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FIG. 3
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FIG. 5
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FIG. 6
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FIG. 8
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METHOD OF DRIVING ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0153340,
filed on Dec. 10, 2013, and entitled, “Method of Driving
Organic Electroluminescent Display Device,” is incorporated
by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a method of driving a display device.

[0004] 2. Description of the Related Art

[0005] Flat panel displays are lighter in weight and volume
than cathode ray tubes, and therefore are preferred by a vast
majority of consumers. Examples of flat panel displays
include liquid crystal displays, field emission displays,
plasma display panels, and organic light emitting displays.
[0006] Organic light emitting displays have pixels which
emit light from organic light emitting diodes (OLEDs). The
light is emitted based on a combination of electrons and holes
in an active layer. The electrons and holes are injected from
respective electrodes, and combine to form excitons that emit
light when transitioning to a stable state.

[0007] Because organic light emitting displays do not
require a separate light source (e.g., backlight), they are
lighter in volume and weight than other types of flat panel
displays. Their use in electronic products, therefore, has
become prevalent. Examples of products which use organic
light emitting displays range from small portable terminals to
large televisions. Organic light emitting displays are suitable
for these applications because of their high luminance and
high-speed response.

[0008] However, organic light emitting displays are not
without drawbacks. For example, these displays may be glar-
ing (e.g., too bright) and thus uncomfortable to view, espe-
cially in low-light conditions.

SUMMARY

[0009] In accordance with one embodiment, a method of
driving an organic electro-luminescent display device
includes determining a luminance value from input data;
adjusting the luminance value by a first method when the
luminance value is greater than or equal to a predetermined
number of nits; adjusting the luminance value by a second
method when the luminance value is less than the predeter-
mined number of nits; and generating data to which the first or
second method is applied, wherein the first method adjusts the
luminance value by adjusting light emission time and the
second method adjusts the luminance value based on a light
emission time that corresponds to the predetermined number
of nits and then decreases the luminance value by a percent-
age by limiting a current, and wherein the predetermined
number of nits is 10 nits.

[0010] The first method may include supplying the lumi-
nance value to a timing controller; extracting a light emission
time value corresponding to the luminance value from a first
lookup table; and controlling a light emission control driver in
response to the extracted light emission time value. The first
lookup table may include light emission times that decrease
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from a first luminance value to a second luminance value less
than the first luminance value.

[0011] The second method may include supplying lumi-
nance of the predetermined number of nits to a timing con-
troller; extracting a light emission time value corresponding
to the predetermined number of nits from a first lookup table;
controlling a light emission control driver in response to the
extracted light emission time value; and decreasing the lumi-
nance by the percentage by limitinga current. The first lookup
table may include light emission times that decrease with
decreasing luminance, and a smallest luminance in the first
lookup table corresponds to the predetermined number of
nits.

[0012] Decreasing the luminance by the percentage may
include determining a luminance compensation value from
the luminance determined from the input data; extracting a
degree of automatic current limit corresponding to the com-
pensation value from a third lookup table; and limiting the
current in response to the extracted degree of the automatic
current limit.

[0013] The method may include measuring a luminance
difference and color coordinates for the generated data;
extracting an offset value for the luminance difference and
color coordinates; and applying the extracted offset value.
The offset value is extracted from a second lookup table, and
the second lookup table includes offset values of red and blue
larger than an offset value of green. Applying of the extracted
offset value may include adjusting a gamma voltage in
response to the offset value, and supplying the adjusted
gamma voltage to the gamma voltage applying unit.

[0014] In accordance with another embodiment, a method
of driving an organic electroluminescent display device
includes generating a luminance value from input data;
adjusting the luminance value based on a first method when
the luminance value is greater than or equal to 10 nits; and
adjusting the luminance value based on a second method
when the luminance value is less than 10 nits, wherein the first
method adjusts a light emission time according to the lumi-
nance value and the second method adjusts the luminance
value based on a light emission time corresponding to the
luminance value of 10 nits and then decreases the luminance
by a percentage by limiting a current.

[0015] The first method may include supplying the lumi-
nance value to a timing controller; extracting a light emission
time value corresponding to the luminance value from a first
lookup table; and controlling a light emission control driver in
response to the extracted light emission time value. The first
lookup table may include light emission times that decrease
from a first luminance value to a second luminance value less
than the first luminance value.

[0016] The second method may include supplying the
luminance value of 10 nits to a timing controller; extracting a
light emission time value corresponding to 10 nits from a first
lookup table; controlling a light emission control driver in
response to the extracted light emission time value; and
decreasing the luminance value by limiting the current.
Decreasing the luminance value may include decreasing ratio
of the luminance value based on the following equation: (the
luminance value of 10 nits—first generated luminance value)
*10%.

[0017] Decreasing the luminance value may include deter-
mining a luminance compensation value from the luminance
generated from the input data; extracting a degree of auto-
matic current limit corresponding to the compensation value
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from a third lookup table; and limiting the current in response
to the extracted degree of the automatic current limit.

[0018] The method may include measuring a luminance
difference and color coordinates for the generated data;
extracting an offset value for the luminance difference and the
color coordinates; and applying the extracted offset value.
The offset value may be extracted from a second lookup table,
and the second lookup table may include offset values of red
and blue larger than an offset value of green.

