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METHOD OF DRIVING ORGANIC LIGHT
EMITTING DIODE DISPLAY DEVICE

[0001] Thepresentapplication claims the benefit of priority
of Korean Patent Application No. 10-2013-0167749 filed in
Korea on Dec. 30, 2013, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to amethod of driving

an organic light emitting diode display device and, more
particularly, to a method of driving an organic light emitting
diode display device where sub-pixels for displaying an
image are determined according to a gray level.

[0004] 2. Discussion of the Related Art

[0005] Recently, as information technology has pro-
gressed, display devices have rapidly advanced. Among the
advances is a flat panel display (FPD) having an excellent
performance, such as a thin profile, a light weight and a low
power consumption. In particular, a liquid crystal display
(LCD) device and an organic light emitting diode (OLED)
display device have been widely used.

[0006] The OLED display device of an emissive type has
advantages such as a simple fabrication process, a thin profile
and a light weight as compared with the LCD device requiring
a backlight unit as an additional light source. Also, the OLED
display device has an excellent viewing angle and an excel-
lent contrast ratio as compared with the LCD device. Further,
the OLED display device is driven with a direct current (DC)
low voltage due to the low power consumption. As a result, a
driving circuit is easily fabricated and designed. Moreover,
since inner elements of the OLED display device are formed
of solid build, the OLED display device has advantages such
as excellent durability against an external impact and a wide
temperature range of operation.

[0007] The OLED display device has been researched for a
wider application range according to user’s various demands.
For example, the OLED display device has been utilized as a
monitor of a desktop computer and a wall-mountable televi-
sion as well as a portable computer. The OLED display device
having a larger display area also has been researched.
[0008] The OLED display device displays an image using
three primary colors such as red, green and blue. Recently, the
OLED display device has displayed an image using four
colors such as red, green, blue and white to increase bright-
ness and decrease power consumption.

[0009] FIG.11isa graph illustrating a luminance according
to a gray level of an organic light emitting diode display
device having red, green, blue and white sub-pixels according
to the related art. FIG. 2 is a graph illustrating a luminance
ratio according to a gray level of an organic light emitting
diode display device having red, green, blue and white sub-
pixels according to the related art. FIG. 3 is a graph illustrat-
ing a data voltage according to a gray level of an organic light
emitting diode display device having red, green, blue and
white sub-pixels according to the related art.

[0010] With reference to FIG. 1, when a white image is
displayed using red, green, blue and white sub-pixels, most
luminance is expressed by the white sub-pixel and the other
luminance for adjusting a color corresponding to a required
color temperature is expressed by the red, green and blue
sub-pixels.
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[0011] With referenceto FIG. 2, for example, when a white
image having a luminance ratio of about 100% is displayed,
the white sub-pixel expresses a luminance ratio of about 80%
and the red, green and blue sub-pixels express a luminance
ratio of about 20%. Accordingly, as a gray level increases, a
data voltage for driving a light emitting diode of the white
sub-pixel increases.

[0012] With reference to FIG. 3, for example, although the
data voltage of the red, green and blue sub-pixels for a 255%
gray level is about 4V, the data voltage of the white sub-pixel
for a 2557 gray level is about 16V.

[0013] As aresult, the red, green and blue sub-pixels of the
four sub-pixels are driven with a lower data voltage as com-
pared with the white sub-pixel of the four sub-pixels and as
compared with the red, green and blue sub-pixels of the three
sub-pixels.

[0014] However, since the data voltage of the red, green and
blue sub-pixels is reduced, luminance uniformity of a display
panel is reduced due to a noise when a relatively low gray
level is expressed. For example, as illustrated in FIG. 3,
although the data voltage of the white sub-pixel fora 96™ gray
level is about 6V, the data voltage of the red, green and blue
sub-pixels for a 96 gray level is about 2V.

[0015] FIG. 4 is a graph illustrating a fluctuation of a data
voltage due to a noise of an organic light emitting diode
display device according to the related art. FIG. 5 is a picture
illustrating a non-uniformity in luminance when a relatively
low gray level is expressed by an organic light emitting diode
display device according to the related art.

