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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0021187, filed on
Feb. 24, 2014, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference
in its entirety.

BACKGROUND

1. Field

Aspects of embodiments of the present invention relate to
an organic light emitting display device and a driving
method thereof.

2. Description of the Related Art

With the development of information technologies, the
importance of a display device, which is a connection
medium between a user and information, increases. Accord-
ingly, flat panel displays (FPDs) such as a liquid crystal
display (LCD), an organic light emitting display device
(OLED) and a plasma display panel (PDP) are increasingly
used.

SUMMARY

Aspects of embodiments of the present invention are
directed toward an organic light emitting display and a
driving method thereof, which can increase (e.g., improve)
image quality.

According to an embodiment of the present invention,
there is provided an organic light emitting display including:
a data driver configured to supply a data signal to data lines,
corresponding to a data enable signal during a driving period
in which an image is displayed; and a timing controller
configured to supply data and the data enable signal to the
data driver, wherein a first data enable signal having a first
period and a second data enable signal having a second
period differing from the first period are included in the data
enable signal supplied during one frame period.

The timing controller may be configured to: generate and
supply an initial data enable signal so that j clock signals are
included in one period during a first frame period after
power is input, wherein j is a natural number; calculate a
number of clock signals supplied during a blank period in
which the initial data enable signal is not supplied in the first
frame period; and control a number of clock signals to be
included in the period of the initial data enable signal during
a second frame period, using the following:

. (CLK(R)
CLK(N) = CLK(0) + 1nt( ]

DE(T)

and

wherein CLK(N) denotes the number of clock signals to
be included in one period of the initial data enable signal
during the second frame period, CLK(O) denotes the num-
ber (i.e., j) of clock signals included in the one period of the
initial data enable signal during the first frame period,
CLK(R) denotes the number of clock signals supplied
during the blank period, DE(T) denotes the total number of
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2

data enable signals to be supplied in one frame period, and
int denotes taking only an integer.

The timing controller may be configured to: supply the
initial data enable signal by controlling the period of the
initial data enable signal so that p clock signals are included
in one period, corresponding to the equation, during the
second frame period, wherein p is a natural number equal to
or greater than j; calculate a number of clock signals
supplied during the blank period of the second frame period,
and generate the first data enable signal including p clock
signals in the one period and the second data enable signal
including 1 clock signals in the one period, to reduce the
blank period, and supply the generated first and second data
enable signals to a next frame period, wherein 1 is a natural
number greater than p.

When the frame period is shortened in the driving period,
the timing controller may be configured to calculate a
number of clock signals additionally supplied after the frame
period, and to control widths of the first and second periods
by the following:

_ (CLK(R)
CLK(N) = CLK(0) - 1nL( ] -1,

DE(T)

and

wherein CLK(O) denotes a number of clock signals
included in the one period of each of the first and second data
enable signals, CLK(N) denotes the number of clock signals
to be included in the one period of each of the first and
second data enable signals, CLK(R") denotes a number of the
additionally supplied clock signals, DE(T) denotes a total
number of data enable signals to be supplied in one frame
period, and int denotes taking only an integer.

The timing controller may be configured to: control
widths of the first and second periods corresponding to the
equation, and calculate the number of clock signals supplied
during a blank period; and control the number of the first and
second data enable signals to reduce the blank period during
a next frame period.

The data lines may include first data lines at a first display
area at an upper side of a panel, and second data lines at a
second display area at a lower side of the panel, and wherein
the data driver includes a first data driver configured to drive
the first data lines, and a second data driver configured to
drive the second data lines.

The organic light emitting display may further include:
first scan lines at the first display area; second scan lines at
the second display area; a first scan driver configured to
non-sequentially supply a scan signal to the first scan lines;
and a second scan driver configured to non-sequentially
supply a scan signal to the second scan lines.

The first display area may be configured to display an
image corresponding to data of an N-th frame period and an
(N-1)-th frame period, wherein N is a natural number, and
wherein the second display area is configured to display an
image corresponding to data of the (N-1)-th frame period
and an (N-2)-th frame period.

The organic light emitting display may further include a
storage unit configured to have four memories to supply data
of three frame periods to the timing controller.

According to another embodiment of the present inven-
tion, there is provided a method of driving an organic light
emitting display, the method including: supplying an initial
data enable signal during an i-th frame period, wherein i is
a natural number; calculating a number of clock signals
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supplied during a first blank period in which the initial data
enable signal is not supplied in the i-th frame period,
supplying the initial data enable signal during an (i+1)-th
frame period by controlling the period of the initial data
enable signal to reduce the first blank period; calculating a
number of clock signals supplied during a second blank
period in the (i+1)-th frame period; and supplying concur-
rently a first data enable signal having a first period and a
second data enable signal having a second period differing
from the first period to decrease the second blank period
during a (1+2)-th frame period.