[0019] Applying of the extracted offset value may include
adjusting a gamma voltage in response to the offset value, and
supplying the adjusted gamma voltage to the gamma voltage
applying unit.

[0020] In accordance with another embodiment, a method
for controlling a display device includes adjusting a lumi-
nance value of input data by a first method when the lumi-
nance value is greater than or equal to a predetermined num-
ber of nits; and adjusting the luminance value by a second
method when the luminance value is less than the predeter-
mined number of nits, wherein the predetermined number of
nits is 10 nits. The first method may reduce the luminance
value by a first predetermined percentage. The second
method may adjust the luminance value to a first value that
corresponds to a predetermined luminance value set for the
predetermined number of nits, and then may reduce the first
value by a second predetermined percentage different from
the first predetermined percentage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0022] FIG. 1illustrates an embodiment of an organic light
emitting display;

[0023] FIG. 2A illustrates an embodiment of a controller of
the display, and F1G. 2B illustrates another embodiment of an
organic light emitting display;

[0024] FIG. 3 illustrates an embodiment of a method for
driving an organic light emitting display;

[0025] FIG. 4 illustrates another embodiment of a method
for driving an organic light emitting display;

[0026] FIG. 5 illustrates another embodiment of a method
for driving an organic light emitting display;

[0027] FIG. 6 illustrates another embodiment of a method
for driving an organic light emitting display;

[0028] FIGS. 7A and 7B illustrate examples of offset val-
ues; and
[0029] FIG. 8 illustrates an embodiment of an automatic

current limiter.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0031] 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
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the other layer or substrate, or intervening layers may also be
present. Further, it will be understood 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 being “between” two layers, it canbe the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0032] FIG. 1 illustrates an embodiment of'an organic light
emitting display. Referring to FIG. 1, the organic light emit-
ting display includes a display unit 100 having a plurality of
pixels, a scan driver 200, a data driver 300, a controller 400,
and a light emission control driver 500.

[0033] Thedisplay unit 100 includes a plurality of pixels 60
connected to a plurality of signal lines. The pixels are may be
arranged, for example, in the form of a matrix. The signal
lines include a plurality of scan lines S1 to Sn transmitting
scan signals, a plurality of data lines D1 to Dm transmitting
data signals, and a plurality of emission control lines E1 to En
transmitting emission control signals. The scan lines S1to Sn
and emission control lines El to En may extend in a row
direction and may be parallel with each other. The data lines
D1 to Dm extend in a column direction and may be parallel to
one another.

[0034] Forillustrative purposes, only one pixel circuit PXiij
is illustrated in FIG. 1. This pixel circuit is connected to an ith
scan line Si, ajth data line Dj, and an ith emission control line
Ei. The remaining pixel circuits may have a structure similar
to pixel PXiij.

[0035] Pixel circuit PXiij includes a light emitting device,
for example, an organic light emitting diode (OLED). The
light-emitting device is connected to a power supply unit
supplying a first voltage ELVDD and power supply unit sup-
plying a second voltage ELVSS. In one embodiment, the
same power supply unit may supply the first and second
voltages. The ends of the OLED are respectively connected to
the first voltage ELVDD and second voltage ELVSS. In
operation, the OLED emits light according to a current flow-
ing between its terminals, e.g., a driving current loled.

[0036] Each pixel circuit generates driving current Ioled
according to an image data signal, first voltage EVLDD, and
second voltage ELVSS. The driving current Ioled is supplied
to the OLED, and the OLED emits light at a luminance
proportional to the driving current loled.

[0037] The scan driver 200 generates a plurality of scan
signals and transmits the scan signals to respective ones ofthe
scan lines S1 to Sn according to a scan driving control signal
from controller 400. In one embodiment, scan driver 200
applies the scan signals to the display unit 100 for each
specific period (for example, a horizontal synchronization
signal (Hsync) period) under control of the scan driving con-
trol signal. The scan signals are signals for transmitting image
data signals to the pixel circuits, by transmitting a signal
activating respective pixels among the plurality of scan lines.

[0038] The data driver 300 receives a plurality of image
data signals from the controller 400, and generates and trans-
mits image data signals in the unit of one pixel row through
respective ones of the D1 to Dm. In one embodiment, the scan
driver 300 applies an image data signal to the display unit 100
for each specific period (for example, a vertical synchroniza-
tion signal (Vsync) period) under control of the data driving
control signal from the controller 400.
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[0039] The controller 400 includes an automatic current
limiter 410, a timing controller 420, a converter 430, a first
lookup table 600. These features will be described in greater
detail below.

[0040] The light emission control driver 500 generates a
plurality of emission control signals, and transmits the emis-
sion control signals to respective ones of the emission control
lines EM1 to Emn according to emission driving control
signals from controller 400. In one embodiment, light emis-
sion control driver 500 applies an emission control signal to
the display unit 100 for each specific period (e.g., a horizontal
synchronization signal (Hsync) period) under control of the
emission driving control signal.
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[0046] The timing controller 420 extracts a light emission
time value from the first lookup table 600 in response to the
luminance value Y. That is, the light emission time value
corresponding to luminance value Y may be stored inadvance
in first lookup table 600. In one embodiment, the first lookup
table 600 may be set so that light emission times decrease
with decreasing luminance values.

