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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2012-0142946, filed on Dec. 10,
2012 which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND
[0002] 1. Field of Technology
[0003] The present invention relates to an organic light

emitting diode (OLED) display device and a method for
driving the same, which are capable of simplifying the con-
figuration of an overcurrent prevention circuit while prevent-
ing overcurrent generation in an image display panel, and
achieving a reduction in production costs.

[0004] 2. Discussion of the Related Art

[0005] Among flat panel display devices, which are an area
of great interest at present, there are different types of flat
panel display devices such as a liquid crystal display (LCD)
device, a field emission display (FED) device, a plasma dis-
play panel (PDP) device, an organic light emitting diode
(OLED) display device, etc. Among such flat panel display
devices, the OLED display device is usefully applied to
mobile communication appliances such as smartphones or
tablet computers because it exhibits high luminance, and
employs a low drive voltage while having an ultra-slim struc-
ture.

[0006] SuchanOLED display deviceincludes a plurality of
pixels. Each pixel includes an OLED pixel including an
anode, a cathode, an organic light emitting layer formed
between the anode and the cathode, and a pixel circuit for
independently driving the OLED pixel. The OLED display
device also includes a driving control circuit for driving
respective pixel circuits of the pixels.

[0007] Inthe OLED display device, a predetermined refer-
ence gamma voltage is sub-divided into gamma voltages for
different grayscales. Using the sub-divided gamma voltages
for different grayscales, digital data is converted into analog
data signals (current or voltage signals). The analog data
signals are supplied to respective pixel circuits, to enable an
image to be displayed through the OLED pixels.

[0008] The luminance of each OLED pixel is determined
by an amount of current flowing through the OLED pixel.
Accordingly, when the brightness of an image to be displayed
is increased, an increased amount of current flows through the
OLED pixel. When the consumption of current in the OLED
pixel is increased, power consumption of the OLED display
panel is inevitably increased. As current consumption
increases, the OLED display panel lifespan may be
decreased.

[0009] In conventional cases, a frame current amount is
controlled by storing image data in units of at least one frame,
and setting maximum brightness in accordance with bright-
ness degrees of the stored frame data such that an image is
displayed at lower brightness than the maximum brightness.
[0010] However, the conventional frame current amount
control method requires a separate memory to store frame
data until digital data is modulated into an analog signal after
setting of maximum brightness. For this reason, circuit con-
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figurations are complicated, and costs are increased. Further-
more, the time taken to modulate image data in accordance
with maximum brightness on a per frame basis is lengthened.

SUMMARY

[0011] Accordingly, the present invention is directed to an
organic light emitting diode display device and a method for
driving the same that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.
[0012] An object of the present invention is to provide an
organic light emitting diode (OLED) display device and a
method for driving the same, which are capable of simplify-
ing the configuration of an overcurrent prevention circuit
while preventing overcurrent generation at an image display
panel, and achieving a reduction in production costs.

[0013] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0014] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an organic light emitting diode
display device includes an image display panel including a
plurality of pixel regions, a data driver for driving data lines of
the image display panel, an image data converter for analyz-
ing image data input from outside of the device, to reduce a
possibility of overcurrent generation and to prevent overcur-
rent generation, modulating image data and a grayscale volt-
age level (or a gamma voltage level) of a next frame when
overcurrent is generated, and outputting the modulated image
data and the modulated grayscale voltage (or the modulated
gamma voltage), and a timing controller for arranging the
image data from the image data converter to match a size of
the image display panel, supplying the arranged image data to
the data driver, and generating a data control signal to control
the data driver.

[0015] The image data converter may include a data ana-
lyzer for analyzing grayscale distribution of the image data
sequentially input to the image data converter in a unit of one
frame, a gain value setting unit for extracting an average or
maximum luminance value in a unit of one frame, using the
analyzed grayscale distribution, calculating a luminance cor-
rection gain value sufficient to prevent a current generated
through reproduction of the image data from exceeding a
predetermined reference current amount, using an initial gain
value according to the extracted average or maximum lumi-
nance value, and outputting the calculated luminance correc-
tion gain value, a luminance correction controller for analyz-
ing luminance correction gain values extracted from the
image data and previous frames, determining, based on
results of the analysis, whether correction of display lumi-
nance is required for a reduced possibility of overcurrent
generation, selecting a variation method for the luminance
correction gain value when correction of display luminance is
required, modulating the luminance correction gain value in
accordance with the selected modulation method, and output-
ting the modulated luminance correction gain value, and a
data voltage setting unit for generating the grayscale voltage
(or the gamma voltage) or modulating the grayscale voltage
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level (or the gamma voltage level) in accordance with the
modulated luminance correction gain value, and supplying
the generated or modulated grayscale voltage (or the gener-
ated or modulated gamma voltage) to the data driver.