The period of the initial data enable signal may be
controlled by the following:

 (CLK(R)
CLK(N) = CLK(0) + 1nl( ]

DE(T)

and

wherein CLK(N) denotes a number of clock signals to be
included in one period of the initial data enable signal during
the (i+1)-th frame period, CLK(O) denotes a number of
clock signals included in the one period of the initial data
enable signal during the i-th frame period, CLK(R) denotes
a number of clock signals supplied during the first blank
period, DE(T) denotes a total number of data enable signals
to be supplied in one frame period, and int denotes taking
only an integer.

The first period may be a period equal to that of the initial
data enable signal, and the second period may have a width
wider than that of the first period.

The method may further include, when a frame period is
shortened during driving, calculating a number of clock
signals additionally supplied after the shortened frame
period, and controlling widths of the first and second peri-
ods, by the following:

_ (CLK(R)
CLK(N) = CLK(0) - 1nl(—] -
DE(T)

and

wherein CLK(O) denotes a number of clock signals
included in the one period of each of the first and second data
enable signals, CLK(N) denotes a number of clock signals
to be included in the one period of each of the first and
second data enable signals, CLK(R') denotes a number of the
additionally supplied clock signals, DE(T) denotes a total
number of data enable signals to be supplied in one frame
period, and int denotes taking only an integer.

The i-th frame period may be a first frame period after
power is input.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the present invention will now
be described more fully hereinafter with reference to the
accompanying drawings; however, they may be embodied in
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the example
embodiments of the present invention to those skilled in the
art.

In the drawing figures, dimensions may be exaggerated
for clarity of illustration. It will be understood that when an
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4

element is referred to as being “between” two elements, it
can be the only element between the two elements, or one or
more intervening elements may also be present. Like refer-
ence numerals refer to like elements throughout.

FIG. 1 is a diagram illustrating an organic light emitting
display according to an embodiment of the present inven-
tion.

FIG. 2 is a diagram illustrating a driving method accord-
ing to an embodiment of the present invention.

FIG. 3 is a diagram illustrating gray scales displayed in
pixels corresponding to the driving method shown in FIG. 2,
according to an embodiment of the present invention.

FIG. 4 is a diagram illustrating data stored in memories
corresponding to a frame period, according to an embodi-
ment of the present invention.

FIG. 5 is a diagram illustrating a data enable signal
generated in a timing controller according to an embodiment
of the present invention.

FIG. 6 is a diagram illustrating a method of generating the
data enable signal according to an embodiment of the
present invention.

FIG. 7 is a diagram illustrating a method of generating the
data enable signal according to another embodiment of the
present invention.

FIG. 8 is a diagram illustrating a method of generating the
data enable signal according to still another embodiment of
the present invention.

DETAILED DESCRIPTION

Hereinafter, certain example embodiments according to
the present invention will be described with reference to the
accompanying drawings. Here, when a first element is
described as being coupled to a second element, the first
element may be not only directly coupled to the second
element but may also be indirectly coupled to the second
element via a third element. Further, some of the elements
that are not essential to the complete understanding of the
invention may be omitted for clarity. Also, like reference
numerals refer to like elements throughout.

FIG. 1 is a diagram illustrating an organic light emitting
display according to an embodiment of the present inven-
tion.

Referring to FIG. 1, the organic light emitting display
according to this embodiment includes scan drivers 10 and
20, data drivers 30 and 40, a display area (display region or
pixel unit) 50 configured to include pixels 60 and 62, a
timing controller 70 and a storage unit 80.

The display area 50 is divided into a first display area 52
and a second display area 54. Here, the first display area 52
is positioned at an upper side of the display area 50, and the
second display area 54 is positioned at a lower side of the
display area 50. The first display area 52 includes a plurality
of pixels (e.g., a first plurality of pixels) 60, and the second
display area 54 includes a plurality of pixels (e.g., a second
plurality of pixels) 62. The first and second display areas 52
and 54 are concurrently (or simultaneously) driven by
corresponding different drivers from each other.

The first display area 52 includes first pixels 60 respec-
tively positioned in areas defined by first scan lines S11 to
S1i and first data lines D11 to D1m. The first pixels 60 are
applied with (e.g., charge) the voltage of a data signal
supplied from the first data lines D11 to D1m while being
selected for each horizontal line when a first scan signal is
supplied to the first scan lines S11 to S1i. The first pixels 60
applied with (e.g., charging) the voltage corresponding to
the data signal implement gray scales while being turned on
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and turned off corresponding to the data signal. The first
pixels 60 may be implemented with various suitable types
(or kinds) of circuits in the art.

The second display area 54 includes second pixels 62
respectively positioned in areas defined by second scan lines
S21 to S2i and second data lines D21 and D2m. The second
pixels 62 are applied with (e.g., charge) the voltage of a data
signal supplied from the second data lines D21 to D2m while
being selected for each horizontal line when a second scan
signal is supplied to the second scan lines S21 to S2i. The
second pixels 62 applied with (e.g., charging) the voltage
corresponding to the data signal implements gray scales
while being turned on and turned off corresponding to the
data signal. The second pixels 62 may be implemented with
various suitable types of circuits in the art.

