US 20140320546A1

12) Patent Application Publication (o) Pub. No.: US 2014/0320546 A1

a9y United States

LIM et al. 43) Pub. Date: Oct. 30, 2014
(54) ORGANIC LIGHT EMITTING DIODE (52) US.CL
DISPLAY AND METHOD FOR DRIVING THE CPC e G09G 3/3291 (2013.01)
SAME L] G 345/690; 345/77
(71)  Applicant: LG DISPLAY CO., LTD., Seoul (KR)
(72) Inventors: Kyongho LIM, Paju-si (KR); Sunhee (7) ABSTRACT

PARK, Paju-si (KR)
(73) Assignee: LG DISPLAY CO., LTD., Seoul (KR)
(21) Appl. No.: 14/100,711
(22) Filed: Dec. 9, 2013
(30) Foreign Application Priority Data
Apr. 30,2013 (KR) .ovvevviereneccnen 10-2013-0047894
Publication Classification

(51) Int.CL

G09G 3/32 (2006.01)

Provided is an organic light emitting diode display including
a display panel having data lines, gate lines, and pixels dis-
posed in a matrix form in a crossing region of the data lines
and the gate lines, a gamma reference voltage adjustment unit
that calculates an weighted average picture level of digital
video data, adjusts gamma reference voltages so that peak
luminance of the display panel is reduced as the weighted
average picture level is increased, and outputs the adjusted
gamma reference voltages, a data driving circuit converting
the digital video data into analogue data voltages by using the
gamma reference voltages, and supplying the data voltages to
the data lines, and a gate driving circuit sequentially output-
ting gate pulses to the gate lines.
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Fig. 5
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Fig. 6
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Fig. 7
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention claims the benefit of Korean
Patent Application No. 10-2013-0047894, filed on Apr. 30,
2013, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic light
emitting diode display and a method for driving the same.

[0004] 2. Discussion of the Related Art

[0005] In accordance with development of information-
oriented society, various types of demands for a display
device displaying an image are growing. Accordingly,
recently, various flat panel displays such as a liquid crystal
display (LCD), a plasma display panel (PDP), and an organic
light emitting diode (OLED) display have been used. Among
the flat panel displays, the organic light emitting diode dis-
play is characterized in that driving is feasible at low voltages,
a thickness is small, a viewing angle is excellent, and a
response speed is high. Among the organic light emitting
diode displays, an active matrix type organic light emitting
diode display where a plurality of pixels are positioned in a
matrix form to display the image is extensively used.

[0006] The active matrix type organic light emitting diode
display is provided with a display panel including a plurality
of pixels disposed in a matrix form. Each pixel includes a scan
TFT (thin film transistor) responding to a gate signal of a gate
line to supply a data voltage of a data line, and a driving TFT
adjusting an amount of a current supplied to an organic light
emitting diode (OLED) according to the data voltage sup-
plied to a gate electrode. As a grayscale to be displayed by a
pixel is increased, the current flowing through the organic
light emitting diode of the pixel is increased.

[0007] Meanwhile, as an average picture level full of the
image displayed by the organic light emitting diode display is
increased, the number of pixels displaying a white grayscale
is increased. The white grayscale means 192 to 255 gray-
scales where most significant two bits have a value of “11”
when input digital video data are 8 bits. The current flowing
through the organic light emitting diode of the pixel display-
ing the white grayscale is larger than the current flowing
through the organic light emitting diode of the pixel display-
ing a gray grayscale and a black grayscale. Accordingly, as
the number of pixels displaying the white grayscale is
increased, power consumption of the organic light emitting
diode display is increased. Therefore, currently, there is a
demand for a way to reduce power consumption of the
organic light emitting diode display.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0008] The present invention has been made in an effort to
provide an organic light emitting diode display having
reduced power consumption and a method for driving the
same.

Oct. 30,2014

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0010] FIG. 1is a block diagram schematically showing an
organic light emitting diode display according to an exem-
plary embodiment of the present invention.

[0011] FIG. 2 is an illustrative view showing a circuit con-
stitution of a pixel of a display panel of FIG. 1.

[0012] FIG. 3is ablock diagram showing in detail a gamma
reference voltage adjustment unit of FIG. 1.

[0013] FIG. 4 is an illustrative view showing in detail a
gamma reference voltage output circuit of FIG. 3.

