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(54) Organic light emitting display

(57)  An organic light emitting display includes a dis-
play panel including first pixels displaying a first color,
second pixels displaying a second color, and third pixels
displaying a third color, a data driving circuit generating
a data voltage, a demultiplexer (demux) switching circuit,
which includes first to Nth demux switches connected to
each output channel of the data driving circuit, where N
is a positive integer equal to or greater than 2, and time-

division supplies the data voltage to N data lines of the
display panel, and a control signal generator generating
first to Nth demux control signals for controlling opera-
tions of the first to Nth demux switches. The first to Nth
demux control signals sequentially rise to an on-level and
then sequentially fall to an off-level in a programming
period, in which a scan signal is held at the on-level.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments ofthe inventionrelate to an active
matrix organic light emitting display.

Discussion of the Related Art

[0002] An active matrix organic light emitting display
includes organic light emitting diodes (hereinafter, ab-
breviated to "OLEDs") capable of emitting light by itself
and has advantages of a fast response time, a high light
emitting efficiency, a high luminance, a wide viewing an-
gle, and the like.

[0003] The OLED serving as a self-emitting element
has a structure shown in FIG. 1. The OLED includes an
anode electrode, a cathode electrode, and an organic
compound layer formed between the anode electrode
and the cathode electrode. The organic compound layer
includes a hole injection layer HIL, a hole transport layer
HTL, an emission layer EML, an electron transport layer
ETL, and an electron injection layer EIL. When a driving
voltage is applied to the anode electrode and the cathode
electrode, holes passing through the hole transport layer
HTL and electrons passing through the electron transport
layer ETL move to the emission layer EML and form ex-
citons. As a result, the emission layer EML generates
visible light.

[0004] The organic light emitting display arranges pix-
els each including the OLED in a matrix form and adjusts
aluminance of the pixels depending on grayscale of video
data. Each pixel includes a driving thin film transistor
(TFT)which controls adriving current flowinginthe OLED
depending on a gate-source voltage of the driving TFT,
a capacitor which holds a gate potential of the driving
TFT constant during one frame, and a switching TFT
which stores a data voltage in the capacitor in response
to a gate signal. The luminance of the pixel is proportional
to a magnitude of the driving current flowing in the OLED.
[0005] The organic light emitting display includes a da-
ta driving circuit which converts digital video data into
analog data voltages and supplies the analog data volt-
ages to data lines of a display panel. Because the data
driving circuit generally has as many output channels as
the data lines of the display panel, the size of the data
driving circuitincreases. Hence, the cost of the data driv-
ing circuit is expensive. In a related art, a demultiplexer
(demux) driving method using a demux switching circuit
was proposed to reduce the number of output channels
of the data driving circuit to 1/2 or more.

[0006] FIG. 2 shows an existing 1 to 2 demux driving
method. A demux switching circuit shown in FIG. 2 con-
nects output channels CH1, CH2, and CH3 of a data
driving circuit with data lines D1 to D6 of a display panel
at 1:2. The demux switching circuit time-divides a data
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voltage input through one output channel and supplies
the data voltage to the two data lines. A time-division
operation of the demux switching circuit is performed by
switching operations of demux switches S11, S21, S31,
S12, S22, and S32 driven in response to demux control
signals DMUX1 and DMUX2. The first demux switches
S11, S21, and S31 are simultaneously turned on in re-
sponse to the first demux control signal DMUX1, and the
second demux switches S12, S22, and S32 are simulta-
neously turned on in response to the second demux con-
trol signal DMUX2. In this instance, the first demux
switches S11, S21, and S31 and the second demux
switches S12, S22, and S32 are turned on at different
timings.

[0007] When the demux switch connected to the pixel
changes from a turn-on state to a turn-off state, a parasitic
capacitor may reduce a voltage applied to the pixel by a
kickback voltage. Thus, first pixels connected to the first
demux switches S11, S21, and S31 and second pixels
connected to the second demux switches S12, S22, and
S32 may be affected by the kickback voltage. In this in-
stance, because the first demux switches S11, S21, and
S31 and the second demux switches S12, S22, and S32
are turned on at different timings, the number of times of
influence of the kickback voltage on the first pixels and
the number of times of influence of the kickback voltage
on the second pixels may be different from each other.
An unwanted current deviation is generated between the
first pixels and the second pixels because of a difference
between the number of times of influence of the kickback
voltage on the first pixels and the second pixels. FIG. 3
shows a current deviation between adjacent pixels re-
sulting from a difference between the number of times of
influence of the kickback voltage on the adjacent pixels.
The current deviation generates a longitudinal dim and
thus reduces image quality.