[0047] In one example implementation, the light emission
time value corresponding to the luminance value stored in the
first lookup table may be represented by Table 1. In this table,
light emission times are provided for low luminance values of
2 nits to 10 nits. Also, AOR in Table 1 means an AID off ratio.
That is, AOR is a ratio of non-light emission time.

TABLE 1
Luminance 10 nit 9 nit 8 nit 7 nit 6 nit 5 nit 4 nit 3nit  2nit
AOR 90.6% 92.1% 93.0% 93.8% 94.7% 953% 963% 97.2% 98%

[0041] The emission control signals control an emission
duty cycle ratio of respective ones of the pixels. The emission
duty cycle ratio may be controlled by the emission driving
control signal, which may include information indicative of
an off-duty width of a pulse calculated for adjusting lumi-
nance. In one embodiment, the emission driving control sig-
nal is formed by extracting a light emission time value for
each luminance from first lookup table 600. The light emis-
sion control driver 500 is the controlled in accordance with
the light emission time value by the timing controller 420.
[0042] That is, the light emission control driver 500 imple-
ments luminance through impulsive driving. Impulsive driv-
ing is a method for adjusting a driving on/off time for each of
a plurality of luminance values. In one application of this
method, black data may be inserted in applied data to adjust
luminance.

[0043] The controller 400 receives an image data signal
DATAT1, a horizontal synchronization signal Hsync, a vertical
synchronization signal Vsync, and a main clock signal
MCLK from an external source. The controller 400 outputs
an image data signal, which is converted in response to the
scan driving control signal, data driving control signal, emis-
sion driving control signal, and image data signal DATA1. An
image is then displayed on display unit 100 based on the
image data signal DATAL.

[0044] As previously indicated, the controller 400 includes
automatic current limiter 410, timing controller 420, and
converter 430. The converter 430 generates a luminance value
Y based on data Data. In one embodiment, converter 430
generates luminance value Y based on Equation 1.

Y=KrxR+KgxKbxB [0y]

In Equation 1, Kr, Kg, and Kb are constants and R, G, and B
correspond to red data, green data, and blue data, respectively.
Constants Kr, Kg, and Kb may be set to various values, for
example, in accordance with a luminance contribution of the
red, green, and blue data. In one non-limiting implementa-
tion, Kr is set to 0.2, Kg is set to 0.7, and Kb is set to 0.1.
[0045] Converter 430 extracts luminance valueY of at least
one frame, and supplies the extracted luminance value Y to
timing controller 420. For example, converter 430 may
extract luminance valueY corresponding to data of one frame
or two frames, and may supply the extracted luminance value
Y to timing controller 420.

[0048] Thetiming controller420 extracts the light emission
time value from the first lookup table 600 and controls the
light emission control driver 500 so that a width of the emis-
sion control signal may be adjusted in response to the light
emission time value. In one embodiment, the light emission
control driver 500 controls the width of the emission control
signal so that the light emission time of pixels 60 are adjusted
in response to control of the timing controller 420.

[0049] In example corresponding to Table 1, the lowest
luminance value stored in the first lookup table is 2 nits. That
1s, a light emission time value is stored in the first lookup table
when the luminance is 2 nits, and a light emission time value
is not stored in this table when luminance is 1 nit. A light
emission time value is not stored for 1 nit because, when
luminance of 1 nit is implemented by adjusting the light
emission time value, off-duty ratio reaches 99%. As a result,
spot for each cell is increased and distribution of color devia-
tion is increased. That s, it is not easy to implement the lowest
luminance of 1 nit by adjusting the light emission time.

[0050] Accordingly, in one embodiment, luminance is con-
trolled using the timing controller 420 and the first lookup
table 600, in which the light emission time is stored up to the
luminance of 2 nits, but luminance of 1 nit may be controlled
by a different method.

[0051] As described above, the method of controlling lumi-
nance up to 2 nits may be referred to as a Dynamic AID
method. (AID is an abbreviation of AMOLED Impulsive
Driving). The Dynamic AID method may implement low
luminance by changing a pulse width of an emission signal
and increasing an AID off ratio. However, for a luminance of
1 nit, a different control method may be used. For example, a
luminance of 1 nit may be implemented adopting both the
Dynamic AID and an automatic current limit (ACL). Herein-
after, this will be particularly described.

[0052] When an image signal of one frame makes a whole
screen emit light with high luminance, automatic current
limiter 410 may reduce luminance of the whole screen by
applying an algorithm of limiting a current (automatic current
limit, hereinafter, referred to as the “ACL”"). The ACL method
may determine an average luminance value of an organic light
emitting display panel by adding total data values to be dis-
played on the organic light emitting display panel, and then
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limiting driving current by adjusting an emission section
according to the luminance value or by changing the image
data itself.