A first scan driver 10 supplies the first scan signal to the
first scan lines S11 to S1i. Here, the first scan driver 10
non-sequentially supplies the first scan signal to the first
scan lines S11 to S1i, corresponding to a driving method.

A second scan driver 20 supplies the second scan signal
to the second scan lines S21 to S2i. Here, the second scan
driver 20 non-sequentially supplies the second scan signal to
the second scan lines S21 to S2i, corresponding to a driving
method.

Afirst data driver 30 receives at least some data of an N-th
(N is a natural number) frame (ot N frame) and an (N-1)-th
frame (or an (N-1) frame), supplied from the timing con-
troller 70. The first data driver 30 receiving the data gener-
ates a data signal to correspond to the non-sequentially
supplied first scan signal, and supplies the generated data
signal to the first data lines D11 to D1m.

A second data driver 40 receives at least some data of the
(N-1)-th frame and an (N-2)-th frame (or (N-2) frame),
supplied from the timing controller 70. The second data
driver 40 receiving the data generates a data signal to
correspond to the non-sequentially supplied second scan
signal, and supplies the generated data signal to the second
data lines D21 to D2m.

The storage unit 80 stores data of at least three frames
under the control of the timing controller 70, and supplies
the stored data to the data drivers 30 and 40 via the timing
controller 70. To this end, the storage unit 80 includes a first
memory 82, a second memory 84, a third memory 86 and a
fourth memory 88.

A specific memory (any one of 82 to 88) among the first
to fourth memories 82 to 88 (i.e., 82, 84, 86, and 88)
supplies, to the timing controller 70, data of three frames,
which are previously stored during a specific frame period.
In addition, memories except the specific memory (the other
memories except any one of 82 to 88) store the data of the
specific frame period. An operating process related to the
memories 82 to 88 will be described in more detail later.

The timing controller 70 receives synchronization signals
including a horizontal synchronization signal Hsync and a
vertical synchronization signal Vsync and data, supplied
from an outside thereof. The timing controller 70 receiving
the synchronization signals controls the data drivers 30 and
40 and the scan drivers 10 and 20, corresponding to the
synchronization signals. Here, the timing controller 70 gen-
erates a data enable signal to be supplied to the data drivers
30 and 40, corresponding to the synchronization signals. The
data enable signal is supplied to each of the data drivers 30
and 40. The data enable signal is used (or utilized) as a
reference clock signal for supplying a data signal. For
example, the data drivers 30 and 40 supply a data signal to
the data lines D11 to D1m and D21 to D2m whenever the
data enable signal is supplied.

10

15

20

25

30

35

40

45

50

55

60

65

6

The timing controller 70 receiving the data stores the data
in the storage unit 80. The timing controller 70 extracts data
of three frames, and supplies the extracted data to the data
drivers 30 and 40. For example, the timing controller 70
supplies at least some data of the N-th and (N-1)-th frames
to the first data driver 30, and supplies at least some data of
the (N=1)-th and (N=2)-th frames to the second data driver
40.

FIG. 2 is a diagram illustrating a driving method accord-
ing to an embodiment of the present invention. In FIG. 2, it
is assumed that, for convenience of illustration, 10 scan lines
S1 to S10 are included in each of the first to second display
areas 52 and 54.

In FIG. 2, “selection time” refers to a selection time as a
minimum unit. During the selection time, a scan signal is
supplied to any one scan line. “Unit time” refers to a time
divided using (or utilizing) one frame as a control unit.
“Occupied time” is equally included in each unit time, and
refers to a time when a data signal is supplied to a data line.

During the unit time, a scan signal is non-sequentially
supplied to scan lines. In addition, a data signal correspond-
ing to a weight (e.g., a predetermined weight) is supplied to
be synchronized with the scan signal during the unit time.
Here, the data signal supplied during the unit time may be
set to have different weights (e.g., gray scales).

For example, the data signal may be set to have weights
of “27, “4”, “8”, “14” and “22”, corresponding to a gray
scale to be displayed. In this case, one frame includes five
sub-frames. When a data signal corresponding to the weight
of “2” is supplied, a corresponding pixel emits light during
two selection times. When a data signal corresponding to the
weight of “14” is supplied, a corresponding pixel emits light
during fourteen selection times. That is, in embodiments of
the present invention, an image (e.g., a predetermined
image) is displayed while non-sequentially supplying a scan
signal, and supplying data signals having different emission
times (e.g., different weights) during the unit time, corre-
sponding to the non-sequentially supplied scan signal.

FIG. 3 is a diagram illustrating gray scales displayed in
pixels corresponding to the driving method shown in FIG. 2,
according to an embodiment of the present invention.

Referring to FIG. 3, during a first unit time, the first scan
driver 10 non-sequentially supplies a first scan signal. Here,
the primary first scan signal supplied during the first unit
time is supplied to a primary first scan line S11. During the
first unit time, the first data driver 30 supplies a data signal
with a weight (e.g., a predetermined weight) to the first data
lines D11 to D1m to be synchronized with the first scan
signal.