[0016] With reference to FIG. 4, the data voltage of an
OLED display device including the three sub-pixels is a first
voltage V1, and the data voltage of an OLED display device
including the four sub-pixels is a second voltage V2 smaller
than the first voltage V1. The data voltage of the second
voltage V2 is vulnerable to noise as compared with the data
voltage of the first voltage V1. The noise may be caused by a
coupling such as a kick-back phenomenon due to a load
between a transistor and a gate line or by an external circuit.
[0017] With reference to FIG. 5, when an image of a rela-
tively low gray level displayed by the display panel has poor
luminance uniformity, a linear stain is shown due to high and
low luminance portions.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to a
method of driving an organic light emitting diode display
device that is capable of improving luminance uniformity,
thereby substantially obviating one or more of the problems
due to limitations and disadvantages of the related art.
[0019] An object of the present invention is to provide a
method of driving an organic light emitting diode display
device that is capable of improving luminance uniformity.
[0020] Additional advantages, objects, and features of the
invention will be set forth in the description which follows,
and in part will become apparent from the description, or may
be learned by practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0021] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method of driving an organic
light emitting diode display device having first to third sub-
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pixels and a white sub-pixel includes: judging a gray level of
an image data; displaying an image using the first to third
sub-pixels except the white sub-pixel when the gray level of
the image data is classified into a low gray level group; and
displaying the image using the first to third sub-pixels and the
white sub-pixel when the gray level of the image data is
classified into one of middle and high gray level groups.

[0022] In another aspect, a method of driving an organic
light emitting diode display device having first to third sub-
pixels and a white sub-pixel includes: judging a gray level of
an image data; and displaying an image by adjusting a lumi-
nance ratio of the first to third sub-pixels and the white sub-
pixel according to the gray level of the image data.

[0023] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0025] FIG.11isa graph illustrating a luminance according
to a gray level of an organic light emitting diode display
device having red, green, blue and white sub-pixels according
to the related art;

[0026] FIG. 2 is a graph illustrating a luminance ratio
according to a gray level of an organic light emitting diode
display device having red, green, blue and white sub-pixels
according to the related art;

[0027] FIG. 3 is a graph illustrating a data voltage accord-
ing to a gray level of an organic light emitting diode display
device having red, green, blue and white sub-pixels according
to the related art;

[0028] FIG. 4 is a graph illustrating a fluctuation of a data
voltage due to a noise of an organic light emitting diode
display device according to the related art;

[0029] FIG. 5 is a picture illustrating a non-uniformity in
luminance when a relatively low gray level is expressed by an
organic light emitting diode display device according to the
related art;

[0030] FIG. 6isaview illustrating an organic light emitting
diode display device according to a first exemplary embodi-
ment of the present invention;

[0031] FIG.7isaview illustrating a sub-pixel of an organic
light emitting diode display device according to the first
exemplary embodiment of the present invention;

[0032] FIGS. 8A to 8C are views illustrating a method of
driving an organic light emitting diode display device accord-
ing to the first exemplary embodiment of the present inven-
tion;

[0033] FIG.9isa picture illustrating an image displayed by
an orgauic light emitting diode display device according to
the first exemplary embodiment of the present invention;
[0034] FIGS.10A to 10C are views illustrating a method of
driving an organic light emitting diode display device accord-
ing to a second exemplary embodiment of the present inven-
tion;
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[0035] FIG.11isagraphillustrating a luminance according
to a gray level of an organic light emitting diode display
device according to the second exemplary embodiment of the
present invention;

[0036] FIG. 12 is a graph illustrating a luminance ratio
according to a gray level of an organic light emitting diode
display device according to the second exemplary embodi-
ment of the present invention; and

[0037] FIG. 13 is a graph illustrating a data voltage accord-
ing to a gray level of an organic light emitting diode display
device according to the second exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings. The same reference numbers may
be used throughout the drawings to refer to the same or like
parts. In the following description, detailed descriptions of
known functions and configurations incorporated herein will
be omitted when it may obscure the subject matter of the
present embodiments.

[0039] Hereinafter, exemplary embodiments will be
described in detail with reference to FIGS. 6 to 13.

[0040] FIG. 6isa view illustrating an organic light emitting
diode display device according to a first exemplary embodi-
ment, FIG. 7 is a view illustrating a sub-pixel of an organic
light emitting diode display device according to the first
exemplary embodiment, and FIGS. 8A to 8C are views illus-
trating a method of driving an organic light emitting diode
display device according to the first exemplary embodiment.
[0041] In FIGS. 6 and 7, an organic light emitting diode
(OLED) display device according to the first exemplary
embodiment includes a display panel 110 displaying an
image, a data driver 120 supplying a data signal, a gate driver
130 supplying a gate signal and a timing controller 140 con-
trolling the data driver 120 and the gate driver 130.

