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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE INCLUDING UPPER AND
LOWER DISPLAY AREAS AND DRIVING
METHOD THEREOF

The present application claims the benefit of Korean Patent
Application No. 2004-0116196, filed in Korea on Dec. 30,
2004, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

TECHNICAL FIELD

The present application relates to an organic electrolumi-
nescent display device, and more particularly, to an organic
electroluminescent display (OELD) device and a method of
driving an OELD device.

BACKGROUND

Display devices have employed cathode-ray tubes (CRT)
to display images. However, various types of flat panel dis-
plays, such as liquid crystal display (LCD) devices, plasma
display panel (PDP) devices, field emission display (FED)
devices, and electro-luminescent display (ELD) devices, are
currently being developed as substitutes for the CRT. Among
these various types of flat panel displays, LCD devices have
advantages of thin profile and low power consumption, but
have disadvantages of using a backlight unit because they are
non-luminescent display devices. However, as organic elec-
troluminescent display (OELD) devices are self-luminescent
display devices, they are operated at low voltages and have a
thin profile. Further, the OELD devices have advantages of
fast response time, high brightness and wide viewing angles.

In a related art OLED shown in FIG. 1, a plurality of gate
lines G1, G2, . . ., and Gm are extended along a first direction,
and a plurality of data lines D1, D2, . .., and Dn are extended
along a second direction perpendicular to the first direction.
The gate and data lines define respective pixel regions
arranged in a matrix form. In each pixel region, a switching
thin film transistor P1, a storage capacitor C1, a driving thin
film transistor P2 and an organic electroluminescent diode
OED are disposed. The switching and driving thin film tran-
sistors P1 and P2 include p-type thin film transistors.

Gate electrodes of the switching thin film transistors P1 are
connected to the respective gate lines G1, G2, .. ., and Gm,
and the source electrodes of the switching thin film transistors
P1 are connected to the respective data lines D1, D2, .. ., and
Dn. A first electrode of the storage capacitor C1 is connected
to a drain electrode of the switching thin film transistor P1,
and a second electrode of the storage electrode C1 is con-
nected to a power terminal Vdd. Source electrodes of the
driving thin film transistor P2 are connected to the power
terminal Vdd, the gate electrodes of the driving thin film
transistors P2 are connected to the respective drain electrodes
of the switching thin film transistors P1, and drain electrodes
of the driving thin film transistors P2 are connected to the
respective first electrodes of the organic electroluminescent
diodes OED. The second electrode of the organic electrolu-
minescent diode OED is connected to a ground terminal.

An “on” gate signal is applied to a selected gate line GS1,
G2, ..., or Gm, and the switching thin film transistor P1
connected to the selected gate line G1, G2, . . ., or Gm is
turned on. When the switching thin film transistor P1 is turned
on, a data signal is charged on the storage capacitor C1. The
charged data signal is applied to the gate electrode of the
driving thin film transistor P2 and adjusts an “on” current in
the driving thin film transistor P2. In response to the “on”
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current, the organic electroluminescent diode OED emits
light. In this manner, the respective organic electrolumines-
cent diodes “OED” emit light when the respective gate lines
G1,G2,. .., and Gm are sequentially selected.

As the size of the OFLD device increases, the gate and data
lines have longer paths. Accordingly, a resistance-capaci-
tance (RC) delay of the signal lines having long paths
increases, and distortion of display images occurs.

One means of solving the problem of distortion of the
display images, where the display areais subdivided and each
of the subdivided areas is operated by a separate driving
circuit, has been suggested.

FIG. 2 is a conceptual view of an OELD device having a
subdivided display area. A display area is divided into a first
to a sixth six sub-area, S1-S6. The first to sixth sub-areas are
operated independently from one another by using corre-
sponding data driving circuits S1-DATA through S6-DATA
and corresponding gate driving circuits S1-SCAN through
S6-SCAN. Although not shown in FIG. 2, gate driving cir-
cuits for the second and fifth sub-areas S2 and S5 are also
provided.

A driving circuit control portion (not shown) controls the
driving circuits S1-DATA through S6-DATA and S1-SCAN
through S6-SCAN. Data signals are supplied to the driving
circuit control portion having a memory device, and the
memory device stores the data signals. Data signals of one
frame for one display image are divided into six arrays cor-
responding to the six sub-areas S1 through S6. The driving
circuit control portion outputs each array of the data signals to
the corresponding data driving circuits S1-DATA through
S6-DATA. Each data driving circuit S1-DATA through
S6-DATA simultaneously outputs the corresponding array of
the data signals of one frame to the corresponding sub-areas
S1 through S6. In each of the sub-areas S1 through S6, the
data signals are applied to pixel regions along the data line
sequentially according to scanning the gate lines of each
sub-area S1 through S6 by each gate driving circuit S1-SCAN
to S6-SCAN, resulting in the display of an image.