[0014] FIG. 5 is a flowchart showing a method for output-
ting a gamma reference voltage of the gamma reference volt-
age adjustment unit of FIG. 3.

[0015] FIG. 6 is a graph showing an average picture level
distribution and a change in peak luminance according to the
average picture level as a comparative example.

[0016] FIG. 7 is a graph showing an weighted average
picture level distribution and a change in peak luminance
according to an weighted average picture level as an exem-
plary embodiment of the present invention.

[0017] FIG. 8is anillustrative view showing gamma curves
when the weighted average picture level of FIG. 7 is 40% and
60%.

[0018] FIG. 9 is a graph showing an weighted average
picture level distribution and a change in peak luminance
according to an weighted average picture level as another
exemplary embodiment of the present invention.

[0019] FIG. 10 is an illustrative view showing gamma
curves when the weighted average picture level is 40% in a
first peak luminance control curve and when the weighted
average picture level is 40% in a second peak luminance
control curve in FIG. 9.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0020] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0021] FIG. 1is a block diagram schematically showing an
organic light emitting diode display according to an exem-
plary embodiment of the present invention. Referring to FIG.
1, the organic light emitting diode display according to the
exemplary embodiment of the present invention includes a
display panel 10, a gate driving circuit 110, a data driving
circuit 120, a gamma reference voltage adjustment unit 130,
a controller 140, and a host system 150.

[0022] Data lines D and gate lines G are formed to cross
each other in the display panel 10. A pixel array where pixels
are disposed in a matrix form is formed in a crossing region of
the data lines D and the gate lines G. Each pixel of the display
panel 10 includes at least one switching TFT (thin film tran-
sistor) ST, a driving TFT DT, an organic light emitting diode
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(OLED) element, and at least one capacitor Cst like FIG. 2.
Each pixel controls a current flowing through the organic light
emitting diode (OLED) element by using the switching TFT
ST and the driving TFT DT to display an image. Specifically,
the switching TFT ST responds to a gate pulse of the gate line
G to supply adata voltage of the data line D to a first node N1.
The driving TFT DT may adjust an amount of the current
flowing through the organic light emitting diode OLED from
a high potential voltage VDD according to the voltage of the
first node N1. Finally, a light emission quantity of the organic
light emitting diode OLED may be adjusted by adjusting the
data voltage supplied to the first node N1. The display panel
10 may display the image in a form of bottom emission and
top emission according to a pixel structure.

[0023] The gate driving circuit 110 includes a plurality of
gate drive ICs (integrated circuit). The gate drive ICs control
at least one switching TFT of each pixel by using at least one
gate pulse. The gate drive ICs sequentially supply the gate
pulses to the gate lines G of the display panel 10. The gate
drive ICs may be mounted on a gate TCP (tape carrier pack-
age). The gate TCP may be bonded to the display panel 10 by
a TAB (tape automated bonding) process. Alternatively, the
gate drive ICs may be directly formed together with the pixel
array by a GIP (gate in panel) process.

[0024] The data driving circuit 120 includes a plurality of
source drive ICs. The source drive ICs receive digital video
data RGB from the controller 140. The source drive 1Cs
receive gamma reference voltages GMAs from the gamma
reference voltage adjustment unit 130, and calculate gamma
compensation voltages from the gamma reference voltages
GMAs by using a voltage divider circuit. The source drive ICs
convert the digital video data RGB into analogue data volt-
ages by using the gamma compensation voltages, synchro-
nize the data voltages with the gate pulse, and supply the data
voltages to the data lines D of the display panel 10. The source
drive ICs may be mounted on a source TCP. The source TCP
may be bonded to the display panel 10 and a source PCB
(printed circuit board) by a TAB process. Alternatively, the
source drive ICs may be directly attached to the display panel
10 by a COG (chip on glass) process.

[0025] The gamma reference voltage adjustment unit 130
receives the digital video data RGB from the controller 140,
and calculates an weighted average picture level of the digital
video data RGB. The gamma reference voltage adjustment
unit 130 adjusts the gamma reference voltages so that peak
luminance of the display panel is reduced as the weighted
average picture level is increased, and outputs the adjusted
gamma reference voltages. A detailed description of the
gamma reference voltage adjustment unit 130 will be given
below with reference to FIG. 2.

