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57 ABSTRACT

An organic electroluminescent display and a demultiplexer,
wherein the organic electroluminescent display comprises: a
plurality of pixels including a plurality of sub-pixels and
displaying images corresponding to a first data current; a
plurality of scan lines transmitting a scan signal to the
plurality of pixels; a plurality of first data lines transmitting
the first data current to the plurality of pixels; a scan driver
outputting the scan signal to the plurality of scan lines; a
demultiplexer comprising a plurality of sample-and-hold
demultiplexing circuits; and a data driver outputting a sec-
ond data current to a plurality of second data lines, wherein
the demultiplexing circuit transmits the first data current,
obtained by demultiplexing the second data current in
sample/hold method, to the first data lines, wherein a pre-
charge voltage corresponding to the second data current is
previously transmitted to the first data lines before the first
data current is transmitted to the first data lines.
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ORGANIC ELECTROLUMINESCENT DISPLAY
AND DEMULTIPLEXER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C §119 from an application entitled Organic Electrolu-
minescent Display And Demultiplexer earlier filed in the
Korean Industrial Property Office on Jun. 2, 2004, and there
duly assigned Korean Patent Application No. 2004-39887,
by that office.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to an organic elec-

troluminescent display and a demultiplexer, and more par-
ticularly, to an organic electroluminescent display compris-
ing a demultiplexer having a plurality of demultiplexing
circuits including a sample/hold circuit and a pre-charge
switch.

[0004]

[0005] An organic electroluminescent display uses the
phenomenon of light of a particular wavelength emitted
from excitons. Electrons and holes are injected through the
cathode and anode of an organic thin-film and they recom-
bine to form excitons. One of the features of an electrolu-
minescent display is that it does not require extra sources of
light, as opposed to the case with LCDs (liquid crystal
display), because an organic elctroluminescent display has
self-emissive elements. Another feature for an organic elec-
troluminescent display is that brightness of an organic
electrolumenescent device of an electroluminescent display
is controlled by the amount of current flowing through the
organic electroluminescent device.

[0006] There is a passive matrix method and an active
matrix method in driving organic electroluminescent dis-
plays. In the passive matrix method, the anode and cathode
are formed to cross at right angles and a line is selected to
drive organic electroluminescent displays. While the advan-
tages of an organic electroluminescent display driven by the
passive matrix method include simple structure and rela-
tively easy implementation, the problems with large screen
implementations are high-energy consumption and
decreased driving time for each emissive element. In the
active matrix method, the amount of current flowing in an
emissive element is controlled by using active elements. For
an active element, a thin film transistor (labeled as “TFT”
hereafter) is frequently used. The active matrix method is
somewhat complex, but its advantages include low-energy
consumption and prolonged light emission time (illumina-
tion period).

[0007] U.S. Pat. No. 6,787,249 to Satoshi Seo and titled
ORGANIC LIGHT EMITTING ELEMENT AND LIGHT
EMITTING DEVICE USING THE SAME, and incorpo-
rated herein, discusses organic light emitting elements that
are bright and have low electric power consumption, and an
organic light emitting device using the organic light emitting
elements. Organic light emitting elements capable of con-
verting triplet state excitation energy into light emission are

2. Discussion of Related Art
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manufactured by applying a binuclear complex having trip-
let excitation state electrons to the organic light emitting
elements.

[0008] U.S. Pat. No. 5,852,425 to Neil Christopher Bird et
al. and titled ACTIVE MATRIX DISPLAY DEVICES FOR
DIGITAL VIDEO SIGNALS AND METHOD FOR DRIV-
ING SUCH, and incorporated herein, discusses the use of
sample-and-hold circuits following a demultiplexing of a
data signal by demultiplexer when applying data to an active
matrix display.

[0009] U.S. Pat. No. 5,781,167 to Thomas J. Rebeshi et al.
and titled ANALOG VIDEO INPUT FLAT PANEL DIS-
PLAY INTERFACE, and incorporated by reference, dis-
cusses the use of sample-and-hold circuits following a
demultiplexing of a data signal by demultiplexer when
applying data to a matrix display, such as an electrolumi-
nescent display panel.

SUMMARY OF THE INVENTION

[0010] Ttis an aspect of the present invention provide an
organic electroluminescent display and a demultiplexer used
by the organic electroluminescent display, comprising a
demultiplexer including a demultiplexing circuit having
pre-charge functions, driven by a sample/hold method, and
located between a data driver and an organic electrolumi-
nescent display panel.

[0011] The foregoing and/or other aspects of the present
invention are achieved by providing an organic electrolu-
minescent display, comprising: a plurality of pixels includ-
ing a plurality of sub-pixels and displaying images corre-
sponding to a first data current; a plurality of scan lines
transmitting a scan signal to the plurality of pixels; a
plurality of first data lines transmitting the first data current
to the plurality of pixels; a scan driver outputting the scan
signal to the plurality of scan lines; a demultiplexer com-
prising a plurality of demultiplexing circuits; and a data
driver outputting a second data current to a plurality of
second data lines, wherein the demultiplexing circuit trans-
mits the first data current, obtained by demultiplexing the
second data current transmitted to one second data line in a
sample/hold method, to the first data lines, wherein a pre-
charge voltage corresponding to the first data current of each
first data line is previously transmitted to the first data line
before the first data current is transmitted to the first data
lines.