[0008] Each of pixels displaying red (R) includes a red
OLED, each of pixels displaying green (G) includes a
green OLED, and each of pixels displaying blue (B) in-
cludes a blue OLED. The R OLED, the G OLED, and the
B OLED have different emission efficiencies. Thus, when
the pixels generating the unwanted current deviation dis-
play different colors, the unwanted current deviation is
displayed as the longitudinal dim, but is not conspicuous.
However, when the pixels generating the unwanted cur-
rent deviation display the same color, the unwanted cur-
rent deviation is displayed as the longitudinal dim and is
very conspicuous. In other words, the problem of the cur-
rent deviation further increases when the pixels display-
ing the same color are selectively connected to the first
demux switches S11, S21, and S31 and the second de-
mux switches S12, S22, and S32 as shown in FIG. 2.

SUMMARY OF THE INVENTION

[0009] Embodiments of the invention provide an or-
ganic light emitting display capable of preventing a cur-
rent deviation from being generated between pixels dis-
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playing the same color by designing a demultiplexer (de-
mux) switching circuit and a demux switching control sig-
nal so that the number of times of influence of a kickback
voltage on the pixels displaying the same color are equal
to each other in a demux driving method.

[0010] In one aspect, there is an organic light emitting
display comprising a display panel including first pixels
displaying afirst color, second pixels displaying a second
color, and third pixels displaying a third color, a data driv-
ing circuit configured to generate a data voltage, a de-
multiplexer (demux) switching circuitincluding first to Nth
demux switches connected to each output channel of the
data driving circuit, where N is a positive integer equal
to or greater than 2, the demux switching circuit config-
ured to time-division supply the data voltage received
from one output channel of the data driving circuit to N
data lines of the display panel, and a control signal gen-
erator configured to generate first to Nth demux control
signals for controlling operations of the first to Nth demux
switches, wherein the first to Nth demux control signals
sequentially rise to an on-level and then sequentially fall
to an off-level in a programming period, in which a first
scan signal used to apply the data voltage to the pixels
is held at the on-level.

[0011] In one or more embodiments, the first scan sig-
nal falls to the off-level for an emission period following
the programming period, wherein all of the first to Nth
demux control signals fall earlier than the first scan signal.
[0012] Inone or more embodiments, N is 2, and pixels,
on one horizontal pixel line, displaying the same color
are selectively connected to first demux switches simul-
taneously operating in response to a first demux control
signal and second demux switches simultaneously op-
erating in response to a second demux control signal.
[0013] In one or more embodiments, an initialization
period, which is arranged prior to the programming period
and initializes the first to third pixels, and a sensing pe-
riod, which is arranged between the initialization period
and the programming period and senses threshold volt-
ages of driving elements included in the first to third pix-
els, are assigned so as to drive pixels disposed on one
horizontal pixel line, wherein the initialization period is
selected as one horizontal period, which is defined as a
value obtained by dividing one frame period by a vertical
resolution of the display panel, and a sum of lengths of
the sensing period and the programming period is se-
lected as one horizontal period, wherein the initialization
period of pixels disposed on an Nth horizontal pixel line
overlaps the sensing period and the programming period
of pixels disposed on an (N-1)th horizontal pixel line.
[0014] In one or more embodiments, the data driving
circuit further generates a reference voltage required in
the initialization period and the sensing period and sup-
plies the reference voltage to the demux switching circuit,
wherein the demux switching circuit further includes first
auxiliary switches respectively connected in parallel to
the first demux switches and second auxiliary switches
respectively connected in parallel to the second demux
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switches, wherein the first and second auxiliary switches
are simultaneously turned on in response to an auxiliary
control signal, which is held at the on-level in the initial-
ization period and the sensing period.