This method of driving a subdivided display area is appli-
cable to an LCD device, but problematic for an OELD device
having a fast response time. In particular, method is problem-
atic for the large sized OELD device, as a display image is
displayed discontinuously at boundary portions between an
upper sub-area and a lower sub-area.

FIG. 3 isaprogressive view illustrating a method of driving
a bifurcated display area of an OELD device, and FIG. 4is a
block diagram illustrating a transfer flow of data signals in a
driving circuit control portion of an OELD device of FIG. 3.

As shown in FIGS. 3 and 4, a display area of the OELD
device includes an upper sub-area U and a lower sub-area L.
A moving image moves from a first position A to a second
position B. In FIG. 3, movement of the moving image is
shown sequentially with four steps, ST1 through ST4.
Although not shown in FIG. 3, the upper sub-area U is oper-
ated by an upper data driving circuit and an upper gate driving
circuit, and the lower sub-area L is operated by a lower data
driving circuit and a lower gate driving circuit. Each of the
sub-areas is scanned from the top to the bottom thereof.

A driving circuit control portion 10 is supplied with data
signals of one frame and simultaneously outputs divided
upper and lower data signal arrays of one frame into corre-
sponding upper and lower data driving circuits.

In detail, the driving circuit control portion 10 is supplied
with data signals of a (n—1)* frame, and the data signals ofthe
(n-1)" frame are divided into an upper data signal array and
an lower data signal array. The upper and lower data signal
arrays of the (n-1)* frame are outputted to the upper and
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lower data driving circuits and supplied to the upper and
lower sub-areas U and L, respectively. Subsequently, data
signals of a next frame, i.e., a n™ frame, are supplied to the
driving circuit control potion 10, divided and outputted to the
upper and lower sub-areas U and L.

The moving image of the first position A is displayed when
the upper and lower data arrays of the (n-1)" frame are
written on the entire upper and lower sub-areas U and L,
respectively. Then, in the first step ST1 corresponding to a
first quarter of the nth frame period, an upper portion of the
moving image of the lower sub-area L moves to the second
position B, but the other portions of the moving image do not
yet move. Then, in the second step ST2, between the first
quarter and a second quarter of the n” frame period, a lower
portion of the moving image of the lower sub-area [ moves to
the second position B. Then, in the third step ST3, the second
quarter and a third quarter of the n™ frame period, an upper
portion of the moving image of the upper sub-area U moves to
the second position B. Then, in the fourth step ST4, during the
third quarter and a fourth quarter of the n” frame period, a
lower portion of the moving image of the upper sub-area U
moves to the second position B.

When the display area is divided into the upper and lower
sub-areas and the two sub-areas are operated simultaneously
with the data signals of the same frame and independently
from each other, the moving image displayed across the
boundary portion between the upper and lower sub-areas
moves unnaturally because of the fast response time of the
OELD device. Therefore, an observer perceives an unnatural
movement of the moving image across the boundary, as if the
display image of the present frame overlaps that of the pre-
vious frame.

SUMMARY

A method of driving a display device is disclosed including
outputting an upper data signal array of a (n+1)" frame to an
upper display area of a display panel during a first frame
period; and, outputting a lower data signal array of a nth frame
to a lower display area of the display panel during the first
frame period.

In another aspect, a display device includes a display panel
having upper and lower display areas; and, a driving circuit
control portion supplying an upper data signal array of a
(n+1)” frame to the upper display area during a first frame
period and supplying a lower data signal array of a nth frame
to the lower display area during the first frame period.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is acircuit diagram of an OELD device according to
the related art;

FIG. 2 is a conceptual view of an OELD device having a
subdivided display area according to the related art;

FIG. 3 isa progressive view illustrating a method of driving
a bifurcated display area of an OELD device according to the
related art;

FIG. 4 is ablock diagram illustrating a transfer flow of data
signals in a driving circuit control portion of an OELD device
of FIG. 3;

FIG. 5 is a progressive view illustrating a method of driving
abifurcated display area of the OELD device according to an
exemplary embodiment;

FIG. 6 is a view illustrating a OELD device according to an
exemplary embodiment; and
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FIG. 7 is a block diagram illustrating a transfer flow of data
signals in a driving circuit control portion of an OELD device
of FIG. 6.