During a second unit time, the first scan driver 10 non-
sequentially supplies the first scan signal. Here, the primary
first scan signal supplied during the second unit time is
supplied to a secondary first scan line S12. During the
second unit time, the first data driver 30 supplies a data
signal with a weight (e.g., a predetermined weight) to the
first data lines D11 to D1m to be synchronized with the first
scan signal.

For example, in embodiments of the present invention, a
data signal is supplied to the first pixels 60 while repeating
the process described above during first to tenth unit times.
If the pixels receiving the primary first scan signal supplied
during each unit time are coupled (e.g., connected), this may
be represented as a diagonal line 111. Here, the upper side
based on the diagonal line 111 receives a data signal corre-
sponding to the data of the N-th frame, and the lower side
based on the diagonal line 111 receives a data signal corre-
sponding to the data of the (N-1)-th frame. That is, the first
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display area 52 receives a data signal corresponding to the
data of the N-th and (N-1)-th frames, corresponding to the
driving method, and displays an image corresponding to the
data signal.

During the first unit time, the second scan driver 20
non-sequentially supplies a second scan signal. Here, the
primary second scan signal supplied during the first unit
time is supplied to a primary second scan line S21. During
the first unit time, the second data driver 40 supplies a data
signal with a weight (e.g., a predetermined weight) to the
second data lines D21 to D2m to be synchronized with the
second scan signal.

During the second unit time, the second scan driver 20
non-sequentially supplies the second scan signal. Here, the
primary second scan signal supplied during the second unit
time is supplied to a secondary second scan line S22. During
the second unit time, the second data driver 40 supplies a
data signal with a weight (e.g., a predetermined weight) to
the second data lines D21 to D2m to be synchronized with
the second scan signal.

For example, in embodiments of the present invention, a
data signal is supplied to the second pixels 62 while repeat-
ing the process described above during the first to tenth umt
times. When the pixels receiving the primary second scan
signal supplied during each unit time are coupled (e.g.,
connected), this may be represented as a diagonal line 113.
Here, the upper side based on the diagonal line 113 receives
a data signal corresponding to the data of the (N-1)-th
frame, and the lower side based on the diagonal line 113
receives a data signal corresponding to the data of the
(N-2)-th frame. That is, the second display area 54 receives
a data signal corresponding to the data of the (N-1)-th and
(N=-2)-th frames, corresponding to the driving method, and
displays an image corresponding to the data signal. When
the display area 50 is driven in the state in which the display
area 50 is divided into the upper and lower sides as described
above, it is possible to sufficiently secure a charging time of
the pixels 60 and 62, thereby increasing (e.g., improving)
display quality.

FIG. 4 is a diagram illustrating data stored in memories
corresponding to a frame period, according to an embodi-
ment of the present invention.

Referring to FIG. 4, during a k-th (k is a natural number)
frame (or a k frame), the timing controller 70 extracts data
of (k-3)-th, (k-2)-th and (k-1)-th frames (or (k-3), (k-2),
and (k-1) frames), stored in the second memory 84, and
supplies the extracted data to the first and second data
drivers 30 and 40. During the k-th frame period, the first,
third and fourth memories 82, 86 and 88 store data of a k-th
frame.

During a (k+1)-th frame period, the timing controller 70
extracts data of (k-2)-th, (k-1)-th and k-th frames, stored in
the third memory 86, and supplies the extracted data to the
first and second data drivers 30 and 40. During the (k+1)-th
frame period, the first, second and fourth memories 82, 84
and 88 store data of a (k+1)-th frame.

During a (k+2)-th frame period, the timing controller 70
extracts data of (k-1)-th, k-th and (k+1)-th frames, stored in
the fourth memory 88, and supplies the extracted data to the
first and second data drivers 30 and 40. During the (k+2)-th
frame period, the first to third memories 82 to 86 store data
of a (k+2)-th frame.

During a (k+3)-th frame period, the timing controller 70
extracts data of k-th, (k+1)-th and (k+2)-th frames, stored in
the first memory 82, and supplies the extracted data to the
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first and second data drivers 30 and 40. During the (k+3)-th
frame period, the second to fourth memories 84 to 88 store
data of a (k+3)-th frame.

As described above, during every frame period, the timing
controller 70 extracts data from a memory (any one of 82 to
88) storing data of three frames and supplies the extracted
data to the first and second data drivers 30 and 40. During
the frame period, the memories (three of 82 to 88), from
which data are not extracted, store data of a current frame.
In this case, the timing controller 70 is coupled to the first
to fourth memories every frame period to thereby extract
data.

FIG. 5 is a diagram illustrating a data enable signal
generated in the timing controller according to an embodi-
ment of the present invention.