[0015] In one or more embodiments, an initialization
period, which is arranged prior to the programming period
and initializes the first to third pixels, and a sensing pe-
riod, which is arranged between the initialization period
and the programming period and senses threshold volt-
ages of driving elements included in the first to third pix-
els, are assigned so as to drive pixels disposed on one
horizontal pixel line, wherein a sum of lengths of the in-
itialization period, the sensing period, and the program-
ming period is selected as one horizontal period, which
is defined as a value obtained by dividing one frame pe-
riod by a vertical resolution of the display panel.

[0016] In one or more embodiments, the data driving
circuit further generates a reference voltage required in
the initialization period and the sensing period and sup-
plies the reference voltage to the demux switching circuit,
wherein the first and second demux switches are simul-
taneously turned on in response to the first and second
demux control signals, which are synchronized with each
other at the on-level in the initialization period and the
sensing period.

[0017] In one or more embodiments, N is 3, and the
first pixels displaying the first color are connected to first
demux switches simultaneously operating in response
to a first demux control signal, wherein the second pixels
displaying the second color are connected to second de-
mux switches simultaneously operating in response to a
second demux control signal, wherein the third pixels dis-
playing the third color are connected to third demux
switches simultaneously operating in response to a third
demux control signal.

[0018] In one or more embodiments, an initialization
period, which is arranged prior to the programming period
and initializes the first to third pixels, and a sensing pe-
riod, which is arranged between the initialization period
and the programming period and senses threshold volt-
ages of driving elements included in the first to third pix-
els, are assigned so as to drive pixels disposed on one
horizontal pixel line, wherein a sum of lengths of the in-
itialization period, the sensing period, and the program-
ming period is selected as one horizontal period, which
is defined as a value obtained by dividing one frame pe-
riod by a vertical resolution of the display panel.

[0019] In one or more embodiments, the data driving
circuit further generates a reference voltage required in
the initialization period and the sensing period and sup-
plies the reference voltage to the demux switching circuit,
wherein the demux switching circuit further includes first
auxiliary switches respectively connected in parallel to
the first demux switches, second auxiliary switches re-
spectively connected in parallel to the second demux
switches, and third auxiliary switches respectively con-
nected in parallel to the third demux switches, wherein
the first to third auxiliary switches are simultaneously
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turned on in response to an auxiliary control signal, which
is held at the on-level in the initialization period and the
sensing period.

[0020] In one or more embodiments, the data driving
circuit further generates a reference voltage required in
the initialization period and the sensing period and sup-
plies the reference voltage to the demux switching circuit,
wherein the first to third demux switches are simultane-
ously turned on in response to the first to third demux
control signals, which are synchronized with each other
at the on-level in the initialization period and the sensing
period.

[0021] Inanother aspect, there is an organic light emit-
ting display comprising a display panel including first pix-
els displaying a first color, second pixels displaying a
second color, and third pixels displaying a third color, a
data driving circuit configured to generate a data voltage,
a demultiplexer (demux) switching circuit including first
and second demux switches connected to each of some
output channels of the data driving circuit, the demux
switching circuit configured to time-division supply the
data voltage received from the some output channels of
the data driving circuit to two data lines of the display
panel, and a control signal generator configured to gen-
erate first and second demux control signals for control-
ling operations of the first and second demux switches,
wherein the first pixels displaying the first color are con-
nected to the some output channels of the data driving
circuitthrough the first demux switches, the second pixels
displaying the second color are connected to the some
output channels of the data driving circuit through the
second demux switches, and the third pixels displaying
the third color are directly connected to remaining output
channels except the some output channels of the data
driving circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 shows an organic light emitting diode and its
emission principle;

FIG. 2 shows an existing 1 to 2 demultiplexer (de-
mux) driving method;

FIG. 3 shows a current deviation between adjacent
pixels resulting from a difference between the
number of times of influence of a kickback voltage
on the adjacent pixels;

FIG. 4 shows an organic light emitting display ac-
cording to an exemplary embodiment of the inven-
tion;

FIG. 5 shows an example of a pixel;

FIG. 6 shows an example of a demux switching cir-
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cuit for 1 to 2 demux drive;

FIG. 7 shows driving timing of a pixel shown in FIG.
5 and a demux switching circuit shown in FIG. 6;
FIGS. 8A to 8D show an operation state of a pixel in
each of driving stages;

