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(57) ABSTRACT

A method and apparatus for controlling current of an organic
light emitting diode (OLED) display device, which is able to
accurately estimate the amount of current according to an
input image and control current to converge upon target cur-
rent disclosed. The apparatus includes a current controller for
estimating a total current value using a peak luminance cor-
responding to an average picture level of input data and a
histogram analysis result of the input data, comparing an
estimated total current value and a target value to generate a
luminance control gain, feeding the luminance control gain
back and repeatedly performing an operation for estimating
the total current value and generating the luminance control
gain to determine a final luminance control gain, and applying
the final luminance control gain to the peak luminance to
determine a final peak luminance, a gamma voltage genera-
tor, and a data driver.
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METHOD AND APPARATUS FOR
CONTROLLING CURRENT OF ORGANIC
LIGHT EMITTING DIODE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0138209, filed on Nov. 30, 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 more particularly,
to amethod and apparatus for controlling current of an OLED
display device, which is able to accurately estimate the
amount of current according to an input image and control
current to converge upon a target current.

[0004] 2. Discussion of the Related Art

[0005] An OLED display device is a self-emissive device
for emitting light using an organic light emitting layer due to
re-combination between electrons and holes and is expected
to be a next-generation display device due to high luminance,
low driving voltage and slimness of the OLED display device.
[0006] Each of a plurality of pixels (subpixels) configuring
an OLED display device includes an OLED element includ-
ing an organic light emitting layer between an anode and a
cathode and a pixel circuit for independently driving the
OLED element. The pixel circuit includes at least a switching
transistor, a storage capacitor and a driving transistor. The
switching transistor charges the storage capacitor with a volt-
age corresponding to a data signal in response to a scan pulse
and the driving transistor controls current supplied to the
OLED element according to the voltage charged in the stor-
age capacitor so as to adjust the amount of light emitted by the
OLED element. The amount of light emitted by the OLED
element is proportional to current supplied from the driving
transistor.

[0007] In order to reduce power consumption, a conven-
tional OLED display device generally uses a method of con-
trolling current by controlling a peak luminance, that is, a
method of controlling current of a display panel by control-
ling a peak luminance (maximum white luminance) accord-
ing to an input image so as to adjust a gamma voltage.
[0008] In the conventional OLED display device, a peak
luminance is controlled by estimating the amount of current
on the assumption that the amount of current is linearly pro-
portional to luminance. However, actually, in the OLED dis-
play device, since the amount of current is non-linearly pro-
portional to luminance, it is difficult to accurately estimate the
amount of current according to the input image. Therefore,
since a difference between an estimated current value and a
target current occurs, it is difficult to accurately control cur-
rent.

SUMMARY

[0009] Accordingly, the present invention is directed to a
method and apparatus for controlling current of an OLED
display device that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.
[0010] An object of the present invention is to provide a
method and apparatus for controlling current of an OLED
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display device, which is able to accurately estimate the
amount of current according to an input image and control
current to converge upon a target current.

[0011] 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.

[0012] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method of controlling current
of an organic light emitting diode (OLED) display device
includes a first step of determining a peak luminance corre-
sponding to an average picture level (APL) of input data, a
second step of outputting the peak luminance without change
or the peak luminance to which a fed-back luminance control
gain is applied, a third step of calculating an estimated total
current value of each frame using a representative value of
each of representative luminance values to which the peak
luminance output in the second step is applied and the count
of representative luminance values obtained through histo-
gram analysis of the input data, a fourth step of comparing the
estimated total current value and a target value to generate a
luminance control gain, a fifth step of determining whether
the luminance control gain is fed back depending on whether
the estimated total current value converges upon the target
value, a sixth step of feeding the luminance control gain,
returning to the second step and repeatedly performing the
second step to the fifth step, if the estimated total current value
does not converge upon the target value, a seventh step of
applying luminance control gains generated by repeatedly
performing the second step to the fifth step and determining a
final luminance gain if the estimated total current value con-
verges upon the target value, and an eighth step of applying
the final luminance gain to the peak luminance determined by
the first step and determining a final peak luminance.

[0013] The third step may include converting a result of
multiplying the peak luminance output in the second step and
each of the representative luminance values into each repre-
sentative current using a predetermined look-up table, count-
ing the representative luminance values through luminance
average histogram analysis of the input data and outputting
the count of representative luminance values, and multiplying
each representative luminance current and the count of rep-
resentative luminance values, summing all the multiplied
results and calculating a total current value.

[0014] The fifth step may include proceeding to the sixth
step of feeding the luminance control gain back if a difference
between the estimated total current value and the target value
exceeds a predetermined threshold and proceeding to the
seventh step of determining the final luminance gain if the
difference is within the predetermined threshold.

[0015] The fifth step may include proceeding to the sixth
step of feeding the luminance control gain back if the number
of feedbacks of the luminance control gain is less than a
predetermined value and proceeding to the seventh step of
determining the final luminance gain if the number of feed-
backs becomes equal to the predetermined value. The fifth
step may restrict the number of feedback to an odd value.