[0026] The controller 140 receives the digital video data
RGB and a timing signal from the host system 150. The
timing signal may include a vertical synchronization signal, a
horizontal synchronization signal, a data enable signal, and a
dot clock.

[0027] The controller 140 may be provided with a digital
data conversion unit converting the digital video data RGB
including red, green, and blue data to generate digital conver-
sion data RGBW including red, green, blue, and white data.
The digital data conversion unit may be embodied by any
known constitution as long as the red, green, and blue data are
converted into the red, green, blue, and white data in the
constitution. Meanwhile, a description of embodiment of
each pixel of the display panel, which includes a red subpixel,
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a green subpixel, a blue subpixel, and a white subpixel, is
mainly given in the exemplary embodiment of the present
invention. Accordingly, the digital data conversion unit con-
verting the digital video data RGB into the digital conversion
data RGBW is essentially required to drive the display panel
according to the exemplary embodiment of the present inven-
tion. However, it is important to note that the subpixels of the
pixels of the display panel are not limited thereto. That is,
when each pixel of the display panel includes the red sub-
pixel, the green subpixel, and the blue subpixel, the digital
data conversion unit converting the digital video data RGB
into the digital conversion data RGBW is not required.
Accordingly, the digital data conversion unit may be omitted.
[0028] The controller 140 generates a gate timing control
signal GCS controlling operation timing of the gate driving
circuit 110 and a data timing control signal DCS controlling
operation timing of the data driving circuit 120 based on the
timing signal. The controller 140 outputs the gate timing
control signal GCS to the gate driving circuit 110. The con-
troller 140 outputs the digital conversion data RGBW and the
data timing control signal DCS to the data driving circuit 120.
Further, the controller 140 outputs the digital video data RGB
to the gamma reference voltage adjustment unit 130.

[0029] The host system 150 may include a system on chip
including a scaler built therein to convert the digital video
data RGB inputted from external video source equipment into
adata format having resolution suitable to be displayed on the
display panel 10. The host system 150 supplies the digital
video data RGB and the timing signals to the controller 140
through an interface such as a LVDS (low voltage differential
signaling) interface and a TMDS (transition minimized dif-
ferential signaling) interface.

[0030] FIG. 3 is a block diagram showing in detail the
gamma reference voltage adjustment unit of FIG. 1. FIG. 4 is
an illustrative view showing in detail a gamma reference
voltage output circuit of FIG. 3. FIG. 5 is a flowchart showing
amethod for controlling the gamma reference voltage of the
gamma reference voltage adjustment unit of FIG. 3. Referring
to FIG. 3, the gamma reference voltage adjustment unit 130
includes an weighted average picture level calculator 131, a
gamma reference voltage adjustment data output unit 132,
and a gamma reference voltage output circuit 133. Hereinaf-
ter, the method for controlling the gamma reference voltage
of the gamma reference voltage adjustment unit will be
described in detail with reference to FIGS. 3 to 5.

[0031] The weighted average picture level calculator 131
receives the digital video data RGB from the controller 140,
and calculates an weighted average picture level WAPL from
the digital video data RGB. Particularly, the weighted average
picture level calculator 131 calculates the weighted average
picture level WAPL of an N frame period from the digital
video data RGB of the N (N is a positive integer) frame
period. The digital video data RGB of the N frame period
includes rxs pixel data (r is the number of the pixels present on
any one horizontal line and s is the number of the pixels
present on any one vertical line). Each of the pixel data may
include the red data R, the green data G, and the blue data B.
[0032] The weighted average picture level calculator 131
may calculate a grayscale representative value Pr of each of
the pixel data like Equation 1.

Pr=Max(R,G,B)

[0033] InEquation 1, Prmeans the grayscale representative
value of the pixel data, R means the red data of the pixel data,

[Equation 1]
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G means the green data ofthe pixel data, and B means the blue
data of the pixel data. The weighted average picture level
calculator 131 may calculate a maximum value of the red data
R, the green data G, and the blue data B of the pixel data as the
grayscale representative value Pr of the pixel data like Equa-
tion 1. Meanwhile, the grayscale representative value Pr of
the pixel may be calculated by a method other than Equation
1. For example, the grayscale representative value Pr may be
calculated as a luminance value Y of the pixel data S101.

[0034] The weighted average picture level calculator 131
calculates the grayscale representative value of each of the
pixel data, and then calculates the weighted average picture
level WAPL by using the grayscale representative value like
Equation 2.