FIG. 9 shows another example of a demux switching
circuit for 1 to 2 demux drive;

FIG. 10 shows driving timing of a pixel shown in FIG.
5 and a demux switching circuit shown in FIG. 9;
FIG. 11 shows an example of a demux switching
circuit for 1 to 3 demux drive;

FIG. 12 shows driving timing of a pixel shown in FIG.
5 and a demux switching circuit shown in FIG. 11;
FIG. 13 shows another example of a demux switch-
ing circuit for 1 to 3 demux drive;

FIG. 14 shows driving timing of a pixel shown in FIG.
5 and a demux switching circuit shown in FIG. 13.

DETAILED DESCRIPTION OF THE ILLUSTRATED

EMBODIMENTS

[0023] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts. It will be paid
attention that detailed description of known arts will be
omitted if it is determined that the arts can mislead the
embodiments of the invention.

[0024] Exemplary embodiments of the invention willbe
described with reference to FIGS. 4 to 16.

[0025] FIG. 4 shows an organic light emitting display
according to an exemplary embodiment of the invention.
FIG. 5 shows an example of a pixel.

[0026] As shown in FIGS. 4 and 5, an organic light
emitting display according to an exemplary embodiment
of the invention includes a display panel 10 including a
plurality of pixels, a data driving circuit 12 generating a
data voltage Vdata which will be applied to the pixels, a
gate driving circuit 13 generating a gate signal which will
be applied to the pixels, a timing controller 11 for control-
ling operation timing of the data driving circuit 12 and the
gate driving circuit 13, a demultiplexer (demux) switching
circuit 15 which demultiplexes the data voltage Vdata
received from the data driving circuit 12 and divides the
demultiplexed data voltage Vdata into data lines 18, and
a control signal generator 16 generating a demux switch-
ing control signal DCTR.

[0027] The display panel 10 includes a pixel array 14,
on which an image is displayed. The pixel array 14 in-
cludes the plurality of data lines 18, a plurality of gate
lines 19 crossing the data lines 18, and a plurality of pixels
positioned at crossings of the data lines 18 and the gate
lines 19. The pixels include a plurality of red (R) pixels,
each of which includes a red organic light emitting diode
(OLED) and displays red, a plurality of green (G) pixels,
each ofwhichincludes agreen OLED anddisplays green,
a plurality of blue (B) pixels, each of which includes a
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blue OLED and displays blue. Each gate line 19 includes
a first scan line 191, a second scan line 192, and an
emission line 193. Each pixel is connected to one data
line 18 and the three signal lines 191, 192, and 193 con-
stituting one gate line 19. Each pixel may receive the
data voltage Vdata and a reference voltage Vref through
the data line 18. Each pixel receives a first scan signal
SCAN1 through the first scan line 191, receives a second
scan signal SCAN2 through the second scan line 192,
andreceives an emission signal EM through the emission
line 193. Each pixel may receive a high potential cell driv-
ing voltage VDD, a low potential cell driving voltage VSS,
and an initialization voltage Vinit from a power generator
(not shown).

[0028] Each pixelincludes an OLED, a driving thin film
transistor (TFT) DT, a first switching TFT ST1, a second
switching TFT ST2, a third switching TFT ST3, a first
capacitor C1, and a second capacitor C2.

[0029] The OLED emits light using a driving current
supplied from the driving TFT DT. An organic compound
layer having a multi-layered structure is formed between
an anode electrode and a cathode electrode of the OLED
as shown in FIG. 1. The anode electrode of the OLED is
connected to a second node N2 of the driving TFT DT,
and the cathode electrode of the OLED is connected to
an input terminal of the low potential cell driving voltage
VSS.

[0030] Thedriving TFT DT controls the driving current
applied to the OLED using a gate-source voltage of the
driving TFT DT. A gate electrode of the driving TFT DT
is connected to a first node N1, a drain electrode of the
driving TFT DT is connected to a source electrode of the
third switching TFT ST3, and a source electrode of the
driving TFT DT is connected to the second node N2.
[0031] The first switching TFT ST1 switches on a cur-
rent path between the data line 18 and the first node N1
in response to the first scan signal SCAN1. The first
switching TFT ST1 is turned on and thus supplies the
reference voltage Vref and the data voltage Vdata, which
are alternately applied to the data line 18, to the first node
N1. A gate electrode of the first switching TFT ST1 is
connected to the first scan line 191, a drain electrode of
the first switching TFT ST1 is connected to the data line
18, and a source electrode of the first switching TFT ST1
is connected to the first node N1.

