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(57)  Anorganic light emitting display device includes
a pixel unit including data lines, a data driving unit pro-
viding data signals corresponding to firstand second data
to the data lines, a timing controlling unit controlling the
data driving unit and supplying the first data from the
outside, and a power supply for the pixel, data driving,
and timing controlling units. A converting unitmay receive
the first data from the timing controlling unit, convert the

Organic light emitting display device, method of driving the same and power saving unit

first data into the second data, and transmit the converted
second data to the data driving unit. When the first data
supplied from the timing controlling unit has a digital bit
corresponding to one of a first range for displaying white-
related colors and a second range for displaying black-
related colors, the converting unit converts the first data
into the second data having a digital bit corresponding
to one of the second and first ranges, respectively.
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Description
BACKGROUND
1. Field

[0001] Embodiments relates to an organic light emit-
ting display device and a method of driving the same.
More particularly, embodiments relate to an organic light
emitting display device having reduced power consump-
tion, a method of driving the same, and a power saving
unit thereof.

2. Description of the Related Art

[0002] Recently, popularity of portable devices, e.g., a
laptop computer, a personal digital assistant (PDA), a
portable multimedia player (PMP), and the like, is rapidly
increasing. In order to improve portability of portable de-
vices, development of smaller, slimmer, and lighter port-
able device is ongoing.

[0003] Such development typically includes miniatur-
izing and integrating components of portable devices. In
contrast to such miniaturization of most components of
portable devices, a display of a portable device is re-
quired to have a sufficiently large screen for a user to
easily watch.

[0004] A flat panel display is used as the display for
portable devices. The flat panel display is thinner, occu-
pies a less space, and has lower power consumption
than a conventional CRT display. Thus, the flat panel
display satisfies the requirements of the portable device.
[0005] Moreover, as portable devices are popularized,
long time use of portable devices without external power
becomes important to users. Several approaches for re-
alizing long term use have been proposed. These include
development of a high capacity battery and/or various
methods of minimizing power consumption. Reduction
of power consumption typically includes controlling pow-
er consumed by a component of the portable device hav-
ing the largest power consumption, i.e., the flat panel
display.

[0006] A liquid crystal display (LCD) is mainly used as
the display of conventional portable devices. In order to
reduce power consumption of the LCD, a backlight of the
LCD may be turned offin a power saving mode. However,
since the LCD s alightreceiving device that only displays
a predetermined image when the backlight is on, the im-
age cannot be substantially displayed when the backlight
is turned off.

[0007] Further, since the LCD displays an image only
due to light emission from the backlight, the power con-
sumption of the backlight means that power consumption
of the LCD is substantially the same regardless of the
gray scale to be displayed. In other words, in order to
display of a low gray scale, e.g., a black tone, image or
a high gray scale, e.g., white tone, image, the LCD re-
quires substantially the same amount of power. There-
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fore, in order to reduce the power consumption, the back-
light must be turned off.

[0008] Furthermore, use of the backlight limits the po-
tential of the LCD to provide a miniaturized, slimmed, and
lighter weight portable device.

SUMMARY

[0009] Embodiments are therefore directed to an or-
ganic light emitting display device, method of driving the
same, and power saving unit thereof, which substantially
overcome one or more of the problems due to the limi-
tations and disadvantages of the related art.

[0010] It is therefore a feature of an embodiment to
provide an organic light emitting display device, method
of driving the same, and power saving unit thereof, which
reduce power consumed by the display device.

[0011] Itistherefore another feature of an embodiment
to provide an organic light emitting display device, meth-
od of driving the same, and power saving unit thereof,
which allows an image to be viewed on a display device
even when reducing power consumption thereof.
[0012] It is still another feature of an embodiment to
provide an organic light emitting display device, method
of driving the same, and power saving unit thereof to
reduce power in accordance with a user input and/or a
remaining capacity of a power supply.

[0013] At least one of the above and other features
and advantages may be realized by providing an organic
light emitting display device including a pixel unit includ-
ing a plurality of pixels connected to scan lines and data
lines, a data driving unit configured to receive a first data
or a second data and to provide data signals correspond-
ing to the first and second data to the data lines, a timing
controlling unit configured to control the data driving unit
and supplying the first data input from the outside, a pow-
er supply configured to supply electric power to the pixel
unit, the data driving unit, and the timing controlling unit,
and a converting unit configured to receive the first data
from the timing controlling unit, convert the first data into
the second data, and transmit the converted second data
to the data driving unit. When the first data supplied from
the timing controlling unit has a digital bit corresponding
to one of a first range for displaying white-related colors
and a second range for displaying black-related colors,
the converting unit is configured to convert the first data
into the second data having a digital bit corresponding
to one of the second range and the first range, respec-
tively.