DETAILED DESCRIPTION

Exemplary embodiments may be better understood with
reference to the drawings, but these examples are not intended
to be of a limiting nature. Like numbered elements in the same
or different drawings perform equivalent functions.

As shown in FIGS. 5 to 7, a display area of the OELD
includes an upper sub-area U and a lower sub-area L. Upper
and lower data signals are simultaneously written on upper
and lower sub-areas U and L, respectively, from a top side to
a bottom side thereof. In other words, gate lines, which are
extended along a first direction, in each of the upper and lower
sub-areas Uand [ are scanned from the top side to the bottom
side along a second direction along which the data lines
extend. Accordingly, the upper and lower data signals are
simultaneously written on the upper and lower sub-areas U
and L, respectively, from the top side to the bottom side.

In FIG. 5, movement of the moving image is shown in four
sequential steps, ST11 through ST14. The upper sub-area U is
operated by an upper data driving circuit U-DATA and an
upper gate driving circuit U-SCAN, and the lower sub-area L,
is operated by a lower data driving circuit L-DATA and a
lower gate driving circuit L-SCAN.

The upper and lower sub-areas U and L simultaneously
display corresponding upper and lower images according to a
timing sequence, and thus one display image is displayed
during one frame period. In particular, during a first frame
period, whileupper data signal array of a n” frame are written
on the upper sub-area U, lower data signal array of a (n-1)"
frame are written on the lower sub-area L. In this manner,
writing of the lower data signal array of a present frame on the
lower sub-area L and the upper image data signal array of a
next frame on the upper sub-area U is conducted continu-
ously.

In more detail, in the first step ST11 between a start point
and a third quarter of the first frame period, three quarters of
the upper data signal arrays of the nth frame are written on the
upper sub-area U and three quarters of the lower data signal
arrays of the (n-1)" frame are written on the lower sub-area
L. Accordingly, three quarters of the upper sub-area U are
updated so that an upper portion of the moving image of the
upper sub-area U moves from the first position A to the second
position B, and three quarters of the lower sub-area L are
updated so that the moving image of the lower sub-area L are
displayed at the first position A.

Then, in the second step ST12, between the third quarter
and a fourth quarter of the first frame period, a residual fourth
quarter of the upper data signal arrays of the n” frame are
written on the upper sub-area U and a residual fourth quarter
of the lower data signal arrays of the (n-1)" frame are written
on the lower sub-area L. Accordingly, a residual fourth quar-
ter of the upper sub-area U is updated so that a lower portion
of the moving image of the upper sub-area U moves from the
first position A to the second position B, and a residual fourth
quarter of the lower sub-area L is updated so that the moving
image of the lower sub-area L still remains at the first position
A.

In other words, during the first and second steps ST11 and
ST12, all of the upper data signal arrays of the nth frame are
written on the entire upper sub-area U and all of the lower data
signal arrays of the (n-1)” frame are written on the entire
lower sub-area L. Accordingly, the entire upper sub-area U
are updated so that the moving image of the upper sub-area U



US 8,049,687 B2

5

moves from the first position A to the second position B, and
the entire lower sub-area L is updated so that the moving
image of the lower sub-area L is displayed at the first position
A,

Subsequently, in the third step ST13 , between a start point
and a first quarter of a second frame period, a first quarter of
the upper data signal arrays of a (n+1)” frame are written on
the upper sub-area U and a first quarter of the lower data
signal arrays of the nth frame are written on the lower sub-
area L. Accordingly, a first quarter of the upper sub-area U is
updated so that the moving image of the upper sub-area U
remains at the second position B, and a first quarter of the
lower sub-area L is updated so that an upper portion of the
moving image of the lower sub-area L moves from the first
position A to the second position B.

Then, in the fourth step ST14, between the first quarter and
a second quarter of the second frame period, a second quarter
of the upper data signal arrays of the (n+1)™ frame are written
on theupper sub-area U and a second quarter of the lower data
signal arrays of the n” frame is written on the lower sub-area
L. Accordingly, a second quarter of the upper sub-area U is
updated so that the moving image of the upper sub-area U
remains at the second position B, and a second quarter of the
lower sub-area L is updated so that an lower portion of the
moving image of the lower sub-area I moves from the first
position A to the second position B.