[0016] The image data converter may further include an
overcurrent prevention unit for detecting an amount of cur-
rent in a unit of at least one horizontal line or on a per frame
basis, comparing the detected current amount with a prede-
termined reference current amount, generating or varying a
data gain value to modulate the image data such that a current
amount of a next frame is equal to or less than the predeter-
mined reference current amount, when it is determined in
accordance with results of the comparison that overcurrent is
generated, and a data modulator for modulating the image
data, using the data gain value, to generate modulated data,
and supplying the modulated data to the timing controller.
[0017] The luminance correction controller may include a
gain correction controller for determining whether modula-
tion of the luminance correction gain value is required, in
accordance with results of the analysis of luminance correc-
tion gain values calculated based upon the image data and
previous frames, selecting a modulation method for the lumi-
nance correction gain value in accordance with results of the
determination, and outputting a selection control signal
according to results of the selection, a correction prevention
unit for directly supplying the luminance correction gain
value without modulation while being controlled in accor-
dance with results of the modulation determination in the gain
correction controller, and a plurality of correction units (or
first to fourth correction units) for selectively modulating the
luminance correction gain value in accordance with different
modulation methods in response to the selection control sig-
nal from the gain correction controller, and outputting the
modulated luminance correction gain value.

[0018] The luminance correction controller may include a
gain correction controller for determining whether modula-
tion of the luminance correction gain value is required, in
accordance with results of the analysis of luminance correc-
tion gain values calculated based upon the image data and
previous frames, selecting a modulation method for the lumi-
nance correction gain value in accordance with results of the
determination, and outputting a selection control signal
according to results of the selection, a correction prevention
unit for directly supplying the luminance cotrection gain
value without modulation, a plurality of correction units (or
first to fourth correction units) for selectively modulating the
luminance correction gain value in accordance with different
modulation methods, and outputting the modulated lumi-
nance correction gain value, and a selection unit for supplying
the luminance correction gain value from the correction pre-
vention unit to the data voltage setting unit or supplying one
of modulated luminance gain values input from the plural
correction units to the data voltage setting unit, in response to
the selection control signal.

[0019] Inanother aspect of the present invention, a method
for driving an organic light emitting diode display device
includes driving data lines of an image display panel includ-
ing a plurality of pixel regions, analyzing image data input
from outside of the device, to reduce a possibility of overcur-
rent generation and to prevent overcurrent generation, modu-
lating image data and a grayscale voltage level (or a gamma
voltage level) of a next frame when overcurrent is generated,
and outputting the modulated image data and the modulated
grayscale voltage (or the modulated gamma voltage), through
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an image data converter, and arranging the image data from
the image data converter to match a size of the image display
panel, supplying the arranged image data to a data driver, and
generating a data control signal to control the data driver.
[0020] The modulating the image data and the grayscale
voltage level (or the gamma voltage level), and the outputting
the modulated image data and the modulated grayscale volt-
age may include analyzing grayscale distribution of the
image data in a unit of one frame, extracting an average or
maximum luminance value in a unit of one frame, using the
analyzed grayscale distribution, calculating a luminance cor-
rection gain value sufficient to prevent a current generated
through reproduction of the image data from exceeding a
predetermined reference current amount, using an initial gain
value according to the extracted average or maximum lumi-
nance value, and outputting the calculated luminance correc-
tion gain value, analyzing luminance correction gain values
extracted from the image data and previous frames, determin-
ing, based on results of the analysis, whether correction of
display luminance is required for a reduced possibility of
overcurrent generation, selecting a variation method for the
luminance correction gain value when correction of display
luminance is required, modulating the luminance correction
gain value in accordance with the selected modulation
method, and outputting the modulated luminance correction
gain value, and generating the grayscale voltage (or the
gamma voltage) or modulating the grayscale voltage level (or
the gamma voltage level) in accordance with the modulated
luminance correction gain value, and supplying the generated
or modulated grayscale voltage (or the generated or modu-
lated gamma voltage) to the data driver.

[0021] The modulating the image data and the grayscale
voltage level (or the gamma voltage level), and the outputting
the modulated image data and the modulated grayscale volt-
age may include detecting an amount of current in a unit of at
least one horizontal line or on a per frame basis, comparing
the detected current amount with a predetermined reference
current amount, generating or varying a data gain value to
modulate the image data such that a current amount of a next
frame is equal to or less than the predetermined reference
current amount, when it is determined in accordance with
results of the comparison that overcurrent is generated, and
modulating the image data, using the data gain value, to
generate modulated data, and supplying the modulated data to
a timing controller.

[0022] The modulating the luminance correction gain
value, and the outputting the modulated luminance correction
gain value may include determining whether modulation of
the luminance correction gain value is required, in accor-
dance with results of the analysis of luminance correction
gain values calculated based upon the image data and previ-
ous frames, selecting a modulation method for the luminance
correction gain value in accordance with results of the deter-
mination, and outputting a selection control signal according
to results of the selection, directly supplying the luminance
correction gain value without modulation in accordance with
control of the selection control signal, and selectively modu-
lating the luminance correction gain value in accordance with
different modulation methods in response to the selection
control signal, and outputting the modulated luminance cor-
rection gain value, by use of a plurality of correction units (or
first to fourth correction units).