Referring to FIG. 5, the timing controller 70 generates a
data enable signal DE, using (or utilizing) an internal clock
signal CLK. As an example, the timing controller 70 may
generate the data enable signal DE so that j (j is a natural
number) clock signals CLK are included in one period. For
example, when the j is set to 100, the timing controller 70
generates the data enable signal DE so that 100 clock signals
CLK are included in one period (e.g., set to one period).

The data enable signal DE is used (or utilized) as a
reference clock signal for supplying a data signal. Therefore,
the data enable signal DE is set so that the blank period in
one frame period is decreased (e.g., minimized). For
example, as the blank period is widened by the data enable
signal DE, the boundary portion between the first and second
display areas 52 and 54 is easily recognized, and accord-
ingly, the display quality of the organic light emitting
display is deteriorated. In addition, when the blank period is
widened by the data enable signal DE, an error may easily
occur due to a difference in frequency between the first and
second display areas 52 and 54.

FIG. 6 is a diagram illustrating a method of generating the
data enable signal according to an embodiment of the
present invention.

Referring to FIG. 6, first, the timing controller 70 controls
the width of the data enable signal DE so that the blank
period is decreased (e.g., minimized) during a plurality of
frame periods after power is input. Here, the number of data
enable signals DE(T) is calculated by dividing longitudinal
resolution by 2 (corresponding to the division of the display
area), and then multiplying the divided result by the number
of sub-frames.

For example, after the power is input, the timing control-
ler 70 generates the data enable signal DE (initial data enable
signal) so that j clock signals CLK are included in one period
during a first frame period 1F. Here, the j is the number of
clock signals CLK (e.g., which is previously set).

The timing controller 70 generates the data enable signal
DE so that the j clock signals CLK are included in the one
period, and then calculates the number of clock signals CLK
(hereinafter, referred to “remaining clocks”) supplied during
a period in which the data enable signal DE is not generated
in the frame period, i.e., during a blank period. That is, the
number of remaining clocks CLK(R) is obtained by count-
ing the number of clock signals CLK supplied during the
blank period.

Subsequently, during a calculation time between first and
second frame periods 1F and 2F, the timing controller 70
obtains the number of clock signals CLK to be included in
one period of the data enable signal DE, using (or utilizing)
Equation 1. Here, the calculation time is a short time of a few
nanoseconds (ns), which has little influence on the number
of data enable signals DE.
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Equation |

 (CLK(R)
CLK(N) = CLK(0) + 1n{ ]

DE(T)

In Equation 1, CLK(N) denotes the number of new clock
signals CLK to be included in one period of the data enable
signal DE, CLK(O) denotes the number (i.e., j) of clock
signals CLK included in the one period of the data enable
signal DE during a previous frame period, CLK(R) denotes
the number of remaining clocks supplied during the blank
period, and DE(T) denotes the number of data enable signals
DE included in one frame. In addition, int denotes taking
only an integer part from the value obtained by dividing the
number of remaining clocks CLK(R) into the number of data
enable signals DE(T) included in one frame.

For example, when the number of data enable signals
DE(T) is 8640 and the number of remaining clocks CLK(R)
is 8600, int(CLK(R)/DET(T)) is set to “0”. In this case,
CLK(N) is set to the same value as CLK(O). That is, the data
enable signal DE set to the same period as the first frame
period 1F is supplied during the second frame period 2F.

Subsequently, the timing controller 70 counts the number
of remaining clocks CLK(R) during the blank period of the
second frame period 2F. The timing controller 70 calculates
the number of data enable signals DE (e.g., first data enable
signals) each having a period of j clock signals CLK and the
number of data enable signals DE (e.g., second data enable
signals) each having a period of 1 (1 is a natural number
greater than j, for example j+1) clock signals CLK so that the
data enable signal DE can be supplied with decreased (e.g.,
no) blank period during a calculation time between second
and third frame periods 2F and 3F. The timing controller 70
supplies concurrently (e.g., simultaneously) the first and
second data enable signals having different periods from
each other during the third frame period 3F. Then, the data
enable signal DE can be supplied with decreased (e.g., no)
blank period during the third frame period 3F. That is, in
embodiments of the present invention, data enable signals
DE having different periods from each other are supplied
concurrently (e.g., simultaneously), so that it is possible to
decrease (e.g., minimize) the blank period. Additionally, in
embodiments of the present invention, at least one or more
frames may include a period in which the first and second
enable signals are supplied concurrently (e.g., simultane-
ously).

The process described above is performed during the first
to third frame periods after the power is input. During the
first and third frame periods, no data signal is supplied to the
data drivers 30 and 40, and accordingly, it is possible to
reduce (e.g., prevent) the displaying of an undesired image
in the display area 50. Subsequently, the data signal is
supplied to the data drivers 30 and 40, corresponding to the
first and second data enable signals having different periods
from each other during a driving period in which an image
is displayed. Accordingly, a desired image can be stably
displayed.

FIG. 7 is a diagram illustrating a method of generating the
data enable signal according to another embodiment of the
present invention.

Referring to FIG. 7, the timing controller 70 generates the
data enable signal DE so that j clock signals CLK are
included in one period during the first frame period IF.