[0042] The display panel 110 includes a plurality of gate
lines GL along a first direction and a plurality of data lines DL
along a second direction. The plurality of gate lines GL. and
the plurality of data lines DL cross each other to define a
plurality of sub-pixels SP. Four sub-pixels SP including a
white W sub-pixel constitute a single pixel. For example, the
four sub-pixels SP may include white W, red R, green G and
blue B sub-pixels SP.

[0043] Withreference to FIG. 7, each sub-pixel SPincludes
aswitching thin film transistor (TFT) STr, a driving TFT DTr,
a sensing TFT SSTr, a storage capacitor StgC and a light
emitting diode E. The switching TFT STr is connected to the
data line DL and the gate line GL, and the driving TFT DTr is
connected to the switching TFT STr. The sensing TFT SSTris
connected to the driving TFT DTr.

[0044] A gate electrode of the switching TFT STr is con-
nected to the gate line GL, a source electrode of the switching
TFT STr is connected to the data line DL, and a drain elec-
trode of the switching TFT STr is connected to a gate elec-
trode of the driving TFT DTr. The switching TFT STr is
turned on/off according to a gate signal through the gate line
GL. Whenthe switching TFT STris turned on, a data signal of
the data line DL is applied to the driving TFT DTr through the
switching TFT STr.

[0045] A drain electrode of the driving TFT DTr is con-
nected to a power line PL, and a source electrode of the driving
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TFT DTr is connected to the light emitting diode E. The
driving TFT DTr may adjust a current flowing through the
light emitting diode E. For example, the current flowing
through the light emitting diode may be proportional to a
square of a magnitude of the data signal applied to the driving
TFT DTr.

[0046] The storage capacitor StgC is connected between
the gate electrode and the source electrode of the driving TFT
DTr. The storage capacitor StgC stores the data signal applied
through the data line DL, when the switching TFT STr is
turned on. Accordingly, the storage capacitor StgC maintains
the data signal during one frame so that the current flowing
through the light emitting diode E and the gray level dis-
plaved by the light emitting diode E can be kept constant.
[0047] The sensing TFT SSTr is connected to the source
electrode of the driving TFT DTr and a reference line RL. A
gate electrode of the sensing TFT SSTr is connected to a
sensing line (not shown) so that the sensing TFT SSTr can be
turned on/off according to a sensing signal Sense of the sens-
ing line. The sensing signal Sense may be generated in the
gate driver 130 (of FIG. 6). Accordingly, the gate driver 130
(of FIG. 6) may generate a plurality of signals including the
gate signal and the sensing signal.

[0048] The sensing TFT SSTr detects a change of a thresh-
old voltage Vth of the driving TFT DTr. In addition, the
change of the threshold voltage Vth is transmitted to the
timing controller 140 (of FIG. 6) and the change of the thresh-
old voltage Vth of the driving TFT DTr is compensated. As a
result, the current flowing through the light emitting diode E
is kept constant so that the OLED display device can display
an image of high quality with a uniform Iuminance.

[0049] The current level flowing through the light emitting
diode E is kept constant by three TFTs and one capacitor
(3T1C) in each sub-pixel SP. In the OLED display device, as
a driving time increases, deterioration is accelerated and
emission ability decreases. Since the deterioration speeds of
the light emitting diode E are different in the sub-pixels,
display quality of the OLED display device may be main-
tained by adjusting the current flowing through the light emit-
ting diode of each sub-pixel.

[0050] With reference to FIG. 6, the data driver 120 genet-
ates the data signal using a modulated image data and a
plurality of data control signals of the timing controller 140.
The data driver 120 supplies the data signal to the display
panel 110 through the data line DL.

[0051] Although not shown, the data driver 120 may
include at least one of a shift register generating a sequential
clock signal synchronized with the data control signals, a
latch sequentially holding and simultaneously outputting the
image data synchronized with the clock signal, a converter
converting the image data of a digital type to the data signal of
an analog type and an output buffer stabilizing and outputting
the data signal.