[0023] The modulating the luminance correction gain
value, and the outputting the modulated luminance correction
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gain value may include determining whether modulation of
the luminance correction gain value is required, in accot-
dance with results of the analysis of luminance correction
gain values calculated based upon the image data and previ-
ous frames, selecting a modulation method for the luminance
correction gain value in accordance with results of the deter-
mination, and outputting a selection control signal according
to results of the selection, directly supplying the luminance
correction gain value without modulation, selectively modu-
lating the luminance correction gain value in accordance with
different modulation methods, and outputting the modulated
luminance correction gain value, by use of a plurality of
correction units (or first to fourth correction units), and out-
putting the non-modulated luminance correction gain value
or one of modulated luminance gain values input from the
plural correction units in response to the selection control
signal.

[0024] In the OLED display device and the method for
driving the same according to the above-described aspects of
the present invention, overcurrent generation in the image
display panel is detected or estimated and, as such, it may be
possible to prevent overcurrent generation. Accordingly, it
may be possible to achieve an enhancement in the lifespan
and reliability of the product.

[0025] In particular, it may be possible to reduce the pos-
sibility of overcurrent generation without provision of a sepa-
rate image data storage memory. Thus, it may be possible to
achieve simplification of circuit configurations and a reduc-
tion in production costs while preventing overcurrent genera-
tion.

[0026] Itistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and along with the
description serve to explain the principle of the invention. In
the drawings:

[0028] FIG. 1 is a configuration diagram illustrating an
organic light emitting diode (OLED) display device accord-
ing to one embodiment;

[0029] FIG. 2 is a configuration diagram illustrating one
embodiment of an image data converter illustrated in FIG. 1,

[0030] FIG. 3 is a configuration diagram illustrating one
embodiment of a luminance correction controller of FIG. 2;
and

[0031] FIG. 4 is a configuration diagram illustrating
another embodiment of the luminance correction controller
of F1G. 2.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to the pre-
ferred embodiments of the present invention associated with
an organic light emitting diode display device and a method
for driving the same, examples of which are illustrated in the
accompanying drawings.
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[0033] FIG. 1 is a configuration diagram illustrating an
organic light emitting diode (OLED) display device accord-
ing to one embodiment.

[0034] The OLED display device shown in FIG. 1 includes
an image display panel 1 including a plurality of pixel
regions, a gate driver 2 for driving gate lines GL1 to GLn of
the image display panel 1, a data driver 3 for driving data lines
DL1 to DLm of the image display panel 1, and a power
supplier 4 for supplying first and second drive power signals
VDD and GND to power lines PL1 to PLn of the image
display panel 1. The OLED display device also includes an
image data converter for analyzing image data RGB input
from outside of the device, to reduce the possibility of over-
current generation and to prevent overcurrent generation,
modulating (i.e., modifying) image data and a grayscale volt-
age level (or gamma voltage level) of a next frame when
overcurrent is generated, and outputting the modulated image
data and the modulated grayscale voltage set_V, and a timing
controller 5 for arranging image data C_Data from the image
data converter 6 to match the size of the image display panel
1, supplying the arranged image data MData to the data driver
3, and generating gate and data control signals GVS and DVS
to control the gate and gate driver 2 and data driver 3.
[0035] The pixel regions of the display panel 1 are arranged
in the form of a matrix, and a plurality of sub-pixels P are
arranged in each pixel region, to display an image. Each
sub-pixel P includes a light emitting diode, and a diode driv-
ing circuit for independently driving the light emitting diode.
In detail, each sub-pixel P includes a diode driving circuit
connected to one gate line GL, one data line DL, and one
power line PL, and a light emitting diode connected between
the diode driving circuit and the second power signal GND.
[0036] Each diode driving circuit supplies, to the light emit-
ting diode connected thereto, an analog data signal from the
data line DL connected to the diode driving circuit, to charge
the light emitting diode with the analog data signal, and thus
to maintain a light emission state of the light emitting diode.
[0037] The gate driver 2 sequentially generates gate-on
signals in response to gate control signals GVS from the
timing controller 5, for example, a gate start pulse (GSP) and
a gate shift clock (GSC), while controlling the pulse width of
each gate-on signal in accordance with a gate output enable
(GOE) signal. The gate-on signals are sequentially supplied
to respective gate lines GL1 to GLn. In this case, in a period
in which no gate-on signal is supplied, a gate-off signal is
supplied to each of the gate lines GL1 to GLn.

[0038] The data driver 3 converts arranged image data
M_Data from the timing controller 5 into an analog voltage,
namely, an analog image signal, using a source start pulse
(SSP) and a source shift clock (SSC) which are included in
data control signals DVS from the timing controller 5. In
response to a source output enable (SOE) signal, the data
driver 3 also supplies the image signal to each of the data lines
DL1 to DLm. In detail, the data driver 3 latches image data
M_Data received in accordance with the SSC, and generates
image signals having grayscale voltage levels (or gamma
voltage levels) suitable to prevent overcurrent generation in
response to the SOF signal. The data driver 3 then supplies an
image signal corresponding to one horizontal line to each of
the data lines DL1 to DLm at intervals of one horizontal
period, that is, in every horizontal period in which a scan pulse
is supplied to one of the gate lines GL1 to GLn.

