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In a display apparatus and a driving method thereof, image
data corresponding to plural different positions of a display
panel are added to each other, and a sum of the image data of
a present frame is compared with a sum of the image data of
aprevious frame to determine whether an image displayed on
the display panel is a still image or not. While a still image is
displayed, brightness of the display panel is gradually low-
ered. Accordingly, the display panel may prevent occurrence
of afterimages and deterioration of organic electrolumines-
cent light emitting devices, as well as reduce power consump-
tion.
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Fig. 3
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Fig. 4
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Fig. 7
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DISPLAY APPARATUS AND METHOD OF
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 2008-89979 filed on Sep. 11, 2008, the con-
tents of which are herein incorporated by reference in its
entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to electronic displays.

More particularly, the present invention relates to an organic
electroluminescent light emitting display device and a
method of driving the organic electroluminescent light emit-
ting display device.

[0004] 2. Description of the Related Art

[0005] In recent years, lightweight, slim display devices
have been desirable for use as televisions, monitors, and the
like, and organic electroluminescent light emitting display
devices are spotlighted as one such desired display device.
[0006] In general, an organic electroluminescent light
emitting display device displays images using light-emitting
properties of an organic electroluminescent light emitting
substance. In other words, the organic electroluminescent
light emitting device includes an anode, a cathode, and a light
emitting material injected between the anode and the cathode.
When current is supplied between the anode and the cathode,
electrons and holes are injected into the light emitting mate-
rial, where electron-hole pairs are combined, thereby emit-
ting light and displaying colors.

[0007] However, due to their driving schemes, many cur-
rent organic electroluminescent light emitting display
devices display afterimages, which deteriorate image display
quality. It is therefore desirable to develop organic electrolu-
minescent light emitting display devices that reduce the
occurrence of afterimages.

SUMMARY

[0008] Therefore, an exemplary embodiment of the present
invention provides a display apparatus capable of reducing
afterimages and power consumption, and improving lifespan.
[0009] The present invention also provides a method of
driving the display apparatus.

[0010] In an exemplary embodiment of the present inven-
tion, a display apparatus comprises a display panel that dis-
plays an image, and a timing controller that processes image
data. The timing controller comprises a panel controller that
outputs the image data in synchronization with a first control
signal, as well as a brightness controller. The brightness con-
troller detects a variation of the image according to a sum of
portions of the image data corresponding to predetermined
plural positions of the display panel, and outputs a second
control signal to control a brightness of the display panel. The
display apparatus also includes a panel driver that drives the
display panel in response to the first control signal and the
image data, and controls a brightness of the display panel in
response to the second control signal.

[0011] In another exemplary embodiment of the present
invention, a method of driving a display apparatus comprises
adding image data corresponding to predetermined plural
positions of the display panel for a plurality of frames, so as to
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determine sums of the image data for each frame of the
plurality of frames. The method also includes comparing a
sum of the image data obtained from a previous frame with a
sum of the image data obtained from a present frame to
calculate a difference value between the previous frame and
the present frame. The difference value is compared with a
predetermined reference value. A count value is increased
when the difference value is equal to or less than the reference
value, and the count value is reset when the difference value
is greater than the reference value. The count value corre-
sponds to a displaying time of an image displayed on a display
panel. A control signal is generated based on brightness data
corresponding to the count value, whereupon a brightness of
the display panel is controlled based on the control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0013] FIG. 1 is a block diagram showing an exemplary
embodiment of an organic electroluminescent light emitting
display device according to the present invention;

[0014] FIG. 2 is an equivalent circuit diagram of pixels in a
display panel of FIG. 1;

[0015] FIG.3isaplan view showing a display panel of FIG.
1;

[0016] FIG. 4 is ablock diagram showing a timing control-
ler of FIG. 1;

[0017] FIG. 5 is a graph showing brightness variations
according to elapsed time;

[0018] FIGS. 6A to 6C are views showing brightness varia-
tion of a display panel; and

[0019] FIG. 7is a flowchart illustrating a method of driving
the organic electroluminescent light emitting display device
of FIG. 1.