[0032] The second switching TFT ST2 switches on a
current path between an input terminal of the initialization
voltage Vinit and the second node N2 in response to the
second scan signal SCAN2. The second switching TFT
ST2is turned on and thus supplies the initialization volt-
age Vinit to the second node N2. A gate electrode of the
second switching TFT ST2 is connected to the second
scan line 192, a drain electrode of the second switching
TFT ST2 is connected to the input terminal of the initial-
ization voltage Vinit, and a source electrode of the second
switching TFT ST2 is connected to the second node N2.
[0033] The third switching TFT ST3 switches on a cur-
rent path between an input terminal of the high potential
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cell driving voltage VDD and the drain electrode of the
driving TFT DT in response to the emission signal EM.
The third switching TFT ST3 is turned on and thus sup-
plies the high potential cell driving voltage VDD to the
drain electrode of the driving TFT DT. A gate electrode
of the third switching TFT ST3 is connected to the emis-
sion line 193, a drain electrode of the third switching TFT
ST3is connected to the input terminal of the high potential
cell driving voltage VDD, and a source electrode of the
third switching TFT ST3 is connected to the drain elec-
trode of the driving TFT DT.

[0034] The firstcapacitor C1is connected between the
first node N1 and the second node N2, and the second
capacitor C2 is connected between the second node N2
and the input terminal of the initialization voltage Vinit.
[0035] The TFTsincluded in each pixel may be imple-
mented as an oxide TFT including an oxide semiconduc-
tor layer. The oxide TFT is advantageous to the large-
sized display panel when considering all of electron mo-
bility, process deviation, etc. The embodiment of the in-
vention is not limited thereto. The semiconductor layer
of the TFT may be formed of amorphous silicon, poly-
crystalline silicon, etc. The embodiment of the invention
describes an n-type TFT as an example of the TFT, but
may use a p-type TFT.

[0036] The timingcontroller 11 rearrangesdigital video
data RGB received from the outside in conformity with a
resolution of the display panel 10 and supplies the rear-
ranged digital video data RGB to the data driving circuit
12. The timing controller 11 generates a data control sig-
nal DDC for controlling operation timing of the data driving
circuit 12 and a gate control signal GDC for controlling
operation timing of the gate driving circuit 13 based on
timing signals, such as a vertical sync signal Vsync, a
horizontal sync signal Hsync, a dot clock DCLK, and a
data enable signal DE.

[0037] The data driving circuit 12 converts the digital
video data RGB received from the timing controller 11
into an analog signal based on the data control signal
DDC and generates the data voltage Vdata. The data
driving circuit 12 generates the reference voltage Vref of
a constant level. The data driving circuit 12 alternately
outputs the reference voltage Vref and the data voltage
Vdata in one horizontal period 1H as indicated by driving
timings shown in FIGS. 7, 10, 12, 14, and 16. The data
driving circuit 12 has output channels, of which the
number is less than the number of data lines 18 of the
display panel 10. The data driving circuit 12 simultane-
ously outputs the reference voltage Vref through all of
the output channels during a portion of one horizontal
period 1H and simultaneously outputs the data voltage
Vdata through all of the output channels during the re-
maining period of the one horizontal period 1H. In the
embodiment disclosed herein, one horizontal period 1H
is defined as a value obtained by dividing one frame pe-
riod by a vertical resolution of the display panel.