[0014] The organic light emitting display device may
include a capacity detecting unit configured to generate
an enable signal to start the converting unit when a re-
maining capacity of the power supply is less than a pre-
determined reference value.

[0015] The first range and the second range may cor-
respond to an achromatic color range. Data correspond-
ing to the first range may have a digital bit corresponding
to 255 to 230 gray scales. Data corresponding to the
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second range has a digital bit corresponding to 0 to 25
gray scales. The converting unit may be configured to
output the first data to the data driving unit when the first
data is outside the first and second ranges.

[0016] The organic light emitting display device may
include a power saving mode unit configured to generate
an enable signal to start the converting unit when a user
selects a power saving mode. The organic light emitting
display device may include a switching unit configured
to receive the first data from the timing controlling unit
and output the first data to one of the data driving unit
and the converting unit in accordance with at least one
of a user input and a capacity of the power supply.
[0017] At least one of the above and other features
and advantages may be realized by providing a method
of driving a self-emission display device, the method in-
cluding supplying first data from outside, determining
whether the first data is within one of a first range for
displaying white-related colors and a second range for
displaying black-related colors, and reverse converting,
when the first data is within one of the first and second
ranges, the first data into second data having a digital bit
corresponding to the second range and the first range,
respectively.

[0018] Before determining, the method may include
generating an enable signal to start determining. Gener-
ating the enable signal may occur when a remaining ca-
pacity of the power supply is less than a predetermined
reference value or when a user selects a power saving
mode.

[0019] The first and second ranges may correspond
to an achromatic color range. Data corresponding to the
first range may have a digital bit corresponding to 255 to
230 gray scales. Data corresponding to the second range
may have a digital bit corresponding to 0 to 25 gray
scales.

[0020] First data may be supplied to the data driving
unit when the first data is outside the first and second
ranges.

[0021] At least one of the above and other features
and advantages may be realized by providing a power
saving unit for use with a self-emission display device,
including a range determining unit configured to deter-
mine whether first data supplied from outside is within
one of afirst range for displaying white-related colors and
a second range for displaying black-related colors and a
reverse converting unit configured to convert, when
range determining unit determines that the first data is
within one of the first and second ranges, the first data
into second data having a digital bit corresponding to the
second range and the first range, respectively, and to
output the second data to the self-emission display de-
vice.

[0022] The reverse converting unit may be configured
to output the first data as the second data when the first
data is outside either of the first and second ranges.
[0023] The power saving unit may include a switching
unit configured to output the first data to the self-emission
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display device in a normal mode and to output the first
data to the range determining unit whenin a power saving
mode.

[0024] The power saving unit may include at least one
of a capacity detecting unit configured to indicate the
power saving mode when a remaining capacity of a pow-
er supply of the self-emissive display device is below a
predetermined reference value and a power saving mode
unit configured to indicate the power saving mode when
selected by a user.

[0025] According to an aspect of the invention, there
is provided an organic light emitting display device as set
out in Claim 1. Preferred features of this aspect are set
outin claims 2 to 8.

[0026] According to another aspect of the invention,
there is provided a method as set outin Claim 9. Preferred
features of this aspect are set out in claims 10 to 14.
[0027] According to a still another aspect of the inven-
tion, there is provided a power saving unit as set out in
Claim 15. Preferred features of this aspect are set out in
claims 16 and 17.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages
will become more apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:
[0029] FIG. 1 illustrates a block diagram of an organic
light emitting display device according to an embodiment;
[0030] FIG. 2illustrates a sectional view of a region of
a pixel unit shown in FIG. 1;

[0031] FIG. 3 illustrates a flow chart of a method of
driving an organic light emitting display device according
to an embodiment;

[0032] FIG.4 illustrates a detailed block diagram of the
power saving unit of FIG. 1 according to an embodiment.

DETAILED DESCRIPTION

[0033] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the invention to those skilled in the art.

[0034] Inthe drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
It will also be understood that when a layer or element is
referred to as being "on" another layer or substrate, it
can be directly on the other layer or substrate, or inter-
vening layers may also be present. Further, it will be un-
derstood that when a layer is referred to as being "under"
another layer, it can be directly under, and one or more
intervening layers may also be present. In addition, it will
also be understood that when a layer is referred to as



5 EP 2 211 328 A2 6

being "between" two layers, it can be the only layer be-
tween the two layers, or one or more intervening layers
may also be present. Like reference numerals refer to
like elements throughout.