[0012] Still another aspect of the present invention is
achieved by providing a demultiplexer comprising: a plu-
rality of demultiplexing circuits; a plurality of sample signal
lines transmitting a sample signal to the demultiplexing
circuit; first and second hold signal lines transmitting a hold
signal to the demultiplexing circuit; and first and second
pre-charge signal lines transmitting a pre-charge signal to
the demultiplexing circuit, wherein the demultiplexing cir-
cuit transmits the first data current, obtained by demulti-
plexing the second data current transmitted to one second
data line in a sample/hold method in response to the sample
and hold signals, to a plurality of first data lines, wherein a
pre-charge voltage corresponding to the first data current of
each first data line is previously transmitted to the first data
line before the first data current is transmitted to the plurality
of first data lines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Amore complete appreciation of the present inven-
tion, and many of the attendant advantages thereof, will
become readily apparent as the same becomes better under-
stood by reference to the following detailed description
when considered in conjunction with the accompanying
drawings in which like reference symbols indicate the same
or similar components, wherein:

[0014] FIG. 1 is a plan view of an organic electrolumi-
nescent display of size nxm by the active matrix method of
related art;

[0015] FIG. 2 is a circuit diagram of a pixel adopted for
the organic electroluminescent display in FIG. 1;

[0016] FIG. 3 is a circuit diagram of the organic elec-
troluminescent display of size nxm by the active matrix
method according to an embodiment of the present inven-
tion;

[0017] FIG. 4 is a circuit diagram of a pixel adopted for
the organic electroluminescent display in FIG. 3;

[0018] FIG. 5 is a signal diagram as time elapsed in
driving the pixel circuit in FIG. 4,

[0019] FIG. 6 is a circuit diagram of the first embodiment
of the demultiplexer adopted for the organic electrolumi-
nescent display in FIG. 3;

[0020] FIG. 7 is a circuit diagram of the second embodi-
ment of the demultiplexer adopted for the organic electrolu-
minescent display in FIG. 3;

[0021] FIG. 8 is a signal diagram of input and output
signals of the demultiplexer in FIG. 6 shown as time
elapsed; and

[0022] FIG. 9 is a plan view of a sample/hold circuit
adopted for the demultiplexer of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] Referring to FIGS. 1 and 2, the organic electrolu-
minescent display of the related art will be described.

[0024] FIG. 1 shows the organic electroluminescent dis-
play by the related art, of size nxm, driven by the active
matrix method.

[0025] Referring to FIG. 1, the organic electrolumines-
cent display includes an organic electroluminescent display
panel 11, a scan driver 12, and a data driver 13. The organic
electroluminescent display panel 11 includes nxm pixels 14,
n scan lines that are horizontally arranged (SCAN[1], SCAN
[2], . . . SCAN[n]) and m data lines that are vertically
arranged (DATA[1], DATA[2], .. . DATA[m]). The scan line
SCAN[1] transmits a scan signal to the pixels 14. Data lines
DATA transmit data current to the pixels 14. The scan driver
12 applies scan signals to scan lines SCAN. The data driver
13 applies data current to the data lines DATA.

[0026] FIG. 2 is a circuit diagram of the pixel adopted for
the organic electroluminescent display shown in FIG. 1.

[0027] Referring to FIG. 2, the pixel of an organic elec-
troluminescent display comprises: an organic electrolumi-
nescent device (organic light emitting device: OLED), a
driving transistor MD, a capacitor C, and a switching
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transistor MS. The driving transistor MD is connected to the
organic electroluminescent device OLED and supplies cur-
rent needed for illumination to the organic electrolumines-
cent device OLED. The amount of current of the driving
transistor MD is controlled by data voltage applied through
the switching transistor MS. The capacitor C is connected
between a source and a gate of the driving transistor MD
and, for a certain period, maintains the voltage applied by
the data voltage.

[0028] With this configuration, when the scan signal
which is applied to the gate of the switching transistor MS
turns on the switching transistor MS, the data voltage is
applied to the gate of the driving transistor MD through the
data line. And corresponding to the data voltage applied to
the gate of the driving transistor MD, current flows into the
organic electroluminescent device OLED through the driv-
ing transistor MD to emit light.

[0029] Here, the current flowing through the organic elec-
troluminescent device OLED is calculated as in the equation
1.

I =1D=([5/2)(VGs‘Vm)2=([5/2)(VDD‘VDA'RA.‘ .

Vol Equation 1
[0030] Where I, 5, is a current flowing in the organic
electroluminescent device OLED; I, is a current flowing
from the source to a drain of the driving transistor MD; V4
is a voltage applied between the gate and the source of the
driving transistor MD; V. is a threshold voltage of the
driving transistor MD; V, is a power voltage; Vi ars 1S @
data voltage; and f is a gain factor.

[0031] In the organic electroluminescent display by the
related art, the data driver 13 is directly connected to the data
lines DATA of the pixels 14. Therefore, the data driver 13 is
complicated in proportion to the number of the data lines
DATA. For example, the data driver 13 is realized as a chip
separated from the organic electroluminescent display panel
11, the number of pins provided in the data driver 13 and the
number of wirings connecting the data driver 13 with the
organic electroluminescent display panel 11 are increased in
proportion to the number of the data lines DATA, thereby
increasing production cost and occupying much space.

[0032] Further, depending on the data inputted into the
pixels, a current driving method is divided into a voltage
programming method and a current programming method.
Between the two, assuming that the current source supplying
current to the pixel circuit is uniform throughout the whole
panel, the pixel circuit of the current programming method
has an advantage of achieving a uniform display despite the
fact that the driving transistor in each pixel has the charac-
teristic of irregular voltage-current.

[0033] However, in the pixel circuit of the current pro-
gramming method, where the input data signal of the pixels
is a current, the data programming time is influenced by the
voltage state charged to the parasitic capacitance of the data
lines DATA by the data current of the previous pixel line. As
a result, the problem of slowing down of the data program-
ming speed occurs, especially in low gradation.