Z (PRIT) [Equation 2]
WAPL=
3 (PHT)
0035] In Equation 2, WAPL means the weighted average
[ q g

picture level, Prmeans the grayscale representative value, and
T means a peak white grayscale. When input digital video
data are 8 bits, the peak white grayscale is 255. That is,
according to Equation 2, the weighted average picture level
calculator 131 calculates a sum of values obtained by dividing
a square of the grayscale representative value Pr by the peak
white grayscale T as a first value (numerator of Equation 2),
and calculates a sum of values obtained by dividing the gray-
scale representative value Pr by the peak white grayscale T as
a second value (denominator of Equation 2). Then, the
weighted average picture level calculator 131 calculates a
value obtained by dividing the first value (numerator of Equa-
tion 2) by the second value (denominator of Equation 2) as the
weighted average picture level WAPL. The weighted average
picture level calculator 131 outputs the weighted average
picture level WAPL to the gamma reference voltage adjust-
ment data output unit 132. Particularly, the weighted average
picture level calculator 131 may calculate the weighted aver-
age picture level WAPL during every 1 frame period S102.

[0036] The gamma reference voltage adjustment data out-
put unit 132 receives the weighted average picture level
WAPL from the weighted average picture level calculator
131. The gamma reference voltage adjustment data output
unit 132 outputs gamma reference voltage adjustment data
Dg according to the weighted average picture level WAPL.
The gamma reference voltage adjustment data Dg include
high potential voltage data indicating the high potential volt-
age VDD to be supplied to a high potential voltage terminal
VDD_T, and tap voltage data indicating tap voltages to be
supplied to tap voltage terminals TAB1_T to TABk_T.

[0037] Specifically, the gamma reference voltage adjust-
ment data output unit 132 may include a look-up table storing
the gamma reference voltage adjustment data Dg. In this case,
the gamma reference voltage adjustment data output unit 132
may input the weighted average picture level WAPL to an
input address of the look-up table, and output the gamma
reference voltage adjustment data Dg stored in the corre-
sponding input address. The gamma reference voltage adjust-
ment data Dg may be adjusted so that peak luminance of the
display panel is reduced as the weighted average picture level
WAPL is increased. The gamma reference voltage adjustment
data Dg may be determined in advance through a prior experi-
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ment. A method for calculating the gamma reference voltage
adjustment data Dg will be described in detail below with
reference to FIGS. 6 to 10.

[0038] The gamma reference voltage output circuit 133
receives the gamma reference voltage adjustment data Dg
from the gamma reference voltage adjustment data output
unit 132. Referring to FIG. 4, the gamma reference voltage
output circuit 133 includes a digital to analogue converter
1334 and a voltage divider circuit 1335. The gamma reference
voltage adjustment data Dg include the high potential voltage
data indicating the high potential voltage VDD to be supplied
to the high potential voltage terminal VDD_T, and the tap
voltage data indicating the tap voltages to be supplied to the
tap voltage terminals TAB1_T to TAB2_T. The digital to
analogue converter 133a converts the high potential voltage
data as digital data into the high potential voltage as analogue
voltage. The digital to analogue converter 1334 converts the
tap voltage data as the digital data into a plurality of tap
voltages as the analogue voltage. The digital to analogue
converter 133a supplies the high potential voltage and a plu-
rality of tap voltages to the voltage divider circuit 1335. The
voltage divider circuit 1335 divides the high potential volt-
age, the tap voltages, and the low potential voltage VSS, and
outputs k (k is a positive integer) gamma reference voltages
GMAL1 to GMAk. Meanwhile, in FIG. 4, for understanding
and ease of description, it should be noted that only first and
second tap voltage terminals TAB1_T and TAB2_T are
shown. The number of the tap voltage terminals and the tap
voltages may be determined in advance through a prior
experiment S104.