DESCRIPTION OF THE EMBODIMENTS

[0020] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0021] FIG. 1 is a block diagram showing an exemplary
embodiment of an organic electroluminescent light emitting
display device according to the present invention. FIG. 2 isan
equivalent circuit diagram of pixels in the display panel of
FIG.1.InFIG. 2, only four pixels of the pixels arranged on the
display panel have been shown.

[0022] Referring to FIG. 1, an organic electroluminescent
light emitting display device 100 includes a display panel
110, a timing controller 120, a gate driver 130, a data driver
140, and a voltage generator 150.

[0023] The display panel 110 includes a plurality of gate
lines GL1~GLn, a plurality of data lines DL1~DLm, and a
plurality of voltage lines VL1~VLm. The gate lines
GL1~GLn extend in a first direction and are arranged in
parallel with each other along a second direction perpendicu-
lar to the first direction. The data lines DL1~DLm extend in
the second direction and are arranged in parallel with each
other along the first direction. The data lines DL.1~DLm are
insulated from the gate lines GL1~GLn while crossing the
gate lines GL.1~GLn. The voltage lines VL1~VLm extend in
the second direction and are arranged in parallel with each
other along the first direction. The voltage lines VL1~VLm
are insulated from the gate lines GL1~GLn while crossing the
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gate lines GL1~GLn. The voltage lines VL1~VLm are elec-
trically connected to each other and electrically insulated
from the data lines DL1~DLm.

[0024] The display panel 110 includes a plurality of pixel
areas defined by the gate lines GL1~GLn, the data lines
DL1~DLm, and the voltage lines VL1~VLm in a matrix
form. Each pixel area includes a pixel PX arranged therein.

[0025] As shown in FIG. 2, each pixel PX includes a
switching device ST, a driving transistor DT, an image main-
taining capacitor Cst, and an organic electroluminescent light
emitting device OLED. Hereinafter, an (ixj)th pixel will be
described as an example.

[0026] The switching transistor ST includes an input elec-
trode connected to j-th data line DLj, a control electrode
connected to i-th gate line GL1i, and an output electrode con-
nected to the driving transistor DT. Accordingly, when the
switching transistor ST is turned on in response to a gate
voltage applied to the i-th gate line GLi, a data voltage applied
to the j-th data line DLj is supplied to the driving transistor DT
through the output electrode.

[0027] The driving transistor DT includes a control elec-
trode connected to the output electrode of the switching tran-
sistor ST, an input electrode connected to the j-th voltage line
VLj, and an output electrode connected to the organic elec-
troluminescent light emitting device OLED. The j-th voltage
line VL receives a driving voltage VDD. When the driving
transistor DT is a p-type transistor, driving voltage VDD has
a voltage level higher than that of a common voltage Vcom
connected to the organic electroluminescent light emitting
device OLED. When the driving transistor DT is n-type,
driving voltage VDD has a voltage level lower than that of the
common voltage Vcom. Thus, an output current flowing
through the output electrode of the driving transistor DT is
controlled by the data voltage from the switching transistor
ST and the driving voltage VDD from the j-th voltage line
VL.

[0028] The image maintaining capacitor Cst is connected
between the output electrode of the switching transistor ST
and the j-th voltage line VL], and stores electric charge
according to the data voltage output from the output electrode
and the driving voltage VDD. The image maintaining capaci-
tor Cst stores charge after the switching transistor ST is turned
off, thereby maintaining the driving transistor DT in the turn-
on state for a predetermined time interval.

[0029] The organic electroluminescent light emitting
device OLED may include a diode, of which an anode con-
nects to the output electrode of the driving transistor DT and
a cathode receives the common voltage Vcom. An organic
light emitting layer (not shown) is interposed between the
anode and the cathode. The organic light emitting layer may
include a red, green or blue organic material. The color of the
organic material for the organic light emitting layer may vary
according to the pixel.