[0053] FIG. 8 illustrates one example of automatic current
limiter 410. Referring to FIG. 8, the automatic current limiter
410 includes a luminance calculation unit 412, a third lookup
table 414, and a data compensating unit 416. The automatic
current limiter 410 receives a luminance value from converter
430 and transmits the luminance value to the luminance cal-
culation unit 412. The luminance calculation unit 412 adds up
total luminance data for each frame, calculates an average
value, and determines a compensation luminance value AY
according to the calculated average value. The compensation
luminance value is stored in the third lookup table 414. The
data compensating unit 416 compensates for the data with the
compensation luminance value and outputs the data as a
compensated image data signal.

[0054] In the present embodiment, automatic current lim-
iter 410 implements the lowest luminance of 1 nit using the
automatic current limiter 410. That is, when it is desired to
implement a luminance of 1 nit, the light emission time value
corresponding to the luminance value of 2 nits is extracted
from the first lookup table 600. Then, the current is limited so
that the luminance value is decreased by a predetermined
percentage (e.g., 50%) using the automatic current limiter
410. The current limit value is stored in the third lookup table
414. In this case, the limited current value is applied to
ELVDD. That is, in a case where a voltage of the ELVDD side
is decreased, a current output from the driving transistor is
decreased. As a result, a current flowing in the OLED is
decreased. A luminance decreased by 50% may therefore be
implemented by decreasing the current. In other embodi-
ments, luminance may be decreased by a different percent-
age.

[0055] Inthe present embodiment, in order to stably imple-
ment low luminance, a luminance of 2 nits or more is imple-
mented by adjusting an off duty cycle width of the emission
control signal, that is, light emission time. A luminance of 1
nit is implemented by applying the same light emission time
as that of 2 nits and then limiting the current so that luminance
is decreased by 50% using automatic current limiter 410.
Accordingly, it is possible to prevent the AID off ratio from
being excessively increased in the case where luminance of 1
nit is to be implemented. As a result, spot and color deviation
may be avoided and a lowest luminance may be more stably
implemented.

[0056] FIG. 3 illustrates an embodiment of a method for
driving an organic electroluminescent display device. Refer-
ring to FIG. 3, initially, data Data is input to controller 400
from an external source (S100). The data input to the control-
ler 400 is input to the converter, and a luminance valueY of at
least one frame is extracted from the converter 430 (S110).
[0057] A determination is then made as to whether the
extracted luminance value is equal to or larger than a prede-
termined number of nits (§120). The predetermined number
of nits may be 2 nits or a different number of nits. When the
extracted luminance value is equal to or larger than 2 nits, the
extracted luminance valueY is supplied to the timing control-
ler 420. The timing controller 420 receives the luminance
valueY and extracts a light emission time value from the first
lookup table 600 in response to the luminance value 'Y (S130).
[0058] The timing controller 420 controls the light emis-
sion control driver 500 so that the pixels 60 emit light for the
light emission time. Then, the light emission control driver
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500 generates an emission control signal having a width
corresponding to the light emission time value. Further, the
timing controller 420 realigns data supplied thereto and sup-
plies the realigned data Data to the data driver 300. The data
driver 300 receives the data Data and selects a gamma voltage
corresponding to a gray scale value of the data Data and
generates a data signal (S160).

[0059] When the luminance value extracted from converter
430 is less than 2 nits, the converter supplies the luminance
value of the predetermined number of (e.g., 2) nits to the
timing controller 420 and the automatic current limiter 410.
The timing controller 420 receives the luminance value and
extracts a light emission time value corresponding to the
luminance value of 2 nits (S140). The timing controller 420
controls the light emission control driver 500 so that the pixels
60 emit light for the light emission time. Then, the light
emission control driver 500 generates the emission control
signal having a width corresponding to the light emission
time value of 2 nits.

[0060] The automatic current limiter 410 receives the lumi-
nance value extracted from the converter 430 and compen-
sates for data by limiting a current so that the calculated
luminance value becomes a predetermined percentage
(5150), e.g., 50%. The percentage may be a different value in
other embodiments. The current limit value is stored in the
third lookup table 414. The automatic current limiter 410
applies the limited current value to the EVLDD to adjust the
quantity of the current.

[0061] The timing controller 420 realigns data provided
thereto and supplies the realigned data Data to data driver
300. The data driver 300 receives the data Data and selects a
gamma voltage corresponding to a gray scale value of the data
Data and generates a data signal (S160).

[0062] FIG. 2B illustrates another embodiment of an
organic light emitting display according to another exemplary
embodiment of the present invention, and FIG. 2A is an
enlarged view of controller 400 in FIG. 2B. FIG. 4 illustrates
another embodiment of a method for driving an organic light
emitting display. This method may be similar to that
described with reference to FIGS. 1 and 3, with the following
exceptions.

[0063] Referring to FIG. 2B, the organic light emitting
display device includes a display unit 100 having a plurality
of pixels, a scan driver 200, a data driver 300, and a controller
400. The display unit 100 includes a plurality of signal lines
S1 to Sn, D1 to Dm, and E1 to En, and a plurality of pixels 60
connected to the plurality of signal lines and approximately
arranged in a matrix form.

[0064] The scan driver 200 generates a plurality of scan
signals and transmits the generated scan signals to respective
scan lines S1 to Sn according to a scan driving control signal
from controller 400.