[0034] Below, referring to FIGS. 3 through 9, the organic
electroluminescent display according to embodiments of the
present invention is explained. Hereinbelow, the concept of
the present invention will be described mainly on the organic
electroluminescent display optimally applied, but it is not
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confined in this only, but can be applied in all display
devices including the pixel circuit of current programming
method.

[0035] FIG. 3 is the circuit diagram of the organic elec-
troluminescent display of an emb+odiment of the present
invention by nxm active matrix method.

[0036] Referring to FIG. 3, the organic electrolumines-
cent display comprises an organic electroluminescent dis-
play panel 21, scan driver 22, data driver 23 and a demul-
tiplexer 24.

[0037] The organic electroluminescent display panel 21
comprises nxm pixels 25, n first scan lines SCANI[1],
SCANI1[2], ... SCANI1[n] and n second scan lines SCAN2
[1], SCAN2[2], . . . SCAN2[n] arranged horizontally, and 3
m output data lines DoutR[1], DoutG[1], DoutB[1], . . .
DoutR[m], DoutG[m], DoutB[m] arranged vertically. Each
pixel 25 is the smallest unit that can express color of choice,
comprising the sub-pixel 26R that emits red color, the
sub-pixel 26G that emits green color and the sub-pixel 26B
that emits blue color.

[0038] The first and second scan lines SCAN1 and
SCAN?2 transmit the first and second scan signals to the pixel
25. The output data line of red color DoutR, the output data
line of green color DoutG, and the output data line of blue
color DoutB, transmit the output data current to the sub-
pixel of red color 26R, the sub-pixel of green color 26G, and
the sub-pixel of blue color 26B, respectively. The sub-pixels
26R, 26G, and 26B are driven by the current programming
method, or more specifically, the voltage corresponding to
the current flowing through output data lines DoutR, DoutG,
and DoutB for a selection period is recorded in correspond-
ing capacitors (not shown), and while light is being emitted,
the current corresponding to the voltage of the capacitor is
supplied to the organic electroluminescent device.

[0039] The scan driver 22 applies the first and second scan
signals to the first scan line SCAN1 and the second scan line
SCAN2.

[0040] Data driver 23 transmits the input data current to m
input data lines Din[1], Din[2], . . . Din[m]. Here, m is an
integer whose value is 1.5 n. The data driver 23 comprises
a voltage pre-charge part (not shown), and in this case, the
pre-charge vollage is transmitted to m input data lines
Din[1], Din[2], . . . Din[m].

[0041] Demultiplexer 24 receives the input data current
and transmits demultiplexed output data current and pre-
charge voltage to 3 m output data lines DoutR[1], DoutG[1],
DoutB[1], . . . DoutR[m], DoutG[m], DoutB[m]. The demul-
tiplexer 24 includes sample/hold circuits (not shown). Each
demultiplexing circuit is, for example, a 1:2 demultiplexing
circuit, and therefore the input data current transmitted to
one input data line Din is demultiplexed to 2 output data
lines. Before the output data current is transmitted to the
output data lines, the pre-charge voltage is applied.

[0042] FIG. 4 is a circuit diagram of a sub-pixel adopted
to the organic electroluminescent display in FIG. 3.

[0043] Referring to FIG. 4, the sub-pixel comprises the
organic electroluminescent device OLED and a sub-pixel
circuit. The sub-pixel circuit comprises a driving transistor
MD, a first switching transistor MS1, a second switching
transistor MS2, a third switching transistors MS3, and a
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capacitor C. The driving transistor MD and the first through
third switching transistors MS1, MS2, MS3 each includes a
gate, a source and a drain. The capacitor C includes a first
terminal and a second terminal.

[0044] The gate of the first switching transistor MS1 is
connected to first scan line SCAN 1, the source is connected
to a first node N1, and the drain is connected to output data
line Dout, which is one of the red output data line, green
output data line or blue output data line in FIG. 3. The first
switching transistor MS1 responds to the first scan signal
applied to the first scan line SCAN1 and performs the
function of charging electric charge to the capacitor C.

[0045] The gate of the second switching transistor MS2 is
connected to first scan line SCANT, the source is connected
to a second node N2 and the drain is connected to output data
line Dout. The second switching transistor MS2, in response
to the first scan signal that is applied to the first scan line
SCAN1, performs the function of transmitting the output
data current IDout to the driving transistor MD.

[0046] The gate of the third switching transistor MS3 is
connected to second scan line SCAN2, the source is con-
nected to second node N2, and the drain is connected to the
organic electroluminescent device OLED. The third switch-
ing transistor MS3, in response to the second scan signal that
is applied to the second scan line SCAN2, performs the
function of transmitting the current flowing through the
driving transistor MD to the organic electroluminescent
device OLED.

[0047] Apower voltage Vi, is applied to the first terminal
of the capacitor C, and the second terminal is connected to
the first node N1. While the first and second switching
transistors MS1 and MS2 are turned on, the capacitor C
charges the quantity of electric charge related to the voltage
Vs between the gate and the source corresponding to the
output data current I, flowing in the driving transistor
MD, and while the first and second switching transistors
MS1 and MS2 are turned off, the capacitor C performs the
function of maintaining the voltage.

[0048] The gate of the driving transistor MD is connected
to the first node N1, the power voltage is applied to the
source Vpp, and the drain is connected to the second node
N2. While the third switching transistor MS3 is on, the
driving transistor MD supplies the current corresponding to
the current between the first terminal and second terminal of
the capacitor to the organic electroluminescent display
OLED.

[0049] FIG. 5 is a signal diagram for driving the sub-pixel
circuit in FIG. 4 as time passes. In FIG. §, the first scan
signal scanl and the second scan signal scan2 are described.