The timing controller 70 generates the data enable signal
DE so that the j clock signals CLK are included in the one
period, and calculates the number of remaining clocks
CLK(R) supplied during a blank period. Subsequently, dur-
ing the calculation time between the first and second frame
periods 1F and 2F, the timing controller 70 obtains the
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number of clock signals CLK to be included in one period
of the data enable signal DE, using (or utilizing) Equation 1.

For example, when the number of data enable signals
DE(T) is 8640 and the number of remaining clocks CLK(R)
is 62000, int(CLK(R)/DET(T)) becomes “7”. In this case,
CLK(N) is set to a value greater than CLK(O) by “7”. That
is, during the second frame period 2F, the data enable signal
DE is generated so that j+7 clock signals CLK are included
in one period.

In Equation 1, an integer value is extracted corresponding
to the number of data enable signals DE(T) and the number
of remaining clocks CLK(R). Here, the integer value sets to
“17, 27, . .. or the like, corresponding to the number of
remaining clocks CLK(R). Thus, int(CLK(R)/DE(T))
becomes “0” in the second frame period 2F after the first
frame period 1F.

Subsequently, the timing controller 70 counts the number
of remaining clocks CLK(R) during the blank period of the
second frame period 2F. The timing controller 70 calculates
the number of first data enable signals, each having a period
of j+7 clock signals CLK, and the number of second data
enable signals, each having a period of k (k is a natural
number greater than j+7) clock signals CLK, so that the data
enable signal DE can be supplied with decreased (e.g., no)
blank period in one frame period during the calculation time
between the second and third frame periods 2F and 3F.

The timing controller 70 supplies concurrently (or simul-
taneously) the first and second data enable signals during the
third frame period 3F. Then, the data enable signal DE can
be supplied with decreased (e.g., no) blank period during the
third frame period 3F. That is, in embodiments of the present
invention, the first and second data enable signals are
supplied concurrently (e.g., simultaneously) so that the
blank period is decreased (e.g., minimized), and accord-
ingly, a desired image can be stably displayed.

There may occur a case where a frame period is changed
while an image (e.g., a predetermined image) is being
expressed. For example, when the frame period is widened
during driving, the period of the data enable signal DE is
controlled by the driving methods shown in FIGS. 6 and 7,
and accordingly, a desired image can be stably displayed.
When the frame period is shortened during driving, the
period of the data enable signal DE is controlled by a driving
method shown in FIG. 8.

FIG. 8 is a diagram illustrating a method of generating the
data enable signal according to still another embodiment of
the present invention.

Referring to FIG. 8, the timing controller 70 supplies the
first data enable signal having a first period corresponding to
j clock signals CLK and the second data enable signal
having a second period corresponding to one clock signal
CLK so that the blank period is decreased (e.g., minimized)
during a driving period.

Here, when the frame period is shortened as the driving
frequency is changed, the timing controller 70 calculates the
number of remaining clocks CLK(R") additionally supplied
during P (P is a natural number)+one frame period (P+1F).
After the number of remaining clocks CLK(R") is calculated,
the timing controller 70 calculates the number of clock
signals CLK to be included in one period of the data enable
signal DE, using Equation 2.

Equation 2

! . (CLK(R")
CLK(N) = CLK(0) - 1n{ ] -

DE(T)

In Equation 2, CLK(N) denotes the number of new clock
signals CLK to be included in one period of the data enable
signal DE, and CLK(O) denotes the number (e.g., j, 1) of
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clock signals CLK included in the one period of the data
enable signal DE during a previous frame period.

For example, when the number of data enable signals
DE(T) is 8640 and the number of additionally supplied
remaining clocks CLK(R") is 8000, int(CLK(R)/DET(T))
becomes “0”. However, “~1” is included in Equation 2, and
hence CLK(N) obtained by subtracting “1” from CLK(QO) is
generated even though the result of int(CLK(R"Y/DET(T)) is
“0”.

Subsequently, during a (P+2)-th frame period P+2F, the
timing controller 70 supplies concurrently (e.g., simultane-
ously) the first data enable signal having a period corre-
sponding to (j-1) clock signals CLK and the second data
enable signal having a period corresponding to (1-1) clock
signals CLK. The timing controller 70 controls the number
of first and second data enable signals so that the data enable
signal DE can be supplied with decreased (e.g., no) blank
period during a calculation period between the (P+2)-th
frame period P+2F and a (P+3)-th frame period P+3F. For
example, the timing controller 70 may increase the number
of second data enable signals having a wide period and
decrease the number of first data enable signal having a short
period.

During the (P+3)-th frame period P+3F, the timing con-
troller 70 supplies the first and second data enable signals of
which numbers are controlled. Then, the data enable signal
DE can be supplied with decreased (e.g., no) blank period
during the (P+3)-th frame period P+3F.