[0039] As described above, in the exemplary embodiment
of the present invention, the gamma reference voltages
GMA1 to GMAk may be outputted by calculating the gamma
reference voltage adjustment data Dg including the high
potential voltage data and the tap voltage data based on the
weighted average picture level WAPL, converting the high
potential voltage data and the tap voltage data as the digital
data into the high potential voltage and the tap voltages as the
analogue voltage, and supplying the high potential voltage
and the tap voltages to the voltage divider circuit 1335. That
is, the exemplary embodiment of the present invention may
adjust the gamma reference voltages GMAL to GMAk
according to the weighted average picture level WAPL. Fur-
ther, the voltage divider circuit of the data driving circuit 120
calculates the gamma compensation voltages from the
gamma reference voltages GMA1 to GMAk. The data volt-
ages supplied to the pixels are calculated by using the gamma
compensation voltages. Accordingly, when the gamma refer-
ence voltages GMA1 to GMAk are adjusted, the data voltages
may be adjusted. Therefore, a light emission quantity of the
organic light emitting diode (OLED) element of each of the
pixels of the display panel may be controlled. That is, peak
luminance of each of the pixels of the display panel may be
controlled. Ultimately, the exemplary embodiment of the
present invention may control peak luminance of the pixels of
the display panel according to the weighted average picture
level WAPL.

[0040] Hereinafter, referring to FIGS. 6 and 7, the method
for calculating the gamma reference voltage adjustment data
Dg stored in the look-up table of the gamma reference voltage
adjustment data output unit 132 will be described by exam-
ining in detail a method for controlling peak luminance of the
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display panel according to the weighted average picture level
WAPL in the exemplary embodiment of the present inven-
tion.

[0041] FIG. 6 is a graph showing an average picture level
histogram and a change in peak luminance according to the
average picture level as a comparative example. FIG. 7 is a
graph showing an weighted average picture level histogram
and a change in peak luminance according to the weighted
average picture level as the exemplary embodiment of the
present invention. Peak luminance of the display panel means
luminance when the pixels of the display panel display the
peak white grayscale. When input digital video data are 8 bits,
the peak white grayscale is 255.

[0042] FIGS. 6 and 7 show peak luminance control curves
(PLC curve). The peak luminance control curve (PLC curve)
is a curve showing peak luminance according to the average
picture level (APL) or the weighted average picture level
WAPL. For reference, the average picture level APL may be
calculated like Equation 3. In Equation 3, APL means the
average picture level, Pr means the grayscale representative
value, and T means the peak white grayscale. When input
digital video data are 8 bits, the peak white grayscale is 255.

[Equation 3]

> i)
APL) = S x100

X

[0043] According to the peak luminance control curve
(PLC curve), the average picture level APL or the weighted
average picture level WAPL is in approximately inverse pro-
portion to the peak luminance. For example, as shown in
FIGS. 6 and 7, when the average picture level APL or the
weighted average picture level WAPL is 25%, the peak lumi-
nance may be controlled to 400 nit. When the average picture
level APL or the weighted average picture level WAPL is
100%, the peak luminance may be controlled to 100 nit. This
is constituted to reduce power consumption because the num-
ber of the pixels displaying the white grayscale is increased as
the average picture level APL or the weighted average picture
level WAPL is increased to increase power consumption. The
white grayscale means 192 to 255 grayscales where most
significant two bits have a value of “11” when the input digital
video data are 8 bits.

[0044] FIGS. 6 and 7 show the histogram of the average
picture level calculated from an international standard
TEC62087 image and the histogram of the weighted average
picture level calculated from the IEC62087 image. It can be
seen that the histogram of the weighted average picture level
calculated from the IEC62087 image is shifted to the right as
compared to the histogram of the average picture level calcu-
lated from the IEC62087 image. That is, the average picture
level APL calculated from the IEC62087 image is mainly
distributed within 10 to 40%. On the other hand, the weighted
average picture level WAPL calculated from the IEC62087
image is symmetrically distributed to both sides based on
50%. Accordingly, when the peak luminance is calculated
according to the weighted average picture level WAPL cal-
culated from the IEC62087 image, the peak luminance of the
display panel may be low as compared to the case where the
peak luminance is calculated according to the average picture
level APL calculated from the IEC62087 image. That s, in the
exemplary embodiment of the present invention, the peak
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luminance ofthe display panel may be low as compared to the
comparative example. Accordingly, power consumption may
be reduced.

[0045] FIG. 8is anillustrative view showing gamma curves
when the weighted average picture level of F1G. 7 is 40% and
60%. Referring to FIG. 8, gamma curve A is a gamma curve
for controlling the peak luminance to about 250 nit when the
weighted average picture level WAPL. is 40%. Gamma curve
B is a gamma curve for controlling the peak luminance to
about 150 nit when the weighted average picture level WAPL
is 60%.