In other words, during the third and fourth steps ST13 and
ST14, a first half of the upper data signal array of the (n+1)”
frame is written on the halfupper sub-area U and a first half of
the lower data signal array of the n” frame is written on the
halflower sub-area L. Accordingly, the half upper sub-area U
is updated so that the moving image of the upper sub-area U
is still displayed at the second position B, and the half lower
sub-area L is updated so that the moving image of the lower
sub-area L. moves from the first position A to the second
position B.

As a result, during the first to fourth steps ST11 to ST14,
the moving image across the boundary between the upper and
lower sub-areas U and [ moves from the first position A to the
second position B without unnaturalness, by supplying the
upper sub-area U with the data signals which are next to the
data signals supplied to the lower sub-area L.

To operate the display area described above, the OFLD
device includes a display panel 100, gate driving circuits
U-SCAN and L-SCAN, data driving circuits U-DATA and
L-DATA and a driving circuit control portion 120. In the
display panel 100, the display area is divided into the upper
and lower sub-areas U and L. The upper sub-area U is oper-
ated by the upper gate driving circuit U-SCAN and the upper
data driving circuit U-DATA, and the lower sub-area L is
operated by the lower gate driving circuit L-SCAN and the
lower data driving circuit L-DATA. Accordingly, the upper
and lower sub-areas U and L are displayed simultaneously
and operated independently from each other.

The driving circuit control portion 120 includes a storing
portion 122. The driving circuit control potion 1201s supplied
with data signals from a data supply portion 110 such as a
video card. Upper and lower data signal arrays to display one
display image at the same time are sequentially stored in the
storing portion 122 and outputted to the corresponding data
driving circuits U-SCAN and L-SCAN, respectively. The
upper and lower data signal arrays correspond to the upper
data signal array ofthe (n+1)# frame and the lower data signal
array of the n” frame, respectively.

The storing portion 122 may have first and second memory
devices to store the upper and lower data signal arrays. For
example, the storing portion 122 may include a first memory
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device 122aq storing the upper and lower data signal arrays to
display a present display image, and a second memory device
1225 storing the upper and lower data signal arrays to display
a next display image. Each of the first and second memory
devices 122a and 1225 may include an upper sub-memory
device and a lower sub-memory device storing the upper and
lower data signal arrays, respectively. The upper sub-memory
device stores the upper data signal array of a frame which is
next to a frame of the lower data signal array stored in the
lower sub-memory device. When the upper and lower data
signal arrays of the first memory device 122a have been
entirely output, the upper and lower data signal arrays of the
second memory device 122b are transferred to and stored in
the first memory device 1224. In this manner, the first and
second memory devices 122a and 1224 repeatedly store and
output the upper and lower data signal arrays. In addition, a
plurality of first memory devices 122a may be used. The
plurality of first memory devices 122 may be arranged in
parallel and sequentially output the upper and lower data
signal arrays to display the corresponding display images.

In addition, the storing portion 122 may include a plurality
of third memory devices each storing data signals of one
frame. Among data signals of one frame in the third memory
device, the upper and lower data signal arrays are abstracted
and stored in the second memory device 1224. It should be
understood that the storing portion 122 may have different
structures to output the upper and lower data signal arrays to
the upper and lower data driving circuits U-DATA and
L-DATA, respectively.

In the exemplary embodiment the OELD device is used as
an example. However, it should be understood that the present
invention is applicable to other display devices having sub-
divided areas independently operable.

In the exemplary embodiment the two sub-areas are used as
an example. However, it should be understood that the present
invention is applicable to a plurality of sub-areas and corre-
sponding gate and data driving circuits, as similar to the
display device of FIG. 2.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, itis intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A method of driving a display device, comprising:

simultaneously first-writing a first data signal array of n”
frame data signals and a second data signal array of
(n-1)" frame data signals on an upper display area and
a lower display area of a display panel during a first
frame period, respectively,

wherein the first frame period includes first and second
steps, the first step ranging between a start point and a
third quarter of the first frame period, during which the
first step three quarters of the first data signal arrays of
thenth frame are written onto theupper display area, and
three quarters of the second data signal arrays of the
(n-1)" frame are written onto the lower display area, the
second step ranging between the third quarter and a
fourth quarter of the first frame period, during which the
second step a residual fourth quarter of the first data
signal arrays of n” frame are written onto the upper
display area, and a residual fourth quarter of the second
data signal arrays of the (n-1)” frame are written onto
the lower display area; and
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simultaneously second-writing a first data signal array of
(n+1)” frame data signals and a second data signal array
of the n™ frame data signals on the upper display area
and the lower display area of the display panel during a
second frame period, respectively, consecutively to the
first-writing to update the first-written upper and lower
display areas through the second-writing,