Additionally, although it has been described in this
embodiment that the first and second data enable signals are
supplied during the (P+3)-th frame period P+3F, the present
invention is not limited thereto. For example, in embodi-
ments of the present invention, a third data enable signal
having a period wider than that of the second data enable
signal (e.g., having a period corresponding to clock signals
with a number greater than that of the (1-1) clock signals
CLK) may be additionally supplied.

For example, in embodiments of the present invention, the
period of the data enable signal DE is controlled while
repeating the process described above so that the blank
period is decreased (e.g., minimized) when the power is
input or when the driving frequency is changed.

By way of summation and review, among flat panel
displays, an organic light emitting display displays images
using (or utilizing) organic light emitting diodes that emit
light through recombination of electrons and holes. The
organic light emitting display has a fast response speed and
is driven with low power consumption.

The organic light emitting display includes a data driver
configured to supply data lines, a scan driver configured to
supply scan lines, and pixels respectively positioned in areas
defined by the scan lines and the data lines (e.g., at crossings
of the scan lines and the data lines). Each pixel emits light
with a set luminance (e.g., a predetermined luminance)
while supplying current from a driving transistor to an
organic light emitting diode, corresponding to a data signal.

With the development of technologies, studies on an
organic light emitting display having a panel of 40 inches or
more have been conducted. However, when the organic light
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thereby increasing (e.g., improving) the display quality of
the organic light emitting display. Further, the width of the
data enable signal is controlled so that the blank period is
decreased (e.g., minimized), and accordingly, it is possible
to reduce (e.g., prevent) the boundary portion between the
upper and lower sides of the display area from being
observed.

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

What is claimed is:

1. An organic light emitting display comprising:

a data driver configured to supply a data signal to data
lines, corresponding to a data enable signal during a
driving period in which an image is displayed; and

a timing controller configured to supply data and the data
enable signal to the data driver,

wherein the timing controller is configured to:

generate and supply an initial data enable signal so that j
clock signals are included in one period during an i-th
frame period after power is input, wherein j is a natural
number,

supply the initial data enable signal during an (i+1)-th
frame period by controlling the period of the initial data
enable signal to reduce a first blank period in which the
initial data enable signal is not supplied in the i-th
frame period, and

supply concurrently a first data enable signal having a first
period and a second data enable signal having a second
period differing from the first period to decrease a
second blank period in the (i+1)-th frame period during
a (1+2)-th frame period.

2. The organic light emitting display of claim 1, wherein

the timing controller is configured to:

calculate a number of clock signals supplied during the
first blank period; and

control a number of clock signals to be included in the
period of the initial data enable signal during a (i+1)-th
frame period, using the following:

. (CLK(R)
CLK(N) = CLK(0) + 1nl( ]

DE(T)

emitting display has a panel of 40 inches or more, a desired 60 and

voltage is not applied in each pixel, and therefore, the image
quality of the organic light emitting display is deteriorated.

In the organic light emitting display and the driving
method thereof according to embodiments of the present
invention, the display area is driven in the state in which the
display area is divided into upper and lower sides, so that a
voltage can be applied in each pixel for a sufficient time,

65

wherein CLK(N) denotes the number of clock signals to
be included in one period of the initial data enable
signal during the (i+1)-th frame period, CLK(O)
denotes the number of clock signals included in the one
period of the initial data enable signal during the i-th
frame period, CLK(R) denotes the number of clock
signals supplied during the first blank period, DE(T)
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denotes the total number of data enable signals to be
supplied in one frame period, and int denotes taking
only an integer.

3. The organic light emitting display of claim 2, wherein

the timing controller is configured to:

supply the initial data enable signal by controlling the
period of the initial data enable signal so that p clock
signals are included in one period, corresponding to the
equation, during the (i+1)-th frame period, wherein p is
a natural number equal to or greater than j;

calculate a number of clock signals supplied during the
second blank period of the (i+1)-th frame period; and

generate the first data enable signal including p clock
signals in the one period and the second data enable
signal including 1 clock signals in the one period, to
reduce the second blank period, and supply the gener-
ated first and second data enable signals to the (i+2)-th
frame period, wherein 1 is a natural number greater than

p.

4. The organic light emitting display of claim 1, wherein,
when the i-th frame period is shortened in the driving period,
the timing controller is configured to calculate a number of
clock signals additionally supplied after the i-th frame
period, and to control widths of the first and second periods
by the following:

_ (CLK(R)
CLK(N) = CLK(0) - mz( ] -

DE(T)

and

wherein CLK(O) denotes a number of clock signals
included in the one period of each of the first and
second data enable signals, CLK(N) denotes the num-
ber of clock signals to be included in the one period of
each of the first and second data enable signals, CLK
(R") denotes a number of the additionally supplied
clock signals, DE(T) denotes a total number of data
enable signals to be supplied in one frame period, and
int denotes taking only an integer.

5. The organic light emitting display of claim 4, wherein
the timing controller is configured to:

control widths of the first and second periods correspond-

ing to the equation, and calculate the number of clock
signals supplied during the first and second blank
periods; and

control the number of the first and second data enable

signals to reduce the first and second blank periods
during the (i+2)-th frame period.

