied to the display panel when a second
signal is output from the timing controller.
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16. A method of driving an organic light-emitting display
device, the method comprising:
generating a control signal to selectively drive a drive
transistor of sub-pixels between first and second driv-
ing schemes, wherein the drive transistor is driven in a
saturation region in the first driving scheme, and is
driven in a linear region in the second driving scheme;

generating a signal to change a gamma based on the
selected driving scheme; and

changing a level of a voltage to be supplied to the

sub-pixels based on the selected driving scheme.

17. The method of claim 16, wherein the changing of the
level of the voltage includes:

selecting a first level voltage in the first driving scheme;

and

selecting a second level voltage in the second driving

scheme, wherein the second level voltage is different
from the first level voltage.

18. The method of claim 17, wherein the changing of the
level of the voltage further includes increasing a level of the
second level voltage gradually in response to changes in a
threshold voltage of the drive transistor in the second driving
scheme.

19. The method of claim 16, wherein the changing of the
level of the voltage includes changing a high level voltage
while a low level voltage is fixed, or changing the low level
voltage while the high level voltage is fixed.

I S T T
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