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An organic light emitting diode (OLED) display is dis-
closed. In one aspect the display includes a display panel
having first through fourth pixels and a scan driving unit that
outputs a scan signal to the display panel. The display also
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data signal for the first pixels and a second data signal for the
second pixels to the display panel, alternately outputs a third

(30) Foreign Application Priority Data data signal for the third pixels and a fourth data signal for the
fourth pixels to the display panel, and begins outputting the
Apl’. ]6, 2013 (KR) ........................ 10-2013-0041686 first and third data signals before one horizontal period
. . o e begins The display further includes a demultiplexing unit
Publication Classification that alternately applies the first and second data signals to the
(51) Int. CL first and second pixels and the third and fourth data signals
G09IG 3/3208 (2006.01) to the third and fourth pixels.
100
CTL2 DATA DRIVING UNIT ~130
TL() - |TL(?) TL(m-1) TL(m)
DEMUX UNIT
150*"6Bu¢ggi oL e
DM(1 Dh(2 Coe -
NI |1 [ou(1)] [om(2)] pw(n-1)] | o(m) |
CTLA ~—DL

SCAN
120~ pR1vinG
UNIT

()
(]

~110




Patent Application Publication  Jul. 12,2018 Sheet 1 of 10 US 2018/0197466 A1

100
dk: DATA DRIVING UNIT 130
W) L@ - i) i)
150 cowrnoL |7 S 140
UNIT |14 LOMCO | | DMC2) | oM(n-1)] [ DHi(m)
oTLA =

W'
il

PO ]
SR
SCAN

: B N I

1201 pRiviNG
UNIT

[ CE
50
CHCH

CHHEHET OO
AT

M1-1 4992 111-3 1114 -




Patent Application Publication

CL1

CL2

FIG. 2

142

Jul. 12,2018 Sheet 2 of 10

T |

I ‘153
T2
T

DL(1) DL(2)  DL(3)

FIG. 3

1H

US 2018/0197466 A1

Hsync

CLi

CL2

TL(1)

TL(2)




Patent Application Publication  Jul. 12,2018 Sheet 3 of 10 US 2018/0197466 A1

FIG. 4A
TL(1) TL(2)
. J
BW-DEMUX RG~DEMUX
SL
V/ 7, ///
7 7
ZRaliRe’/Ral
DL(1) DL(2) DL(3) DL(4)
FIG. 48
TL(1) TL(2)
I |
BW-DEMUX RG-DEMUX
SL
V/ 7/, ’////
dia’ Rpliln’’

DL(1) DL(2) DL(3) DL(4)



Patent Application Publication

FIG. 5A

Jul. 12,2018 Sheet 4 of 10

US 2018/0197466 A1

5 =1®

X

A :] Sty oseg
[as} R Yaud
=IO

T ]

- ey SRy

| [a|[e
-— [T S S J
=

T ]

- :] - i
oo
=S

T ]

- ity S

mllme
s §
pu
hand
. PN T T

o i

bt

N - hadi et I
<C||<C
Qo

o (] § fm]

L 1ot —t | | ——
wd { | d
<C]|<x

—— Ly _—e =
Z [

Xz

~

- _— ko R U

T

™~

- - e 8
=0

= ]

- Bz o

2 &=
I_._‘ -
g -~ o =«
7 ©o o3
I L



US 2018/0197466 A1

Jul. 12,2018 Sheet 5 of 10

Patent Application Publication

EN

1VQ Q1 VAN

-
=

as] Ry

S

(aa]

S

:]ECD

——dm e ——

=

el

————e e b

_ |

[
V1vd Q1 VNI

= o ot om o g

o
-
ot
-~

HE

HE

a4 "9l4d




Patent Application Publication  Jul. 12,2018 Sheet 6 of 10 US 2018/0197466 A1

FIG. 6
200
LIz DATA DRIVING UNIT ~-230
TL(1) o TL(m)
o6 s DEMUX UNIT o0
| CONTROL [—~1 | !
it oy TN | Di(r)
CTL1 Ce ~DL
0] 0
I S R
SCAN v
2201 oRIVING | ] N P R
UNIT
DGO
N



Patent Application Publication  Jul. 12,2018 Sheet 7 of 10 US 2018/0197466 A1

FIG. 7

242

TL(1)

ct—
oL2 {2
0L3 q 13

DL(1) DL(2) DL(3)
FIG. 8
1H
e |
CL1 i
CL2 ] |
CL3

nm o (iR X e X8 X[ o ><e




Patent Application Publication  Jul. 12,2018 Sheet 8 of 10 US 2018/0197466 A1

300
T2 DATA DRIVING UNIT 330
TL(1) L2 - o TL(m=-1)TL(m)
- TINING |o7g] - 1 DEMUX UNIT a0
~1 CONTROL | |
UNIT {342 D“M( 1) i DM(k)
cTL JERE

O3 O
CH O

C
5

[ O3
L O3

SCAN
320 pRivING| R T
UNIT




Patent Application Publication  Jul. 12,2018 Sheet 9 of 10 US 2018/0197466 A1

FIG. 10

342

TL(1) TL(2)

ot —

(L2 ' {2

DL(1) DL(2) DL(3)
FIG., 11
1H J
Hsync _‘1 _J
CL1 ‘
L2

nn o (| ow ><ie><ln ><:




Patent Application Publication

Jul. 12,2018 Sheet 10 of 10  US 2018/0197466 A1l

FIG. 12
1000
1010 1020 1030
[ [ 2
MENORY STORAGE
PROCESSOR DEVICE DEVICE
1/0 PONER DISPLAY
DEVICE SUPPLY DEVICE
{ { (
1040 1050 1060



US 2018/0197466 A1l

ORGANIC LIGHT EMITTING DIODE
(OLED) DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 USC §
119 to Korean Patent Applications No. 10-2013-0041686,
filed on Apr. 16, 2013 in the Korean Intellectual Property
Office (KIPO), the contents of which are incorporated herein
in its entirety by reference.

BACKGROUND

Field

[0002] The disclosed technology generally relates to a
display device. More particularly, some embodiments of the
inventive concept relate to an organic light emitting display
device having a demultiplexing structure.

Description of the Related Technology

[0003] Recently, organic light emitting diode (OLED)
displays are widely used as a flat panel display included in
an electronic device because an OLED display has advan-
tages of small size (i.e., thinner and lighter), low power
consumption, high luminance, fast response speed, etc.
Generally, in the OLED display, a plurality of pixels are
connected to a plurality of data-lines for transmitting a data
signal to the pixels, and to a plurality of scan-lines for
transmitting a scan signal to the pixels. In addition, the
pixels are arranged at locations corresponding to crossing
points of the data-lines and the scan-lines. Thus, increasing
a quantity of the pixels to increase a resolution of the OLED
display may result in increasing a quantity of the data-lines
and/or a quantity of the scan-lines. As a result, a manufac-
turing cost of the display may increase because a quantity of
circuits included in a data driving unit that generates and
outputs the data signal via the data-lines increases when a
quantity of the data-lines increases.

[0004] To solve these problems, an OLED display having
a demultiplexing structure has been suggested. Specifically,
such a display may include a demultiplexing unit having a
plurality of demultiplexers. Here, the demultiplexing unit
may be placed between the display panel and the data
driving unit in the OLED display. During one horizontal
period (1H), the demultiplexers of the demultiplexing unit
sequentially receive a plurality of data signals output from
the data driving unit, and then selectively apply the data
signals to the pixels according to colors of lights emitted by
the pixels. For example, during one horizontal period (1H),
the demultiplexers may sequentially receive a red color data
signal (i.e., a data signal related to a red color light), a green
color data signal (i.e., a data signal related to a green color
light), and a blue color data signal (i.e., a data signal related
to a blue color light). Then it may selectively apply the red
color data signal, the green color data signal, and the blue
color data signal to red color pixels (i.e., the pixels emitting
the red color light), green color pixels (i.e., the pixels
emitting the green color light), and blue color pixels (i.e., the
pixels emitting the blue color light).

[0005] However, even when the OLED display has the
demultiplexing structure, a quantity of the pixels may
increase as the display resolution increases. One horizontal
period (1H) of the OLED display may decrease when its
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resolution increases. As a result, a time during which respec-
tive source voltages corresponding to respective data signals
sequentially output from the data driving unit during one
horizontal time (1H) are changed. In particular, a time
during which the source voltage corresponding to the red
color data signal is changed and a time during which the
source voltage corresponding to the blue color data signal is
changed is usually at least 9 us or longer. Therefore, when
one horizontal period (1H) of the OLED display decreases,
the source voltage corresponding to the red color data signal
and the source voltage corresponding to the blue color data
signal may not be sufficiently changed.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0006] Some exemplary embodiments provide an organic
light emitting display device having a demultiplexing struc-
ture capable of securing a sufficient time during which
respective source voltages corresponding to respective data
signals sequentially output from a data driving unit are
changed.