[0039] The power supplier 4 supplies the first and second
power signals VDD and GND to the image display panel 1.
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Here, the first power signal VDD means a drive voltage to
drive the light emitting diode, whereas the second power
signal GND means a ground voltage or a low voltage. Due to
a difference between the first power signal VDD and the
second power signal GND, current corresponding to an image
signal may flow through each sub-pixel P.

[0040] The image data converter 6 analyzes the image data
RGB sequentially input thereto, and detects an amount of
current on a per horizontal line basis or on a per frame basis.
The image data converter 6 compares the detected current
amount with a predetermined reference current amount
R_OI, thereby monitoring whether overcurrent is generated.
When the monitoring result indicates that overcurrent is not
generated, the image data converter 6 sequentially supplies
the input image data RGB to the timing controller § without
modification. On the other hand, when the monitoring result
indicates that overcurrent is generated, the image data con-
verter 6 varies a data correction gain value and a luminance
correction gain value, modulates image data of a next frame
using the data correction gain value, and supplies the modu-
lated image data to the data driver 3. Using the varied lumi-
nance correction gain value, the image data converter 6
modulates a grayscale voltage level (or gamma voltage level),
and supplies the modulated grayscale voltage set_V to the
data driver 3.

[0041] In addition, the image data converter 6 analyzes
luminance correction gain values extracted from the image
data RGB sequentially input thereto and previous frames, to
reduce the possibility of overcurrent generation and to pre-
vent overcurrent generation. In other words, the image data
converter 6 sequentially supplies the input image dataRGB to
the timing controller 5 without modification if the analysis
indicates a low possibility of overcurrent generation. How-
ever, when overcurrent is generated or the possibility of over-
current generation is high, the image data converter 6 varies
the luminance correction gain value, modifies the grayscale
voltage level (or gamma voltage level), using the varied lumi-
nance correction gain value, and supplies the modulated gray-
scale voltage set_V to the data driver 3. In this case, the image
data converter 6 also varies the data correction gain value,
modulates image data of a next frame, using the varied data
correction gain value, and supplies the modulated image data
to the data driver 3. The image data converter 6 will be
described later in more detail with reference to the accompa-
nying drawings.

[0042] Thetimingcontroller5 arranges image data C_Data
input from the image data converter 6 to match driving of the
image display panel 1 and then supplies the arranged image
data MData to the data driver 3. The image data C_Data may
be data modulated by a data correction gain value. The timing
controller 5 also generates gate and data control signals GVS
and DVS, using synchronization signals MCLK, DE, Hsync,
and Vsync input from outside of the device, and supplies the
gate and data control signals GVS and DVS to the gate driver
2 and data driver 3, respectively.

[0043] FIG. 2 is a configuration diagram illustrating one
embodiment of the image data converter 6 illustrated in FIG.
1.

[0044] The image data converter 6 illustrated in FIG. 2
includes a data analyzer 11 for analyzing grayscale distribu-
tion HData of the sequentially-input image data RGB on a per
frame basis, and a gain value setting unit 12 for extracting an
average or maximum luminance value on a per frame basis,
using the analyzed grayscale distribution HData, calculating
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a luminance correction gain value gset sufficient to prevent
the current generated through reproduction of the image data
RGB from exceeding a predetermined reference current
amount R_OI, using an initial gain value according to the
extracted average or maximum luminance value. The image
data converter 6 also includes a luminance correction control-
ler 13 for analyzing luminance correction gain values
extracted from the image data RGB and previous frames,
determining, based on the results of analysis, whether correc-
tion of display luminance is required for a reduced possibility
of overcurrent generation, selecting a variation method for the
luminance correction gain value gset when correction of dis-
play luminance is required, varying the luminance correction
gain value gset in accordance with the selected variation
method, and outputting the varied luminance correction gain
value gset, and a data voltage setting unit 14 for generating a
grayscale voltage (or gamma voltage) or modulating (i.e.,
modifying) a grayscale voltage level (or gamma voltage
level) in accordance with the varied luminance correction
gain value, namely, a gain value hg, and supplying the gen-
erated or modulated grayscale voltage (gamma voltage)
set_V to the data driver 3.

[0045] Theimage data converter 6 further includes an over-
current prevention unit 15 for detecting an amount of current
in units of at least one horizontal line or on a per frame basis,
comparing the detected current amount with a predetermined
reference current amount R_OI, generating or varying a data
gain value gset2 to modulate (i.e., modify) the image data
such that the current amount of the next frame is equal to or
less than the predetermined reference current amount R_OI,
when the comparison result indicates that that overcurrent is
generated. The image data converter 6 also includes a data
modulator 16 for modulating the input image data RGB,
using the data gain value gset2 supplied from the overcurrent
prevention unit 15, to generate modulated data C_Data, and
supplying the modulated data C_Data to the timing controller
5

[0046] Thedataanalyzer 11 analyzes grayscale distribution
HData of image data on a per frame basis by counting the
number of grayscale levels of the image data or producing a
histogram of grayscale levels of the image data Data. The data
analyzer 11 then supplies information of the analyzed gray-
scale distribution HData to the gain value setting unit 12.