[0038] The gate driving circuit 13 generates the gate
signal, namely the first and second scan signals SCAN1
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and SCAN2 and the emission signal EM based on the
gate control signal GDC. The gate driving circuit 13 sup-
plies the first scan signal SCAN1 to the first scan lines
191 while shifting a phase of the first scan signal SCAN1
in aline sequential manner and supplies the second scan
signal SCAN2 to the second scan lines 192 while shifting
a phase of the second scan signal SCAN2 in the line
sequential manner. In the same manner as the first and
second scan signals SCAN1 and SCAN2, the gate driv-
ing circuit 13 supplies the emission signal EM to the emis-
sion lines 193 while shifting a phase of the emission sig-
nal EMin the line sequential manner. The first scan signal
SCAN1 may be implemented as a single waveform hav-
ing one on-level period in one frame period as shown in
FIGS. 10, 12, 14, and 16, or may be implemented as a
double waveform having two on-level periods in one
frame period as shown in FIG. 7. The second scan signal
SCAN2 may be implemented as a single waveform in
one frame period, and the emission signal EM may be
implemented as a double waveform in one frame period.
The gate driving circuit 13 may be directly formed on the
display panel 10 through a gate driver-in panel (GIP)
process.

[0039] The demux switching circuit 15 is connected to
the data driving circuit 12 through source bus lines 17
and also is connected to the pixels through the data lines
18. The demux switching circuit 15 may time-division
supply the data voltage Vdata received from one output
channel of the data driving circuit 12 to N data lines 18
of the display panel 10, or may time-division supply the
reference voltage Vref received from one output channel
of the data driving circuit 12 to the N data lines 18 of the
display panel 10. For this, the demux switching circuit 15
may include first to Nth demux switches connected to
each output channel of the data driving circuit 12, where
N is a positive integer equal to or greater than 2. The first
to Nth demux switches are turned on in response to first
to Nth demux control signals, respectively. The demux
switching circuit 15 may further include first to Nth aux-
iliary switches for switching on only the supply of the ref-
erence voltage Vref as shown in FIGS. 6 and 11. The
first to Nth demux switches may be designed to switch
on only the supply of the data voltage Vdata. The first to
Nth auxiliary switches are simultaneously turned on in
response to an auxiliary control signal.

[0040] The control signal generator 16 generates the
demux switching control signal DCTR. The demux
switching control signal DCTR includes the first to Nth
demux control signals and the auxiliary control signal.
The control signal generator 16 may be mounted inside
the timing controller 11.

[0041] In the following description, the invention de-
scribes various embodiments about the design of the de-
mux switching circuit and the demux switching control
signal, so that the pixels displaying the same color have
the same number of times of influence of a kickback volt-
age in a demux driving method.

10

15

20

25

30

35

40

45

50

55

[First embodiment]

[0042] An organic light emitting display according to a
first embodiment of the invention includes a demux
switching circuit for 1 to N demux drive, so that pixels
displaying the same color have the same number of times
of influence of a kickback voltage in a demux driving
method. Further, the organic light emitting display ac-
cording to the first embodiment of the invention designs
first to Nth demux control signals, which sequentially rise
to an on-level and then sequentially fall to an off-level in
a programming period, in which a first scan signal is held
at an on-level, so as to apply a data voltage to pixels.
[0043] FIG. 6 shows an example of the demux switch-
ing circuit for 1 to 2 demux drive in the organic light emit-
ting display according to the first embodiment of the in-
vention. FIG. 7 shows driving timing of the pixel shown
in FIG. 5 and the demux switching circuit shown in FIG.
6. FIGS. 8A to 8D show an operation state of a pixel in
each of driving stages.

[0044] The demux switching circuit 15 shown in FIG.
6 includes first demux switches S11, S21, and S31 and
second demux switches S12, S22, and S32, which are
connected to each of output channels CH1, CH2, and
CH3 of the data driving circuit. The demux switching cir-
cuit 15 divides a signal received from the data driving
circuit using 1 to 2 demultiplexing method and outputs
the divided signals to data lines D1 to D6. Because the
1 to 2 demux drive is applied to pixels displaying three
colors, pixels of the same color are selectively connected
to the first demux switches S11, S21, and S31 simulta-
neously operating in response to a first demux control
signal DMUX1 and the second demux switches S12,
S22, and S32 simultaneously operating in response to a
second demux control signal DMUX2. For example, a B
pixel is connected to the first demux switch S11 through
the first data line D1, and another B pixel is connected
to the second demux switch S22 through the fourth data
line D4. Further, a G pixel is connected to the second
demux switch S12 through the second data line D2, and
another G pixel is connected to the first demux switch
S31 through the fifth data line D5. Further, an R pixel is
connected to the first demux switch S21 through the third
data line D3, and another R pixel is connected to the
second demux switch S32 through the sixth data line D6.
[0045] If a current deviation is generated between the
pixels of the same color in the 1 to 2 demux drive, the
current deviation may become a problem as described
in a related art. To solve the problem, as shown in FIG.
7, the embodiment of the invention designs the first and
second demux control signals DMUX1 and DMUX2, so
that they sequentially rise to an on-level and then se-
quentially fall to an off-level in a programming period P3.
Hence, pixels connected to the first demux switches S11,
S21, and S31 and pixels connected to the second demux
switches S12, S22, and S32 have the same number of
times of influence of the kickback voltage. In other words,
the first scan signal SCAN1 falls to the off-level for an
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emission period P4 following the programming period P3,
and both the first and second demux control signals
DMUX1 and DMUX2 fall earlier than the first scan signal
SCANT1.