[0050] Referring to FIGS. 4 and 5, during a selection
period where the first scan signal scanl is low and the
second scan signal scan2 is high, the first switching transis-
tor MS1 and the second switching transistor MS2 are turned
on and the third switching transistor MS3 is turned off. And
it is during this period that the output data current I,
flowing through the output data line Dout is transmitted to
the driving transistor MD. Equation 2 determines the voltage
Vs between the gate and source of the driving transistor
MD, and the electric charge corresponding to the voltage
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Vgs between the gate and the source is charged to the
capacitor C.

ID=1D0m=(ﬁ/2) (VGS_ VTH)2

[0051] During the light emission period where the first
scan signal scanl is high and the second scan signal scan2
is low, the third switching transistor MS3 is turned on and
the first switching transistor MS1 and the second switching
transistor MS2 are turned off. Since the electric charge
charged to the capacitor C during a sclection period is
maintained throughout the light emission period, the voltage
between the first terminal and the second terminal of the
capacitor C that was determined during the selection period,
or the voltage between the gate and source of the driving
transistor MD is maintained throughout the light emission
period. The current I, flowing through the driving transistor
MD is, as shown in the equation 2, determined by the
voltage V4 between the gate and the source, the output data
current I, that flows through the driving transistor during
the selection period also flows through the driving transistor
MD during the light emission period as well. Consequently,
the current I; o, flowing through the organic electrolumi-
nescent device OLED is as shown in the equation 3.

Equation 2

lorep=Io=Ipout Equation 3

[0052] As shown in Equation 3, since the current I; p
flowing through the organic electroluminescent device
OLED of the sub-pixels described in FIG. 4 is equal to the
output data current Iy, and the current Iz, flowing
through the organic electroluminescent device OLED is not
influenced by the threshold voltage of the driving transistor.
In other words, using the sub-pixel circuit prevents the
influence of the threshold voltage of the driving transistor
MD.

[0053] FIG. 6 is a circuit diagram illustrating the first
example of the demultiplexer adopted to the organic elec-
troluminescent display in FIG. 3.

[0054] In FIG. 6, the demultiplexer comprises m demul-
tiplexing circuits 31.

[0055] Each demultiplexing circuit 31 is, for example, a
1:2 demultiplexing circuit of sample/hold type. Since this is
a 1:2 demultiplexing circuit, the output data current trans-
mitted to one input data line Din is demultiplexed and is
transmitted to two output data lines. Two output data lines
are connected to groups of sub-pixels of different colors, for
example, a group of red and green sub-pixels, a group of
blue and red sub-pixels, or a group of green and blue
sub-pixels. More specifically, the first red output data line
DoutR[1] and the first green output data line DoutG[1] are
connected to the first demultiplexing circuit; the first blue
output data line DoutB[1] and the second red output data line
DoutR[2] are connected to the second demultiplexing cir-
cuit; the second green output data line DoutG[2] and the
second blue output data line DoutB[2] are connected to the
third demultiplexing circuit. Before the output data are
applied to each output data line, a pre-charge voltage is
demultiplexed for each output data line and applied.

[0056] Each demultiplexing circuit 31 includes a first
sample/hold circuit through a fourth sample/hold circuit,
S/H1 through S/H4, a first pre-charge switch SW1 and a
second pre-charge switch SW2. Each demultiplexing circuit
31 is connected to: first through fourth sample lines, S1
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through S4; first and second hold lines, H1 and H2; and first
and the second pre-charge signal lines, P1 and P2.

[0057] Here, the first sample/hold circuit S/H1 records the
voltage corresponding to the output data current transmitted
to the input data line Din to a capacitor (not shown) in
response to the first sample signal applied to the first sample
line S1, and afterwards, transmits current corresponding to
the voltage of the capacitor to the output data line Dout in
response to the first hold signal applied to the first hold line
H1.

[0058] The second sample/hold circuit S/H2 records the
voltage corresponding to the output data current transmitted
to the input data line Din to a capacitor (not shown) in
response to the second sample signal applied to the second
sample line S2, and afterwards, transmits the current corre-
sponding to the voltage of the capacitor to the output data
line Dout in response to the first hold signal applied to the
first hold line H1.

[0059] The third sample/hold circuit S/H3 records the
voltage corresponding to the output data current transmitted
to the input data line Din to a capacitor (not shown) in
response to the third sample signal applied to the third
sample line S3, and afterwards, transmits the current corre-
sponding to the voltage of the capacitor to the output data
line Dout in response to the second hold signal applied to the
second hold line H2.

[0060] The fourth sample/hold circuit S/H4 records the
voltage corresponding to the output data current transmitted
to the input data line Din to a capacitor (not shown) in
response to the fourth sample signal applied to the fourth
sample line S4, and afterwards, transmits the current corre-
sponding to the voltage of the capacitor to the output data
line Dout in response to the second hold signal applied to the
first hold line H2.

[0061] The first pre-charge switch SW1 is connected to
both the input and output terminals of the first and the third
sample/hold circuits S/H1 and S/H3 and transmits a pre-
charge voltage corresponding to the output data current,
transmitted to input data line Din, to the output data line
Dout in response to the pre-charge signals applied to the first
pre-charge signal line P1.

[0062] The second pre-charge switch SW2 is connected to
both the input and output terminals of the second and the
fourth sample/hold circuits, S/H2 and S/H4, and transmits
the pre-charge voltage corresponding to the output data
current, transmitted to input data line Din, to the output data
line Dout in response to the pre-charge signal applied to the
second pre-charge signal line P2.