[0047] The gain value setting unit 12 extracts an average or
maximum luminance value on a per frame basis, using the
analyzed grayscale distribution HData. The gain value setting
unit 12 then calculates a luminance correction gain value gset
sufficient to prevent the current generated through reproduc-
tion of the image data RGB of the current frame from exceed-
ing the predetermined reference current amount R_OI, using
an initial gain value according to the extracted average or
maximum luminance value, to generate the luminance cor-
rection gain value gset. For example, the gain value setting
unit 12 compares the average or maximum luminance value
extracted in accordance with the grayscale distribution HData
or the initial gain value according to the average or maximum
luminance value with the luminance value or gain value deter-
mined in accordance with the predetermined reference cur-
rent amount R_OI When the comparison result indicates that
the extracted average or maximum luminance value is equal
to or less than the luminance value according to the reference
current amount R_OI, a luminance correction gain value of 1
or more may be generated. On the other hand, when the
extracted average or maximum luminance value is greater
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than the luminance value according to the reference current
amount R_OI, a luminance correction gain value less than 1
may be generated.

[0048] The luminance correction controller 13 analyzes
luminance correction gain values gset calculated based upon
the image data RGB and previous frames, and estimates the
possibility of overcurrent generation. In accordance with the
results of estimation, the luminance correction controller 13
determines whether correction of display luminance is
required. Upon determining that display luminance correc-
tion is not required, the luminance correction controller 13
supplies the luminance correction gain value Gset from the
gain value setting unit 12 to the data voltage setting unit 14
without modulation.

[0049] On the other hand, the luminance correction con-
troller 13 selects a modulation method for the luminance
correction gain value gset when overcurrent is generated or
when correction of display Iuminance is required for a
reduced possibility of overcurrent generation. As the modu-
lation method for the luminance correction gain value gset,
there may be a method of directly replacing the luminance
correction gain value gset with a predetermined lower gain
value, a method of reducing the luminance correction gain
value gset by adding a critical value to the gain value gset or
multiplying the gain value gset by a critical value, and a
method of replacing the luminance correction gain value gset
with a luminance correction gain value calculated based upon
previous frames. Thus, the luminance correction controller 13
varies the luminance correction gain value gset, using a
method selected in accordance with the results of analysis of
luminance correction gain values gset calculated based upon
previous frames, and supplies the varied luminance correc-
tion gain value gset to the data voltage setting unit 14.

[0050] Accordingly, the data voltage setting unit 14 gener-
ates grayscale voltages (or gamma voltages) set_V for con-
version of digital image data into analog image signals,
through application of final luminance correction gain values
hg sequentially input from the luminance correction control-
ler 13 in changed state or in unchanged state. The generated
grayscale voltages (or gamma voltages) set_V are supplied to
the data driver 3. The grayscale voltages (or gamma voltages)
set_V may be additionally supplied to the overcurrent pre-
vention unit 15.

[0051] The overcurrent prevention unit 15 of FIG. 2
includes a current calculator 21 for sequentially detecting a
line current amount RI on a per horizontal line basis, and a
data correction controller 22 for comparing the line current
amount RI with the predetermined reference current amount
R_OL, to detect overcurrent, thereby generating a data gain
value gset2. The overcurrent prevention unit 15 also includes
abuffer 23 for storing the current amount of a previous line or
a previous frame in units of at least one horizontal line or at
least one vertical line, and supplying the stored current
amount to the data correction controller 22.

[0052] The overcurrent prevention unit 15 which has the
above-described configuration detects a frame current
amount, based on the line current amount RI calculated in
units of at least one horizontal line, and compares the detected
frame current amount with the predetermined reference cur-
rent amount R_OI. When the comparison result indicates that
overcurrent is generated, the overcurrent prevention unit 15
generates or varies a data gain value gset2 to modulate the
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image data RGB such that the current amount of the next
frame is equal to or less than the predetermined reference
current amount R_QOL

[0053] Accordingly, the data modulator 16 sequentially
modulates the image data RGB, using the data gain value G,
the unit of at least one horizontal line set2 supplied from the
overcurrent prevention unit 15, to generate modulated data
C_Data capable of preventing or reducing overcurrent gen-
eration. The data modulator 16 then supplies the modulated
data C_Data to the timing controller 5.

[0054] FIG. 3 is a configuration diagram illustrating one
embodiment of the luminance correction controller 13 of
FIG. 2.

[0055] Theluminance correction controller 13 illustrated in
FIG. 3 includes a gain correction controller 31 for determin-
ing whether modulation of the luminance correction gain
value gset is required, in accordance with the results of analy-
sis of luminance correction gain values calculated based upon
the image data RGB and previous frames, selecting a modu-
lation method for the luminance correction gain value gset in
accordance with the determination result, and outputting a
selection control signal SCS according to the results of selec-
tion. The luminance correction controller 13 also includes a
correction prevention unit 32 for directly supplying the lumi-
nance correction gain value gset without modulation while
being controlled in accordance with the results of modulation
determination in the gain correction controller 31, and a plu-
rality of correction units (for example, first to fourth correc-
tion units 33 to 36) for selectively modulating the luminance
correction gain value gset in accordance with different modu-
lation methods in response to the selection control signal SCS
from the gain correction controller 31.