[0046] An x axis of the gamma curve indicates a grayscale
value, and a y axis indicates the luminance. That is, the
gamma curve is a curve showing the luminance according to
the grayscale, and has an exponential function form where the
luminance is increased as the grayscale is increased. The peak
luminance when the weighted average picture level WAPL is
40% is higher than the peak luminance when the weighted
average picture level WAPL is 60%. Accordingly, the lumi-
nance in the 255 grayscale of gamma curve A is higher than
the luminance in the 255 grayscale of gamma curve B. When
input digital video data are 8 bits, the peak white grayscale is
the 255 grayscale.

[0047] Finally, the luminance of the peak white grayscale is
controlled to be low as the weighted average picture level
WAPL is increased. Further, the luminances of all grayscales
as well as the peak white grayscale are controlled to be low.
Accordingly, in the exemplary embodiment of the present
invention, the data voltages supplied to the pixels of the
display panel are controlled so that the light emission quantity
of the organic light emitting diode (OLED) element of the
pixel is reduced as the weighted average picture level WAPL
is increased. This is feasible by adjusting the gamma refer-
ence voltages GMAs outputted from the gamma reference
voltage adjustment unit 130 as described above. That is, the
gamma reference voltage adjustment unit 130 according to
the exemplary embodiment of the present invention adjusts
the gamma reference voltages by using the gamma reference
voltage adjustment data Dg designed in advance so that the
gamma reference voltages are reduced as the weighted aver-
age picture level WAPL is increased. Accordingly, the light
emission quantity of the organic light emitting diode element
of the pixels of the display panel 10 may be reduced as the
weighted average picture level WAPL is increased. There-
fore, in the exemplary embodiment of the present invention,
the data voltages supplied to the pixels of the display panel 10
may be adjusted by adjusting the gamma reference voltages
GMAs. Accordingly, in the present invention, the light emis-
sion quantity of the organic light emitting diode (OLED)
element of the pixels may be adjusted, and thus the peak
luminance of the display panel may be controlled.

[0048] As described above, in the exemplary embodiment
of the present invention, the gamma reference voltages are
adjusted to control the peak luminance according to the
weighted average picture level WAPL. The gamma reference
voltage adjustment data Dg stored in the look-up table are
used to adjust the gamma reference voltages. Particularly, in
the exemplary embodiment of the present invention, as
described above with reference to FIGS. 6 to 8, the high
potential voltage and the tap voltages of the gamma reference
voltage output circuit 133 may be calculated according to the
weighted average picture level WAPL by using the peak lumi-
nance control curve (PLC curve) through a prior experiment.
Therefore, in the exemplary embodiment of the present
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invention, the gamma reference voltage adjustment data Dg
including the high potential voltage data and the tap voltage
data may be calculated, and the look-up table storing the
gamma reference voltage adjustment data Dg may be
designed.

[0049] FIG. 9 is a graph showing an weighted average
picture level distribution and a change in peak luminance
according to an weighted average picture level as another
exemplary embodiment of the present invention. FIG. 9 show
first and second peak luminance control curves PLC1 and
PLC2. The first and second peak luminance control curves
PLC1 and PLC2 are curves showing peak luminance accord-
ing to the weighted average picture level WAPL. According to
the first and second peak luminance control curves PLC1 and
PLC2, the weighted average picture level WAPL is in
approximately inverse proportion to the peak luminance. Fur-
ther, FIG. 9 shows a histogram of the weighted average pic-
ture level WAPL calculated from an international standard
TEC62087 image.

[0050] Referring to FIG. 9, in the first peak luminance
control curve PLC1, the peak luminance is about 250 nit
when the weighted average picture level WAPL is 40%. In the
second peak luminance control curve PLC2, the peak lumi-
nance is about 290 nit when the weighted average picture
level WAPL 1is 40%. Further, in the first peak luminance
control curve PLCI, the peak luminance is about 150 nit
when the weighted average picture level WAPL is 60%. In the
second peak luminance control curve PLC2, the peak lumi-
nance is about 190 nit when the weighted average picture
level WAPL is 60%. That is, even at the same weighted
average picture level WAPL, the peak luminance in the sec-
ond peak luminance control curve PLC2 is higher than the
peak luminance in the first peak luminance control curve
PLC1. In the exemplary embodiment of the present invention,
a picture quality may be improved by upwardly adjusting the
peak luminance control curve (PLC1—=PLC2) for a reduction
in power consumption.