[0063] Meanwhile, the pre-charge voltage applied to the
input data line Din may have voltage levels of various
methods such as the following: first, the pre-charge voltage
can be set to the voltage level that has the optimal data
programming speed corresponding to the output data current
that is transmitted to the output data line Dout that is
connected to the pre-charge switch. More specifically,
before the output data current of the given gradation level is
transmitted to the first red output data line DoutR[1], the
pre-charge voltage that is set to the voltage level that has the
optimal data programming speed corresponding to the red
gradation level is applied to the first red output data line
DoutR[1]. Also, before the output data current of the given
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gradation level is transmitted to the first green output data
line DoutG[1], the pre-charge voltage that is set to the
voltage level that has the optimal data programming speed
corresponding to the green gradation level is applied to the
first green output data line DoutR[1]; second, the pre-charge
voltage can be divided into two cases, where in one case, the
gradation level of the output data current transmitted to the
output data line Dout connected to the pre-charge switch is
0 (black), and where in the other case, it is different from the
first case. More specifically, the output data current that
related to 0 (black) gradation level, or before the gradation
level transmits the output data current that is close to 0
(black) to the output data line, the pre-charge voltage set to
a high-voltage level corresponding to gradation level 0 is
applied to the output data line. And before the output data
current corresponding to gradation level except for the given
gradation level is transmitted to the output data line, the
pre-charge voltage that is set to the given voltage level is
applied to the output data line. The said given voltage level
can be a voltage level that all of output data currents
transmitted to the output data line Dout meet the given data
programming time. Also, the given voltage level may be the
voltage level that output data current corresponding to
gradation level 0 among all of output data currents trans-
mitted to the output data line Dout, or output data current
except for the output data current close to the gradation level
0 meets the data programming time.

[0064] With this configuration, since the demultiplexer
shown in FIG. 6 can transmit the pre-charge voltage to the
output data line Dout before it transmits the data current to
the output data line Dout, the time it takes to fully drain
(discharge) the parasitic capacitor connected to the output
data line Dout can be reduced. Accordingly, time required
for performing data programming to the pixels connected to
the output data line can be reduced.

[0065] FIG. 7 is a circuit diagram that shows the second
example of a demultiplexer adopted to the organic electrolu-
minescent display in FIG. 3.

[0066] In FIG. 7, the demultiplexer has m demultiplexing
circuits 31.
[0067] Each demultiplexing circuit 31 is, for example, a

1:2 demultiplexing circuit of the sample/hold type. Since it
is a 1:2 demultiplexing circuit, the input data current trans-
mitted to one input data line Din is demultiplexed and is
transmitted to two output data lines. FIG. 7 shows a demul-
tiplexer, as opposed to a demultiplexer in FIG. 6, with two
output data lines connected to a group of sub-pixels having
the same color, for example, in this case, the two output data
lines are connected to a red sub-pixel group DoutR[1],
DoutR[2], a green sub-pixel group DoutG[1], DoutG[2], and
a blue sub-pixel group DoutB[1], DoutB[2]. More specifi-
cally, the first red output data line DoutR[1] and the second
red output data line DoutR[2] are connected to the first
demultiplexing circuit; the first green output data line DoutG
[1] and the second green output data line DoutG[2] are
connected to the second demultiplexing circuit; and the first
blue output data line DoutB[1] and the second blue output
data line DoutB[2] are connected to the third demultiplexing
circuit.

[0068] FIG. 8 is a signal diagram showing the input-
output signals of a demultiplexing circuit in FIG. 6 as time
passes.
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[0069] FIG. 8 illustrates, input data din[1], a first sample
signal s1 through a fourth sample signal s4, a first hold signal
hl, a second hold signal h2, a first pre-charge signal pl, a
second pre-charge signal p2, red output data DoutR[1] and
green output data DoutG[1].

[0070] The signal diagram in FIG. 8 is based on the
assumption that the sample/hold circuit in FIG. 6 samples
current transmitted to the input data line in response to a low
sample signal and transmits current, corresponding to a
sampled current value, to the output data line in response to
a high hold signal.

[0071] Referring to FIGS. 6 and 8, to explain actions of
the demultiplexer, when the first sample signal sl is low, a
current value R[1]a of the input data Din[1] is sampled and
stored in the first sample/hold circuit S/H1. And when the
second sample signal s2 is low, a current value G[1]a of the
mput data Din[1] is sampled and stored in the second
sample/hold circuit S/H2. Meanwhile, since the first pre-
charge signal pl and the second pre-charge signal p2 are
high, the first pre-charge switch SW1 and the second pre-
charge switch SW2 are off.

[0072] Next, when the first pre-charge signal p1 is low, the
first pre-charge switch SW1 is on and applies a pre-charge
voltage Vpl corresponding to the current value R[1]a of the
input data Din[1] to the output data line DoutR[1]. When the
second pre-charge p2 is low, the second pre-charge switch
SW2 is on and applies a pre-charge voltage Vp2 correspond-
ing to the current value G[1]a of the input data Din[1] to the
output data line DoutG[1]. At the moment, different pre-
charge voltages Vpl and Vp2 are applied to the red output
data line DoutR[1] and the green output data line DoutG[1].

[0073] Next, when the third sample signal s3 is low, a
current value R[1]b of the input data Din[1] is sampled and
stored in the third sample/hold circuit S/H3, and when the
fourth sample signal s4 is low, a current value G[1]b of the
input data Din[1] is sampled and stored in the fourth
sample/hold circuit S/H4. Meanwhile, since the first hold
signal h1 is high, the first sample/hold circuit S/H1 and the
second sample/hold circuit S/H2, that receive input of the
first hold signal h1, supply current related to the current
values R[1]a and G[1]b, that were previously sampled and
stored, to the output data lines DoutR[1] and DoutG[1].
Meanwhile, since the first pre-charge signal pl and the
second pre-charge signal p2 are high, the first pre-charge
switch SW1 and the second pre-charge switch SW2 are off.