[0056] The gain correction controller 31 analyzes lumi-
nance correction gain values calculated based upon the image
data RGB and previous frames. Upon determining that cor-
rection of display luminance is not required, the gain correc-
tion controller 31 generates and outputs a selection control
signal SCS of a particular number of bits, for direct output of
the luminance correction gain value gset.

[0057] Thecorrection prevention unit 32 sets the luminance
correction gain value gset without modulation, and supplies
the set luminance correction gain value gset to the data volt-
age setting unit 14. The correction prevention unit 32
executes setting of the luminance correction gain value gset,
using a correction prevention method of repeatedly re-apply-
ing a previously-calculated previous luminance correction
gain value gset or a correction prevention method of using a
weight average of luminance correction gain values gset cal-
culated based upon previous frames, and supplies the set
luminance correction gain value gset to the data voltage set-
ting unit 14. When images of low grayscales below the refer-
ence current amount R_OI are continuously displayed, or
images are displayed in a current amount lower than the
reference current amount R_OI by a particular level, correc-
tion of display luminance is deemed not to be required,
because the possibility of overcurrent generation is low.
[0058] Upon determining that correction of display lumi-
nance is required, in accordance with analysis of luminance
correction gain values calculated based upon the image data
RGB and previous frames, the gain correction controller 31
selects a modulation method for the luminance correction
gain value gset. In this case, the gain correction controller 31
generates and outputs a selection control signal SCS of a
particular number of bits corresponding to the selected modu-
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lation method. A selected one of the plural correction units
(for example, the first to fourth correction units 33 to 36)
corresponding to the selection control signal SCS of the par-
ticular number of bits modulates the luminance correction
gain value gset using a predetermined modulation method
associated with the selected correction unit and then outputs
the modulated luminance correction gain value gset.

[0059] The case requiring correction of display luminance
is the case in which overcurrent is generated or the possibility
of overcurrent generation is high. As the modulation method
for the luminance correction gain value gset, there may be a
method of directly replacing the luminance correction gain
value gset with a predetermined lower gain value, a method of
reducing the luminance correction gain value gset by adding
a critical value to the gain value gset or multiplying the gain
value gset by a critical value, and a method of replacing the
luminance correction gain value gset with one of the lumi-
nance correction gain values calculated based upon previous
frames.

[0060] When a display image is gradually brightened on a
per frame basis, the luminance gain value thereof'is gradually
lowered. In this case, the gain value required in a preceding
frame is higher than the gain value required in a following
frame. For this reason, the possibility of overcurrent genera-
tion in the following frame is increased. Accordingly, it is
necessary to execute a reduction in gain value in a further
preceding one of frames preceding a frame in which overcur-
rent will be generated. In this case, the gain correction con-
troller 31 should generate and output a selection control sig-
nal SCS, to correct the luminance correction gain value gset in
accordance with a method of directly replacing the luminance
correction gain value gset with a predetermined lower gain
value or a method of reducing the luminance correction gain
value gset by adding a critical value to the gain value gset or
multiplying the gain value gset by a critical value.

[0061] When bright and dark images are periodically
repeated, overcurrent may also be periodically generated. In
this case, it is necessary to maintain the gain value of the
previous frame exhibiting a low luminance gain value,
namely, the previous frame displayed in the form of a bright
image. In this case, the gain correction controller 31 should
generate and output a selection control signal SCS, to correct
the luminance correction gain value gset in accordance with a
method of replacing the luminance correction gain value gset
with a luminance correction gain value calculated based upon
a predetermined one of previous frames or a method of
replacing the luminance correction gain value gset with a
minimum one of luminance correction gain values calculated
based on a predetermined number of previous frames.
[0062] Meanwhile, the plural correction units may include
the first correction unit 33, which replaces the luminance
correction gain value gset with a predetermined low gain
value, and supplies the resultant luminance correction gain
value to the data voltage setting unit 14, the second correction
unit 34, which reduces the luminance correction gain value
gset by adding a critical value to the gain value gset or mul-
tiplying the gain value gset by a critical value, and supplies
the resultant luminance correction gain value to the data
voltage setting unit 14, a third correction unit 35, which
replaces the luminance correction gain value gset with a
luminance correction gain value calculated based upon a pre-
determined one of previous frames, and supplies the resultant
luminance correction gain value to the data voltage setting
unit 14, and the fourth correction unit 36, which replaces the
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luminance correction gain value gset with a minimum one of
luminance correction gain values calculated based on a pre-
determined number of previous frames, and supplies the
resultant luminance correction gain value to the data voltage
setting unit 14. Each of the plural correction units, namely, the
first to fourth correction units 33 to 36, operates upon receiv-
ing a selection control signal SCS having a corresponding
particular number of bits, replaces or generates a luminance
correction gain value gset in accordance with the correspond-
ing method, and supplies the resultant luminance correction
gain value to the data voltage setting unit 14.

[0063] Accordingly, the data voltage setting unit 14
sequentially generates grayscale voltages (gamma voltages)
set_V for conversion of digital image data into analog image
signals through application of final luminance correction gain
values hg input from the luminance correction controller 13 in
changed state or in unchanged state. The grayscale voltages
(gamma voltages) set_V are supplied to the data driver 3, to
prevent overcurrent generation.