[0007] According to some exemplary embodiments, an
organic light emitting display device may include a display
panel having first pixels emitting a first color light, second
pixels emitting a second color light, third pixels emitting a
third color light, and fourth pixels emitting a fourth color
light. The first through fourth pixels are arranged at locations
corresponding to crossing points of a plurality of scan-lines
and a plurality of data-lines. A scan driving unit sequentially
outputs a scan signal to the display panel. A data driving unit
alternately outputs a first data signal for the first pixels and
a second data signal for the second pixels to the display
panel, that alternately outputs a third data signal for the third
pixels and a fourth data signal for the fourth pixels to the
display panel, and that begins outputting the first data signal
and the third data signal before one horizontal period begins.
A demultiplexing unit alternately applies the first data signal
and the second data signal to the first pixels and the second
pixels, respectively, and that alternately applies the third
data signal and the fourth data signal to the third pixels and
the fourth pixels, respectively. The demultiplexing unit
being placed between the display panel and the data driving
unit, and a timing control unit that controls the scan driving
unit, the data driving unit, and the demultiplexing unit.
[0008] The display panel may be manufactured based on
a WRGB-OLED technology.

[0009] The first color light may correspond to a blue color
light, the second color light may correspond to a white color
light, the third color light may correspond to a red color
light, and the fourth color light may correspond to a green
color light.

[0010] The demultiplexing unit may include first demul-
tiplexers that apply the first data signal to the first pixels
while the data driving unit outputs the first data signal, and
that apply the second data signal to the second pixels while
the data driving unit outputs the second data signal, and
second demultiplexers that apply the third data signal to the
third pixels while the data driving unit outputs the third data
signal, and that apply the fourth data signal to the fourth
pixels while the data driving unit outputs the fourth data
signal.

[0011] Each of the first demultiplexers may include a first
switch that controls a coupling between a first data-line
connected to the first pixels and a first output-line of the data
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driving unit, and a second switch that controls a coupling
between a second data-line connected to the second pixels
and the first output-line of the data driving unit.

[0012] Each of the second demultiplexers may include a
third switch that controls a coupling between a third data-
line connected to the third pixels and a second output-line of
the data driving unit, and a fourth switch that controls a
coupling between a fourth data-line connected to the fourth
pixels and the second output-line of the data driving unit.
[0013] The first and third switches may simultaneously
turn-on or turn-off, and the second and fourth switches may
simultaneously turn-on or turn-off

[0014] The second and fourth switches may turn-off when
the first and third switches turn-on, and the second and
fourth switches may turn-on when the first and third
switches turn-off

[0015] According to some exemplary embodiments, an
organic light emitting display device may include a display
panel having first pixels emitting a first color light, second
pixels emitting a second color light, and third pixels emitting
a third color light, the first through third pixels being
arranged at locations corresponding to crossing points of a
plurality of scan-lines and a plurality of data-lines, a scan
driving unit that sequentially outputs a scan signal to the
display panel, a data driving unit that alternately outputs a
first data signal for the first pixels, a second data signal for
the second pixels, and a third data signal for the third pixels
to the display panel, and that begins outputting the first data
signal before one horizontal period begins, a demultiplexing
unit that alternately applies the first data signal, the second
data signal, and the third data signal to the first pixels, the
second pixels, and the third pixels, respectively, the demul-
tiplexing unit being placed between the display panel and
the data driving unit, and a timing control unit that controls
the scan driving unit, the data driving unit, and the demul-
tiplexing unit.

[0016] The display panel may be manufactured based on
an RGB-OLED technology.

[0017] The first color light, the second color light, and the
third color light may be selected among a blue color light,
a red color light, and a green color light.

[0018] The demultiplexing unit may include demultiplex-
ers that apply the first data signal to the first pixels while the
data driving unit outputs the first data signal, that apply the
second data signal to the second pixels while the data driving
unit outputs the second data signal, and that apply the third
data signal to the third pixels while the data driving umt
outputs the third data signal.

[0019] Each of the demultiplexers may include a first
switch that controls a coupling between a first data-line
connected to the first pixels and an output-line of the data
driving unit, a second switch that controls a coupling
between a second data-line connected to the second pixels
and the output-line of the data driving unit, and a third
switch that controls a coupling between a third data-line
connected to the third pixels and the output-line of the data
driving unit.

[0020] The second and third switches may turn-off when
the first switch turns-on, the first and third switches may
turn-off when the second switch turns-on, and the first and
second switches may turn-off when the third switch turns-
on.

[0021] According to some exemplary embodiments, an
organic light emitting display device may include a display
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panel having first pixels emitting a first color light, second
pixels emitting a second color light, and third pixels emitting
a third color light, the first through third pixels being
arranged at locations corresponding to crossing points of a
plurality of scan-lines and a plurality of data-lines, a scan
driving unit that sequentially outputs a scan signal to the
display panel, a data driving unit that alternately outputs a
first data signal for the first pixels and a second data signal
for the second pixels to the display panel, that outputs a third
data signal for the third pixels to the display panel, and that
begins outputting the first data signal before one horizontal
period begins, a demultiplexing unit that alternately applies
the first data signal and the second data signal to the first
pixels and the second pixels, respectively, the demultiplex-
ing unit being placed between the display panel and the data
driving unit, and a timing control unit that controls the scan
driving unit, the data driving unit, and the demultiplexing
unit.

[0022] The display panel may be manufactured based on
an RGB-OLED technology.

[0023] The first color light, the second color light, and the
third color light may be selected among a blue color light,
a red color light, and a green color light.

[0024] The data driving unit may begin outputting the
third data signal before one horizontal period begins.
[0025] The demultiplexing unit may include demultiplex-
ers that apply the first data signal to the first pixels while the
data driving unit outputs the first data signal, and that apply
the second data signal to the second pixels while the data
driving unit outputs the second data signal.

[0026] Each of the demultiplexers may include a first
switch that controls a coupling between a first data-line
connected to the first pixels and an output-line of the data
driving unit, and a second switch that controls a coupling
between a second data-line connected to the second pixels
and the output-line of the data driving unit.

[0027] The second switch may turn-off when the first
switch turns-on, and the first switch may turn-off when the
second switch turns-on.

[0028] Therefore, an organic light emitting display device
having a demultiplexing structure according to example
embodiments may secure a sufficient time during which
respective source voltages corresponding to respective data
signals are changed by controlling a data driving unit to
begin outputting the respective data signals before one
horizontal period begins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Illustrative, non-limiting example embodiments
will be described in conjunction with the accompanying
drawings.

[0030] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to one exemplary
embodiment.

[0031] FIG. 2 is a diagram illustrating a group of demul-
tiplexers included in a demultiplexing unit of an organic
light emitting display device of FIG. 1.

[0032] FIG. 3 is a timing diagram illustrating an example
in which a data writing operation is performed in an organic
light emitting display device of FIG. 1.

[0033] FIGS. 4A and 4B are diagrams illustrating an
example in which a data writing operation is performed in an
organic light emitting display device of FIG. 1.
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[0034] FIGS. 5A and 5B are diagrams illustrating an
example in which a sufficient time during which respective
source voltages corresponding to respective data signals are
changed is secured by an organic light emitting display
device of FIG. 1.

[0035] FIG. 6 is a block diagram illustrating an organic
light emitting display device according to one exemplary
embodiment.

[0036] FIG. 7 is a diagram illustrating a demultiplexer
included in a demultiplexing unit of an organic light emitting
display device of FIG. 6.

[0037] FIG. 8is a timing diagram illustrating an example
in which a data writing operation is performed in an organic
light emitting display device of FIG. 6.

[0038] FIG. 9 is a block diagram illustrating an organic
light emitting display device according to one exemplary
embodiment.

[0039] FIG. 10 is a diagram illustrating a demultiplexer
included in a demultiplexing unit of an organic light emitting
display device of FIG. 9.

[0040] FIG. 11 is a timing diagram illustrating an example
in which a data writing operation is performed in an organic
light emitting display device of FIG. 9.

[0041] FIG. 12 is a block diagram illustrating an electronic
device having an organic light emitting display device
according to one exemplary embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0042] Various embodiments will be described more fully
hereinafter with reference to the accompanying drawings, in
which some example embodiments are shown. The present
inventive concept may, however, be embodied in many
different forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these
example embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the present inventive concept to those skilled in the
art. In the drawings, the sizes and relative sizes of layers and
regions may be exaggerated for clarity. Like numerals refer
to like elements throughout.