[0074] Next, when the first pre-charge signal pl is low
again, the first pre-charge switch SW1 is on and applies a
pre-charge voltage Vp3 corresponding to the current value
R[1]b of the input data Din[1] to the output data line
DoutR[1]. When the second pre-charge p2 is low again, the
second pre-charge switch SW2 is on and applies a pre-
charge voltage Vp4 corresponding to the current value G[1]p
of the input data Din[1] to the output data line DoutG[1]. At
the moment, different pre-charge voltages Vp3 and Vp4 are
applied to the red output data line DoutR[1] and the green
output data line DoutG[1], respectively.

[0075] Then, when the first sample signal s1 is low again,
a current value R[1]c of the input data Din[1]is sampled and
stored in the first sample/hold circuit S/H1, and when the
second sample signal s2 is low again, a current value G[1]c
of the input data Din[1] is sampled and stored in the second
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sample/hold circuit S/H2. During this time, the second hold
signal h2 is high so the third and fourth sample/hold circuit
S/H3 and S/H4, that previously received and stored input
current values R[1]b and G[1]b, output the current values
R[1]b and G[1]b to the red output data line DoutR[1] and the
green output data line DoutG[1], respectively. Meanwhile,
since the first pre-charge signal p1 and the second pre-charge
signal p2 are high, the first pre-charge switch SW1 and the
second pre-charge switch SW2 are off.

[0076] Next, when the first pre-charge signal pl is again
low, the first pre-charge switch SW1 is on and applies the
pre-charge voltage Vp5 corresponding to the current value
R[1]c of the input data Din[1] to the output data line
DoutR[1]. When the second pre-charge p2 is again low, the
second pre-charge switch SW2 is on and applies the pre-
charge voltage Vp6 corresponding to the current value G[1]c
of the input data Din[1] to the output data line DoutG[1]. At
the moment, pre-charge voltages different from each other,
and Vp5 and Vp6 are applied to the red output data line
DoutR[1] and the green output data line DoutG[1].

[0077] Then, when the first sample signal s3 is yet again
low, a current value R[1]d of the input data Din[1] is
sampled and stored in the third sample/hold circuit S/H3,
and when the fourth sample signal s4 is low, a current value
G[1]d of the input data Din[1] is sampled and stored in the
fourth sample/hold circuit S/H4. Meanwhile, since the first
hold signal hl is high, the first and the second sample/hold
circuits S/H1 and S/H4, which previous sampled and stored
current values R1[c] and G1[c], output the sampled current
values R[1]c and G[1]c to the output data lines DoutR[1] and
DoutG[1].

[0078] In this way, before the demultiplexing circuit of the
sample/hold type demultiplexes the input data current input-
ted through the input data line Din[1] and then transmits to
the output data lines DoutR[1] and DoutG[1], it first demul-
tiplexes the pre-charge voltage inputted through the input
data line Din[1] on each output data line DoutR[1] and
DoutG[1] separately and transmits each to the respective
output data line, DoutR[1] and DoutG[1]. At this time, each
pre-charge voltage gets value corresponding to the output
data current.

[0079] Meanwhile, by applying the same signal as shown
in FIG. 8, the demultiplexer as shown in FIG. 7 demulti-
plexes the pre-charge voltage value of different values
according to the input data current Din[1] and applies it to
each of the first and second red output data lines DoutR[1]
and DoutR[2]; according to the input data current Din[2], the
demultiplexer demultiplexes different pre-charge voltages
and applies it to each of the first and second green output
data lines DoutG[1] and DoutG[2]; and according to the
iput data current Din[3], the demultiplexer demultiplexes
different pre-charge voltage values and applies it to each of
the first and second blue output data lines, DoutB[1] and
DoutB[2].

[0080] At this time, the pre-charge voltage applied to the
input data line can get voltage levels by various methods as
the following: first, the pre-charge voltage can be set to the
voltage level that has the optimal data programming speed
by corresponding to the output data current transmitted to
the output data line Dout connected to the pre-charge switch.
Second, the pre-charge voltage can be divided into the case
where the gradation level of the output data current trans-
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mitted to the output data line Dout connected to the pre-
charge switch is 0 (black) and the case with the exception to
the previous case. For example, the pre-charge voltage is set
as a high voltage level corresponding to a gradation level of
0 and then previously applied to the output data line before
the output data current having or approximating to a grada-
tion level of 0 (black) flows in the output data line. Further,
the pre-charge voltage is set as a predetermined voltage level
and then previously applied to the output data line before the
output data current corresponding to the other gradation
level (not black) flows in the output data line, wherein the
predetermined voltage level is determined as a voltage level
allowing all output data currents transmitted to the output
data line Dout to satisfy a predetermined data programming
time. Alternatively, the predetermined voltage level may be
determined as a voltage level allowing all other output data
currents but the output data current having or approximating
to the gradation level of O (black) to satisty the predeter-
mined data programming time.

[0081] FIG. 9 illustrates a sample/hold circuit adopted to
the embodiment of the present invention.

[0082] Referring to the FIG. 9, the sample/hold circuit
includes first to the fifth switches SW10, SW20, SW30,
SW50 AND SWS50, a first transistor M1 and a storage
capacitor Chold.