[0035] Hereinafter, certain exemplary embodiments
according to the present invention will be described with
reference to the accompanying drawings. Here, when a
first element is described as being coupled to a second
element, the first element may be not only directly cou-
pled to the second element but may also be indirectly
coupled to the second element via a third element. Fur-
ther, some of the elements that are not essential to the
complete understanding of the invention are omitted for
clarity. Also, like reference numerals refer to like ele-
ments throughout.

[0036] FIG. 1 illustrates a block diagram of an organic
light emitting display device according to an embodiment.
[0037] Referring to FIG. 1, the illustrated organic light
emitting display device includes a pixel unit 30 having a
plurality of pixels 40 connected to scan lines S1 to Sn
and data lines D1 to Dm, a scan driving unit 10 for driving
the scan lines S1 to Sn, a data driving unit 20 for driving
the data lines D1 to Dm, a timing controlling unit 50 or
controlling the scan driving unit 10 and the data driving
unit 20, and a power supply 60 for supplying electric pow-
er to the pixel unit 30 to the timing controlling unit 50.
Neighboring three pixels 40 for emitting red, green, and
blue lights may a single unit pixel in this embodiment.
Other embodiments may use pixels formed from a differ-
ent arrangement of sub-pixels.

[0038] The organic light emitting display device fur-
thersinclude a power saving unit 100 in this embodiment.
In some embodiments the power saving unit 100 may
include a converting unit 70, a capacity detecting unit 80,
a power saving mode unit 85, and a switching unit 90.
[0039] The timing controlling unit 50 may generate a
data driving control signal and a scan driving control sig-
nal SCS in response to a synchronizing signal provided
from the outside. The timing controlling unit 50 may sup-
ply the data driving control signal to the data driving unit
20 and supply the scan driving control signal SCS to the
scan driving unit 10. The timing controlling unit 50 may
supply first data Data supplied from the outside to the
data driving unit 20 or to the converting unit 70 according
to, e.g., user control, a state of a power supply, etc., as
described in detail below.

[0040] The scan driving unit 10 may receive the scan
driving control signal from the timing controlling unit 50.
In response thereto, the scan driving unit 10 may gener-
ate scan signals and may sequentially supply the gener-
ated scan signals to the scan lines S1 to Sn.

[0041] The data driving unit 20 may receive the data
driving control signal from the timing controlling unit 50.
Inresponse thereto, the data driving unit 20 may generate
data signals and may supply the generated data signals
to the data lines D1 to Dm such that the data signals are
synchronized with the scan signals.

[0042] The pixel unit 30 may receive a first power
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ELVDD and a second power ELVSS from the outside
(i.e. external to the pixel unit 30), and may supply the
same to the respective pixels 40. In response to data
signals, each of the pixels 40 may control electric current
flowing from the first power ELVDD to the second power
ELVSS via a light emitting device to generate light cor-
responding to the data signals. In other words, the re-
spective pixels 40 may generate light of a predetermined
brightness in response to the data signals.

[0043] As discussed above, the timing controlling unit
50 may supply first data Data supplied from the outside
to the data driving unit 20 or to the converting unit 70
according to, e.g., user control, a state of a power supply,
etc. Accordingly, in this embodiment, the converting unit
70 may receive the first data Data from the timing con-
trolling unit 50, may convert the first data Data into the
second data Data’, and may transmit the same the data
driving unit 20. The converting unit 70 may be enabled
by user selection of a power saving mode, or when a
remaining capacity of the power supply 60 is less than a
reference value, etc. When the converting unit 70 is not
enabled, the first data Data may be directly input into the
data driving unit 20 through the timing controlling unit 50,
as described above.

[0044] When using the organic light emitting display
device as a display of a portable device, e.g., a laptop
computer, a personal digital assistant (PDA), and a port-
able multimedia player (PMP), since a background to be
displayed on the display is generally white, the organic
light emitting display device, by being a self-emission de-
vice, can have a high power consumption.

[0045] Assuming that data supplied from the timing
controlling unit 50 is 8-bit digital data, data may be con-
verted into a data signal of an analog data (voltage) cor-
responding to the data bit by the data driving unit 20 and
may be applied to the respective pixels 40. By doing so,
each of the pixels 40 may emit light at a gray scale cor-
responding to the data signal among 256 gray scales (0
to 255 gray scales).