[0043] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the present inventive concept. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0044] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no
intervening elements present. Other words used to describe
the relationship between elements should be interpreted in a
like fashion (e.g., “between” versus “directly between,”
“adjacent” versus “directly adjacent,” etc.).

[0045] The terminology used herein is for the purpose of
describing certain exemplary embodiments only and is not
intended to be limiting of the present inventive concept. As

used herein, the singular forms “a,” “an” and “the” are
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intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises” and/or “comprising,” when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0047] FIG. 1 is a block diagram illustrating an organic
light emitting diode (OLED) display according to one exem-
plary embodiment. FIG. 2 is a diagram illustrating a group
of demultiplexers included in a demultiplexing unit of an
organic light emitting display device of FIG. 1.

[0048] Referring to FIGS. 1 and 2, the OLED display 100
may include a display panel 110, a scan driving unit (or scan
driver) 120, a data driving unit (or data driver) 130, a
demultiplexing unit (or demultiplexer) 140, and a timing
control unit (or timing controller) 150.

[0049] The display panel 110 may include first pixels
111-1 emitting first color light, second pixels 111-2 emitting
second color light, third pixels 111-3 emitting third color
light, and fourth pixels 111-4 emitting fourth color light. The
first through fourth pixels 111-1 through 111-4 may be
arranged at locations corresponding to crossing points of
scan-lines SL and data-lines DL. Here, each of the first
through fourth pixels 111-1 through 111-4 may be connected
(hereinafter to be interchangeably used with “electrically
connected”) to one of the scan-lines SL. and one of the
data-lines DL, and thus may receive a scan signal transmit-
ted via the scan-lines SL and a data signal transmitted via the
data-lines DL. In one example embodiment, the display
panel 110 may be manufactured based on a WRGB-OLED
technology. For example, the first color light may corre-
spond to a blue color light (B), the second color light may
correspond to a white color light (W), the third color light
may correspond to a red color light (R), and the fourth color
light may correspond to a green color light (G). In other
words, the first pixels 111-1 may be referred to as blue color
pixels emitting the blue color light, the second pixels 111-2
may be referred to as white color pixels emitting the white
color light, the third pixels 111-3 may be referred to as red
color pixels emitting the red color light, and the fourth pixels
111-4 may be referred to as green color pixels emitting the
green color light. Similarly, a first data signal that is applied
to the first pixels 111-1 may be referred to as a blue color
data signal, a second data signal that is applied to the second
pixels 111-2 may be referred to as a white color data signal,
a third data signal that is applied to the third pixels 111-3
may be referred to as a red color data signal, and a fourth
data signal that is applied to the fourth pixels 111-4 may be
referred to as a green color data signal. However, the present
inventive concept is not limited thereto. To create the desired
color, the first through fourth pixels 111-1 through 111-4
may be selected in various ways.
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[0050] The scan driving unit 120 may sequentially output
the scan signal to the display panel 110. For example, when
the scan signal is output to a first scan-line SL, the first
through fourth data signals may be applied to the first
through fourth pixels 111-1 through 111-4 connected to the
first scan-line SL, respectively. Similarly, when the scan
signal is output to a second scan-line SL, the first through
fourth data signals may be applied to the first through fourth
pixels 111-1 through 111-4 connected to the second scan-line
SL, respectively. Thus, when the scan driving unit 120
outputs the scan signal to a specific scan-line SL, the first
pixels 111-1 connected to the specific scan-line SI, may
receive the first data signal, the second pixels 111-2 con-
nected to the specific scan-line S, may receive the second
data signal, the third pixels 111-3 connected to the specific
scan-line SL, may receive the third data signal, and the fourth
pixels 111-4 connected to the specific scan-line SLL may
receive the fourth data signal. The data driving unit 130 may
alternately output the first data signal for the first pixels
111-1 and the second data signal for the second pixels 111-2
to the display panel 110, and may alternately output the third
data signal for the third pixels 111-3 and the fourth data
signal for the fourth pixels 111-3 to the display panel 110.
That 1s, the first data signal for the first pixels 111-1 and the
second data signal for the second pixels 111-2 may be
sequentially output during one horizontal period (1H), and
the third data signal for the third pixels 111-3 and the fourth
data signal for the fourth pixels 111-4 may be sequentially
output during one horizontal period (1H).

[0051] Asillustrated in FIG. 1, the OLED display 100 may
have a demultiplexing structure. Thus, the demultiplexing
unit 140 may be placed between the display panel 110 and
the data driving unit 130, where the demultiplexing unit 140
includes a plurality of demultiplexers DM(1) through
DM(m). The demultiplexing unit 140 may alternately
receive the first data signal and the second data signal from
the data driving unit 130, and may alternately apply the first
data signal and the second data signal to the first pixels 111-1
and the second pixels 111-2. That is, the first data signal and
the second data signal may be sequentially applied to the
first pixels 111-1 and the second pixels 111-2, respectively
during one horizontal period (1H). At the same time, the
demultiplexing unit 140 may alternately receive the third
data signal and the fourth data signal from the data driving
unit 130, and may alternately apply the third data signal and
the fourth data signal to the third pixels 111-3 and the fourth
pixels 111-4. That is, the third data signal and the fourth data
signal may be sequentially applied to the third pixels 111-3
and the fourth pixels 111-4, respectively during one hori-
zontal period (1H). For example, a first demultiplexer
DM(1) and a second demultiplexer DM(2) may operate as a
group 142 of demultiplexers. In this case, as the data driving
unit 130 alternately outputs the first data signal and the
second data signal via a first output-line TL(1) (i.e., as the
data driving unit 130 sequentially outputs the first data
signal and the second data signal via the first output-line
TL(1) during one horizontal period (1H)), the first demul-
tiplexer DM(1) connected to the first output-line TL(1) may
alternately apply the first data signal and the second data
signal to the first pixels 111-1 and the second pixels 111-2.
Similarly, as the data driving unit 130 alternately outputs the
third data signal and the fourth data signal via a second
output-line TL(2) (i.e., as the data driving unit 130 sequen-
tially outputs the third data signal and the fourth data signal
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via the second output-line TL(2) during one horizontal
period (1H)), the second demultiplexer DM(2) connected to
the second output-line TL(2) may alternately apply the third
data signal and the fourth data signal to the third pixels 111-3
and the fourth pixels 111-4.

[0052] For this operation, the demultiplexing unit 140 may
include a plurality of first demultiplexers DM(1), DM(3), .
.., DM(m-1), and a plurality of second demultiplexers
DM(2), DM(4), . . ., DM(m), where m is an integer equal
to or greater than 2. The first demultiplexers DM(1), DM(3),
..., DM(m-1) may apply the first data signal to the first
pixels 111-1 while the data driving unit 130 outputs the first
data signal, and may apply the second data signal to the
second pixels 111-2 while the data driving unit 130 outputs
the second data signal. The second demultiplexers DM(2),
DM(4), . . ., DM(m) may apply the third data signal to the
third pixels 111-3 while the data driving unit 130 outputs the
third data signal, and may apply the fourth data signal to the
fourth pixels 111-4 while the data driving unit 130 outputs
the fourth data signal. In one example embodiment, as
illustrated in FIG. 2, each of the first demultiplexers DM(1),
DM(3), . . ., DM(m-1) may include a first switch T1 that
controls a coupling between a first data-line DL(1) con-
nected to the first pixels 111-1 and a first output-line TL(1)
of the data driving unit 130, and a second switch T2 that
controls a coupling between a second data-line DL(2) con-
nected to the second pixels 111-2 and the first output-line
TL(1) of the data driving unit 130. In addition, each of the
second demultiplexers DM(2), DM(4), . . . , DM(m) may
include a third switch T3 that controls a coupling between a
third data-line DL(3) connected to the third pixels 111-3 and
a second output-line TL(2) of the data driving unit 130, and
a fourth switch T4 that controls a coupling between a fourth
data-line DL(4) connected to the fourth pixels 111-4 and the
second output-line TL(2) of the data driving unit 130.