US 2014/0152704 Al

[0016] The first to the eight steps may be performed in a
vertical blank period of each frame.

[0017] In another aspect of the present invention, an appa-
ratus for controlling current of'an organic light emitting diode
(OLED) display device includes a current controller for esti-
mating a total current value using a peak luminance corre-
sponding to an average picture level (APL) of input data and
a histogram analysis result of the input data, comparing an
estimated total current value and a target value to generate a
luminance control gain, feeding the luminance control gain
back and repeatedly performing an operation for estimating
the total current value and generating the luminance control
gain to determine a final luminancegain, and applying the
final luminance gain to the peak luminance to determine a
final peak luminance, a gamma voltage generator for adjust-
ing a maximum gamma voltage in response to the final peak
luminance determined by the current controller and dividing
the adjusted maximum gamma voltage to generate and output
agamma voltage set, and a data driver for converting the input
data into an analog data signal using the gamma voltage set
generated by the gamma voltage generator and supplying the
analog data signal to a display panel.

[0018] The current controller may include a peak lumi-
nance controller for determining the peak luminance corre-
sponding to the APL of the input data, a peak luminance
corrector for outputting the peak luminance without change
or the peak luminance to which a fed-back luminance control
gain is applied, a current estimator for calculating an esti-
mated total current value of each frame using a representative
current value per representative luminance value, to which
the peak luminance output from the peak luminance corrector
is applied, and the count of representative luminance values
obtained through histogram analysis of the input data, a lumi-
nance control gain generator for comparing the estimated
total current and a target value to generate a luminance control
gain, a feedback controller for controlling a feedback of the
luminance control gain depending on whether the estimated
total current value converges upon the target value, feeding
the luminance control gain back to the peak luminance cor-
rector and repeatedly performing the operation by the peak
luminance corrector, the current estimator and the luminance
control gain generator if the estimated total current value does
not converge upon the target value, and applying all lumi-
nance control gains generated by repeatedly performing the
operation to determine the final luminance gain if the esti-
mated total current value converges upon the target value, and
a final peak determination unit for applying the final lumi-
nance gain determined by the feedback controller to the peak
luminance determined by the peak luminance controller and
determining the final peak luminance.

[0019] The current estimator may include a representative
current calculator for converting the result of multiplying the
peak luminance output from the peak luminance corrector
and each of the representative luminance values into each
representative current value using a predetermined look-up
table, an average histogram calculator for counting the rep-
resentative luminance values through luminance average his-
togram analysis of the input data and outputting the count of
representative luminance values, and a total current calculator
for multiplying each representative current value and the
count of representative luminance values, summing the mul-
tiplied results and calculating the total current value.

[0020] The representative current calculator may calculate
the representative luminance value which is not stored in the
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look-up table and, to which the peak luminance is applied, by
reading and interpolating current values of a representative
luminance values adjacent to the representative luminance
value.

[0021] The feedback controller may feed the luminance
control gain back if a difference between the estimated total
current value and the target value exceeds a predetermined
threshold and determine the final luminance gain if the dif-
ference is within the predetermined threshold.

[0022] The feedback controller may feed the luminance
control gain back if the number of feedbacks of the luminance
control gain is less than a predetermined value and determine
the final luminance gain if the number of feedbacks becomes
equal to the predetermined value. The feedback controller
may restrict the number of feedback to an odd value.

[0023] An operation for controlling the current by the cur-
rent controller may be performed in a vertical blank period of
each frame.

[0024] The method and apparatus for controlling current of
the OLED display device according to the embodiment of the
present invention estimates the total current value using the
histogram analysis result and the peak luminance according
to the APL of the input data, compares the estimated total
current value and the target value, generates the luminance
control gain, adjusts the final peak luminance according to the
luminance control gain, and adjusts the gamma voltage by the
gamma voltage generator according to the final peak lumi-
nance, thereby controlling current of the display panel.

[0025] In particular, the method and apparatus for control-
ling current of the OLED display device according to the
embodiment of the present invention repeatedly performs
total current estimation and luminance control gain calcula-
tion through luminance control gain feedback such that the
estimated total current value converges upon the target value,
thereby improving current estimation and control accuracy.

[0026] In the method and apparatus for controlling current
of the OLED display device according to the embodiment of
the present invention, when the total current value is esti-
mated, since only the representative current values corre-
sponding to the representative values to which the input peak
luminance is applied are calculated, the representative current
values and the count of the representative values are multi-
plied and the multiplied results are summed to calculate the
total current value, it is possible to rapidly calculate the total
current value in synchronization with the peak luminance
output per frame. Therefore, it is possible to perform the
operation within the vertical blank period even when total
current value estimation and luminance control gain genera-
tion are repeated.