[0065] The data driver 300 receives a plurality of image
data signals from controller 400, and generates and transmits
a plurality of image data signals in the unit of one pixel row
through respective data lines D1 to Dm.

[0066] The light emission control driver 500 generates a
plurality of emission control signals, and transmits the emis-
sion control signals to respective emission control lines El to
En according to the emission driving control signal from
controller 400.

[0067] As illustrated in FIG. 2A, the controller 400
includes a converter 430, an automatic current limiter 410, a
timing controller 420, a first lookup table 600, an emission
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control line driver 500, an image analyzer 700, a reference
offset value setting unit 800, a second lookup table 810, a
gamma voltage adjusting unit 900, and a gamma voltage
applying unit 910.

[0068] The converter 430 generates a luminance valueY by
using data Data. The converter 430 extracts the luminance
value Y of at least one frame, and supplies the luminance
value Y to the timing controller 420. The timing controller
400 extracts a light emission time value from the first lookup
table 600 in response to the luminance value Y. The light
emission time value is stored in the first lookup table 600.
[0069] Thetiming controller 420 extracts the light emission
time value from the first lookup table 600 and controls the
light emission control driver 500 so that a width of the emis-
sion control signal is adjusted in response to the light emis-
sion time value.

[0070] The organic light emitting display further includes a
luminance correcting system in controller 400. The lumi-
nance correcting system includes image analyzer 700, refer-
ence offset value setting unit 800, gamma voltage adjusting
unit 900, and gamma voltage applying unit 910. Image ana-
lyzer 700 is connected to data driver 300.

[0071] The image analyzer 700 analyzes an image dis-
played in a pixel unit and measures luminance and color
coordinates for reference gray scale data. In one embodiment,
the image analyzer 700 includes a measuring unit 710, a color
coordinate determining unit 720, and a luminance comparing
unit 730. The measuring unit 710 measures chromaticity and
luminance of the image. The color coordinates determining
unit 720 receives the measured chromaticity from the mea-
suring unit 720 and determines color coordinates. The lumi-
nance comparing unit 730 receives the measured luminance
from the measuring unit 710, and calculates a luminance
difference between preset target luminance and the measured
luminance.

[0072] The reference offset value setting unit 800 receives
information indicative of the color coordinates and the lumi-
nance difference, and then sets a reference offset value for
reference gray scale data in response to a result of an image
analysis performed by the image analyzer 700.

[0073] In one embodiment, the reference offset value set-
ting unit 800 sets a reference luminance offset value to adjust
luminance in response to the luminance difference between
the target luminance for the reference gray scale value and the
measured luminance obtained by the luminance comparing
unit 730. The color coordinate determining unit 720 may set
a reference color coordinate offset value so that chromaticity
is adjusted to correspond to the color coordinates for the
obtained reference gray scale value.

[0074] For example, the reference offset value setting unit
800 may set a gamma adjusting value to compensate for a
luminance difference between the target luminance and the
measured luminance as the reference luminance offset value.
The reference offset value setting unit 800 may also set acolor
coordinate movement value, to compensate for color coordi-
nates distorted as a result of luminance correction, a process,
and/or other effects, as the reference color coordinate offset
value.

[0075] Thereference offset value setting unit 800 may store
the offset value corresponding to the luminance difference
and/or the color coordinate in the second lookup table 810
connected to the reference offset value setting unit 800.
[0076] In one embodiment, larger offset values of red and
blue are stored in the second lookup table instead of green.
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Larger offset values may be stored for these colors because
green exhibits large sensitivity in a low gray scale region, and
the offset of green may exert a larger influence on luminance,
as well as for the color coordinates. Accordingly, the offset
values of red and blue may be larger than the offset value of
green stored in the second lookup table.

[0077] FIGS. 7A and 7B show examples of offset values
that may be stored in the second lookup table. Referring to
FIGS. 7A and 7B, the offset values of red and blue are larger
than the offset values of green. That is, in the present embodi-
ment, the color coordinates and the luminance are mainly
corrected using red and blue.

[0078] The gamma voltage adjusting unit 900 adjusts the
reference gamma voltage for the reference grayscale in
response to the reference offset value set by the reference
offset value setting unit 800. The adjusted reference gamma
voltage are then supplied to the gamma voltage applying unit
910.

[0079] Further, the gamma voltage adjusting unit 900 may
correct chromaticity by adjusting the color coordinates using
the reference color coordinate offset value. In one embodi-
ment, correction of the chromaticity may be simultaneously
performed with luminance correction in response to the
analysis result of the image. Alternatively, correction may be
performed by analyzing the image corresponding to the lumi-
nance correction result, and then adjusting the color coordi-
nates after the luminance correction is first performed. In this
case, it is possible to correct the color coordinates distorted by
luminance correction, to more effectively correct character-
istic deviation of the panel.

[0080] The gamma voltage applying unit 910 applies the
gamma voltage corrected through the gamma voltage adjust-
ing unit 900 (that is, the reference gamma voltage corrected in
accordance with the reference grayscale) to the data driver.
The corrected reference gamma voltage may be implemented
by adding the reference gamma voltage and the reference
offset value in the manner previously described.