[0030] When the driving transistor DT is turned on (by the
data voltage from data line DLj or by the electric charges
stored in the image maintaining capacitor Cst), the output
current from the output electrode of the driving transistor DT
is supplied to the anode of the organic electroluminescent
light emitting device OLED. Accordingly, the magnitude of
the output current can be varied so as to vary the intensity of
light emitted from the organic electroluminescent light emit-
ting device OLED. In this manner, images having desired
gray-scale can be displayed.
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[0031] Referring to again FIG. 1, the timing controller 120
receives synchronization signals and image data I-DAT from
an external source. The image data I-DAT are input to the
timing controller 120 frame by frame. The timing controller
120 outputs a gate control signal GCS and a data control
signal DCS to control the gate and data drivers 130 and 140,
and outputs the image data I-DAT to the data driver 140 in
synchronization with the data control signal DCS. In the
present exemplary embodiment, the gate control signal GCS
includes a vertical start signal and a vertical clock signal, and
the data control signal DCS includes a horizontal start signal
and a horizontal clock signal.

[0032] The gate driver 130 sequentially outputs a gate volt-
age to the gate lines GLL1~GLn in response to the gate control
signal GCS, and the data driver 140 outputs the data voltage
to the data lines DL.1~DLm in synchronization with the data
control signal DCS after converting the image data I-DAT
into the data voltages. The voltage generator 150 applies the
driving voltage VDD to the voltage lines VL.1~VLm arranged
on the display panel 110.

[0033] Meanwhile, in order to control the brightness of the
images displayed on the display panel 110, the timing con-
troller 120 outputs a brightness control signal LCS to the
voltage generator 150. The LCS can be determined according
to a sum of gray scale values of image data (hereinafter,
referred to local image data) corresponding to selected posi-
tions of the display panel 110 among the image data I-DAT
corresponding to one frame.

[0034] The voltage generator 150 receives the brightness
control signal LCS from the timing controller 120 to adjust
the voltage level of the driving voltage VDD. In detail, if a
difference between sums of the gray scale values of the local
image data, which are respectively obtained from two frames
adjacent to each other, is equal to or less than a predetermined
reference value, the timing controller 120 provides the bright-
ness control signal LCS to the voltage generator 150. Thus,
the voltage generator 150 lowers the voltage level of the
driving voltage VDD in response to the brightness control
signal LCS by a predetermined voltage level, which is applied
to the display panel 110.

[0035] As described above, when the driving voltage VDD
is lowered, the output current of the driving transistor DT, and
thus the intensity of light emitted from the organic electrolu-
minescent light emitting device OLED, is reduced. Accord-
ingly, in cases where still images are displayed, the brightness
of'the still images is reduced, reducing the intensity of after-
images.

[0036] A brightness control function of timing controller
120 will now be described with reference to FIGS. 3 and 4.
FIG. 3 is a plan view showing a display panel of FIG. 1, and
FIG. 4 is a block diagram showing a timing controller of FIG.
1

[0037] Referring to FIG. 3, the display panel 110 includes
first, second, third, fourth and fifth blocks B1, B2, B3, B4 and
B5, each of which has a plurality of pixels. As an example, the
first to fifth blocks B1~BS5 are positioned at a center portion,
a left upper portion, a left lower portion, a right upper portion,
and a right lower portion, respectively.

[0038] In addition, each of the first to fifth blocks B1~B5
may include 20x20 pixels. The number of the blocks and the
number of the pixels in each block are exemplary and the
invention is not limited thereto. Those of ordinary skill in the
art will observe that these numbers can vary according to a
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number of factors, such as the size of the display panel 110
and the capacity of the timing controller 120.

[0039] As shown in FIG. 4, the timing controller 120
includes a panel controller 121 and a brightness controller
122.