[0083] The first switch SW 10 connects the input data line
Din to the drain of the first transistor M1, in response to a
sample signal s. The second switch SW20 connects a
high-voltage V1, line to the source of the first transistor M1
to and to a first terminal of the storage capacitor Chold, in
response to the sample signal s. The third switch SW30
connects the input data line Din to the gate of the first
transistor M1 to and to a second terminal of the storage
capacitor Chold, in response to the sample signal s. The
fourth switch SW40 connects the output data line Dout to the
source of the first transistor M 1 in response to a hold signal
h. The fifth switch SW5 connects the drain of the first
transistor to a low-voltage Vss line in response to the hold
signal h.

[0084] During the sampling period when the sample signal
s is given to turn on the first to third switches SW10, SW20),
SW30 and the hold signal his given to turn off the fourth and
fifth switches SW40, SW5, the current path is formed from
the high voltage line VDD to the input data line Din via the
first transistor M1, so that the input data current IDin is
transmitted from the input data line Din to the first transistor
M1. Thus, the voltage corresponding to the current flowing
through the first transistor M1 is stored in the storage
capacitor Chold.

[0085] Then, during the hold period when the sample
signal s is given to turn off the first to third switches SW10,
SW20, SW30 and the hold signal h is given to turn on the
fourth and fifth switches SW40, SW5, the current path is
formed from the output data line Dout to the low-voltage
line Vss via the first transistor M1, so that the current
corresponding to the voltage stored in the storage capacitor
Chold, i.e., the current equal to the input data current IDin
is transmitted to the output data line Dout.

[0086] Consequently, the sample/hold circuit stores the
voltage corresponding to the input data current IDin in the
storage capacitor Chold in response to the sample signal s,
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and transmits the current corresponding to the voltage stored
in the storage capacitor Chold to the output data line Dout
in response to the hold signal h. Preferably, the data driver
has a current-sink type output terminal, that is, the current is
introduced from the outside into the data driver through the
output terminal of the data driver. The reason why is because
the current-sink type output terminal is preferable so that the
data driver having the current-sink type output terminal can
reduce variation of the output current, reduce the voltage
level of the power supply, reduce the size of the chip by
using a low-voltage element, and reduce the price of the chip
for the data driver. Therefore, the sample/hold circuit of
FIG. 9 includes a current-source type input terminal suitable
for the data driver having the current-sink type output
terminal. In other words, the current flows through the input
terminal of the sample/hold circuit to the outside.

[0087] In the foregoing embodiment, the demultiplexer
comprises the 1:2 demultiplexing circuit of the sample/hold
method, but not limited thereto and may comprises an 1:3
demultiplexing circuit, an 1:4 demultiplexing circuit, and so
on.

[0088] Also, the sub-pixels, to which the output data line
is connected, comprise the red sub-pixel, the green sub-pixel
and the blue sub-pixel. However, the sub-pixels may com-
prise a red sub-pixel, a green sub-pixel, a blue sub-pixel and
a white sub-pixel.

[0089] As described above, the present invention provides
an organic electroluminescent display and a demultiplexer,
in which a data driver has a simple structure, and a pre-
charge voltage of plural levels corresponding to output data
is demultiplexed and transmitted to a data line before
programming data, thereby reducing a data programming
time.

[0090] Further, the present invention provides an organic
electroluminescent display and a demultiplexer, in which a
current programmable pixel is driven by a voltage pre-
charging method, thereby decreasing the intensity of data
current and reducing power consumption.

[0091] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes might be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:
1. An organic electroluminescent display, comprising:

a plurality of pixels including a plurality of sub-pixels and
displaying images corresponding to a first data current,

a plurality of scan lines transmitting a scan signal to the
plurality of pixels;

a plurality of first data lines transmitting the first data
current to the plurality of pixels;

a scan driver outputting the scan signal to the plurality of
scan lines;

a demultiplexer comprising a plurality of demultiplexing
circuits; and

adata driver outputting a second data current to a plurality
of second data lines, wherein the demultiplexing circuit
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transmits the first data current, obtained by demulti-
plexing the second data current transmitted to one
second data line in a sample/hold method, to the first
data lines, wherein a pre-charge voltage corresponding
to the second data current of each second data line is
previously transmitted to the first data line before the
first data current is transmitted to the first data lines.
2. The organic electroluminescent display according to
claim 1, wherein the demultiplexing circuit comprises:

a plurality of sample/hold circuits, each of which samples
and holds the second data current in response to a
sample signal, and transmits a current corresponding to
the held sampled second data current to the first data
line in response to a hold signal; and

a plurality of pre-charge switches, each of which applies
the pre-charge voltage to the first data line in response
to a corresponding pre-charge signal.

3. The organic electroluminescent display according to
claim 2, wherein the plurality of sample/hold circuits are
divided into a first group sample/hold circuit and a second
group sample/hold circuit, and

the second group sample/hold circuit outputs the first data
current corresponding to a previously sampled and held
second data current while the first group sample/hold
circuit sequentially samples and holds the second data
current, and the first group sample/hold circuit outputs
the first data current corresponding to the previously
sampled and held second data current while the second
group of sample/hold circuit sequentially samples and
holds the second data current.

4. The organic electroluminescent display according to

claim 3, wherein the sample/hold circuit comprises:

a first transistor;

a storage capacitor comprising a first terminal connected
to a source of the first transistor and a second terminal
connected to a gate of the first transistor;

a first switch connecting the second data line with a drain
of the first transistor in response to the sample signal,

a second switch connecting the source of the first tran-
sistor with a high voltage line in response to the sample
signal,

a third switch connecting the second data line with the
second terminal of the storage capacitor in response to
the sample signal;

a fourth switch connecting the first data line with the
source of the first transistor in response to the hold
signal; and

a fifth switch connecting the drain of the first transistor
with a low voltage line in response to the hold signal.
5. The organic electroluminescent display according to
claim 4, wherein the sample signal and the hold signal are
periodic signals, and one cycle period includes a sample
period and a hold period, the sample signal is set to allow the
first through third switches to be turned on during the sample
period and turned off during the hold period, and the hold
signal is set to allow the fourth and fifth switches to be
turned on during the hold period and turned off during the
sample period.
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6. The organic electroluminescent display according to
claim 2, wherein each pre-charge switch transmits the pre-
charge voltage corresponding to the second data current to
the first data line before the first data current is transmitted
to the first data line connected thereto.