[0046] In this case, therefore data having the highest
digital bit displays the brightest white (255 gray scale) so
that data having the lowest digital bit displays the darkest
black (0 gray scale).

[0047] However, since each of the pixels emits red,
green, and blue light to form a single unit pixel, when a
data signal corresponding to data having the highest dig-
ital bit is applied to a pixel of a particular color, e.g., ared
pixel, the brightest red (255 gray scale) is displayed.
When a data signal corresponding to data having the
lowest digital bit is applied, the darkest red (0 gray scale)
is displayed.

[0048] Therefore, since white is displayed by the unit
pixel when data signals corresponding to data having the
highest digital bit are applied to the red, green, and blue
pixels for forming the unit pixel, the power consumption
is increased when white is displayed on much of the
screen.

[0049] Thus, in this embodiment, the first data Data
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provided by the timing controlling unit 50 may be directly
supplied to the data driving unit 20 without passing
through the converting unit 70 when the capacity of the
power supply 60 is sufficient. However, when the remain-
ing capacity of the power supply 60 is less than a refer-
ence value as determined by the capacity detecting unit
80 or when a user selects a power saving mode as indi-
cated by the power saving mode unit 85, the converting
unit 70 may be enabled. Further, the switching unit 90
may be switched such that the first data Data provided
from the timing controlling unit 50 is input to the convert-
ing unit 70, rather than directly to the data driving unit 20.
Then, the converting unit 70 may convert the first data
Data into the second data Data’ and may output the sec-
ond data Data’ to the data driving unit 20.

[0050] In particular, when the first data Data corre-
sponds to a bright color, e.g., 255 to 230 gray scales (a
white-related color), the first data Data may be converted
into second data Data’ to display a dark color, e.g., 0 to
25 gray scales (a black-related color).

When the first data Data corresponds to the dark color,
the first data Data may be converted into second data
Data’ to display the bright color. In some embodiments,
the first data Data is converted into second data Data’
when the first data Data for all the sub-pixels of a unit
pixel has a digital bit corresponding to one of a bright
color, e.g., 255 to 230 gray scales (a white-related color)
or a dark color, e.g., 0 to 25 gray scales (a black-related
color).

[0051] That is, when the first data Data has a digital
bit corresponding to a first range, e.g., 255 to 230 gray
scales, for displaying white-related colors or a second
range, e.g., 0 to 25 gray scales, for displaying black-re-
lated colors, the first data Data input into the converting
unit 70 may be reversely changed, such thatthe first data
Data for displaying white-related colors is converted into
the second data Data’ for displaying black-related colors
and the first data Data for displaying black-related colors
is converted into the second data Data’ for displaying the
white-related colors.

[0052] In other words, when the remaining capacity of
the power supply 60 is less than the reference value or
the user selects the power saving mode, the capacity
detecting unit 80 or the power supply mode unit 85 may
output the enable signal to the converting unit 70 and the
switching unit 90. In response, the switching unit 90 may
output the first data Data input to the converting unit 70,
which, in turn, may convert the first data Data into the
second data Data’ by reversely changing colors when
the first data Data is in an achromatic color range, i.e.,
one of the first and second ranges for displaying white-
related colors and black-related colors, respectively. The
second data Data’ may be supplied to the data driving
unit 20.

[0053] As discussed above, when the first data Data
corresponds to one of a bright color, e.g., 255 to 230 gray
scales (a white-related color) or a dark color, e.g., 0 to
25 gray scales (a black-related color), then the first data
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Data is converted into second data Data’ corresponding
to the other one of the bright color, e.g., 255 to 230 gray
scales (a white-related color) or the dark color, e.g., 0 to
25 gray scales (a black-related color). As discussed, the
"white-related color" or the "black-related color" can relax
to the unit pixel as a whole, comprising a number of sub-
pixels.

[0054] It is understood that the term "white-related
color" relates to a color that is relatively near white, and
this is associated with high brightness and high power
consumption. The term "black-related color" relates to a
color that is relatively near black, and this is associated
with low brightness and low power consumption. As dis-
cussed, in some embodiments, the term "white-related
color" refers to unit pixels with sub-pixels that have gray
scales of 255 to 230 and "black-related color" refers to
unit pixels with sub-pixels that have gray scales of 0 to
25. It is appreciated that the boundaries of what is con-
sidered to be a "white-related color" or a "black-related
color" could be different in different embodiments, and
could be varied by the user.