[0040] The panel controller 121 receives synchronization
signals and image data I-DAT from an exterior and outputs the
gate control signal GCS, the data control signal DCS and the
image data I-DAT. Also, the panel controller 121 outputs the
local image data LI-DAT to the brightness controller 122.
[0041] Thebrightness controller 122 includes a comparator
122a, a memory 1225, a timer 122¢, and a look-up table 1224
in order to control the brightness of the display panel 110. As
above, the brightness controller 122 can control the bright-
ness of the display panel 110 according to the sum of the gray
scale values of the local image data LI-DAT supplied to each
of the first to fifth blocks B1~B2.

[0042] The comparator 122a compares sums of the gray
scale values of the local image data corresponding to the
positions, which are respectively obtained from two frames
adjacent to each other, to output a comparison signal. The
comparator 122a calculates the sum SUMi of the gray scale
values of the local image data LI-DAT corresponding to the
first to fifth blocks B1~B5 of the panel controller 121 during
a present frame and stores the sum SUMi of the local image
data LI-DAT into the memory 122b. Also, the comparator
122a reads out the sum SUMi-1 of'the gray scale values of the
local image data LI-DAT corresponding to a previous frame
from the memory 1225. Thus, the comparator 122a compares
the sum SUMIi of the present frame with the sum SUMi-1 of
the previous frame. When the difference between the two
sums SUMi and SUMi-1 is equal to or less than the predeter-
mined reference value, the comparator 122a outputs a com-
parison signal COM corresponding to a first state, and when
the difference between the two sums SUMi and SUMi-1 is
greater than the reference value, the comparator 122a outputs
a comparison signal COM corresponding to a second state.
[0043] The comparison signal COM is provided to the
timer 122¢. The timer 122¢ adds “1” to a previous count value
(not shown) when the comparison signal COM has the first
state, and the sum becomes present count value CNTi. The
present count value CNTi is provided to the comparator 122a.
The timer 122¢ resets the previous count value when the
comparison signal COM has the second state.

[0044] Thecomparator 1224 reads out brightness data from
the look-up table 1224 based on the present count value CNTi
and the sum SUMi of the present frame. Particularly, the
look-up table 1224 stores various brightness data using the
present count value CNTi and the sum SUMIi of the present
frame as its variables.

[0045] The comparator 122a outputs the brightness control
signal L.CS based on the read-out brightness data LUM to
control the voltage generator 150 (shown in FIG. 1). Accord-
ingly, the voltage generator 150 controls the voltage level of
the driving voltage VDD in response to the brightness control
signal LCS, so that the brightness of the display panel 110
may be adjusted. Consequently, if the same image (e.g., still
image) is displayed on the display panel 110 during a prede-
termined time interval, the brightness of the display panel 110
is lowered, thereby preventing occurrence of afterimages,
deterioration of the organic electroluminescent light emitting
device OLED, and reducing power consumption.

[0046] In addition, since the timing controller 120 uses the
image data corresponding to each block B1~BS5, the timing
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controller 120 may perform its operation using the memory
1224 installed therein. Thus, no additional memory is
required, so that the number of the parts for the display
apparatus 100 may be reduced.

[0047] FIG. 5 is a graph showing brightness variations
according to elapsed time. In FIG. 5, a first graph G1 repre-
sents brightness over time when the brightness of an initial
still image is 40 cd/m>, a second graph G2 represents bright-
ness over time when the brightness of an initial still image is
90 cd/m?, and a third graph G3 represents brightness over
time when the brightness of an initial still image is 190 cd/m?.
[0048] Referringto FIG. 5, the display panel 110 maintains
the still image at its initial brightness during a first period t1.
Then, if the initial still image continues to be displayed on the
display panel 110 during a second period t2, the brightness of
that image is gradually reduced during that period. In this
case, a reduction rate of the brightness during the second
period t2 depends upon the brightness of the initial still
image. Particularly, the rate of reduction of the brightness
during the second period t2 drops as the brightness of the
initial still image is reduced.