7. The organic electroluminescent display according to
claim 2, wherein each pre-charge switch selects one of the
pre-charge voltages set either to high voltage level and a
predetermined voltage level and transmits the selected one
to the first data line before the first data current is transmitted
to the first data line connected thereto.

8. The organic electroluminescent display according to
claim 7, wherein the pre-charge voltage having the high
voltage level is selected and transmitted to the first data line
in the case where the first data current has a gradation level
of 0 (black), and the pre-charge voltage having the prede-
termined voltage level is selected and transmitted to the first
data line in the case where the first data current has a
gradation level of not 0 (black).

9. The organic electroluminescent display according to
claim 2, wherein the pre-charge switch of the demultiplexer
is turned off while the plurality of sample/hold circuits of the
demultiplexing circuit performs a sample and hold operation
and while the current corresponding to the sampled and held
second data current is transmitted to the first data line, and
the pre-charge switch of the demultiplexer is turned on in
response to the pre-charge signal before the current corre-
sponding to the sampled and second data current is trans-
mitted to the first data line.

10. The organic electroluminescent display according to
claim 1, wherein the first data lines connected to the demul-
tiplexing circuit are connected to the sub-pixels different in
colors from each other.

11. The electroluminescent display according to claim 1,
wherein the first data lines connected to the demultiplexing
circuit are connected to the sub-pixelsequal in colors to each
other.

12. A demultiplexer for an electroluminescent display,
said demultiplexer comprising:

a plurality of demultiplexing circuits;

a plurality of sample signal lines transmitting a sample
signal to the demultiplexing circuits;

first and second hold signal lines transmitting hold signals
to the demultiplexing circuits; and

first and second pre-charge signal lines transmitting pre-
charge signals to the demultiplexing circuits, wherein
each said demultiplexing circuit transmits an output
data current, obtained by demultiplexing an input data
current transmitted to one input data line in a sample/
hold method in response to the sample and hold signals,
to a plurality of output data lines, wherein a pre-charge
voltage corresponding to the input data current of the
one input data line is previously transmitted to the
plurality of output data lines before the output data
current is transmitted to the plurality of output data
lines.

13. The demultiplexer according to claim 12, wherein the
demultiplexing circuit comprises:

first and second group sample/hold circuits, each circuit
of which samples the input data current, and transmits
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the output data current corresponding to the sampled
input data current to corresponding output data lines;
and

a plurality of pre-charge switches, each of which applies
a pre-charge voltage corresponding to the input data
current to the output data lines.
14. The demultiplexer according to claim 13, wherein
each of said sample/hold circuits comprises:

a first transistor;

a storage capacitor comprising a first terminal connected
to a source of the first transistor and a second terminal
connected to a gate of the first transistor;

a first switch connecting the input data line with a drain
of the first transistor in response to the sample signal,

a second switch connecting the source of the first tran-
sistor with a high voltage line in response to the sample
signal,

a third switch connecting the input data line with the
second terminal of the storage capacitor in response to
the sample signal;

a fourth switch connecting the output data line with the
source of the first transistor in response to the hold
signal; and

a fifth switch connecting the drain of the first transistor

with a low voltage line in response to the hold signal.

15. The organic electroluminescent display according to
claim 14, wherein the sample signal and the hold signal are
periodic signals, and one cycle period includes a sample
period and a hold period, the sample signal is set to allow the
first through third switches to be turned on during the sample
period and turned off during the hold period, and the hold
signal is set allow the fourth and fifth switches to be turned
on during the hold period and turned off during the sample
period.

16. The demultiplexer according to claim 13, wherein the
plurality of pre-charge switches comprises a first pre-charge
switch and a second pre-charge switch, and the first pre-
charge switch applies the pre-charge voltage corresponding
to the input data current from the input data line to a first
output data line in response to the first pre-charge signal, and
the second pre-charge switch applies the pre-charge voltage
corresponding to the input data current from the input data
line to a second output data line in response to the second
pre-charge signal.

17. The demultiplexer according to claim 16, wherein
each of the pre-charge switches of the demultiplexer is
turned off while the plurality of sample/hold circuits of the
demultiplexing circuit performs a sample and hold operation
on the input data current and while the current correspond-
ing to the sampled and held input data current is transmitted
to the output data line, and the first and second pre-charge
switches are turned on in response to the first and second
pre-charge signals, respectively, before the current corre-
sponding to the sampled and held input data current is
transmitted to the output data line.

18. The demultiplexer according to claim 13, wherein
each said pre-charge switch transmits the pre-charge voltage
corresponding to the input data current to the output data line
before the output data current is transmitted to the output
data line connected thereto.
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19. The demultiplexer according to claim 13, wherein
each said pre-charge switch selects one of the pre-charge
voltages set either to high voltage level and a predetermined
voltage level and transmits the selected one to the output
data line before the output data current is transmitted to the
output data line connected thereto.

20. The demultiplexer according to claim 19, wherein the
pre-charge voltage having the high voltage level is selected
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and transmitted to the output data line in the case where the
output data current has a gradation level of 0 (black), and the
pre-charge voltage having the predetermined voltage level is
selected and transmitted to the output data line in the case
where the output data current has a gradation level of not 0
(black).
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