[0027] Itisto be understood 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

[0028] 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 together with the
description serve to explain the principle of the invention. In
the drawings:
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[0029] FIG. 1 is a schematic block diagram showing an
OLED display device for controlling current according to one
embodiment;

[0030] FIG.2isablock diagram showing a timing control-
ler shown in FIG. 1 according to one embodiment;

[0031] FIG. 3 is a block diagram showing a current con-
troller shown in FIG. 2 according to one embodiment;
[0032] FIG.4isagraphillustratinga process of enabling an
estimated total current value to converge upon a target value
by repeatedly performing an operation in the current control-
ler shown in FIG. 2;

[0033] FIG.5isablock diagram showing a current estima-
tor shown in FIG. 3 according to one embodiment;

[0034] FIG. 6 is a flowchart illustrating a method of con-
trolling current of an OLED display device according to one
embodiment; and

[0035] FIGS. 7A and 7B are graphs showing current con-
sumption reduction according to image patterns by control-
ling current of an OLED display device according to one
embodiment.

DETAILED DESCRIPTION

[0036] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in FIGS. 1t0 7.

[0037] FIG. 1 is a schematic block diagram showing an
OLED display device for controlling current according to one
embodiment.

[0038] The OLED display device shown in FIG. 1 includes
a timing controller 2, a gamma voltage generator 4, a data
driver 6, a gate driver 8, and a display panel 10.

[0039] The timing controller 2 generates and outputs a data
control signal and a gate control signal for respectively con-
trolling driving timings of the data driver 6 and the gate driver
8 and modulates input data using various data modulation
methods for image quality improvement and outputs the
modulated input data to the data driver 6.

[0040] In order to reduce power consumption, the timing
controller 2 determines a peak luminance according to input
data, estimates a total current value, adjusts a peak luminance
according to a luminance control gain using the estimated
total current value, and outputs the adjusted peak luminance
to the gamma voltage generator 4 as a final peak luminance.
The gamma voltage generator 4 adjusts a gamma voltage
according to the final peak luminance from the timing con-
troller 2, thereby controlling current of the display panel 10.
[0041] The timing controller 2 determines the peak lumi-
nance according to an average picture level (APL) of the input
data, estimates the total current value using a histogram
analysis result of the input data and the peak luminance,
compares the estimated total current value with a target value,
and generates the luminance control gain. In addition, the
timing controller 2 feeds the luminance control gain back and
repeatedly performs an operation for estimating the total cur-
rent value and calculating the luminance control gain, such
that the estimated total current value converges upon the
target value. The timing controller 2 calculates a final lumi-
nance gain using all luminance control gains generated by
repeatedly performing the operation, adjusts the peak lumi-
nance according to the final luminance gain, and outputs the
adjusted peak luminance as the final peak luminance.

[0042] The timing controller 2 performs the operation for
estimating the total current value according to the input data
and calculating the luminance control gain in a vertical blank
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time of each frame, in which data is not received. Thus, a
separate operation time for controlling current is not required.
The timing controller 2 will be described in detail below.
[0043] The gamma voltage generator 4 generates and sup-
plies a gamma voltage set including a plurality of gamma
voltages having different levels to the data driver 6. The
gamma voltage generator 4 adjusts a maximum gamma volt-
age (high gamma voltage) in correspondence with the final
peak luminance supplied from the timing controller 2, divides
the adjusted maximum gamma voltage through a resistor
string, and generates and outputs the gamma voltage set
including the plurality of gamma voltages.

[0044] The gamma voltage generator 4 includes a gamma
voltage adjuster (not shown) for adjusting the maximum
gamma voltage (high gamma voltage) in response to the final
peak luminance from the timing controller 2 and resistor
strings (not shown) connected in series between an input
terminal of the maximum gamma voltage adjusted by the
gamma voltage adjuster and ground. The gamma voltage
generator 4 generates an independent gamma voltage set of
each of red (R), green (G) and blue (B) using the resistor
strings respectively corresponding to R, G and B or a common
gamma voltage set using a common resistor string of RGB. In
the gamma voltage generator 4, the maximum gamma voltage
is adjusted in correspondence with the final peak luminance
and the other gamma voltages which depend on the maximum
gamma voltage are adjusted according to the maximum
gamma voltage. Since the gamma voltages adjusted by the
gamma voltage generator 4 are supplied as data signals of the
pixels of the display panel 10 through the data driver 6 to
control current supplied to each pixel, it is possible to control
the current of the display panel 10 by adjusting the final peak
luminance. Therefore, it is possible to reduce power con-
sumption.

[0045] The data driver 6 converts digital data from the
timing controller 2 into an analog data signal in response to
the data control signal from the timing controller 2 and sup-
plies the analog data signal to a plurality of data lines of the
display panel 10. At this time, the data driver 6 divides the
gamma voltage set from the gamma voltage generator 4 into
grayscale voltages corresponding to grayscale values of data
and converts the digital data into the analog data signal using
the divided grayscale voltages.