[0055] Thus, the term "white-related color" can refer
to a unit pixel with high brightness, for example a bright-
ness above a first threshold. For example, the term
"white-related color" could refer to a unit pixel in which
the brightness of all the sub-pixels of the unit pixel is
above 90%. The term "black-related color" can refer to
a unit pixel with low brightness, for example a brightness
below a second threshold. For example, the term "black-
related color" could refer to a unit pixel in which the bright-
ness of all the sub-pixels of the unit pixel is below 10%.
It is to be appreciated that these are merely provided as
examples, and that other embodiments of the invention
may use different values and/or values that can be varied
by the user.

[0056] Operation when the remaining capacity of the
power supply 60 is less than the reference value will be
described as follows.

[0057] The capacity detecting unit 80 may compare
the capacity of the power supply 60 with a predetermined,
stored reference capacity value. The capacity detecting
unit 80 may include a memory (not shown) in which the
reference capacity value of the power supply is stored
and a comparator (not shown) to compare the remaining
capacity of the power supply 60 with the reference ca-
pacity value.

[0058] When the remaining capacity of the power sup-
ply 60 is less than the reference value, the capacity de-
tecting unit 80 may provide an enable signal to the con-
verting unit 70 to start the converting unit 70. Atthe same
time, the enable signal may also be provided to the
switching unit 90 disposed between the timing controlling
unit 50 and the converting unit 70 such that the first date
Data supplied from the timing controlling unit 50 is sup-
plied to the converting unit 70.

[0059] Accordingly, the converting unit 70 may convert
the first data Data supplied from the timing controlling
unit 50 into the second data Data’ and may supply the
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converted second data Data’ to the data driving unit 20.
[0060] At this time, with respect to the first data Data
input into the converting unit 70, when the first data Data
has a digital bit corresponding to the first range of dis-
playing the white-related colors, for example 255 to 230
gray scales, the first data Data is reversely converted
into the second data Data’ having a digital bit correspond-
ing to the second range of displaying the black-related
colors, that is, 0 to 25 gray scales. For example, when
the input first data Data is a digital signal having a bit of
11111111 corresponding to 255 gray scale, the convert-
ing unit 70 may convert the first data Data into a digital
signal having a digital bit of 00000000 corresponding to
0 gray scale, i.e., the second data Data’, and may output
the second data Data’ to the data driving unit 20.
[0061] In contrast, when the first data Data input into
the converting unit 70 has a digital bit corresponding to
the second range of displaying black-related colors, e.g.,
a digital bit corresponding to 0 to 25 gray scales, the
converting unit 70 may reversely convert the first data
Data into the second data Data’ having the first range for
displaying white-related colors, e.g., a digital bit corre-
sponding to 255 to 230 gray scales. For example, when
the input first data Data is a digital signal having a digital
bit of 00000000 corresponding to 0 gray scale, the con-
verting unit 70 may convert the first data Data into a digital
signal, e.g., the second data Data having a digital bit of
11111111 corresponding to 255 gray scale, and may pro-
vide the converted second data Data’ to the data driving
unit 20.

[0062] However, when the input first data Data is out-
side the first and second ranges, i.e., does not corre-
spond to the first range and the second range, e.g., has
a digital bit corresponding to 26 gray scale to 229 gray
scale, the first data Data may be output as the second
data Data’ to the driving unit 20 without conversion. In
other words, the converting unit 70 may be configured
not to alter the first data Data, i.e., the second data Data’
within the intermediate range output form the converting
unit 70 may be the same as the first data Data input.
[0063] The first and second ranges may correspond
tothe achromatic colorrange. Gray scales corresponding
to the first and second ranges may be adjusted by a user
through the power saving mode unit 85, as indicated by
a range signal output by the power saving mode unit 85,
as described in detail later.

[0064] Thus, in accordance with some embodiments
of the invention, color of a screen generally displayed by
a white background may be reversely changed and dis-
played in black by the converting unit 70. This conversion
may be particularly useful when applied to the organic
light emitting display device, which is a self-emission de-
vice, to reduce power consumption. That is, pixels that
are to display a bright image occupying a majority of the
screen may be controlled to have a low brightness, so
that an amount of light emitted in the power saving mode
is much less than that in a normal mode. Consequently,
power consumption may be reduced.
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[0065] As described above, non-light emitting device,
e.g., an LCD, displays an image due to light emission
from a backlight, so power consumption of a black tone
image and a white tone image displayed by the LCD are
substantially the same. Therefore, the backlight must be
turned off in order to reduce power consumption. There-
fore, embodiments may be less effective in the LCD than
when to be applied to a light emissive display device,
e.g., to the organic light emitting display device.