wherein the second frame period includes third and fourth

steps, the third step ranging between a start point and a
first quarter of the second frame period, during which the
third step a first quarter of the first data signal arrays of
the (n+1)” frame are written onto the upper display area,
and a first quarter of the second data signal arrays of the
n? frame are written onto the lower display area, the
fourth step ranging between the first quarter and a sec-
ond quarter of the second frame period, during which the
fourth step a second quarter of the first data signal arrays
of (n+1)” frame are written onto the upper display area,
and a second quarter of the second data signal arrays of
the n” frame are written onto the lower display area.

2. The method according to claim 1, wherein each of the
first and second data signal arrays are outputted in rows from
an upper side to a lower side of each of the upper display area
and the lower display area.

3. The method according to claim 1, further comprising
extracting the first data signal array of the n” frame data
signals from the n™ frame data signals and the second data
signal array of the (n—-1)" frame data signals from the (n—1)"
frame data signals, and storing the first data signal array of the
n” frame data signals and the second data signal array of the
(n-1)" frame data signals in a first memory device.

4. The method according to claim 3, further comprising
storing the first data signal array of the n” frame data signals
and the second data signal array of the (n-1)” frame data
signals in a second memory device prior to storing the first
data signal array and the second data signal array in the first
memory device.

5. The method according to claim 3, further comprising
storing a plurality of first and second data signal arrays in a
plurality of first memory devices, wherein the plurality of first
and second data signal arrays are sequentially outputted.

6. The method according to claim 1, wherein the display
panel is an organic electroluminescent display panel.

7. A display device, comprising:

a display panel having an upper display area and a lower

display area; and

a driving circuit control portion configured to simulta-

neously first-write a first data signal array of n” frame
data signals and a second data signal array of (n-1)"
frame data signals on the upper display area and the
lower display area during a first frame period, respec-
tively, and configured to simultaneously second-write a
first data signal array of (n+1)™ frame data signals and a
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second data signal array of the nth frame data signals on
the upper display area and the lower display area during
asecond frame period, respectively, consecutively to the
first-writing to update the first-written upper and lower
display areas through the second-writing,

wherein the first frame period includes first and second

steps, the first step ranging between a start point and a
third quarter of the first frame period, during which the
first step three quarters of the first data signal arrays of
thenth frame are written onto the upper display area, and
three quarters of the second data signal arrays of the
(n-1)" frame are written onto the lower display area, the
second step ranging between the third quarter and a
fourth quarter of the first frame period, during which the
second step a residual fourth quarter of the first data
signal arrays of n” frame are written onto the upper
display area, and a residual fourth quarter of the second
data signal arrays of the (n-1)” frame are written onto
the lower display area,

wherein the second frame period includes third and fourth

steps, the third step ranging between a start point and a
first quarter of the second frame period, during which the
third step a first quarter of the first data signal arrays of
the (n+1)" frame are written onto the upper display area,
and a first quarter of the second data signal arrays of the
n” frame are written onto the lower display area, the
fourth step ranging between the first quarter and a sec-
ond quarter of the second frame period, during which the
fourth step a second quarter of the first data signal arrays
of (n+1)” frame are written onto the upper display area,
and a second quarter of the second data signal arrays of
the n” frame are written onto the lower display area.

8. The device according to claim 7, further comprising a
plurality of gate lines in the upper display area and the lower
display area, the plurality of gate lines in each display area
scanned from an upper side to a lower side of the upper
display area and the lower display area.

9. The device according to claim 7, wherein the driving
circuit control portion includes a first memory device storing
the first data signal array of n” frame data signals and the
second data signal array of the (n-1)" frame data signals.

10. The device according to claim 9, wherein the driving
circuit control portion further includes a second memory
device storing the first data signal array of the (n+1)"” frame
data signals and the second data signal array of the n” frame
data signals.

11. The device according to claim 9, further comprising a
plurality of first memory devices, disposed to drive a plurality
of upper display areas and a plurality of lower display areas.

12. The device according to claim 7, wherein the display
panel is an organic electroluminescent display panel.
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