6. The organic light emitting display of claim 1, wherein
the data lines include first data lines at a first display area at
an upper side of a panel, and second data lines at a second
display area at a lower side of the panel, and

wherein the data driver includes a first data driver con-

figured to drive the first data lines, and a second data
driver configured to drive the second data lines.

7. The organic light emitting display of claim 6, further
comprising:

first scan lines at the first display area;

second scan lines at the second display area;

a first scan driver configured to non-sequentially supply a

scan signal to the first scan lines; and

a second scan driver configured to non-sequentially sup-

ply a scan signal to the second scan lines.

8. The organic light emitting display of claim 6, wherein
the first display area is configured to display an image
corresponding to data of an N-th frame period and an
(N-1)-th frame period, wherein N is a natural number, and
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wherein the second display area is configured to display
an image corresponding to data of the (N-1)-th frame
period and an (N-2)-th frame period.

9. The organic light emitting display of claim 6, further
comprising a storage unit comprising four memories to
supply data of three frame periods to the timing controller.

10. A method of driving an organic light emitting display,
the method comprising:

supplying an initial data enable signal during an i-th frame

period, wherein i is a natural number;

calculating a number of clock signals supplied during a

first blank period in which the initial data enable signal
is not supplied in the i-th frame period;

supplying the initial data enable signal during an (i+1)-th

frame period by controlling the period of the initial data
enable signal to reduce the first blank period;

calculating a number of clock signals supplied during a

second blank period in the (i+1)-th frame period; and

supplying concurrently a first data enable signal having a

first period and a second data enable signal having a
second period differing from the first period to decrease
the second blank period during a (i+2)-th frame period.

11. The method of claim 10, wherein, the period of the
initial data enable signal is controlled by the following:

CLK(N) = CLK(0) + mz( CLR(R) ]

DE(T)

and

wherein CLK(N) denotes a number of clock signals to be
included in one period of the initial data enable signal
during the (i+1)-th frame period, CLK(O) denotes a
number of clock signals included in the one period of
the initial data enable signal during the i-th frame
period, CLK(R) denotes a number of clock signals
supplied during the first blank period, DE(T) denotes a
total number of data enable signals to be supplied in
one frame period, and int denotes taking only an
integer.

12. The method of claim 10, wherein the first period is a
period equal to that of the initial data enable signal, and

wherein the second period has a width wider than that of

the first period.

13. The method of claim 10, further comprising, when a
frame period is shortened during driving, calculating a
number of clock signals additionally supplied after the
shortened frame period, and controlling widths of the first
and second periods, by the following:

CLK(N) = CLK(O) - in{—CLK(R/)] -1,
DE(T)
and
wherein CLK(O) denotes a number of clock signals
included in the one period of each of the first and
second data enable signals, CLK(N) denotes a number
of clock signals to be included in the one period of each
of the first and second data enable signals, CLK(R")
denotes a number of the additionally supplied clock
signals, DE(T) denotes a total number of data enable
signals to be supplied in one frame period, and int
denotes taking only an integer.
14. The method of claim 10, wherein the i-th frame period
is a first frame period after power is input.
15. An organic light emitting display comprising:
a data driver configured to supply a data signal to data
lines, corresponding to a data enable signal during a
driving period in which an image is displayed; and
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a timing controller configured to supply data and the data
enable signal to the data driver,
wherein a first data enable signal having a first period and
a second data enable signal having a second period
differing from the first period are included in the data
enable signal supplied during one frame period, and
wherein the timing controller is further configured to:
generate and supply an initial data enable signal so that j
clock signals are included in one period during a first
frame period after power is input, wherein j is a natural
number;
calculate a number of clock signals supplied during a
blank period in which the initial data enable signal is
not supplied in the first frame period; and
control a number of clock signals to be included in the
period of the initial data enable signal during a second frame
period, using the following:

 (CLK(R)
CLK(N) = CLK(0) + 1n!( ]

DE(T)

and
wherein CLK(N) denotes the number of clock signals to
be included in one period of the initial data enable

10
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signal during the second frame period, CLK(O) denotes
the number of clock signals included in the one period
of the initial data enable signal during the first frame
period, CLK(R) denotes the number of clock signals
supplied during the blank period, DE(T) denotes the
total number of data enable signals to be supplied in
one frame period, and int denotes taking only an
integer.

16. The organic light emitting display of claim 15,

wherein the timing controller is configured to:

supply the initial data enable signal by controlling the
period of the initial data enable signal so that p clock
signals are included in one period, corresponding to the
equation, during the second frame period, wherein p is
a natural number equal to or greater than j;

calculate a number of clock signals supplied during the
blank period of the second frame period; and

generate the first data enable signal including p clock
signals in the one period and the second data enable
signal including 1 clock signals in the one period, to
reduce the blank period, and supply the generated first
and second data enable signals to a next frame period,
wherein 1 is a natural number greater than p.
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