[0081] FIG. 4 illustrates another embodiment of a method
for driving an organic electroluminescent display device. For
illustrative purposes, this embodiment will be described with
reference to FIGS. 2A and 2B. Initially, data Data is input to
the controller 400 from an external system (S400). The data
input to the controller 400 is input to the converter, and a
luminance value Y of at least one frame is extracted from the
converter 430 (S410).

[0082] A determination is then made as to whether the
extracted luminance value is equal to or larger than a prede-
termined number of nits (S420). The predetermined number
of nits may be 2 nits or a different number of nits. When the
extracted luminance value is equal to or larger than a prede-
termined number of nits (e.g., 2 nits), the extracted luminance
value Y is supplied to the timing controller 420. The timing
controller 420 receives the luminance value Y and extracts a
light emission time value from the first lookup table 600 in
response to the luminance value Y (S430).

[0083] The timing controller 420 controls the light emis-
sion control driver 500 so that pixels 60 emit light for the light
emission time. Then, the emission control driver 500 gener-
ates an emission control signal having a width corresponding
to the light emission time value. The timing controller 420
realigns data provided thereto and supplies the realigned data
Data to data driver 300. The data driver 300 receives the data
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Data and selects a gamma voltage corresponding to a gray
scale value of the data Data and generates a data signal
(5460).

[0084] When the luminance value extracted from the con-
verter 430 is less than 2 nits, the converter supplies the lumi-
nance value of the predetermined number of (e.g., 2) nits to
the timing controller 420 and automatic current limiter 410.
The timing controller 420 receives the luminance value and
extracts a light emission time value corresponding to the
luminance value of 2 nits (S440).

[0085] The timing controller 420 controls the light emis-
sion control driver 500 so that pixels 60 emit light for the light
emission time. Then, the emission control driver 500 gener-
ates the emission control signal having a width corresponding
to the light emission time value.

[0086] The automatic current limiter 410 receives the lumi-
nance value extracted from the converter 430 and compen-
sates for data by limiting a current, so that the calculated
luminance value is reduced by a predetermined percentage
(S450). The predetermined percentage may be 50% or
another percentage. The limited current is applied to the
ELVDD power source.

[0087] The timing controller 420 realigns data provided
thereto and supplies the realigned data Data to data driver
300. The data driver 300 receiving the data Data selects a
gamma voltage corresponding to a grayscale of the data Data
and generates a data signal (S460).

[0088] The generated data signal is input to the image ana-
lyzer 700, and measuring unit 710 of the image analyzer
measures a luminance difference and color coordinates for
the data signal (S470). The luminance difference and color
coordinates are input to the reference offset setting unit §00,
and an offset value corresponding to the luminance difference
and color coordinates is extracted from the second lookup
table 810 (5480). The offset values of red and blue stored in
second lookup table 810 may be larger than the offset value of
green.

[0089] The extracted offset value is input to the gamma
voltage adjusting unit 900, to generate the gamma voltage
based on the offset value (S490). The gamma voltage is input
from the gamma voltage applying unit 910 to the data driver
(S495).

[0090] FIGS. 5 and 6 illustrate additional embodiments ofa
method for driving an organic electroluminescent display
device. The methods in FIGS. 5 and 6 are similar to the
method in FIGS. 3 and 4, with certain exceptions noted below.
[0091] Themethod of FIGS. 3 and 4 implements luminance
up to 2 nits by dynamic AID and implements luminance of 1
nit by applying an automatic current limit (ACL) method to
the dynamic AID. However, in the methods of FIGS. 5 and 6,
luminance is implemented up to 10 nits by the dynamic AID,
and luminance lower than 10 nits is implemented by differ-
ently applying the automatic current limit (ACL) to the
dynamic AID for each luminance level.

[0092] Referring to FIG. 5, initially, data Data is input to
controller 400 from an external system (S200). The data input
to controller 400 is input to the converter, and a luminance
value Y of at least one frame is extracted from the converter
430 (S210).

[0093] A determination is then made as to whether the
luminance value is greater than or equal to 10 nits (S220).
When the extracted luminance value is greater than 10 nits,
the extracted luminance valueY is supplied to timing control-
ler 420. The timing controller 420 receives the luminance
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value Y and extracts a light emission time value from the first
lookup table 600 in response to the luminance value Y (5230).
[0094] The timing controller 420 controls the light emis-
sion control driver 500 so that pixels 60 emit light for the light
emission time. Then, the light emission control driver 500
generates the emission control signal having a width corre-
sponding to the light emission time value. Further, the timing
controller 420 realigns data provided thereto and provides the
data driver 300 with the realigned data Data. The data driver
300 receives the data Data and selects a gamma voltage cor-
responding to a gray scale value of the data Data and gener-
ates a data signal (S260).

[0095] When the luminance value extracted from the con-
verter 430 is less than or equal to 10 nits, the converter
supplies the luminance value of 10 nits to the timing control-
ler 420 and automatic current limiter 410. The timing con-
troller 420 receives the luminance value and extracts a light
emission time value corresponding to 10 nits from the first
lookup table 600 in response to each luminance value (5240).
[0096] The timing controller 420 controls the light emis-
sion control driver 500 so that pixels 60 emit light for the light
emission time. Then, the light emission control driver 500
generates the emission control signal having a width corre-
sponding to the light emission time value.