[0053] The first switch T1 and the third switch T3 may be
simultaneously or substantially simultaneously turned on or
turned off based at least in part on a first demultiplexing
control signal CL1, and the second switch T2 and the fourth
switch T4 may be substantially simultaneously turned on or
turned off based at least in part on a second demultiplexing
control signal CL2. Here, the demultiplexing unit 140 may
receive the first demultiplexing control signal CL1 and the
second demultiplexing control signal CL2 from the timing
control unit 150. For example, while the data driving unit
130 outputs the first data signal and the third data signal, the
first demultiplexing control signal CLL1 may have a logic low
level to turn on the first switch T1 and the third switch T3.
Thus, the first data signal and the third data signal may be
applied to the first pixels 111-1 and the third pixels 111-3,
respectively. In this case, the second demultiplexing control
signal CL.2 may have a logic high level to turn off the second
switch T2 and the fourth switch T4. In addition, while the
data driving unit 130 outputs the second data signal and the
fourth data signal, the second demultiplexing control signal
CL2 may have a logic low level to turn on the second switch
T2 and the fourth switch T4. Thus, the second data signal
and the fourth data signal may be applied to the second
pixels 111-2 and the fourth pixels 111-4, respectively. In this
case, the first demultiplexing control signal CL1 may have
a logic high level to turn off the first switch T1 and the third
switch T3. As described above, when the first and third
switches T1 and T3 are turned on, the second and fourth
switches T2 and T4 may be turned off. Similarly, when the
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second and fourth switches T2 and T4 are turned on, the first
and third switches T1 and T3 may be turned off

[0054] Since the OLED display 100 has the demultiplex-
ing structure, the demultiplexing unit 140 may sequentially
receive a plurality of data signals (i.e., the first and second
data signals, and the third and fourth data signals) output
from the data driving unit 130, and may selectively apply the
data signals to the first through fourth pixels 111-1, 111-2,
111-3, and 111-4 according to colors of lights emitted by the
first through fourth pixels 111-1, 111-2, 111-3, and 111-4
during one horizontal period (1H). However, when a quan-
tity of the first through fourth pixels 111-1, 111-2, 111-3, and
111-4 increases as a resolution of the OLED display 100
increases, one horizontal period (1H) for the OLED display
100 may decrease because a quantity of the scan-lines SL
increases. As a result, a time during which respective source
voltages corresponding to respective data signals sequen-
tially output from the data driving unit 130 during one
horizontal time (1H) are changed may not be sufficiently
secured. For example, a time during which respective source
voltages corresponding to the first data signal (e.g., the blue
color data signal) and the third data signal (e.g., the red color
data signal) output from the data driving unit 130 are
changed may not be sufficiently secured. The time during
which the source voltage corresponding to the red color data
signal is changed and a time during which the source voltage
corresponding to the blue color data signal is changed is
generally at least about 9 ps. Therefore, when one horizontal
period (1H) of the OLED display 100 decreases, the source
voltage corresponding to the red color data signal and the
source voltage corresponding to the blue color data signal
may not be sufficiently changed. To overcome this problem,
the OLED display 100 may control the data driving unit 130
to begin outputting the first and third data signals before one
horizontal period (1H) begins. As a result, compared to
conventional OLED displays (not necessarily prior at) that
control the data driving unit to begin outputting the first and
third data signals after one horizontal period (1H) begins, the
OLED display 100 may allow for a sufficient driving time
during which respective source voltages corresponding to
the first data signal and the third data signal output from the
data driving unit 130 are changed.

[0055] The timing control unit 150 may control the scan
driving unit 120, the data driving unit 130, and the demul-
tiplexing unit 140. As illustrated in FIG. 1, the timing control
unit 150 may generate a first control signal CTL1, a second
control signal CTL2, and a third control signal CTL3, and
may control the scan driving unit 120, the data driving unit
130, and the demultiplexing unit 140 by providing the first
control signal CTL1, the second control signal CTL2, and
the third control signal CTL3 to the scan driving unit 120,
the data driving unit 130, and the demultiplexing unit 140.
For example, the timing control unit 150 may provide the
first control signal CTL1 to the scan driving unit 120. Thus,
the scan driving unit 120 may sequentially output the scan
signal to the display panel 110. In addition, the timing
control unit 150 may provide the second control signal
CTL2 to the data driving unit 130. Thus, the data driving
unit 130 may alternately output the first data signal for the
first pixels 111-1 and the second data signal for the second
pixels 111-2 to the display panel 110, and may alternately
output the third data signal for the third pixels 111-3 and the
fourth data signal for the fourth pixels 111-4 to the display
panel 110. For example, the timing control unit 150 may
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control the data driving unit 130 to begin outputting the first
data signal and the third data signal before one horizontal
period (1H) begins by providing the second control signal
CTL2 to the data driving unit 130. Further, the timing
control unit 150 may provide the third control signal CTL3
to the demultiplexing unit 140. Thus, the demultiplexing
unit 140 may alternately apply the first data signal and the
second data signal to the first pixels 111-1 and the second
pixels 111-2, and may alternately apply the third data signal
and the fourth data signal to the third pixels 111-3 and the
fourth pixels 111-4. To this end, the third control signal
CTL3 may include the first demultiplexing control signal
CL1 and the second demultiplexing control signal CL2.
[0056] In brief, the OLED display 100 having the demul-
tiplexing structure may allow for a sufficient driving time
during which respective source voltages corresponding to
respective data signals are changed by controlling the data
driving unit 130 to begin outputting the data signals (e.g., the
first data signal and the third data signal) before one hori-
zontal period (1H) begins. On this basis, the OLED display
100 may display a high-quality image. Although it is illus-
trated in FIG. 2 that the first through fourth switches T1, T2,
T3, and T4 are implemented by p-type metal-oxide semi-
conductor (PMOS) transistors, an implementation of the first
through fourth switches T1, T2, T3, and T4 is not limited
thereto. For example, the first through fourth switches T1,
T2, T3, and T4 may be implemented by various transistors
such as n-type metal-oxide semiconductor (NMOS) transis-
tors, complementary metal-oxide semiconductor (CMOS)
transistors, etc. In another embodiment, at least one of the
switches T1-T4 can be a junction FET (JFET), a metal-
semiconductor FET (MESFET), a modulation-doped FET
(MODFET), a metal-oxide-semiconductor FET (MOSFET),
an n-channel MOSFET (NMOSFET), a p-channel MOSFET
(PMOSFET) and an organic FET (OFET). At least one of the
switches T1-T4 may also include bipolar transistors. At least
one of the switches T1-T4 may further include other switch-
ing devices such as digital or analog switches or a relay.
[0057] FIG. 3 is a timing diagram illustrating an example
in which a data writing operation is performed in an OLED
display of FIG. 1. FIGS. 4A and 4B are diagrams illustrating
an example in which a data writing operation is performed
in an OLED display of FIG. 1.

[0058] Referring to FIGS. 3, 4A, and 4B, one horizontal
period (1H) for the OLED display 100 may be defined based
on a horizontal synchronization signal Hsync. For conve-
nience of descriptions, as described with reference to FIG. 2,
a data writing operation will be described focused on a group
142 of demultiplexers including the first demultiplexer
DM(1) and the second demultiplexer DM(2).

[0059] The data driving unit 130 may alternately output
the first data signal B (e.g., the blue color data signal) and
the second data signal W (e.g., the white color data signal)
via the first output-line TL(1), and may alternately output the
third data signal R (e.g., the red color data signal) and the
fourth data signal G (e.g., the green color data signal) via the
second output-line TL(2). As illustrated in FIG. 3, during
one horizontal period (1H), the data driving unit 130 may
sequentially provide the first data signal B and the second
data signal W to the demultiplexing unit 140 via the first
output-line TL(1), and may sequentially provide the third
data signal R and the fourth data signal G to the demulti-
plexing unit 140 via the second output-line TL(2). That is,
the demultiplexing unit 140 may substantially simultane-
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ously receive the first data signal B and the third data signal
R, and then may substantially simultaneously receive the
second data signal W and the fourth data signal G. Thus, as
illustrated in FIG. 4A, while the data driving unit 130
substantially simultaneously outputs the first data signal B
and the third data signal R, the demultiplexing unit 140 may
apply the first data signal B to the first pixels 111-1 via the
first data-line DL(1), and may apply the third data signal R
to the third pixels 111-3 via the third data-line DI(3) when
the first demultiplexing control signal CL1 is changed from
a logic high level to a logic low level. In addition, as
illustrated in FIG. 4B, while the data driving unit 130
substantially simultaneously outputs the second data signal
W and the fourth data signal G, the demultiplexing unit 140
may apply the second data signal W to the second pixels
111-2 via the second data-line DL(2), and may apply the
fourth data signal G to the fourth pixels 111-4 via the fourth
data-line DI(4) when the second demultiplexing control
signal CL2 is changed from a logic high level to a logic low
level.