[0049] Then, the brightness of the still image is maintained
during a third period t3. The brightness of the still image is
gradually reduced again during a fourth period t4. In this case,
the reduction rate of the brightness during the fourth period t4
depends upon the brightness of the initial still image. In
particular, the reduction rate of the brightness during the
fourth period t4 drops as the initial brightness of the still
image is reduced.

[0050] Next, the brightness of the still image is maintained
during a fifth period t5, and is not reduced anymore.

[0051] In the present exemplary embodiment, each of the
first to fifth periods t1~t5 has time intervals different from
each other. In detail, the time intervals gradually increase
from the first period t1 to the fifth period t5.

[0052] As described above, in case that the still image is
continuously displayed on the display panel 110, the bright-
ness of the still image is gradually reduced, thereby prevent-
ing afterimages, improving the lifespan of the organic elec-
troluminescent light emitting device OLED, and reducing
power consumption.

[0053] FIG. 6A is a view showing a screen where initial
brightness is maintained, FIG. 6B is a view showing a screen
after brightness is reduced according to elapsed time, and
FIG. 6C is a view showing a screen after an event occurs.
[0054] For purposes of explanation, assume that FIG. 6A
shows display panel 110 displaying an initial still image at a
brightness of about 500 nits. When the still image is continu-
ously displayed on the display panel 110, the brightness of the
display panel 110 is reduced to 180 nits over time, as shown
in FIG. 6B.

[0055] As shown in FIG. 6C, while a still image is dis-
played, even though a small event occurs to the image dis-
played (for example, in this case, a mouse pointer is posi-
tioned on the screen of the display panel 110), the brightness
of the display panel 110 may be maintained at 180 nits.
[0056] As shown in FIGS. 3 and 4, the sums of the gray
scale values of the local image data corresponding to the
blocks B1~B5 located at different positions of the display
panel 110 are compared with those of adjacent frames, and
the brightness of the display panel 110 is reduced or main-
tained only when the difference between the sums obtained
by comparing adjacent frames is equal to or less than the
reference value.
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[0057] In this case, a mouse pointer is positioned on the
screen of the display panel 110, the difference between the
sums obtained by comparing adjacent frames may be less
than the reference value. Thus, the brightness of the display
panel 110 may be maintained at 180 nits, thereby preventing
the brightness from increasing unexpectedly when the small
event occurs.

[0058] FIG. 7is a flowchart illustrating a method of driving
the organic electroluminescent light emitting display device
of FIG. 1.

[0059] Referring to FIG. 7, the local image data corre-
sponding to predetermined plural blocks of the display panel
are added to each other (S201). The sum of the gray scale
values of the local image data obtained from the previous
frame is compared with the sum the gray scale value of the
local image data obtained from the present frame to calculate
the difference value between the previous frame and the
present frame (S202).

[0060] Then, this difference value is compared to a prede-
termined reference value, to find out whether the difference
value is equal to or less than the reference value (S203). When
the difference value is equal to or less than the reference
value, a count value (corresponding to a displaying time of the
image displayed on the display panel) increases (S204), and
when the difference value is more than the reference value,
the count value is reset (S205).

[0061] Next, a control signal is generated based on the
brightness data corresponding to the count value (S206). The
brightness of the display panel is then adjusted based on the
control signal (S207).

[0062] In the present exemplary embodiment, the bright-
ness of the display panel may be gradually lowered while a
still image is displayed on the display panel.

[0063] As described above, the brightness of the display
panel is adjusted according to the image displayed on the
display panel, thereby preventing afterimages, improving the
lifespan of the organic electroluminescent light emitting
device OLED, and reducing power consumption.