[0097] The automatic current limiter 410 receives the lumi-
nance value of 10 nits from the converter 430 and compen-
sates for the data, so that the luminance value becomes a
target luminance value by limiting a current (S250). In this
case, the automatic current limiter controls the current so that
the luminance of 10 nits reaches the target luminance, that is,
the luminance value first extracted by the converter. The
limited current is applied to the ELVDD power source.
[0098] A degree of the automatic current limit (ACL) may
be adjusted to a degree corresponding to each luminance
level, for example, by setting a degree of the automatic cur-
rent limit (ACL) at 10 nits to be a predetermined percentage
(e.g., 0%) and a degree of the automatic current limit (ACL),
so that the luminance of 10 nits is recognized as the luminance
of 1 nit to be, for example, 90%.

[0099] That is, when the luminance value extracted by the
converter is 9 nits, the luminance of 10 nits is input to the
automatic current limiter 410 and timing controller 420. The
timing controller generates the emission control driving sig-
nal corresponding to the luminance of 10 nits. The automatic
current limiter 410 controls the degree of the automatic cut-
rent limit (ACL) to 10%, so that the luminance of 10 nits is
recognized as the luminance of 9 nits, thereby implementing
the luminance of 9 nits.

[0100] Referring to FIG. 6, initially, data Data is input to
controller 400 from an external source (S600). The data input
to the controller 400 is input to the converter, and a luminance
value Y of at least one frame is extracted from the converter
430 (S610).

[0101] A determination is made as to whether the lumi-
nance value is greater than or equal to 10 nits (S620). When
the extracted luminance value is larger than 10 nits, the
extracted luminance value Y is supplied to timing controller
420. The timing controller 420 extracts a light emission time
value from the first lookup table 600 in response to the lumi-
nance value Y (5630).

[0102] The timing controller 420 controls the light emis-
sion control driver 500 so that pixels 60 emit light for the light
emission time. Then, the light emission control driver 500
generates the emission control signal having a width corre-
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sponding to the light emission time value. Further, the timing
controller 420 realigns data provided thereto and supplies the
realigned data Data to the data driver 300. The data driver 300
receives the data Data and selects a gamma voltage corre-
sponding to a grayscale of the data Data and generates a data
signal (S660).

[0103] When the luminance value extracted from the con-
verter 430 is equal to or less than 10 nits, the converter
supplies the luminance value of 10 nits to the timing control-
ler 420 and automatic current limiter 410. The timing con-
troller 420 extracts a light emission time value corresponding
to 10 nits from the first lookup table 600 in response to each
luminance value (5640).

[0104] The timing controller 420 controls the light emis-
sion control driver 500, so that pixels 60 emit light for the light
emission time. Then, the light emission control driver 500
generates the emission control signal having a width corre-
sponding to the light emission time value.

[0105] Theautomatic current limiter 410 receives the lumi-
nance value of 10 nits from the converter 430 and compen-
sates for the data, so that the luminance value becomes a
target luminance value by limiting a current (S650). The
automatic current limiter controls the current so that the lumi-
nance of 10 nits reaches the target luminance, that is, the
luminance first extracted by the converter. In this case, a
decrease ratio of the luminance by the current limit is (10
nits—input luminance)*10%. That is, when the input lumi-
nance is 7 nits, the light emission control driver generates the
emission control signal corresponding to 10 nits. The lumi-
nance is then decreased by 30% (10 nits-7 nits)*10%=30%)
by the automatic current limiter to implement 7 nits.

[0106] That is, a degree of the automatic current limit
(ACL) may be adjusted to a degree corresponding to each
luminance level, by setting a degree of the automatic current
limit (ACL) at 10 nits to be a predetermined percentage (e.g.,
0%) and a degree of the automatic current limit (ACL) (=lu-
minance decrease ratio) so that the luminance of 10 nits is
recognized as the luminance of 1 nit to be, for example, 90%.
The limited current value is applied to the ELVDD power
source.

[0107] The timing controller 420 realigns data provided
thereto and supplies the realigned data Data to data driver
300. The data driver 300 receives the data Data and selects a
gamma voltage corresponding to a gray scale value ofthe data
Data and generates a data signal (S660).

[0108] The generated data signal is input to the image ana-
lyzer 700, and the measuring unit 710 of the image analyzer
measures luminance difference and color coordinates for the
data signal (S670). The luminance difference and color coor-
dinates are input to the reference offset value setting unit §00.
The offset value corresponding to the luminance difference
and color coordinates is then extracted from the second
lookup table 810 (S680). The offset values of red and blue
may be larger than the offset value of green.

[0109] The extracted offset value is input to the gamma
voltage adjusting unit, so that the offset value is applied
(8690). The gamma voltage is input from the gamma voltage
applying unit to the data driver (S695).