[0046] The gate driver 8 sequentially drives a plurality of
gate lines of the display panel 10 in response to the gate
control signal from the timing controller 2. The gate driver 8
supplies a scan pulse of a gate on voltage to each gate line in
a scan period in respouse to the gate control signal and sup-
plies a gate off voltage in the remaining period.

[0047] The display panel 10 includes a pixel matrix in
which a plurality of red (R), green (G) and blue (B) subpixels
connected to a data line, a gate line, a high voltage line and a
low voltage line are arranged in a matrix. Each subpixel
includes an OLED element and a pixel circuit to drive the
OLED element. The pixel circuit includes at least a switching
transistor, a driving transistor, and a storage capacitor. The
switching transistor charges the storage capacitor with a volt-
age corresponding to a data signal in response to the scan
pulse from the gate line and the driving transistor controls
current supplied to the OLED element according to the volt-
age charged in the storage capacitor so as to adjust the amount
of light emitted by the OLED element. The amount of light
emitted by the OLED element is proportional to the current
supplied from the driving transistor.
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[0048] FIG. 2 s a block diagram showing the timing con-
troller 2 shown in FIG. 1 according to one embodiment, and
FIG. 3 is a block diagram showing a current controller 30
shown in FIG. 2 according to one embodiment.

[0049] The timing controller 2 shown in FIG. 2 includes a
control signal generator 22, a video processor 24, and a cut-
rent controller 30.

[0050] The control signal generator 22 generates and out-
puts a data control signal and a gate control signal for respec-
tively controlling driving timings of the data driver 6 and the
gate driver 8 using a timing signal including a dot clock (not
shown), a data enable signal (not shown), a horizontal sync
signal (not shown), and a vertical sync signal (not shown)
received from an external computer system.

[0051] The video processor 24 aligns the data received
from the external computer system on the display panel 10
and outputs the data to the data driver 6. The video processor
24 modulates input video data using various data modulation
methods including white balance adjustment for image qual-
ity improvement and outputs the modulated video data to the
data driver 6.

[0052] The current controller 30 determines the peak lumi-
nance according to the input data, estimates a total current
value, controls the peak luminance according to a luminance
control gain using the estimated total current value, and out-
puts the final peak luminance to the gamma voltage generator
4.

[0053] The current controller 30 determines the peak lumi-
nanceaccording to an average picture level (APL) of the input
data, estimates the total current value using a histogram
analysis result of the input data and the peak luminance,
compares the estimated total current value with the target
value, and generates the luminance control gain. In addition,
the current controller 30 feeds the luminance control gain
back and repeatedly performs an operation for estimating the
total current value and calculating the luminance control gain,
such that the estimated total current value converges upon the
target value. The current controller 30 calculates the final
luminance gain using all luminance control gains generated
by repeatedly performing the operation, adjusts the peak
luminance according to the final luminance gain, and outputs
the adjusted peak luminance as the final peak luminance.

[0054] As shown in FIG. 3, the current controller 30
includes a peak luminance controller (PLC) 32, a peak lumi-
nance corrector 34, a current estimator 36, a luminance con-
trol gain generator 38, a feedback controller 40, and a final
peak luminance determination unit 42.

[0055] The PLC 32 detects the number of pixels having a
peak luminance in one frame from the input video data, that
is, the APL indicating an area occupied by white pixels on one
screen, and determines and outputs the peak luminance
according to the detected APL. The PLC 32 determines and
outputs the peak luminance corresponding to the detected
APL using a look-up table (LUT) in which an APL curve of a
predetermined APL function or a peak luminance corre-
sponding to an APL is previously set. In order to control
current consumption, the peak luminance is set to be inversely
proportional to the APL. That is, a relatively small peak
luminance is set as the APL is increased (brighter image) and
a relatively large peak luminance is set as the APL is
decreased (darker image). The PLC 32 normalizes the peak
luminance so as to represent a ratio of a peak luminance value
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to a reference peak luminance value and outputs the normal-
ized peak luminance. The following peak luminance is the
normalized peak luminance.

[0056] The peak luminance corrector 34 multiplies the
peak luminance from the PLC 32 with the luminance control
gain fed back from the feedback controller 40 to correct the
peak luminance and outputs the corrected peak luminance to
the current estimator 36. The peak luminance corrector 34
regards the luminance control gain as 1 if the luminance
control gain is not fed back from the feedback controller 40
and outputs the peak luminance from the PLC 32 to the
current estimator 36 without correction.

[0057] The current estimator 36 counts the representative
luminance values through the histogram analysis of the input
data, calculates a representative current value of each of the
representative luminance values to which the input peak
luminance is applied, sums the results of multiplying the
representative current value by the count of representative
luminance values, calculates a total current value per frame,
and outputs the calculated total current value as an estimated
total current value Cn (n being a natural number).