[0051] FIG. 10 is an illustrative view showing gamma
curves when the weighted average picture level is 40% in the
first peak luminance control curve and when the weighted
average picture level is 40% in the second peak luminance
control curve in FIG. 9.

[0052] Referring to FIG. 10, gamma curve C is a gamma
curve for controlling the peak luminance to about 250 nit
when the weighted average picture level WAPL is 40% in the
first peak luminance control curve PLC1. Gamma curve D is
a gamma curve for controlling the peak luminance to about
290 nit when the weighted average picture level WAPL is
40% in the second peak luminance control curve PLC2.
[0053] The gamma curve is a curve showing the luminance
according to a grayscale, and has an exponential function
form where the luminance is increased as the grayscale is
increased. The peak luminance when the weighted average
picture level WAPL is 40% in the first peak luminance control
curve PLC1 is lower than the peak luminance when the
weighted average picture level WAPL is 40% in the second
peak luminance control curve PLC2. Accordingly, the lumi-
nanceinthe 255 grayscale of gamma curve C is lower than the
luminance in the 255 grayscale of gamma curve D. When
input digital video data are 8 bits, a peak white grayscale is the
255 grayscale. Further, a change width of the luminance of
gamma curve D in a range of the 255 grayscale is larger than
the change width of the luminance of gamma curve C.
Accordingly, it can be considered that a grayscale classifica-
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tion ability of gamma curve D is higher than the grayscale
classification ability of gamma curve C.

[0054] Finally, the luminance of the peak white grayscale is
controlled to be low as the weighted average picture level
WAPL is increased. Further, the luminances of all grayscales
as well as the peak white grayscale are controlled to be low.
Accordingly, in the exemplary embodiment of the present
invention, data voltages supplied to pixels of a display panel
are controlled so that a light emission quantity of an organic
light emitting diode (OLED) element of the pixel is reduced
as the weighted average picture level WAPL is increased. This
is feasible by adjusting gamma reference voltages GMAs
outputted from a gamma reference voltage adjustment unit
130 as described above. That is, the gamma reference voltage
adjustment unit 130 according to the exemplary embodiment
of the present invention adjusts the gamma reference voltages
by using gamma reference voltage adjustment data Dg
designed in advance so that the gamma reference voltages are
reduced as the weighted average picture level WAPL is
increased. Accordingly, the light emission quantity of the
organic light emitting diode element of the pixels of the
display panel 10 may be reduced as the weighted average
picture level WAPL is increased. Therefore, in the exemplary
embodiment of the present invention, the data voltages sup-
plied to the pixels of the display panel 10 may be adjusted by
adjusting the gamma reference voltages GMAs. Accordingly,
in the present invention, the light emission quantity of the
organic light emitting diode (OLED) element of the pixels
may be adjusted, and thus the peak luminance of the display
panel may be controlled.

[0055] Further, in the present invention, the weighted aver-
age picture level may be shifted to a higher value region as
compared to a comparative example where the peak lumi-
nance of the display panel is controlled to be low according to
the average picture level. Accordingly, the peak luminance of
the display panel may be low. Accordingly, in the present
invention, power consumption may be further reduced as
compared to the comparative example.

[0056] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:
1. An organic light emitting diode display comprising:

a display panel including data lines, gate lines, and pixels
disposed in amatrix formin a crossing region of the data
lines and the gate lines;

a gamma reference voltage adjustment unit calculating an
weighted average picture level of digital video data,
adjusting gamma reference voltages so that peak lumi-
nance of the display panel is reduced as the weighted
average picture level is increased, and outputting the
adjusted gamma reference voltages;
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a data driving circuit converting the digital video data into
analogue data voltages by using the gamma reference
voltages, and supplying the data voltages to the data
lines; and

a gate driving circuit sequentially outputting gate pulses to
the gate lines.

2. The organic light emitting diode display of claim 1,
wherein the gamma reference voltage adjustment unit
includes:

a grayscale representative value calculator calculating a
maximum value of red, green, and blue data of pixel data
as a grayscale representative value of the pixel data; and

a weighted average picture level calculator calculating a
sum of values obtained by dividing a square of the gray-
scale representative value by a peak white grayscale as a
first value, calculating a sum of values obtained by divid-
ing the grayscale representative value by the peak white
grayscale as a second value, and calculating a value
obtained by dividing the first value by the second value
as the weighted average picture level.