[0110] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
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ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A method of driving an organic electroluminescent dis-
play device, the method comprising:

determining a luminance value from input data;

adjusting the luminance value by a first method when the

luminance value is greater than or equal to a predeter-
mined number of nits;

adjusting the luminance value by a second method when

the luminance value is less than the predetermined num-
ber of nits; and

generating data to which the first or second method is

applied, wherein the first method adjusts the luminance
value by adjusting light emission time and the second
method adjusts the luminance value based on a light
emission time that corresponds to the predetermined
number of nits and then decreases the luminance value
by a percentage by limiting a current, and wherein the
predetermined number of nits is between 2 nits and 10
nits inclusive.

2. The method as claimed in claim 1, wherein the first
method includes:

supplying the luminance value to a timing controller;

extracting a light emission time value corresponding to the

luminance value from a first lookup table; and
controlling a light emission control driver in response to
the extracted light emission time value.

3. The method as claimed in claim 2, wherein the first
lookup table includes light emission times that decrease from
a first luminance value to a second luminance value less than
the first luminance value.

4. The method as claimed in claim 1, wherein the second
method includes:

supplving luminance of the predetermined number of nits

to a timing controller;

extracting a light emission time value corresponding to the

predetermined number of nits from a first lookup table;
controlling a light emission control driver in response to
the extracted light emission time value; and

decreasing the luminance by the percentage by limiting a

current.

5. The method as claimed in claim 4, wherein:

the first lookup table includes light emission times that

decrease with decreasing luminance, and

a smallest luminance in the first lookup table corresponds

to the predetermined number of nits.

6. The method as claimed in claim 4, wherein decreasing
the luminance by the percentage includes:

determining a luminance compensation value from the

luminance determined from the input data;

extracting a degree of automatic current limit correspond-

ing to the compensation value from a third lookup table;
and

limiting the current in response to the extracted degree of

the automatic current limit.
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7. The method as claimed in claim 1, further comprising:

measuring a luminance difference and color coordinates

for the generated data;

extracting an offset value for the luminance difference and

color coordinates; and

applying the extracted offset value.

8. The method as claimed in claim 7, wherein:

the offset value is extracted from a second lookup table,

and

the second lookup table includes offset values of red and

blue larger than an offset value of green.

9. The method as claimed in claim 7, wherein applying of
the extracted offset value includes:

adjusting a gamma voltage in response to the offset value,

and

supplying the adjusted gamma voltage to the gamma volt-

age applying unit.

10. A method of driving an organic electroluminescent
display device, the method comprising:

generating a luminance value from input data;

adjusting the luminance value based on a first method when

the luminance value is greater than or equal to 10 nits;
and

adjusting the luminance value based on a second method

when the luminance value is less than 10 nits, wherein
the first method adjusts a light emission time according
to the luminance value and the second method adjusts
the luminance value based on a light emission time
corresponding to the luminance value of 10 nits and then
decreases the luminance by a percentage by limiting a
current.

11. The method as claimed in claim 10, wherein the first
method includes:

supplying the luminance value to a timing controller;

extracting a light emission time value corresponding to the

luminance value from a first lookup table; and
controlling a light emission control driver in response to
the extracted light emission time value.

12. The method as claimed in claim 11, wherein the first
lookup table includes light emission times that decrease from
a first luminance value to a second luminance value less than
the first luminance value.

13. The method as claimed in claim 10, wherein the second
method includes:

supplying the luminance value of 10 nits to a timing con-

troller;

extracting a light emission time value corresponding to 10

nits from a first lookup table;

controlling a light emission control driver in response to

the extracted light emission time value; and

decreasing the luminance value by limiting the current.
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14. The method as claimed in claim 13, wherein decreasing
of the luminance value includes decreasing ratio of the lumi-
nance value based on the following equation: (the luminance
value of 10 nits—first generated luminance value)*10%.

15. The method as claimed in claim 14, wherein decreasing
the luminance value includes:

determining a luminance compensation value from the

luminance generated from the input data;

extracting a degree of automatic current limit correspond-

ing to the compensation value from a third lookup table;
and

limiting the current in response to the extracted degree of

the automatic current limit.

16. The method as claimed in claim 10, further comprising:

measuring a luminance difference and color coordinates

for the generated data;

extracting an offset value for the luminance difference and

the color coordinates; and

applying the extracted offset value.

17. The method as claimed in claim 16, wherein:

the offset value is extracted from a second lookup table,

and

the second lookup table includes offset values of red and

blue larger than an offset value of green.

18. The method as claimed in claim 17, wherein applying
of the extracted offset value includes:

adjusting a gamma voltage in response to the offset value,

and

supplying the adjusted gamma voltage to the gamma volt-

age applying unit.

19. A method for controlling a display device, the method
comprising:

adjusting a luminance value of input data by a first method

when the luminance value is greater than or equal to a
predetermined number of nits; and

adjusting the luminance value by a second method when

the luminance value is less than the predetermined num-
ber of nits, wherein the predetermined number of nits is
10 nits.

20. The method as claimed in claim 19, wherein:

the first method reduces the luminance value by a first

predetermined percentage; and

the second method adjusts the luminance value to a first

value that corresponds to a predetermined luminance
value set for the predetermined number of nits and then
reduces the first value by a second predetermined per-
centage different from the first predetermined percent-
age.
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