[0060] When the data writing operation is performed in
the OLED display 100, as illustrated in FIG. 3, the OLED
display 100 may control the data driving unit 130 to begin
outputting the first data signal B and the third data signal R
before one horizontal period (1H) begins in order to secure
a sufficient time during which respective source voltages
corresponding to respective data signals (i.e., the first data
signal B and the third data signal R) output from the data
driving unit 130 are changed. Thus, the data driving unit 130
may begin outputting the first data signal B and the third data
signal R before the horizontal synchronization signal Hsync
is applied. As a result, compared to conventional OLED
displays (not necessarily prior art) that control the data
driving unit to begin outputting the first data signal B and the
third data signal R after one horizontal period (1H) begins,
the OLED display 100 may secure a sufficient time during
which respective source voltages corresponding to respec-
tive data signals (i.e., the first data signal B and the third data
signal R) are changed. Although it is described above that
the first data signal B is the blue color data signal, the second
data signal W is the white color data signal, the third data
signal R is the red color data signal, and the fourth data
signal G is the green color data signal, the present inventive
concept is not limited thereto. In addition, according to some
example embodiments, when the first through fourth data
signals B, W, R, and G are applied to the first through fourth
pixels 111-1, 111-2, 111-3, and 111-4 via the first through
fourth data- lines DL(1), DL(2), DL(3), and DL(4), an
initialization operation for the first through fourth data-lines
DL(1), DL(2), DL(3), and DL(4) may be performed in order
to prevent signal interferences among the first through fourth
data signals B, W, R, and G.

[0061] FIGS. 5A and 5B are diagrams illustrating an
example in which a sufficient time during which respective
source voltages corresponding to respective data signals are
changed is secured by an OLED display of FIG. 1.

[0062] Referring to FIGS. 5A and 5B, it is illustrated that
the OLED display 100 secures a sufficient time during which
respective source voltages corresponding to respective data
signals (i.e., the first data signal B and the third data signal
R) are changed compared to conventional OLED displays
(not necessarily prior art). For example, the first data signal
B may correspond to the blue color data signal, and the third
data signal R may correspond to the red color data signal.
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Specifically, as illustrated in FIG. 5A, in the conventional
OLED displays, the data driving unit alternately outputs the
first data signal B for the first pixels 111-1 and the second
data signal W for the second pixels 111-2 to the display panel
110, and alternately outputs the third data signal R for the
third pixels 111-3 and the fourth data signal G for the fourth
pixels 1114 to the display panel 110. Here, the conventional
OLED displays control the data driving unit to begin out-
putting the first data signal B and the third data signal R after
one horizontal period (1H) begins. As a result, the conven-
tional OLED displays may not secure a sufficient time
during which respective source voltages corresponding to
respective data signals (i.e., the first data signal B and the
third data signal R) are changed. In other words, the con-
ventional OLED displays may not display a high-quality
image because the source voltage corresponding to the first
data signal B and the source voltage corresponding to the
third data signal R are insufficiently changed. On the other
hand, as illustrated in FIG. 5B, in the OLED display 100, the
data driving unit 130 alternately outputs the first data signal
B for the first pixels 111-1 and the second data signal W for
the second pixels 111-2 to the display panel 110, and
alternately outputs the third data signal R for the third pixels
111-3 and the fourth data signal G for the fourth pixels 111-4
to the display panel 110. Here, the OLED display 100
controls the data driving unit 130 to begin outputting the first
data signal B and the third data signal R before one hori-
zontal period (1H) begins. As a result, the OLED display 100
may secure a sufficient time during which respective source
voltages corresponding to respective data signals (i.e., the
first data signal B and the third data signal R) are changed.
In other words, the OLED display 100 may display a
high-quality image because the source voltage correspond-
ing to the first data signal B and the source voltage corre-
sponding to the third data signal R are sufficiently changed.

[0063] FIG. 6 is a block diagram illustrating an OLED
display according to one exemplary embodiment. FIG. 7 is
a diagram illustrating a demultiplexer included in a demul-
tiplexing unit of an OLED display of FIG. 6.

[0064] Referring to FIGS. 6 and 7, the OLED display 200
may include a display panel 210, a scan driving unit 220, a
data driving unit 230, a demultiplexing unit 240, and a
timing control unit 250.

[0065] The display panel 210 may include first pixels
211-1 emitting first color light, second pixels 211-2 emitting
second color light, and third pixels 211-3 emitting third color
light. The first through third pixels 211-1 through 211-3 may
be arranged at locations corresponding to crossing points of
scan-lines SL and data-lines DL. Here, each of the first
through third pixels 211-1 through 211-3 may be electrically
connected to one of the scan-lines SL and one of the
data-lines DL, and thus may receive a scan signal transmit-
ted via the scan-lines SL and a data signal transmitted via the
data-lines DL. In one example embodiment, the display
panel 210 may be manufactured based on an RGB-OLED
technology. For example, the first color light may corre-
spond to a red color light (R), the second color light may
correspond to a green color light (G), and the third color
light may correspond to a blue color light (B). In other
words, the first pixels 211-1 may be referred to as red color
pixels emitting the red color light, the second pixels 211-2
may be referred to as green color pixels emitting the green
color light, and the third pixels 211-3 may be referred to as
blue color pixels emitting the blue color light. Similarly, a
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first data signal that is applied to the first pixels 211-1 may
be referred to as a red color data signal, a second data signal
that is applied to the second pixels 211-2 may be referred to
as a green color data signal, and a third data signal that is
applied to the third pixels 211-3 may be referred to as a blue
color data signal.

[0066] The scan driving unit 220 may sequentially output
the scan signal to the display panel 210. For example, when
the scan signal is output to a first scan-line SL, the first
through third data signals may be applied to the first through
third pixels 211-1 through 211-3 connected to the first
scan-line SL, respectively. Similarly, when the scan signal is
output to a second scan-line SL, the first through third data
signals may be applied to the first through third pixels 211-1
through 211-3 connected to the second scan-line SL, respec-
tively. Thus, when the scan driving unit 220 outputs the scan
signal to a specific scan-line SL, the first pixels 211-1
connected to the specific scan-line SL, may receive the first
data signal, the second pixels 211-2 connected to the specific
scan-line SL, may receive the second data signal, and the
third pixels 211-3 connected to the specific scan-line SL may
receive the third data signal. The data driving unit 230 may
alternately output the first data signal for the first pixels
211-1, the second data signal for the second pixels 211-2,
and the third data signal for the third pixels 211-3 to the
display panel 210. That is, the first data signal for the first
pixels 211-1, the second data signal for the second pixels
211-2, and the third data signal for the third pixels 211-3 may
be sequentially output during one horizontal period (1H).

[0067] As illustrated in FIG. 6, the OLED display 200 may
have a demultiplexing structure. Thus, the demultiplexing
unit 240 may be placed between the display panel 210 and
the data driving unit 230, where the demultiplexing unit 240
includes a plurality of demultiplexers DM(1) through
DM(m). The demultiplexing unit 240 may alternately
receive the first data signal, the second data signal, and the
third data signal from the data driving unit 230, and may
alternately apply the first data signal, the second data signal,
and the third data signal to the first pixels 211-1, the second
pixels 211-2, and the third pixels 211-3. That is, the first data
signal, the second data signal, and the third data signal may
be sequentially applied to the first pixels 211-1, the second
pixels 211-2, and the third pixels 211-3, respectively during
one horizontal period (1H). For example, a first demulti-
plexer DM(1) may operate as a group 242 of demultiplexers.
In this case, as the data driving unit 230 alternately outputs
the first data signal, the second data signal, and the third data
signal via a first output-line TL(1) (i.e., as the data driving
unit 230 sequentially outputs the first data signal, the second
data signal, and the third data signal via the first output-line
TL(1) during one horizontal period (1H)), the first demul-
tiplexer DM(1) connected to the first output-line TL(1) may
alternately apply the first data signal, the second data signal,
and the third data signal to the first pixels 211-1, the second
pixels 211-2, and the third pixels 211-3.

[0068] For this operation, the demultiplexing unit 240 may
include a plurality of demultiplexers DM(1) through
DM(m), where m is an integer equal to or greater than 2. The
demultiplexers DM(1) through DM(m) may apply the first
data signal to the first pixels 211-1 while the data driving
unit 230 outputs the first data signal, may apply the second
data signal to the second pixels 211-2 while the data driving
unit 230 outputs the second data signal, and may apply the
third data signal to the third pixels 211-3 while the data
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driving unit 230 outputs the third data signal. In one exem-
plary embodiment, as illustrated in FIG. 7, each of the
demultiplexers DM(1) through DM(m) may include a first
switch T1 that controls a coupling between a first data-line
DL(1) connected to the first pixels 211-1 and a first output-
line TL(1) of the data driving unit 230, a second switch T2
that controls a coupling between a second data-line DL(2)
connected to the second pixels 211-2 and the first output-line
TL(1) of the data driving unit 230, and a third switch T3 that
controls a coupling between a third data-line DL(3) con-
nected to the third pixels 211-3 and the first output-line
TL(1) of the data driving unit 230.