[0058] The luminance control gain generator 38 compares
the estimated total current value Cn supplied from the current
estimator 36 with a predetermined target value Ct so as to
generate a luminance control gain Gn. That is, the luminance
control gain generator 38 calculates a ratio (Ct/Cn) of the
target value Ct to the estimated total current value Cn to
generate the luminance control gain Gn.

[0059] The feedback controller 40 determines whether the
estimated total current value Cn from the current estimator 36
converges upon the target value Ct and feeds the luminance
control gain Gn back to the peak luminance corrector 34 or
determines and outputs a final luminance control gain Gout.
The feedback controller 40 determines that the estimated total
current value Cn does not converge upon the target value Ct if
a difference between the estimated total current value Cn and
the target value Ct exceeds a threshold +TH and feeds the
luminance control gain Gn back to the peak luminance cor-
rector 34. The feedback controller 40 determines that the
estimated total current value Cn converges upon the target
value Ct if a difference between the estimated total current
value Cn and the target value Ct is within the threshold +TH,
applies (e.g., multiplies) the generated luminance control
gains Gn and determines the final luminance gain Gout.
[0060] The number of feedbacks of the luminance control
gain is predetermined in the feedback controller 40, the lumi-
nance control gain Gn is fed back if the number of feedbacks
is less than the predetermined number and the final luminance
gain Gout is determined if the number of feedbacks becomes
equal to the predetermined number.

[0061] Iftheluminance control gain Gn is fed back fromthe
feedback controller 40, the peak luminance corrector 34
applies the fed-back luminance control gain Gn to the peak
luminance to correct the peak luminance, the current estima-
tor 36 calculates the current value using the corrected peak
luminance again to re-calculate the estimated total current
value, the luminance control gain generator 38 compares the
re-calculated estimated total current value with the target
value to regenerate the luminance control gain, and the feed-
back controller 40 determines whether the re-calculated esti-
mated total current value converges upon the target value or
whether the number of feedbacks is equal to the predeter-
mined value and repeats the feedback or determines the final
luminance gain Gout according to the determined result. If
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the number of feedbacks of the luminance control gain Gn by
the feedback controller 40 is n, n luminance control gains Gn
generated by performing the operation n times by the lumi-
nance control gain generator 38 are multiplied to determine
the final luminance gain Gout (Gout=G1xG2x . . . xGn).
[0062] Forexample, a first estimated total current value C1
and a first luminance control gain G1 (=Ct/C1) are calculated
by performing a first operation using the current estimator 36
and the luminance control gain generator 38. If the feedback
controller 40 feeds the first luminance control gain G1 back,
the current estimator 36 and the luminance control gain gen-
erator 38 calculate a second estimated total current value C2
and a second luminance control gain G2 (=Ct/C2) by asecond
operation. Accordingly, the current estimator 36 and the lumi-
nance control gain generator 38 perform an n-th operation by
an (n-1)-th (n being a natural number) feedback such that an
n-th estimated total current value converges upon the target
value Ct. At thistime, the feedback controller 40 multiplies all
the first to n-th luminance control gains G1 to Gn to determine
the final luminance gain Gout (Gout=G1xG2x . . . xGn).
[0063] For example, it can be seen from FIG. 4 that the
fourth estimated total current value C4 close to the target
value Ct s calculated by performing the operation four times
using the current estimator 36 and the luminance control gain
generator 38 based on three feedbacks by the feedback con-
troller 40.

[0064] InFIG. 4, the estimated total current value obtained
by the first operation, which is greater than the target value Ct,
is decreased to be less than the target value Ct by a second
operation (first feedback), is increased to be greater than the
target value Ct by a third operation (second feedback) and is
decreased to be less than the target value Ct by a fourth
operation (third feedback), such that the estimated total cur-
rent value converges upon the target value Ct. Since the esti-
mated total current value is alternately decreased and
increased to be less and greater than the target value Ct as the
number of feedbacks is increased, a difference between the
estimated value and the target value Ct is decreased. In terms
of power consumption, the case in which the estimated total
current value is less than the target value Ct is more preferable
than the case in which the estimated total current value
exceeds the target value Ct. Therefore, the number of feed-
backs by the feedback controller 40 is preferably set to an odd
value.

[0065] The final peak luminance determination unit 42
multiplies the final luminance gain Gout from the feedback
controller 40 by the peak luminance from the PL.C to deter-
mine the final peak luminance and outputs the final peak
luminance to the gamma voltage generator 4.

[0066] FIG. 5 isa block diagram showing the current esti-
mator 36 shown in FIG. 3 according to one embodiment.
[0067] The current estimator 36 shown in FIG. 5 includes a
gamma converter 52, an average histogram calculator 54, a
representative current calculator 56, a LUT 58, and a total
current calculator 60.

[0068] The gamma converter 52 performs gamma conver-
sion upon input video data according to characteristics of the
OLED display device and outputs the gamma-converted
video data.