[0066] FIG. 2illustrates a sectional view of a region of
the pixel unit 40 of FIG. 1. In particular, FIG. 2 illustrates
asectional view of an organic light emitting display device
for emitting light and a transistor connected thereto in a
pixel for forming a pixel unit.

[0067] Referring to FIG. 2, in order to prevent a sub-
strate 100 from being damaged by heat applied from the
outside, a buffer layer 111 may be formed on a deposition
substrate 101. The buffer layer 111 may be made of an
insulating material, e.g., silicon oxide (SiO,) or silicon
nitride (SiN,).

[0068] A semiconductorlayer 112 having an active lay-
er 112a and an ohmic contact layer 112b may be formed
on at least one region of the buffer layer 111. A gate
insulating layer 113 may be formed on the semiconductor
layer 112 and the buffer layer 111. A gate electrode 114
having a size corresponding to a width of the active layer
112a may be formed on one region of the gate insulating
layer 113.

[0069] An interlayer insulating layer 115 may be
formed on the gate insulating layer 113 including the gate
electrode 114, and source and drain electrodes 116a and
116b may be formed on a predetermined region of the
interlayerinsulating layer 115. The source and drain elec-
trodes 116a and 116b may contact one exposed region
of the ohmic contact layer 112b, respectively. A planariz-
ing layer 117 may be formed on the interlayer insulating
layer 115 including the source and drain electrodes 116a
and 116b.

[0070] A first electrode 119 may be formed on one re-
gion of the planarizing layer 117 such that the first elec-
trode 119 may contact one of exposed regions of the
source and drain electrodes 116a and 116b through a
via hole 118.

[0071] A pixel defining layer 120 including an opening
for exposing at least one region of the first electrode 119
may be formed on the planarizing layer 117 including the
first electrode 119. An organic layer 121 may be formed
on the opening of the pixel defining layer 120. A second
electrode layer 122 may be formed on the pixel defining
layer 120 including the organic layer 121. A passivation
layer may be further formed on the second electrode 122.
[0072] The organic layer 121 is provided between the
first electrode 119 and the second electrode layer 122.
The organic layer 121 may include an organic light emit-
ting layer that emits light due to energy generated by
combining holes received from an anode and electrons
received from a cathode with each other in the organic
light emitting layer to form excitons as hole-electron pairs,
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which emit light as the excitons return to ground state.
[0073] The generated excitons form singlet excitons
or triplet excitons according to spin coupling type. The
probability of forming the singlet excitons is 1/4 and the
probability of forming the triplet excitons is 3/4.

[0074] In general, since the ground state of an organic
molecule is a triplet state, the organic molecules may
transition to the ground state while emitting light by the
singlet exciton. This phenomenon is referred to as fluo-
rescence. A fluorescent organic light emitting diode em-
ploys this organic molecule.

[0075] However, since the transition of the triplet exci-
ton to the ground state of the singlet exciton while emitting
lightis prohibited, 75% of the excitons is wasted. Accord-
ingly, a phosphorescent dopant with large spin orbit cou-
pling may be used in a light emitting layer so that the
triplet state may transition to the ground state to emit
light. This phenomenon is referred to as phosphores-
cence. A phosphorescent organic light emitting diode
employs this organic molecule.

[0076] An organic light emitting display device accord-
ing to embodiments may employ any one of the fluores-
cent and phosphorescent organic light emitting diodes.
[0077] An encapsulating substrate 200 may encapsu-
late at least of a region of the substrate 101 on which the
organic light emitting diodes are formed, and may be
bonded to the evaporating substrate 101 by a sealant
150. A reinforcing member 160 may be formed to a line
side of the sealant 150 and may serve as a sealing agent
when the sealant 150 is welded but not bonded or has a
weakened adhesive force.

[0078] The encapsulating substrate 200 may be trans-
parent for use in top or bottom emission display devices
or may be opaque for bottom emission display devices.
Inembodiments, material for the encapsulating substrate
200 is not limited, but glass may be used as the encap-
sulating substrate 200 for the top emission display de-
vice.

[0079] Since the organic light emitting display device
described with reference to FIGS. 1 and 2 displays an
image using the organic light emitting display device as
a self emission device, the organic light emitting display
device does not need a backlight (unlike the conventional
LCD) and may be implemented by a considerably thin
structure, e.g., a card type structure.