3. The organic light emitting diode display of claim 2,
wherein the gamma reference voltage adjustment unit further
includes:

a gamma reference voltage adjustment data output unit
including a look-up table storing gamma reference volt-
age adjustment data including high potential voltage
data and tap voltage data, and outputting the gamma
reference voltage adjustment data stored in the look-up
table according to the weighted average picture level;
and

a gamma reference voltage output circuit differently out-
putting the gamma reference voltages according to the
gamma reference voltage adjustment data by adjusting a
high potential voltage and tap voltages according to the
gamma reference voltage adjustment data.

4. The organic light emitting diode display of claim 3,
wherein the gamma reference voltage adjustment data are
data adjusting the gamma reference voltages so that the
gamma reference voltages are reduced as the weighted aver-
age picture level is increased.

5. The organic light emitting diode display of claim 4,
wherein the gamma reference voltage output circuit includes:

a digital analogue converter converting the high potential
voltage data and the tap voltage data of the gamma
reference voltage adjustment data into the high potential
voltage and the tap voltages and outputting the high
potential voltage and the tap voltages; and

avoltage divider circuit dividing the high potential voltage,
the tap voltages, and a low potential voltage and output-
ting the gamma reference voltages.

6. The organic light emitting diode display of claim 1,
wherein the data driving circuit includes the voltage divider
circuit dividing the gamma reference voltages and outputting
gamma compensation voltages, and converts the digital video
data into the data voltages by using the gamma compensation
voltages.

7. A method for driving an organic light emitting diode
display including a display panel having data lines, gate lines,
and pixels disposed in a matrix form in a crossing region of
the data lines and the gate lines, comprising;

calculating an weighted average picture level of digital
video data, adjusting gamma reference voltages so that
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peak luminance of the display panel is reduced as the
weighted average picture level is increased, and output-
ting the gamma reference voltages;

converting the digital video data into analogue data volt-

ages by using the gamma reference voltages, and sup-
plying the data voltages to the data lines; and
sequentially outputting gate pulses to the gate lines.

8. The method of claim 7, wherein the calculating of the
weighted average picture level of the digital video data, the
adjusting of the gamma reference voltages so that the peak
luminance of the display panel is reduced as the weighted
average picture level is increased, and the outputting of the
gamma reference voltages includes:

calculating a maximum value of red, green, and blue data

of pixel data as a grayscale representative value of the
pixel data; and

calculating a sum of values obtained by dividing a square of

the grayscale representative value by a peak white gray-
scale as a first value, calculating a sum of values
obtained by dividing the grayscale representative value
by the peak white grayscale as a second value, and
calculating a value obtained by dividing the first value by
the second value as the weighted average picture level.

9. The method of claim 8, wherein the calculating of the
weighted average picture level of the digital video data, the
adjusting of the gamma reference voltages so that the peak
luminance of the display panel is reduced as the weighted
average picture level is increased, and the outputting of the
gamma reference voltages further includes:

outputting gamma reference voltage adjustment data

stored in a look-up table according to the weighted aver-
age picture level; and

differently outputting the gamma reference voltages

according to the gamma reference voltage adjustment
data by adjusting a high potential voltage and tap volt-
ages according to the gamma reference voltage adjust-
ment data.

10. The method of claim 9, wherein the gamma reference
voltage adjustment data are data adjusting the gamma refer-
ence voltages so that the gamma reference voltages are
reduced as the weighted average picture level is increased.

11. The method of claim 9, wherein the differently output-
ting of the gamma reference voltages according to the gamma
reference voltage adjustment data includes:

converting high potential voltage data and tap voltage data

of the gamma reference voltage adjustment data into the
high potential voltage and the tap voltages, and output-
ting the high potential voltage and the tap voltages; and

dividing the high potential voltage, the tap voltages, and a

low potential voltage, and outputting the gamma refer-
ence voltages.

12. The method of claim 8, wherein in the converting of the
digital video data into the analogue data voltages by using the
gamma reference voltages, and the supplying of the data
voltages to the data lines, the gamma reference voltages are
divided by using a voltage divided circuit, gamma compen-
sation voltages are outputted, and the digital video data are
converted into the data voltages by using the gamma com-
pensation voltages.
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