[0064] FIG. 4 is a configuration diagram illustrating
another embodiment of the luminance correction controller
of FIG. 2.

[0065] Theluminance correction controller 13 illustrated in
FIG. 4 includes a gain correction controller 31 for determin-
ing whether modulation of the luminance correction gain
value gset is required, in accordance with the results of analy-
sis of luminance correction gain values calculated based upon
the image data RGB and previous frames, selecting a modu-
lation method for the luminance correction gain value gset in
accordance with the determination result, and outputting a
selection control signal SCS according to the results of selec-
tion, and a correction prevention unit 32 for directly supply-
ing the luminance correction gain value gset without modu-
lation, and a plurality of correction units (for example, first to
fourth correction units 33 to 36 for selectively modulating the
luminance correction gain value gset in accordance with dif-
ferent modulation methods. The luminance correction con-
troller 13 also includes a selection unit 38 for supplying the
luminance correction gain value gset from the correction
prevention unit 32 to the data voltage setting unit 14 or sup-
plying one of modulated luminance gain values hg input from
the plural correction units to the data voltage setting unit 14,
in response to the selection control signal SCS.

[0066] The gain correction controller 31 analyzes lumi-
nance correction gain values calculated based upon the image
data RGB and previous frames. Upon determining that cor-
rection of display luminance is not required, the gain correc-
tion controller 31 generates a selection control signal SCS of
a particular number of bits, for direct outputting of the lumi-
nance correction gain value gset. On the other hand, upon
determining that correction of display luminance is required,
the gain correction controller 31 selects a modulation method
for the luminance correction gain value gset, generates a
selection control signal SCS of a particular number of bits
corresponding to the selected modulation method, and sup-
plies the selection control signal SCS to the selection unit 38.

[0067] Thecorrection prevention unit 32 sets the luminance
correction gain value gset in accordance with a correction
prevention method of repeatedly re-applying a previously-
calculated previous luminance correction gain value gset or a
correction prevention method of using a weight average of
luminance correction gain values gset calculated based upon
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previous frames. The correction prevention unit 32 then sup-
plies the set luminance correction gain value gset to the data
voltage setting unit 14.

[0068] Meanwhile, each of the plural correction units (for
example, the first to fourth correction units 33 to 36) modu-
lates the luminance correction gain value gset in accordance
with a corresponding predetermined method, and supplies the
modulated luminance correction gain value to the selection
unit 38.

[0069] In response to the selection control signal SCS, the
selection unit 38 supplies the luminance correction gain value
gset from the correction prevention unit 32 to the data voltage
setting unit 14, or supplies one of the modulated luminance
correction gain values hg received from respective correction
units to the data voltage setting unit 14.

[0070] Accordingly, the data voltage setting unit 14 gener-
ates grayscale voltages (or gamma voltages) set_V for con-
version of digital image data into analog image signals,
through application of final luminance correction gain values
hg sequentially input from the luminance correction control-
ler 13 in changed state or in unchanged state. The generated
grayscale voltages (or gamma voltages) set_V are supplied to
the data driver 3, to prevent overcurrent generation.

[0071] As apparent from the above description, in accor-
dance with the embodiments herein, image data to be dis-
played is modulated in accordance with a frame current
amount when overcurrent is generated in an image display
panel. Accordingly, it may be possible to prevent overcurrent
generation in the image display panel while achieving an
enhancement in the lifespan and reliability of the product. In
addition, the possibility of overcurrent generation is esti-
mated to prevent overcurrent generation. Accordingly, image
data may be modulated to prevent overcurrent generation
without provision of a separate frame data storage memory.
Thus, it may be possible to achieve simplification of circuit
configurations and a reduction in production costs.

[0072] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:
1. An organic light emitting diode display device compris-
ing:
an image display panel comprising a plurality of pixel
regions formed by crossings of a plurality of gate lines
and a plurality of data lines of the image display panel;
an image data converter configured to:
receive first image data of a first image frame;
determine whether an amount of current associated with
the first image data exceeds a current threshold, the
current threshold indicative of an overcurrent condi-
tion of the organic light emitting diode display device;
modify both second image data of a second image frame
and gray scale voltages of the second image data,
responsive to the determined amount of current asso-
ciated with the first image data exceeding the current
threshold;
output the modified second image data and the modified
gray scale voltages;

Jun. 12,2014

a data driver configured to:
receive the modified second image data and the modified
gray scale voltages; and
drive the plurality of data lines based on the modified
second image data and the modified gray scale volt-
ages.

2. The organic light emitting diode display device of claim
1, further comprising:

a timing controller configured to:

arrange the modified second image data outputted from
the image data converter to match a size of the image
display panel;

supply the arranged second image data to the data driver;
and

generate a data control signal to control the data driver to
convert the arranged second image data into voltages
representing the arranged second image data.