[0080] FIG. 3 illustrates a flow chart of a method of
driving an organic light emitting display device according
to an embodiment. FIG. 4 illustrates a detailed block di-
agram of the power saving unit 100 of FIG. 1.

[0081] Referring to FIGS. 1, 3, and 4, first, an enable
signal to start the converting unit 70 may be generated
in operation S310. The enable signal may be generated
from the capacity detecting unit 80 when the remaining
capacity of the power supply to be supplied to the organic
light emitting display device is less than the predeter-
mined reference value. Additionally or alternatively, the
enable signal may be generated by a user, e.g., by ma-
nipulating a key input unit (not shown), of the power sav-
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ing mode unit 85 of the portable device having the organic
light emitting display device.

[0082] Inresponse tothe enable signal, the converting
unit 70 may be started and the first data Data supplied
from the timing controlling unit 50 to the data driving unit
20 may be supplied from the timing controlling unit 50 to
the converting unit 70 through the switching unit 90 in
operation S320. Thereafter, the converting unit 70 may
convert the first data Data supplied from the timing con-
trolling unit 50 into the second data Data’ and may provide
the second data Data’ to the data driving unit 20 in op-
eration 330. In particular, as illustrated in FIG. 4, the con-
verting unit 70 may include a range determining unit 72
and a reverse correcting unit 74.

[0083] Whentherange determiningunit 72 determines
that the first data Data input into the converting unit 70
is within the first range for displaying white-related colors,
e.g., corresponding to 255 gray scale to 230 gray scale,
the first data Data may be reversely changed and con-
verted into the second data Data’ having the second
range of displaying black-related colors, e.g., a digital bit
corresponding to 0 to 25 grays scales, respectively, by
the reverse correcting unit 74. When the range determin-
ing unit 72 determines that the first data Data input into
the converting unit 70 is within the second range for dis-
playing black-related colors, e.g., a digital bit correspond-
ing to 0 to 25 gray scales, the first data Data may be
reversely changed and converted into the second data
Data’ having the first range for displaying white-related
colors, e.g., a digital bit corresponding to 255 to 230 gray
scales, respectively, by the reverse correcting unit 74.
Finally, when the range determining unit 72 determines
thatthe input first data Data is not within the first or second
ranges, i.e., does not correspond to the first range and
the second range, e.g., has digital bit corresponding to
26 to 229 gray scales, the first data Data may be trans-
mitted through the converting unit 70 to the data driving
unit 20 as the second data Data’ without conversion.
[0084] In other words, to maintain contrast and a view-
able image, the highest gray scale may be converted into
the lower gray scale, i.e., 255 to0 0, 254 to 1, and so forth,
and vice versa, while gray scale outside these extreme
ranges may be maintained. Further, the user may alter
the bounds of the extreme ranges by inputting the range
signal Range to the converting unit 70. The input extreme
ranges may replace the default extreme ranges in the
range determining unit 72, resulting in values outside
theseranges, i.e., within an intermediate range, not being
reverse converted by the reverse converting unit 74, such
that within the intermediate range, the second data Data’
output by the converting unit 72 may be the same as the
first data Data input thereto.

[0085] The first and second ranges may correspond
to the achromatic color range. Further, the first and sec-
ond ranges may be adjusted by a user or in accordance
with a remaining capacity of the power supply.

[0086] In accordance with embodiments, a screen
having a white background may be reversely changed



13 EP 2 211 328 A2 14

into a screen having a black background by the convert-
ing unit 70. When this conversion is applied to a self-
emission device, e.g., an organic light emitting display
device, power consumption may be reduced. Thatis, light
emitted by pixels in a majority of the screen may be con-
trolled to have a low brightness, so that an amount of
light emitted in the power saving mode is much less than
that in a normal mode. Consequently, power consump-
tion may be reduced.

[0087] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. Ac-
cordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may
be made without departing from the scope of the present
invention as set forth in the following claims.

Claims
1. Anorganic light emitting display device, comprising:

a pixel unit including a plurality of pixels con-
nected to scan lines and data lines;

adata driving unit configured to receive first data
or second data, and to provide data signals cor-
responding to the first and second data to the
data lines;

a timing controlling unit configured to control the
data driving unit and to output the first data;

a power supply configured to supply electric
power to the pixel unit, the data driving unit, and
the timing controlling unit; and

a converting unit configured to receive the first
data from the timing controlling unit, to selec-
tively convert the first data into the second data,
and to transmit the second data to the data driv-
ing unit,

wherein, when the first data supplied from the timing
controlling unit has a digital bit corresponding to one
of afirstrange for displaying white-related colors and
a second range for displaying black-related colors,
the converting unit is configured to convert the first
data into the second data having a digital bit corre-
sponding to the other one of the first range and the
second range.