[0052] The gate driver 130 generates the gate signal using a
plurality of gate control signals of the timing controller 140
and supplies the gate signal to the display panel 110 through
the gate line GL. The gate driver 130 may generate the sensing
signal using the plurality of gate control signals and may
supply the sensing signal to the display panel 110 through the
sensing line. The gate driver 130 may be formed on an edge
portion of the display panel 110 of a gate in panel (GIP) type.
[0053] The timing controller 140 receives a plurality of
signals such as an image data, a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync and
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a data enable signal DE from an external system such as a
graphic card through an interface. In addition, the timing
controller 140 generates the modulated image data, the plu-
rality of data control signals and the plurality of gate control
signals. The timing controller 140 supplies the modulated
image data and the plurality of data control signals to the data
driver 120 and supplies the plurality of gate control signals to
the gate driver 130. The image data may include red, green
and blue components and the modulated image data may
include red, green, blue and white components.

[0054] The timing controller 140 further includes a gray
level judging part 145 that judges a gray level of the image
data. For example, the gray level judging part 145 may ana-
lyze the gray level of the image data and may classify the
image data into three groups: alow gray level group, a middle
gray level group and a high gray level group. The gray level
judging part 145 may analyze the gray levels for red, green
and blue sub-pixels of the image data of a single frame. The
gray level is a range of shades that gradually changes from a
bright part to a dark part in the image data. For example,
image data of 8 bits may have total 256 gray levels, i.e., from
the 07 gray level to the 255" gray level. In addition, the low
gray level group may be within a range of the 0% gray level to
the 96* gray level, the middle gray level group may be within
a range of the 96” gray level to the 160" gray level, and the
high gray level group may be within a range of the 160” gray
level to the 255 gray level.

[0055] The timing controller 140 determines gray levels of
red, green, blue and white components for red, green, blue
and white sub-pixels according to a result of the judgment of
the gray level judging part 145. Moreover, the timing control-
ler 140 generates a modulated image data according to the
gray levels of the red, green, blue and white components and
supplies the modulated image data to the data driver 120.
[0056] For example, when the image data is classified into
the low gray level group by the gray level judging part 145, the
timing controller 140 may determine the gray level of the
white component for the white sub-pixel as 07 gray level and
may generate the modulated image data using the white com-
ponent of 07 gray level.

[0057] FIGS. 8A to 8C are views illustrating a method of
driving an organic light emitting diode display device accord-
ing to a first exemplary embodiment. Further, FIG. 9 is a
picture illustrating an image displayed by an organic light
emitting diode display device according to the first exemplary
embodiment.

[0058] Asillustrated in FIG. 8A, the white image of the low
gray level group is displayed by the red, green and blue
sub-pixels except the white sub-pixel. For example, a data
voltage of the data signal applied to the white sub-pixel may
be determined to be about 0 with respect to a reference value
of 1, and the data voltage of the data signal applied to each of
the red, green and blue sub-pixels may be determined to be
about 1 with respect to thereference value of 1. As aresult, the
data voltages applied to the red, green, blue and white sub-
pixels may have a ratio of about 1:1:1:0. The reference value
may correspond to a data voltage applied to the red, green,
blue and white sub-pixels of the OLED display device
according to the related art.

[0059] Moreover, when the image data is classified into the
middle gray level group by the gray level judging part 145, the
timing controller 140 may determine the gray level of the
white component for the white sub-pixel as a value smaller
than the gray level of the red, green and blue components for



US 2015/0187261 Al

the red, green and blue sub-pixels and may generate the
modulated image data using the white component having the
gray level smaller than the red, green and blue components.
Accordingly, as illustrated in FIG. 8B, the white image of the
middle gray level group is displayed by the red, green, blue
and white sub-pixels where the luminance of the white sub-
pixel is smaller than the luminance of each of the red, green
and blue sub-pixels.

[0060] For example, a data voltage of the data signal
applied to the white sub-pixel may be determined to be about
0.5 with respect to a reference value of 1, and the data voltage
of the data signal applied to each of the red, green and blue
sub-pixels may be determined to be about 1.5 with respect to
the reference value of 1. As a result, the data voltages applied
to the red, green, blue and white sub-pixels may have a ratio
of about 1.5:1.5:1.5:0.5.