[0069] The first to third switches T1-T3 may be turned on
or turned off based at least in part on first to third demulti-
plexing control signals CL1-CL3, respectively. Here, the
demultiplexing unit 240 may receive the first demultiplexing
control signal CL1, the second demultiplexing control signal
CL2, and the third demultiplexing control signal CL3 from
the timing control unit 250. For example, while the data
driving unit 230 outputs the first data signal, the first
demultiplexing control signal CLL1 may have a logic low
level to turn on the first switch T1. Thus, the first data signal
may be applied to the first pixels 211-1. In this case, the
second and third demultiplexing control signals CL.2 and
CL3 may have a logic high level to turn off the second
switch T2 and the third switch T3. In addition, while the data
driving unit 230 outputs the second data signal, the second
demultiplexing control signal CL2 may have a logic low
level to turn on the second switch T2, Thus, the second data
signal may be applied to the second pixels 211-2. In this
case, the first and third demultiplexing control signals CL1
and CL3 may have a logic high level to turn off the first
switch T1 and the third switch T3. Further, while the data
driving unit 230 outputs the third data signal, the third
demultiplexing control signal CL3 may have a logic low
level to turn on the third switch T3. Thus, the third data
signal may be applied to the third pixels 211-3. In this case,
the first and second demultiplexing control signals CL1 and
CL2 may have a logic high level to turn off the first switch
T1 and the second switch T2. As described above, when the
first switch T1 is turned on, the second and third switches T2
and T3 may be turned off Similarly, when the second switch
T2 is turned on, the first and third switches T1 and T3 may
be turned off. Similarly, when the third switch T3 is turned
on, the first and second switches T1 and T2 may be turned
off

[0070] Since the OLED display 200 has the demultiplex-
ing structure, the demultiplexing unit 240 may sequentially
receive a plurality of data signals (i.e., the first through third
data signals) output from the data driving unit 230, and may
selectively apply the data signals to the first through third
pixels 211-1, 211-2, and 211-3 according to colors of lights
emitted by the first through third pixels 211-1, 211-2, and
211-3 during one horizontal period (1H). However, when a
quantity of the first through third pixels 211-1, 211-2, and
211-3 increases as a resolution of the OLED display 200
increases, one horizontal period (1H) for the OLED display
200 may decrease because a quantity of the scan-lines SL
increases. As a result, a time during which respective source
voltages corresponding to respective data signals (i.e., the
first through third data signals) sequentially output from the
data driving unit 230 during one horizontal time (1H) are
changed may not be sufficiently secured. For example, a
time during which the source voltage corresponding to the
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first data signal (e.g., the red color data signal) output from
the data driving unit 230 is changed may not be sufficiently
secured. Thus, the source voltage corresponding to the first
data signal (e.g., the red color data signal) output from the
data driving unit 230 may not be sufficiently changed. To
overcome this problem, the OLED display 200 may control
the data driving unit 230 to begin outputting the first data
signal before one horizontal period (1H) begins. As a result,
compared to conventional OLED displays that control the
data driving unit to begin outputting the first data signal after
one horizontal period (1H) begins, the OLED display 200
may secure a sufficient time during which the source voltage
corresponding to the first data signal output from the data
driving unit 230 is changed.

[0071] The timing control unit 250 may control the scan
driving unit 220, the data driving unit 230, and the demul-
tiplexing unit 240. As illustrated in FIG. 6, the timing control
unit 250 may generate a first control signal CTL1, a second
control signal CTL2, and a third control signal CTL3, and
may control the scan driving unit 220, the data driving unit
230, and the demultiplexing unit 240 by providing the first
control signal CTL1, the second control signal CTL2, and
the third control signal CTL3 to the scan driving unit 220,
the data driving unit 230, and the demultiplexing unit 240.
Specifically, the timing control unit 250 may provide the first
control signal CTL1 to the scan driving unit 220. Thus, the
scan driving unit 220 may sequentially output the scan
signal to the display panel 210. In addition, the timing
control unit 250 may provide the second control signal
CTL2 to the data driving unit 230. Thus, the data driving
unit 230 may alternately output the first data signal for the
first pixels 211-1, the second data signal for the second
pixels 211-2, and the third data signal for the third pixels
211-3 to the display panel 210. Particularly, the timing
control unit 250 may control the data driving unit 230 to
begin outputting the first data signal before one horizontal
period (1H) begins by providing the second control signal
CTL2 to the data driving unit 230. Further, the timing
control unit 250 may provide the third control signal CTL3
to the demultiplexing unit 240. Thus, the demultiplexing
unit 240 may alternately apply the first data signal, the
second data signal, and the third data signal to the first pixels
211-1, the second pixels 211-2, and the third pixels 211-3. To
this end, the third control signal CTL3 may include the first
demultiplexing control signal CL1, the second demultiplex-
ing control signal CL2, and the third demultiplexing control
signal CL3.

[0072] The OLED display 200 having the demultiplexing
structure may secure a sufficient time during which respec-
tive source voltages corresponding to respective data signals
are changed by controlling the data driving unit 230 to begin
outputting the data signals (e.g., the first data signal) before
one horizontal period (1H) begins. On this basis, the OLED
display 200 may display a high-quality image. Although it is
illustrated in FIG. 7 that the first through third switches T1,
T2, and T3 are implemented by PMOS transistors, an
implementation of the first through third switches T1, T2,
and T3 is not limited thereto. For example, the first through
third switches T1, T2, and T3 may be implemented by
various transistors such as NMOS transistors, CMOS tran-
sistors, etc.

[0073] FIG. 8 is a timing diagram illustrating an example
in which a data writing operation is performed in an OLED
display of FIG. 6.
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[0074] Referring to FIG. 8, one horizontal period (1H) for
the OLED display 200 may be defined based on a horizontal
synchronization signal Hsync. For convenience of descrip-
tions, as described with reference to FIG. 7, a data writing
operation will be described focused on a group 242 of
demultiplexers including the first demultiplexer DM(1).

[0075] The data driving unit 230 may alternately output
the first data signal R (e.g., the red color data signal), the
second data signal G (e.g., the green color data signal), and
the third data signal B (e.g., the blue color data signal) via
the first output-line TL(1). As illustrated in FIG. 8, during
one horizontal period (1H), the data driving unit 230 may
sequentially provide the first data signal R, the second data
signal G, and the third data signal B to the demultiplexing
unit 240 via the first output-line TL(1). Thus, while the data
driving unit 230 outputs the first data signal R, the demul-
tiplexing unit 240 may apply the first data signal R to the first
pixels 211-1 via the first data-line DL(1) when the first
demultiplexing control signal CL1 is changed from a logic
high level to a logic low level. In addition, while the data
driving unit 230 outputs the second data signal G, the
demultiplexing unit 240 may apply the second data signal G
to the second pixels 211-2 via the second data-line DL(2)
when the second demultiplexing control signal CL2 is
changed from a logic high level to a logic low level. Further,
while the data driving unit 230 outputs the third data signal
B, the demultiplexing unit 240 may apply the third data
signal B to the third pixels 211-3 via the third data-line
DL(3) when the third demultiplexing control signal CL3 is
changed from a logic high level to a logic low level.

[0076] When the data writing operation is performed in
the OLED display 200, as illustrated in FIG. 8, the OLED
display 200 may control the data driving unit 230 to begin
outputting the first data signal R before one horizontal
period (1H) begins in order to secure a sufficient time during
which a source voltage corresponding to the first data signal
R output from the data driving unit 230 is changed. Thus, the
data driving unit 230 may begin outputting the first data
signal R before the horizontal synchronization signal Hsync
is applied. As a result, compared to conventional OLED
displays (not necessarily prior art) that control the data
driving unit to begin outputting the first data signal R after
one horizontal period (1H) begins, the OLED display 200
may secure a sufficient time during which the source voltage
corresponding to the first data signal R is changed. Although
it is described above that the first data signal R is the red
color data signal, the second data signal G is the green color
data signal, and the third data signal B is the blue color data
signal, the present inventive concept is not limited thereto.
In addition, according to some exemplary embodiments,
when the first through third data signals R, G, and B are
applied to the first through third pixels 211-1, 211-2, and
211-3 via the first through third data-lines DL(1), DL(2), and
DL(3), an initialization operation for the first through third
data-lines DL(1), DL(2), and DL(3) may be performed in
order to prevent signal interferences among the first through
third data signals R, G, and B.