2. Anorganic light emitting display device according to
claim 1, wherein each pixel comprises a number of
sub-pixels, and wherein the converting unit is con-
figured to convert the first data into the second data
when the first data supplied from the timing control-
ling unit for all the sub-pixels of a pixel has a digital
bit corresponding to one of the first range or the sec-
ond range.

10

15

20

25

30

35

40

45

50

55

3. Anorganic light emitting display device according to
claim 1 or 2, further comprising a capacity detecting
unit configured to generate an enable signal when a
remaining capacity of the power supply is less than
a predetermined reference value, wherein the con-
verting unit is arranged to convert the first data into
the second data on receipt of the enable signal.

4. An organic light emitting display device according to
any one of claims 1 to 3, wherein the first range and
the second range correspond to an achromatic color
range.

5. Anorganic light emitting display device according to
any one of claims 1 to 4, wherein data corresponding
to the first range has a digital bit corresponding to a
gray scale of 255 to 230; and/or
wherein data corresponding to the second range has
a digital bit corresponding to a gray scale of 0 to 25.

6. An organic light emitting display device according to
any one of claims 1 to 5, wherein the converting unit
is configured to output the first data to the data driving
unitwhen the first data is outside the first and second
ranges.

7. Anorganic light emitting display device according to
any one of claims 1 to 6, further comprising a power
saving mode unit configured to generate an enable
signal when a user selects a power saving mode,
wherein the converting unit is arranged to convert
the first data into the second data on receipt of the
enable signal.

8. Anorganic light emitting display device according to
any one of claims 1 to 7, further comprising a switch-
ing unit configured to receive the first data from the
timing controlling unit and to output the first data to
one of the data driving unit or the converting unit in
accordance with at least one of a user input and a
capacity of the power supply.

9. A method of driving a self-emission display device,
the method comprising:

supplying first data;

determining whether the first data is within one
of afirstrange for displaying white-related colors
and a second range for displaying black-related
colors; and

converting, when the first data is within one of
the first and second ranges, the first data into
second data having a digital bit corresponding
to the other of the first range and the second
range.

10. A method according to claim 9, wherein the self-
emission display device comprises a plurality of pix-
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els, each pixel comprising a number of sub-pixels;
and

wherein the conversion of the first data into the sec-
ond data is carried out when the first data for all the
sub-pixels of a pixel has a digital bit corresponding
to one of the first range or the second range.

A method as according to claim 9 or 10, further com-
prising, before determining, generating an enable
signal to start the determining when a remaining ca-
pacity of the power supply is less than a predeter-
mined reference value and/or when a user selects a
power saving mode.

A method according to any one of claims 9 to 11,
wherein the first and second ranges correspond to
an achromatic color range.

A method according to any one of claims 9 to 12,
wherein data corresponding to the first range has a
digital bit corresponding to a gray scale of 255 to
230; and/or

wherein data corresponding to the second range has
a digital bit corresponding to a gray scale of 0 to 25.

A method according to any one of claims 9 to 13,
wherein the first data is supplied to the data driving
unit when the first data is outside the firstand second
ranges.

A power saving unit for use with a self-emission dis-
play device, comprising:

a range determining unit configured to deter-
mine whether supplied first data supplied is with-
in one of afirst range for displaying white-related
colors and a second range for displaying black-
related colors; and

a converting unit configured to convert, when
the range determining unit determines that the
first data is within one of the first and second
ranges, the first data into second data having a
digital bit corresponding to the other one of the
first range and the second range, and to output
the second data to the self-emission display de-
vice.

A power saving unit according to claim 15, wherein
the converting unit is configured to output the first
data as the second data when the first data is outside
either of the first and second ranges.

A power saving unit according to claim 15 or 16, fur-
ther comprising a switching unit configured to output
the first data to the self-emission display device in a
normal mode and to output the first data to the range
determining unit when in a power saving mode,
wherein the power saving unit optionally further com-
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prises at least one of a capacity detecting unit con-
figured to indicate the power saving mode when a
remaining capacity of a power supply of the self-
emissive display device is below a predetermined
reference value and a power saving mode unit con-
figured to indicate the power saving mode when se-
lected by a user.
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