[0064] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:
1. A display apparatus comprising:
a display panel that displays an image;
a timing controller that processes image data, the timing
controller comprising:
a panel controller that outputs the image data in synchro-
nization with a first control signal; and
a brightness controller that detects a variation of the
image according to a sum of gray scale values of the
image data (hereinafter, referred to local image data)
corresponding to selected plural positions of the dis-
play panel, and outputs a second control signal to
control a brightness of the display panel; and
a panel driver that drives the display panel in response to
the first control signal and the image data, and controls a
brightness of the display panel in response to the second
control signal.
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2. The display apparatus of claim 1, wherein the brightness
controller further comprises:

a comparator that compares sums of the gray scale values
of the local image data from two adjacent frames, and
outputs a comparison signal;

a timer that counts a displaying time of the image in
response to the comparison signal from the comparator;
and

a look-up table that stores brightness data according to the
displaying time;

wherein the comparator receives the brightness data from
the look-up table, the brightness data corresponding to a
count value from the timer, to facilitate generation of the
second control signal.

3. The display apparatus of claim 2, wherein the compari-
son signal has a first state when a difference between the sums
of the gray scale values of the local image data is equal to or
less than a predetermined reference value, and has a second
state when the difference is greater than the reference value.

4. The display apparatus of claim 3, wherein the timer
increases the count value when the comparison signal has the
first state, and resets the count value when the comparison
signal has the second state.

5. The display apparatus of claim 2, wherein the brightness
of the display panel is gradually reduced over the displaying
time.

6. The display apparatus of claim 2, wherein the brightness
controller further comprises a memory that stores the sums of
the gray scale values of the local image data.

7. The display apparatus of claim 1, wherein the display
panel is divided into a plurality of blocks each of which
includes a plurality of pixels, and the brightness controller
calculates a sum of the gray scale values of the local image
data supplied to each block.

8. The display apparatus of claim 7, wherein the blocks are
positioned at a center portion, a left upper portion, a left lower
portion, a right upper portion, and a right lower portion of the
display panel, respectively.

9. The display apparatus of claim 1, wherein the display
panel comprises a plurality of gate lines, a plurality of data
lines, a plurality of voltage lines, and a plurality of pixels, and
the panel driver comprises a gate driver that sequentially
outputs a gate voltage to the gate lines, a data driver that
outputs a data voltage to the data lines, and a voltage genera-
tor that supplies a driving voltage to the voltage lines.

10. The display apparatus of claim 9, wherein each pixel
comprises:

a switching transistor connected to a corresponding gate
line and a corresponding data line to output a corre-
sponding data voltage in response to the gate voltage;

a driving transistor that controls an amount of a current
therefrom in response to the data voltage output from the
switching transistor;

an image maintaining capacitor connected between the
corresponding data line and a corresponding voltage line
and charged by a voltage difference between the corre-
sponding data voltage and the corresponding driving
voltage to maintain the driving transistor in an on state;
and

an organic electroluminescent light emitting device that
emits a light in response to the current output from the
driving transistor.

11. The display apparatus of claim 9, wherein the voltage

generator receives the second control signal from the timing
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controller so as to adjust a voltage level of the driving voltage
supplied to the display panel, thereby controlling the bright-
ness of the display panel.
12. A method of driving a display apparatus, comprising;
adding gray scale values of image data corresponding to
selected plural positions of the display panel for a plu-
rality of frames, so as to determine sums of the gray scale
values of the image data for each frame of the plurality of
frames;

comparing a sum of the image data obtained from a previ-
ous frame with a sum of the gray scale values of the
image data obtained from a present frame to calculate a
difference value between the previous frame and the
present frame;
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comparing the difference value with a predetermined ref-
erence value;

increasing a count value when the difference value is equal
to or less than the reference value, and resetting the count
value when the difference value is greater than the ref-
erence value, wherein the count value corresponds to a
displaying time of an image displayed on a display
panel;

generating a control signal based on brightness data corre-
sponding to the count value; and

controlling a brightness of the display panel based on the
control signal.

13. The method of claim 12, wherein the brightness of the

display panel is reduced over the displaying time.
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