[0077] FIG. 9 is a block diagram illustrating an OLED
display according to one exemplary embodiment. FIG. 10 is
a diagram illustrating a demultiplexer included in a demul-
tiplexing unit of an OLED display of FIG. 9. FIG. 11 is a
timing diagram illustrating an example in which a data
writing operation is performed in an OLED display of FIG.
9.
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[0078] Referring to FIGS. 9 through 11, the OLED display
300 may include a display panel 310, a scan driving unit
320, a data driving unit 330, a demultiplexing unit 340, and
a timing control unit 350.

[0079] The display panel 310 may include first pixels
311-1 emitting first color light, second pixels 311-2 emitting
second color light, and third pixels 311-3 emitting third color
light. The first through third pixels 311-1 through 311-3 may
be arranged at locations corresponding to crossing points of
scan-lines SL and data-lines DL. Here, each of the first
through third pixels 311-1 through 311-3 may be connected
to one of the scan-lines SL and one of the data-lines DL, and
thus may receive a scan signal transmitted via the scan-lines
SL and a data signal transmitted via the data-lines DL. In one
example embodiment, the display panel 310 may be manu-
factured based on an RGB-OLED technology. For example,
the first color light may correspond to a red color light (R),
the second color light may correspond to a green color light
(G), and the third color light may correspond to a blue color
light (B). In other words, the first pixels 311-1 may be
referred to as red color pixels emitting the red color light, the
second pixels 311-2 may be referred to as green color pixels
emitting the green color light, and the third pixels 311-3 may
be referred to as blue color pixels emitting the blue color
light. Similarly, a first data signal that is applied to the first
pixels 311-1 may be referred to as a red color data signal, a
second data signal that is applied to the second pixels 311-2
may be referred to as a green color data signal, and a third
data signal that is applied to the third pixels 311-3 may be
referred to as a blue color data signal.

[0080] The scan driving unit 320 may sequentially output
the scan signal to the display panel 310. For example, when
the scan signal is output to a first scan-line SL, the first
through third data signals R, G, and B may be applied to the
first through third pixels 311-1 through 311-3 connected to
the first scan-line SL, respectively. Similarly, when the scan
signal is output to a second scan-line SL, the first through
third data signals R, G, and B may be applied to the first
through third pixels 311-1 through 311-3 connected to the
second scan-line SL, respectively. Thus, when the scan
driving unit 320 outputs the scan signal to a specific scan-
line SL, the first pixels 311-1 connected to the specific
scan-line SL may receive the first data signal R, the second
pixels 311-2 connected to the specific scan-line SL may
receive the second data signal G, and the third pixels 311-3
connected to the specific scan-line SL may receive the third
data signal B. The data driving unit 330 may alternately
output the first data signal R for the first pixels 311-1 and the
second data signal G for the second pixels 311-2. That is, the
first data signal R for the first pixels 311-1 and the second
data signal G for the second pixels 311-2 may be sequen-
tially output during one horizontal period (1H). In addition,
the data driving unit 330 may output the third data signal B
for the third pixels 311-3 to the display panel 310.

[0081] Asillustrated in FIG. 9, the OLED display 300 may
have a demultiplexing structure. Thus, the demultiplexing
unit 340 may be placed between the display panel 310 and
the data driving unit 330, where the demultiplexing unit 340
includes a plurality of demultiplexers DM(1) through
DM(k). The demultiplexing unit 340 may alternately receive
the first data signal R and the second data signal G from the
data driving unit 330, and may alternately apply the first data
signal R and the second data signal G to the first pixels 311-1
and the second pixels 311-2. That is, the first data signal R
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and the second data signal G may be sequentially applied to
the first pixels 311-1 and the second pixels 311-2, respec-
tively during one horizontal period (1H). On the other hand,
the third data signal B for the third pixels 311-3 may be
directly applied to the third pixels 311-3 by the data driving
unit 330. For example, a first demultiplexer DM(1) may
operate as a group 342 of demultiplexers. In this case, as the
data driving unit 330 alternately outputs the first data signal
R and the second data signal G via a first output-line TL(1)
(i.e., as the data driving unit 330 sequentially outputs the
first data signal R and the second data signal G via the first
output-line TL(1) during one horizontal period (1H)), the
first demultiplexer DM(1) connected to the first output-line
TL(1) may alternately apply the first data signal R and the
second data signal G to the first pixels 311-1 and the second
pixels 311-2. On the other hand, as illustrated in FIG. 9, the
data driving unit 330 may directly apply the third data signal
B to the third pixels 311-3 via a second output-line TL(2).

[0082] For this operation, the demultiplexing unit 340 may
include a plurality of demultiplexers DM(1) through DM(k),
where k is an integer equal to or greater than 1. The
demultiplexers DM(1) through DM(k) may apply the first
data signal R to the first pixels 311-1 while the data driving
unit 330 outputs the first data signal R, and may apply the
second data signal G to the second pixels 311-2 while the
data driving unit 330 outputs the second data signal G. In
one example embodiment, as illustrated in FIG. 10, each of
the demultiplexers DM(1) through DM(k) may include a
first switch T1 that controls a coupling between a first
data-line DL(1) connected to the first pixels 311-1 and a first
output-line TL(1) of the data driving unit 330, and a second
switch T2 that controls a coupling between a second data-
line DL(2) connected to the second pixels 311-2 and the first
output-line TL(1) of the data driving unit 330. Meanwhile,
since a third data-line DL(3) connected to the third pixels
311-3 is directly connected to the second output-line TL(2)
of the data driving unit 330, the data driving unit 330 may
directly apply the third data signal B to the third pixels 311-3
(i.e., not via the demultiplexers DM(1) through DM(k)).

[0083] The first and second switches T1 and T2 may be
turned on or turned off based at least in part on first and
second demultiplexing control signals CL1 and CL2, respec-
tively. Here, the demultiplexing unit 340 may receive the
first demultiplexing control signal CL1 and the second
demultiplexing control signal CL.2 from the timing control
unit 350. For example, while the data driving unit 330
outputs the first data signal R, the first demultiplexing
control signal CL.1 may have a logic low level to turn on the
first switch T 1. Thus, the first data signal R may be applied
to the first pixels 311-1. In this case, the second demulti-
plexing control signals CL.2 may have a logic high level to
turn off the second switch T2. In addition, while the data
driving unit 330 outputs the second data signal G, the second
demultiplexing control signal CL.2 may have a logic low
level to turn on the second switch T2. Thus, the second data
signal R may be applied to the second pixels 311-2. In this
case, the first demultiplexing control signals CL.1 may have
a logic high level to turn off the first switch T1. As described
above, when the first switch T1 is turned on, the second
switch T2 may be turned off. Similarly, when the second
switch T2 is turned on, the first switch T1 may be turned off.
In some exemplary embodiments, the data driving unit 330
may substantially simultaneously output the third data signal
B with the first data signal R or the second data signal G.
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[0084] Since the OLED display 300 has the demultiplex-
ing structure, the demultiplexing unit 340 may sequentially
receive a plurality of data signals (i.e., the first data signal R
and the third data signal G) output from the data driving unit
330, and may selectively apply the first data signal R and the
second data signal G to the first pixels 311-1 and the second
pixels 311-2 according to colors of lights emitted by the first
pixels 311-1 and the second pixels 311-2 during one hori-
zontal period (1H). However, when a quantity of the first
through third pixels 311-1, 311-2, and 311-3 increases as a
resolution of the OLED display 300 increases, one horizon-
tal period (1H) for the OLED display 300 may decrease
because a quantity of the scan-lines SL increases. As a result,
a time during which respective source voltages correspond-
ing to respective data signals (i.e., the first data signal R and
the second data signal G) sequentially output from the data
driving unit 330 during one horizontal time (1H) are
changed may not be sufliciently secured. For example, a
time during which the source voltage corresponding to the
first data signal R output from the data driving unit 330 is
changed may not be sufficiently secured. Thus, the source
voltage corresponding to the first data signal R output from
the data driving unit 330 may not be sufficiently changed. To
overcome this problem, as illustrated in FIG. 11, the OLED
display 300 may control the data driving unit 330 to begin
outputting the first data signal R before one horizontal
period (1H) begins. As a result, compared to conventional
OLED displays (not necessarily prior art) that control the
data driving unit to begin outputting the first data signal R
after one horizontal period (1H) begins, the OLED display
300 may secure a sufficient time during which the source
voltage corresponding to the first data signal R output from
the data driving unit 330 is changed.