[0069] The average histogram calculator 54 converts the
gamma-converted data from the gamma converter 52 into
luminance data, analyzes a luminance average histogram in
frame units, counts representative values (maximum values)
of aplurality of luminance sections, and outputs the count of

Jun. 5,2014

representative values. For example, the average histogram
calculator 54 divides a sum of luminance data of a predetet-
mined section by each representative value and counts and
outputs the frequency in which the sum of the luminance data
exceeds each representative value per representative value.
[0070] The representative current calculator 56 adjusts the
representative luminance values of the histogram according
to the input peak luminance, converts the adjusted represen-
tative luminance values into representative current values
using the LUT 58 and outputs the representative current
value. Current corresponding to each luminance value is pre-
determined and stored in the LUT 58 through a luminance-
current conversion function. The representative current cal-
culator 56 multiplies the representative luminance values by
the input peak luminance to adjust the representative lumi-
nance values according to the peak luminance and reads and
outputs the representative current value corresponding to
each of the adjusted representative values in the LUT 58. In
the LUT 58, all current values corresponding to all luminance
values may be set and stored or only current values corre-
sponding to some luminance values separated from each
other at a predetermined interval may be set and stored. If
only the current values corresponding to some luminance
values are stored in the LUT 58, the representative current
calculator 56 may read current values corresponding to two
luminance values adjacent to the adjusted representative
value from the LUT 58 and interpolates the read current
values to calculate and output the current value corresponding
to the adjusted representative value.

[0071] The total current calculator 60 multiplies the repre-
sentative current values from the representative current cal-
culator 56 per representative value and the count of represen-
tative values from the average histogram calculator 54, sums
the multiplied results, and outputs the estimated total current
value Cn of the corresponding frame.

[0072] Since the current estimator 36 calculates the repre-
sentative current values corresponding to the representative
values to which the input peak luminance is applied, mul-
tiples the representative current values and the count of the
representative values and sums the multiplied results to cal-
culate the total current value, it is possible to rapidly calculate
the total current value in synchronization with the peak lumi-
nance output per frame. The current estimator 36 repeatedly
calculates the representative current values and the total cur-
rent value according to the corrected peak luminance when
the total current value is repeatedly calculated by the feed-
back operation of the feedback controller 40 and the histo-
gram analysis result applied to the first operation is used
without change, it is possible to rapidly perform repeated
calculation of the total current value.

[0073] As a result, the current controller 30 shown in FIG.
3 can perform the operation within the vertical blank period
even when total current value estimation and luminance con-
trol gain generation are repeated.

[0074] FIG. 6 is a flowchart illustrating a method of con-
trolling current of an OLED display device according to one
embodiment. Since the flowchart of FIG. 6 is performed by
the current controller 30 shown in FIG. 3, a description will be
given with reference to FIG. 3.

[0075] Instep 2 (S2). the PLC 32 detects the APL from the
input video data in frame units and determines and outputs
peak luminance according to the detected APL.

[0076] In step 4 (S4), the peak luminance corrector 34
multiples the peak luminance from the PLC 32 by the lumi-
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nance control gain fed back from the feedback controller 40 to
correct the peak luminance and outputs the corrected peak
luminance. The peak luminance corrector 34 regards the
luminance control gain as 1 if the luminance control gain is
not fed back from the feedback controller 40 and outputs the
peak luminance without correction.

[0077] In step 6 (S6), the current estimator 36 counts the
representative luminance values through the histogram analy-
sis of the input data, calculates the representative current
value per representative luminance value to which the input
peak luminance is applied, sums the results of multiplying the
representative current by the count of representative values,
calculates a total current value per frame, and outputs the
calculated total current value as an estimated total current
value Cn (n being a natural number).

[0078] Instep 8 (S8), the luminance control gain generator
38 calculates the ratio (Ct/Cn) of the target value Ct to the
estimated total current value Cn using the estimated total
current value Cn supplied from the current estimator 36 and a
predetermined target value Ct so as to generate the luminance
control gain Gn.

[0079] In step 10 (S10), the feedback controller 40 deter-
mines whether the estimated total current value Cn from the
current estimator 36 converges upon the target value Ct and
proceeds to step 12 (S12) of feeding the luminance control
gain Gn back to return to step 4 (S4) or proceeds to step 14
(S14) to determine and output the final luminance control
gain Gout according to the determined result. The feedback
controller 40 determines that the estimated total current value
Cn does not converge upon the target value Ctif the difference
between the estimated total current value Cn and the target
value Ct exceeds a threshold +TH, feeds the luminance con-
trol gain Gn back to the peak luminance corrector 34 in step
12 (812), and returns to step 4 (S4) to repeatedly perform
steps 4 (S4) to 10 (S10). The feedback controller 40 deter-
mines that the estimated total current value Cn converges
upon the target value Ct if a difference between the estimated
total current value Cn and the target value Ct is within the
threshold £TH, and proceeds to step 14 (S14) to determine the
final luminance gain Gout.