[0061] Inthe OLED display device according to the related
art, the data voltages applied to the red, green, blue and white
sub-pixels have a ratio of about 1:1:1:1 for the image data of
the low and middle gray level groups. In the OLED display
device according to the exemplary embodiment, the data
voltages applied to the red, green, blue and white sub-pixels
have a ratio of about 1:1:1:0 for the image data of the low gray
level group and have a ratio of about 1.5:1.5:1.5:0.5 for the
image data of the middle gray level group.

[0062] When the image data is classified into the high gray
level group by the gray level judging part 145, the timing
controller 140 may determine the gray level of the white
component for the white sub-pixel as a value equal to the gray
level of the red, green and blue components for the red, green
and blue sub-pixels and may generate the modulated image
data using the white component having the gray level equal to
the red, green and blue components. Accordingly, as shown in
FIG. 8C, the white image of the high gray level group is
displayed by the red, green, blue and white sub-pixels where
the data voltage applied to the white sub-pixel is equal to the
data voltage applied to each of the red, green and blue sub-
pixels.

[0063] The gray level judging part 145 may be formed as an
individual element outside the timing controller 140 in
another exemplary embodiment.

[0064] In the OLED display device according to the first
exemplary embodiment, the gray level of the white compo-
nent of the image data is determined according to the gray
level group of the image data and the data voltage applied to
the white sub-pixel has different levels according to the gray
level group of the image data. As a result, the current flowing
through the light emitting diode E is adjusted and the OLED
display device displays an image with improved luminance
uniformity.

[0065] FIG.9isa picture showing an image displayed by an
organic light emitting diode display device according to the
first exemplary embodiment.

[0066] AsshowninFIG.9,afirst white image Al of the low
gray level group may be displayed by the red, green and blue
sub-pixels except the white sub-pixel such that the luminance
of the white sub-pixel is 0, and thus, for example, the data
voltages applied to the red, green, blue and white sub-pixels
may have aratio of about 1:1:1:0. Also, a second white image
A2 of the middle gray level group may be displayed by the
red, green, blue and white sub-pixels such that the luminance
of the white sub-pixel is smaller than the luminance of each of
the red, green and blue sub-pixels. Thus, for example, the data
voltages applied to the red, green, blue and white sub-pixels

Jul. 2,2015

may have a ratio of about 1.5:1.5:1.5:0.5. Moreover, a third
white image A3 ofthe high gray level group may be displayed
by the red, green, blue and white sub-pixels such that the
luminance of the white sub-pixel is equal to the luminance of
each of the red, green and blue sub-pixels. Thus, for example,
the data voltages applied to the red, green, blue and white
sub-pixels may have a ratio of about 1:1:1:1.

[0067] In the OLED display device, since the data voltage
applied to the white sub-pixel is adjusted according to the
gray level group of the image data, the optical property of
white color is improved and thus the OLED display device
displays an image with improved luminance uniformity.

[0068] FIGS.10A to 10C are views illustrating a method of
driving an organic light emitting diode display device accord-
ing to a second exemplary embodiment. Further, FIG. 11isa
graph illustrating a luminance according to a gray level of an
organic light emitting diode display device according to the
second exemplary embodiment. FIG. 12 is a graph showing a
luminance ratio according to a gray level of an organic light
emitting diode display device according to the second exem-
plary embodiment. FIG. 13 is a graph showing a data voltage
according to a gray level of an organic light emitting diode
display device according to the second exemplary embodi-
ment.

[0069] An OLED display device of the second exemplary
embodiment includes the same structure as the OLED display
device of the first exemplary embodiment of FIG. 6. Accord-
ingly, a gray level of an image data is judged by a gray level
judging part, and a timing controller generates a modulated
image data according to the gray level of the image data. The
timing controller supplies the modulated image data to a data
driver.

[0070] In a method of driving an OLED display device
according to the second embodiment, the white image is
displayed by the red, green, blue and white sub-pixels and the
luminance ratio of the red, green, blue and white sub-pixels
are adjusted.

[0071] InFIGS.10Ato10C, the data voltages applied to the
red, green, blue and white sub-pixels may be determined
according to a data voltage ratio and the luminance of the red,
green, blue and white sub-pixels may be determined accord-
ing to a luminance ratio.