[0085] The timing control unit 350 may control the scan
driving unit 320, the data driving unit 330, and the demul-
tiplexing unit 340. As illustrated in F1G. 9, the timing control
unit 350 may generate a first control signal CTL1, a second
control signal CTL2, and a third control signal CTL3, and
may control the scan driving unit 320, the data driving unit
330, and the demultiplexing unit 340 by providing the first
control signal CTL1, the second control signal CTL2, and
the third control signal CTL3 to the scan driving unit 320,
the data driving unit 330, and the demultiplexing unit 340.
Specifically, the timing control unit 350 may provide the first
control signal CTL1 to the scan driving unit 320. Thus, the
scan driving unit 320 may sequentially output the scan
signal to the display panel 310. In addition, the timing
control unit 350 may provide the second control signal
CTL2 to the data driving unit 330. Thus, the data driving
unit 330 may alternately output the first data signal R for the
first pixels 311-1 and the second data signal G for the second
pixels 311-2 to the display panel 310, and may output the
third data signal B for the third pixels 311-3 to the display
panel 310. Particularly, the timing control unit 350 may
control the data driving unit 330 to begin outputting the first
data signal R before one horizontal period (1H) begins by
providing the second control signal CTL2 to the data driving
unit 330. Further, the timing control unit 350 may provide
the third control signal CTL3 to the demultiplexing unit 340.
Thus, the demultiplexing unit 340 may alternately apply the
first data signal R and the second data signal G to the first
pixels 311-1 and the second pixels 311-2. To this end, the
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third control signal CTL3 may include the first demultiplex-
ing control signal CL1 and the second demultiplexing con-
trol signal CL2.

[0086] The OLED display 300 having the demultiplexing
structure may secure a sufficient time during which respec-
tive source voltages corresponding to respective data signals
are changed by controlling the data driving unit 330 to begin
outputting the data signals (e.g., the first data signal R)
before one horizontal period (1H) begins. On this basis, the
OLED display 300 may display a high-quality image.
Although it is illustrated in FIG. 10 that the first and second
switches T1 and T2 are implemented by PMOS transistors,
an implementation of the first and second switches T1 and
T2 is not limited thereto. For example, the first and second
switches T1 and T2 may be implemented by various tran-
sistors such as NMOS transistors, CMOS transistors, etc. In
addition, although it is described above that the first data
signal R 1s the red color data signal, the second data signal
G is the green color data signal, and the third data signal B
is the blue color data signal, the present inventive concept is
not limited thereto. Further, according to some example
embodiments, when the first and second data signals R and
G are applied to the first and second pixels 311-1 and 311-2
via the first and second data-lines DL(1) and DL(2), an
initialization operation for the first and second data-lines
DL(1) and DL(2) may be performed in order to prevent
signal interferences between the first and second data signals
R and G.

[0087] FIG. 12 is a block diagram illustrating an electronic
device having an OLED display according to one exemplary
embodiment.

[0088] Referring to FIG. 12, the electronic device 1000
may include a processor 1010, a memory device 1020, a
storage device 1030, an input/output (/O) device 1040, a
power supply 1050, and an OLED display 1060. Here, the
OLED display 1060 may correspond to the OLED display
100 of FIG. 1, the OLED display 200 of FIG. 6, or the OLED
display 300 of FIG. 9. In addition, the electronic device 1000
may further include a plurality of ports for communicating
avideo card, a sound card, a memory card, a universal serial
bus (USB) device, other electronic devices, etc.

[0089] The processor 1010 may perform various comput-
ing functions. The processor 1010 may be a micro-proces-
sor, a central processing unit (CPU), etc. The processor 1010
may be connected to other components via an address bus,
a control bus, a data bus, etc. In some exemplary embodi-
ments, the processor 1010 may be connected to an extended
bus such as a peripheral component interconnection (PCI)
bus. The memory device 1020 may store data for operations
of the electronic device 1000. For example, the memory
device 1020 may include a volatile semiconductor memory
device such as a dynamic random access memory (DRAM)
device, a static random access memory (SRAM) device, a
mobile DRAM device, etc., and/or a non-volatile semicon-
ductor memory device such as an erasable programmable
read-only memory (EPROM) device, an electrically erasable
programmable read-only memory (EEPROM) device, a
flash memory device, a phase change random access
memory (PRAM) device, a resistance random access
memory (RRAM) device, a nano floating gate memory
(NFGM) device, a polymer random access memory
(PoRAM) device, a magnetic random access memory
(MRAM) device, a ferroelectric random access memory
(FRAM) device, etc. In some example embodiments, the
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storage device 1030 may correspond to an SSD device, an
HDD device, a CD-ROM device, etc. The storage device
1030 may include a solid state drive (SSD), a hard disk drive
(HDD), a CD-ROM, etc.

[0090] The I/O device 1040 may include an input device
such as a keyboard, a keypad, a touch-pad, a touch-screen,
a mouse, etc., and an output device such as a speaker, a
printer, etc. In some exemplary embodiments, the OLED
display 1060 may be included in the I/O device 1040. The
power supply 1050 may provide a power for operations of
the electronic device 1000. The OLED display 1060 may be
connected to other components via the buses or other
communication links. As described above, the OLED dis-
play 1060 may have a demultiplexing structure. Specifically,
the OLED display 1060 may include a display panel, a scan
driving unit, a data driving unit, a demultiplexing unit, and
a timing control unit. Here, the OLED display 1060 may
secure a sufficient time during which respective source
voltages corresponding to respective data signals output
from the data driving unit are changed by controlling the
data driving unit to begin outputting the data signals before
one horizontal period (1H) begins. As a result, the OLED
display 1060 may display a high-quality image. In one
example embodiment, the display panel of the OLED dis-
play 1060 may be manufactured based on a WRGB-OLED
technology. In this case, the display panel of the OLED
display 1060 may include red pixels, green pixels, blue
pixels, and white pixels. In another example embodiment,
the display panel of the OLED display 1060 may be manu-
factured based on an RGB-OLED technology. In this case,
the display panel of the OLED display 1060 may include red
pixels, green pixels, and blue pixels.

[0091] The present inventive concept may be applied to an
OLED display having a demultiplexing structure, and an
electronic device having the OLED display. For example,
the present inventive concept may be applied to a computer
monitor, a television, a laptop, a digital camera, a cellular
phone, a smart-phone, a smart-pad, a personal digital assis-
tants (PDA), a portable multimedia player (PMP), an MP3
player, a navigation system, a video-phone, efc.

[0092] The foregoing is illustrative of exemplary embodi-
ments and is not to be construed as limiting thereof.
Although a few exemplary embodiments have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the example embodi-
ments without materially departing from the novel teachings
and advantages of the present inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the present inventive concept as defined
in the claims. Therefore, it is to be understood that the
foregoing is illustrative of various example embodiments
and is not to be construed as limited to the specific example
embodiments disclosed, and that modifications to the dis-
closed example embodiments, as well as other example
embodiments, are intended to be included within the scope
of the appended claims.
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1-13. (canceled)

14. An organic light emitting diode (OLED) display
comprising:

a display panel comprising a plurality of first pixels
configured to emit a first color light, a plurality of
second pixels configured to emit a second color light,
and a plurality of third pixels configured to emit a third
color light, the first through third pixels being arranged
at locations corresponding to crossing points of a
plurality of scan-lines and a plurality of data-lines;

a scan driver configured to sequentially output a scan
signal to the display panel;

a data driver configured to alternately output a first data
signal for the first pixels and a second data signal for
the second pixels to the display panel, configured to
output a third data signal for the third pixels to the
display panel, and configured to begin outputting the
first data signal before one horizontal period begins;

a demultiplexing unit configured to alternately apply the
first and second data signals to the first and second
pixels, respectively, the demultiplexing unit being
placed between the display panel and the data driver;
and

a timing controller configured to control the scan driver,
the data driver, and the demultiplexing unit.

15. The OLED display of claim 14, wherein the display
panel is configured to be manufactured based on an RGB-
OLED technology.

16. The OLED display of claim 15, wherein each of the
first to third color lights is one of the following: a blue color
light, a red color light, and a green color light.

17. The OLED display of claim 14, wherein the data
driver is configured to begin outputting the third data signal
before one horizontal period begins.

18. The OLED display of claim 14, wherein the demul-
tiplexing unit includes:

a plurality of demultiplexers configured to apply the first
data signal to the first pixels while the data driver
outputs the first data signal, and configured to apply the
second data signal to the second pixels while the data
driver outputs the second data signal.

19. The OLED display of claim 18, wherein each of the

demultiplexers includes:

a first switch configured to control a coupling between a
first data-line electrically connected to the first pixels
and an output-line of the data driver; and

a second switch configured to control a coupling between
a second data-line electrically connected to the second
pixels and the output-line of the data driver.

20. The OLED display of claim 19, wherein the second
switch is configured to be turned off when the first switch is
turned on, and wherein the first switch is configured to be
turned off when the second switch is turned on.

21-23. (canceled)
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