[0080] Alternatively, ifthe number of feedbacks is less than
the predetermined number in step 10 (S10), the feedback
controller 40 may determine that the estimated total current
value Cn does not converge upon the target value Ct, feeds the
luminance control gain Gn in step 12 (S12) and returns to step
4 (S4). If the number of feedbacks is equal to the predeter-
mined number, the feedback controller 40 may determine that
the estimated total current value Cn converges upon the target
value Ct, and proceeds to step 14 (S14) to determine the final
luminance gain Gout.

[0081] TInstep10(S10),ifsteps 4 (S4)to steps 10 (S10) are
performed n times by feeding the luminance control gain back
n-1times by the feedback controller 40 and then step 14 (S14)
is performed, the feedback controller 40 multiples all the first
to n-th luminance control gains obtained by n-1 feedbacks to
determine the final luminance gain Gout.

[0082] In step 16 (S16), the final peak luminance determi-
nation unit 42 multiplies the final luminance gain Gout from
the feedback controller 40 by the peak luminance from the
PLC 32 to determine the final peak luminance and supplies
the determined final peak luminance to the gamma voltage
generator 4. Then, the gamma voltage generator 4 adjusts the
gamma voltage according to the final peak luminance to
control current of the display panel 10.
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[0083] FIGS. 7A and 7B are graphs showing current con-
sumption reduction according to image patterns by control-
ling current of an OLED display device.

[0084] FIG.7A is a graph showing current consumption vs.
APL when the current controller 30 of the OLED display
device according to the embodiment of the present invention
performs current control one time and FIG. 7B is a graph
showing current consumption vs. APL when the current con-
troller 30 of the OLED display device according to the
embodiment of the present invention performs current control
three times, with respect to red (R), green (G), blue (B), white
(W), cyan (C), magenta (M) and yellow video patterns.
[0085] Referring to FIG. 7A, current consumption is
increased as the APL is increased if current control is not
performed (off) but current converges upon target current 1.5
A to be saturated as the APL is increased if current control is
performed one time (on).

[0086] Referring to FIG. 7B, current consumption is
increased as the APL is increased if current control is not
performed (off) but current converges upon target current 1.5
A to be saturated as the APL is increased if current control is
performed three times (on).

[0087] While a difference between the target current and
the maximum consumed current is about 20% if current con-
trol is performed one time, a difference between the target
current and the maximum consumed current is about 4.3% if
current control is performed three times. Thus, current con-
trol accuracy is improved.

[0088] Themethod and apparatus for controlling current of
the OLED display device according to the embodiment of the
present invention estimates the total current value using the
histogram analysis result and the peak luminance according
to the APL of the input data, compares the estimated total
current value and the target value, generates the luminance
control gain, adjusts the final peak luminance according to the
luminance control gain, and adjusts the gamma voltage by the
gamma voltage generator according to the final peak lumi-
nance, thereby controlling current of the display panel.

[0089] In particular, the method and apparatus for control-
ling current of the OLED display device according to the
embodiment of the present invention repeatedly performs
total current estimation and luminance control gain calcula-
tion through luminance control gain feedback such that the
estimated total current value converges upon the target value,
thereby improving current estimation and control accuracy.

[0090] In the method and apparatus for controlling current
of the OLED display device according to the embodiment of
the present invention, when the total current value is esti-
mated, since only the representative current values corre-
sponding to the representative values to which the input peak
luminance is applied are calculated, the representative current
values and the count of the representative values are multi-
plied and the multiplied results are summed to calculate the
total current value, it is possible to rapidly calculate the total
current value in synchronization with the peak luminance
output per frame. Therefore, it is possible to perform the
operation within the vertical blank period even when total
current value estimation and luminance control gain genera-
tion are repeated.

[0091] 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
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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. A method of controlling current of an organic light
emitting diode (OLED) display device, the method compris-
ing:

afirst step of determining a peak luminance corresponding
to an average picture level (APL) of input data;

a second step of outputting the peak luminance without
change or the peak luminance to which a fed-back lumi-
nance control gain is applied;

a third step of calculating an estimated total current value
of each frame using a representative value of each of
representative luminance values to which the peak lumi-
nance output in the second step is applied and the count
of representative luminance values obtained through
histogram analysis of the input data;

a fourth step of comparing the estimated total current value
and a target value to generate a luminance control gain;

a fifth step of determining whether the luminance control
gain is fed back depending on whether the estimated
total current value converges upon the target value;

a sixth step of feeding the luminance control gain, return-
ing to the second step and repeatedly performing the
second step to the fifth step, if the estimated total current
value does not converge upon the target value;

a seventh step of applying luminance control gains genet-
ated by repeatedly performing the second step to the fifth
step and determining a final luminance gain if the esti-
mated total current value converges upon the target
value; and

an eighth step of applying the final luminance gain to the
peak luminance determined by the first step and deter-
mining a final peak luminance.