[0072] The data voltage ratio applied to each of the red,
green and blue sub-pixels may be defined as follows:

DVRr=DVw/DVt, DVRg=DVw/DVg, DVRb=DVw/
DVb,

where DVRr, DVRg and DVRD are data voltage ratios of the
red, green and blue sub-pixels, respectively, and DVw, DVr,
DVg and DVDb are data voltages of the red, green, blue and
white sub-pixels, respectively.

[0073] The data voltage ratios of the low, middle and high
gray level groups may be determined as follows:

DVRx(1)<DVRr(m)<DVRr(h), DVRg(1)<DVRg(m)
<DVRg(h),

DVRb(1)<DVRb(m)<DVRb(h),

where DVRr(1), DVRr(m) and DVRr(h) are the data voltage
ratios of the red sub-pixels of the low, middle and high gray
level groups, respectively, DVRg(1), DVRg(m) and DVRg(h)
are data voltage ratios of the green sub-pixels of the low,
middle and high gray level groups, respectively, and DVRb
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(1), DVRb(m) and DVRb(h) are data voltage ratios ofthe blue
sub-pixels of the low, middle and high gray level groups,
respectively.

[0074] In addition, the luminance ratio of the white sub-
pixel may be defined as follows:

LRw=Lw/(Lr+Lg+Lb+Lw),

where LRw is a luminance ratio of the white sub-pixel, and
Lr, Lg, Lb and Lw are luminances of the red, green, blue and
white sub-pixels, respectively.

[0075] The luminance ratios of the low, middle and high
gray level groups may be determined as follows:

LRw(1)<LRw(m)<LRw(h),

where LRw(1), LRw(m) and LRw(h) are the luminance ratios
of the white sub-pixel of the low, middle and high gray level
groups, respectively.

[0076] In FIG. 10A, when the image data is classified into
the low gray level group by the gray level judging part 145, the
timing controller 140 may determine the data voltage ofa data
signal applied to the white sub-pixel as a value smaller than a
reference value and may determine the data voltage applied to
each of the red, green and blue sub-pixels as a value greater
than the reference value to adjust the luminance ratio. The
reference value may correspond to a data voltage applied to
the red, green, blue and white sub-pixels of the OLED display
device according to the related art.

[0077] For example, a data voltage of the data signal
applied to the white sub-pixel may be determined to be about
0.5 with respect to a reference value of 1, and the data voltage
of the data signal applied to each of the red, green and blue
sub-pixels may be determined to be about 1.5 with respect to
the reference value of 1. As a result, the data voltages applied
to the red, green, blue and white sub-pixels may have a ratio
of about 1.5:1.5:1.5:0.5.

[0078] Forthe low gray level group in FIGS. 1110 13, since
the data voltage greater than the reference value is applied to
each of the red, green and blue sub-pixels, the luminance of
the red, green and blue sub-pixels is greater than the lumi-
nance of the white sub-pixel. For example, as shown in FIG.
12, the luminance ratio of the red, green and blue sub-pixels
is greater than the luminance ratio of the white sub-pixel for
a 96" gray level of the low gray level group. Since the data
voltage applied to the red, green and blue sub-pixels increases
for the low gray level group, influence of noise is minimized
and luminance uniformity is improved.

[0079] In FIG. 10B, when the image data is classified into
the middle gray level group by the gray level judging part 145,
the timing controller 140 may determine the data voltage of a
data signal applied to the white sub-pixel such that the lumi-
nance ratio of the red, green and blue sub-pixels and the
luminance ratio of the white sub-pixel are inversely propor-
tional to each other.

[0080] For example, as the gray level increases, a data
voltage of the data signal applied to the white sub-pixel may
be determined to gradually increase with a first slope and a
data voltage of the data signal applied to each ofthe red, green
and blue sub-pixels may be determined to gradually increase
with a second slope smaller than the first slope.

[0081] For the middle gray level group in FIGS. 11 to 13,
since the data voltage gradually increasing is applied to the
red, green, blue and white sub-pixels, the uniform luminance
is obtained. For example, as shown in FIG. 12, the luminance
ratio of the red, green and blue sub-pixels is equal to the
luminance ratio of the white sub-pixel for a 128 gray level of
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the middle gray level group. Since the data voltage applied to
the red, green, blue and white sub-pixels gradually increases
for the middle gray level group, luminance uniformity is
improved.