3. The organic light emitting diode display device accord-
ing to claim 1, wherein the image data converter comprises:

a data analyzer configured to determine grayscale levels of

the first image data from first grayscale distribution data
included in the first image data;

a gain value setting unit configured to:

extract a luminance value based on the grayscale levels;

determine a luminance correction gain value based on
the extracted luminance value; and

output the luminance correction gain value;

a luminance correction controller configured to:

analyze the luminance correction gain value to deter-
mine whether the luminance correction gain value
results in an amount of current greater than the current
threshold;

select a variation method for modifying the determined
luminance correction gain value responsive to the
amount of current being greater than the current
threshold;

modify the determined luminance correction gain value
based on the selected modulation method; and

output the modified luminance correction gain value;
and

a data voltage setting unit configured to:

modify the gray scale voltages of the second image data
using the modified luminance correction gain value;
and

supply the modified grayscale voltages to the data driver.

4. The organic light emitting diode display device of claim
3, wherein the extracted luminance value is an average lumi-
nance value of the grayscale levels or a maximum luminance
value of the grayscale levels.

5. The organic light emitting diode display device accord-
ing to claim 3, wherein the image data converter further
comprises:

an overcurrent prevention unit configured to:

detect the amount of current associated with the first
image data;

compare the detected amount of current with the current
threshold;

modify a data gain value responsive to the comparison
indicating that the detected amount of current is
greater than the current threshold; and

a data modulator configured to:

modify the second image data based on the modified
data gain value to generate the modified second image
data; and
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supply the modified second image data to a timing con-
troller.

6. The organic light emitting diode display device accord-
ing to claim 3, wherein the luminance correction controller
comprises:

a gain correction controller configured to:

determine whether to modify the luminance correction
gain value based on whether the luminance correction
gain value results in an amount of current greater than
the current threshold,

selecta modulation method for the luminance correction
gain value responsive to the luminance correction
gain value resulting in an amount of current greater
than the current threshold; and

output a selection control signal corresponding to the
selected modulation method;

a correction prevention unit configured to output the lumi-
nance correction gain value without modification
responsive to determining that the calculated luminance
correction gain value results in an amount of current less
than the current threshold; and

a plurality of correction units, each of the plurality of
correction units configured to modify the luminance
correction gain value based on a modulation method
associated with the correction unit responsive to receiv-
ing the selection control signal from the gain correction
controller, and further configured to output the modified
luminance correction gain value responsive to receiving
the selection control signal.

7. The organic light emitting diode display device accord-
ing to claim 6, wherein the luminance correction controller
further comprises:

aselection unit configured to supply the luminance correc-
tion gain value from the correction prevention unit to the
data voltage setting unit or supply the outputted modi-
fied luminance correction gain value to the data voltage
setting unit.

8. A method for driving an organic light emitting diode
display device including an image display panel comprising a
plurality of pixel regions formed by crossings of a plurality of
gate lines and a plurality of data lines of the image display
panel, the method comprising:

receiving first image data of a first image frame;

determining whether an amount of current associated with
the first image data exceeds a current threshold, the
current threshold indicative of an overcurrent condition
of the organic light emitting diode display device;

modifying both second image data of a second image
frame and gray scale voltages of the second image data
responsive to the determined amount of current associ-
ated with the first image data exceeding the current
threshold; and

driving the plurality of data lines based on the modified
second image data and the modified gray scale voltages.

9. The method according to claim 8, further comprising:

arranging the modified second image data to match a size
of the image display panel; and
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generating a data control signal to convert the arranged
second image data into voltages representing the
arranged second image data.

10. The method according to claim 8, wherein modifying
both the second image data of the second image frame and the
gray scale voltages of the second image data comprises:

determining grayscale levels of the first image data from

first grayscale distribution data included in the first
image data;

extracting a luminance value based on the grayscale levels;

determining a luminance correction gain value based on

the extracted luminance value;

analyzing the luminance correction gain value to deter-

mine whether the luminance correction gain value
results in an amount of current greater than the current
threshold;

selecting a variation method for modifying the luminance

correction gain value responsive to the current being
greater than the current threshold,

modifying the luminance correction gain value based on

the selected modulation method; and

modifying the gray scale voltages of the second image data

using the modified luminance correction gain value.

11. The method of claim 10, wherein the extracted lumi-
nance value is an average luminance value of the grayscale
levels or a maximum luminance value of the grayscale levels.

12. The method according to claim 10, wherein modifying
both the second image data of the second image frame and the
gray scale voltages of the second image data comprises:

detecting an amount of current associated with the first

image data;

comparing the detected amount of current with the current

threshold;

modifying a data gain value responsive to the comparison

indicating that the detected amount of current is greater
than the current threshold; and

modifying the second image data based on the modified

data gain value to generate the modified second image.

13. The method according to claim 10, wherein modifying
the luminance correction gain value comprises:

determining whether to modify the luminance correction

gain value based on whether the calculated luminance
correction gain value results in a current greater than the
current threshold;

selecting a modulation method for the luminance correc-

tion gain value responsive to the calculated luminance
correction gain value resulting in a current greater than
the current threshold; and
outputting the luminance correction gain value without
modification responsive to determining that the calcu-
lated luminance correction gain value results in an
amount of current less than the current threshold; and

modulating the luminance correction gain value using the
selected modulation method responsive to determining
that the calculated luminance correction gain value
results in an amount of current greater than the current
threshold.
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