2. The method according to claim 1, wherein the third step

includes:

converting a result of multiplying the peak luminance out-
put in the second step and each of the representative
luminance values into each representative current using
a predetermined look-up table;

counting the representative luminance values through
luminance average histogram analysis of the input data
and outputting the count of representative luminance
values; and

multiplying each representative luminance current and the
count of representative luminance values, summing all
the multiplied results and calculating a total current
value.

3. The method according to claim 1, wherein the fifth step
includes proceeding to the sixth step of feeding the luminance
control gain back if a difference between the estimated total
current value and the target value exceeds a predetermined
threshold and proceeding to the seventh step of determining
the final luminance gain if the difference is within the prede-
termined threshold.

4. The method according to claim 3, wherein the fifth step
restricts the number of feedback to an odd value.

5. The method according to claim 1, wherein the fifth step
includes proceeding to the sixth step of feeding the luminance
control gain back if the number of feedbacks of the luminance
control gain is less than a predetermined value and proceed-
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ing to the seventh step of determining the final luminance gain
if the number of feedbacks becomes equal to the predeter-
mined value.

6. The method according to claim 5, wherein the fifth step
restricts the number of feedback to an odd value.

7. The method according to claim 1, wherein the first to the
eight steps are performed in a vertical blank period of each
frame.

8. An apparatus for controlling current of an organic light
emitting diode (OLED) display device, the apparatus com-
prising:

a current controller for estimating a total current value
using a peak luminance corresponding to an average
picture level (APL) of input data and a histogram analy-
sis result of the input data, comparing an estimated total
current value and a target value to generate a luminance
control gain, feeding the luminance control gain back
and repeatedly performing an operation for estimating
the total current value and generating the luminance
control gain to determine a final luminance gain, and
applying the final luminance gain to the peak luminance
to determine a final peak luminance;

a gamma voltage generator for adjusting a maximum
gamma voltage in response to the final peak luminance
determined by the current controller and dividing the
adjusted maximum gamma voltage to generate and out-
put a gamma voltage set; and

a data driver for converting the input data into an analog
data signal using the gamma voltage set generated by the
gamma voltage generator and supplying the analog data
signal to a display panel.

9. The apparatus according to claim 8, wherein the current

controller includes:

apeak luminance controller for determining the peak lumi-
nance corresponding to the APL of the input data;

a peak luminance corrector for outputting the peak lumi-
nance without change or the peak luminance to which a
fed-back luminance control gain is applied,

a current estimator for calculating an estimated total cur-
rent value of each frame using a representative current
value per representative luminance value, to which the
peak luminance output from the peak luminance correc-
tor is applied, and the count of representative luminance
values obtained through histogram analysis of the input
data;

a luminance control gain generator for comparing the esti-
mated total current and a target value to generate a lumi-
nance control gain;

a feedback controller for controlling a feedback of the
luminance control gain depending on whether the esti-
mated total current value converges upon the target
value, feeding the luminance control gain back to the
peak luminance corrector and repeatedly performing the
operation by the peak luminance corrector, the current
estimator and the luminance control gain generator ifthe
estimated total current value does not converge upon the
target value, and applying all luminance control gains
generated by repeatedly performing the operation to
determine the final luminance gain if the estimated total
current value converges upon the target value; and

a final peak determination unit for applying the final lumi-
nance gain determined by the feedback controller to the
peak luminance determined by the peak luminance con-
troller and determining the final peak Iuminance.
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10. The apparatus according to claim 9, wherein the current
estimator includes:

arepresentative current calculator for converting the result
of multiplying the peak luminance output from the peak
luminance corrector and each of the representative lumi-
nance values into each representative current value
using a predetermined look-up table;

an average histogram calculator for counting the represen-
tative luminance values through luminance average his-
togram analysis of the input data and outputting the
count of representative luminance values; and

atotal current calculator for multiplying each representa-
tive current value and the count of representative lumi-
nance values, summing the multiplied results and calcu-
lating the total current value.

11. The apparatus according to claim 10, wherein the rep-
resentative current calculator calculates the representative
luminance value which is not stored in the look-up table and,
to which the peak luminance is applied, by reading and inter-
polating current values of a representative luminance values
adjacent to the representative luminance value.
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12. The apparatus according to claim 9, wherein the feed-
back controller feeds the luminance control gain back if a
difference between the estimated total current value and the
target value exceeds a predetermined threshold and deter-
mines the final luminance gain if the difference is within the
predetermined threshold.

13. The apparatus according to claim 12, wherein the feed-
back controller restricts the number of feedback to an odd
value.

14. The apparatus according to claim 9, wherein the feed-
back controller feeds the luminance control gain back if the
number of feedbacks of the luminance control gain is less
than a predetermined value and determines the final lumi-
nance gain if the number of feedbacks becomes equal to the
predetermined value.

15. The apparatus according to claim 14, wherein the feed-
back controller restricts the number of feedback to an odd
value.

16. The apparatus according to claim 9, wherein an opera-
tion for controlling the current by the current controller is
performed in a vertical blank period of each frame.
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