[0082] In FIG. 10C, when the image data is classified into
the high gray level group by the gray level judging part 145,
the timing controller 140 may determine the data voltage
applied to the white sub-pixel as a value equal to the data
voltage applied to each of the red, green and blue sub-pixels.
Accordingly, the white image of the high gray level group is
displayed by the red, green, blue and white sub-pixels where
the luminance of the white sub-pixel is greater than the lumi-
nance of each of the red, green and blue sub-pixels.

[0083] For the high gray level group in FIGS. 11 to 13, the
luminance ratio of the white sub-pixel is about 80% and the
luminance ratio of the red, green and blue sub-pixels is about
20% for a 255" gray level of the high gray level group.
[0084] Inthe OLED display device according to the second
exemplary embodiment, the gray levels of the red, green, blue
and white components of the image data is determined
according to the gray level group of the image data and the
data voltages applied to the red, green, blue and white sub-
pixels have different levels according to the gray level group
ofthe image data. For example, the data voltage applied to the
white sub-pixel may be reduced as compared with the data
voltage applied to the white sub-pixel of the related art and the
data voltage applied to the red, green and blue sub-pixels may
be increased as compared with the data voltage applied to the
red, green and blue sub-pixels according to the related art.
While the data voltage of the white sub-pixel is about 6V and
the data voltage of the red, green and blue sub-pixels is about
2V for the 967 gray level of FIG. 3, the data voltage of the
white sub-pixel is about 5V and the data voltage of the red,
green and blue sub-pixels is about 3V for the 96™ gray level of
FIG. 13. As a result, the influence of noise is minimized and
luminance uniformity is improved. Further, the difference in
data voltages applied to the white sub-pixel and the red, green
and blue sub-pixels is reduced.

[0085] Consequently, in a method of driving an OLED
display device according to the exemplary embodiments,
luminance uniformity is improved by adjusting the data volt-
age applied to the white sub-pixel according to the gray level
of the image data. Specifically, the non-uniform luminance in
the image of the low gray level group is prevented. In addi-
tion, luminance uniformity is improved by adjusting the data
voltages applied to the red, green, blue and white sub-pixels
according to the gray level of the image data. Specifically,
influence of noise is minimized by increasing the data voltage
applied to the red, green and blue sub-pixels of the low gray
level group. Since the current flowing through the light emit-
ting diode is adjusted due to the data voltage, uniform lumi-
nance distribution is obtained.

[0086] It will be apparent to those skilled in the art that
various modifications and variations can be made in a method
of driving an OLED display device of the present disclosure
without departing from the sprit or scope of the invention.
Thus, it is intended that the present invention covers the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A method of driving an organic light emitting diode
display device having first to third sub-pixels and a white
sub-pixel, comprising:
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judging a gray level of an image data;

classifying the image data into a low gray level group, a
middle gray level group and a high gray level group;

displaying an image using the first to third sub-pixels

except the white sub-pixel when the gray level of the
image datais classified into the low gray level group; and

displaying the image using the first to third sub-pixels and
the white sub-pixel when the gray level of the image data
is classified into one of the middle and high gray level
groups.

2. The method according to claim 1, further comprising
generating a data voltage applied to the white sub-pixel to be
smaller than a reference value and the data voltages applied to
the first to third sub-pixels to be greater than the reference
value when the gray level of the image data is classified into
the middle gray level group.

3. The method according to claim 2, wherein the data
voltages applied to the first to third sub-pixels and applied to
the white sub-pixel have a ratio of 1.5:1.5:1.5:0.5.
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4. A method of driving an organic light emitting diode
display device having first to third sub-pixels and a white
sub-pixel, comprising:

judging a gray level of an image data; and

displaying an image by adjusting a luminance ratio of the

first to third sub-pixels and the white sub-pixel accord-
ing to the gray level of the image data.

5. The method according to claim 4, wherein the gray level
of the image data is classified into low, middle and high gray
level groups.

6. The method according to claim 5, further comprising
generating a data voltage applied to the white sub-pixel to be
smaller than a reference value and the data voltages applied to
the first to third sub-pixels to be greater than the reference
value when the gray level of the image data is classified into
the low gray level group.

7. The method according to claim 6, wherein the data
voltages applied to the first to third sub-pixels and the data
voltage applied to the white sub-pixel have a ratio of 1.5:1.5:
1.5:0.5.
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