[0046] Accordingly, each pixel irrespective of the color
is affected by the kickback voltage once at a time when
the demux switch connected to the pixel is turned off in
response to one of the first and second demux control
signals DMUX1 and DMUX2, and is again affected by
the kickback voltage at a time when the first switching
TFT ST1 of the pixel is turned off in response to the first
scan signal SCAN1. Namely, because each pixel is af-
fected by the kickback voltage twice irrespective of the
color of the pixel, the embodiment of the invention pre-
vents the current deviation from being generated by a
difference between the number of times of influence of
the kickback voltage.

[0047] To drive the pixels disposed on one horizontal
pixelline, an initialization period P1 for initializing the pix-
els may be assigned before the programming period P3,
and a sensing period P2 for sensing threshold voltages
of the driving TFTs DT included in the pixels may be
assigned between the initialization period P1 and the pro-
gramming period P3. The initialization period P1 may be
selected as one horizontal period 1H, and a sum of a
length of the sensing period P2 and a length of the pro-
gramming period P3 may be selected as one horizontal
period 1H. The initialization period P1 of the pixels dis-
posed on an Nth horizontal pixel line may overlap the
sensing period P2 and the programming period P3 of the
pixels disposed on an (N-1)th horizontal pixel line, so as
to secure a margin of the driving timing.

[0048] Thereference voltage Vref and the data voltage
are alternately input to the demux switching circuit 15 on
a per horizontal period (1H) basis. The reference voltage
Vrefis inputin the initialization period P1 and the sensing
period P2, and the requirable data voltage is input in the
programming period P3. The demux switching circuit 15
may further include first auxiliary switches R11, R21, and
R31 respectively connected in parallel to the first demux
switches S11, S21, and S31 and second auxiliary switch-
es R12, R22, and R32 respectively connected in parallel
to the second demux switches S12, S22, and S32, so as
to time-divide the supply timings of the reference voltage
Vref and the data voltage. The first and second auxiliary
switches are simultaneously turned on in the initialization
period P1 and the sensing period P2 in response to an
auxiliary control signal RCTR supplied from the control
signal generator 16 and may supply the reference voltage
Vref to all of the data lines D1 to D6. The first demux
switches S11, S21, and S31 are turned on in response
to the first demux control signal DMUX1 and supplies a
data voltage Vdata1 to some data lines D1, D3, and D5
in the programming period P3. The second demux
switches S12, S22, and S32 are turned on in response
to the second demux control signal DMUX2 and supplies
a data voltage Vdata2 to some data lines D2, D4, and
D6 in the programming period P3.
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[0049] The first scan signal SCAN1 is implemented as
a double waveform having two on-level periods and may
have anon-level Lonin a portion of the initialization period
P1, the sensing period P2, and the programming period
P3. The second scan signal SCAN2 is implemented as
a single waveform having one on-level period and may
have the on-level Lon in synchronization with the first
scan signal SCAN1 in a portion of the initialization period
P1. The emission signal EM is implemented as a double
waveform having two on-level periods and may have the
on-level Lon in the sensing period P2 and the emission
period P4. The auxiliary control signal RCTR may have
the on-level Lon in synchronization with the supply timing
of the reference voltage Vref.

[0050] An operation state of a pixel in each of driving
stages is described with reference to FIGS. 8A to 8D.
[0051] In the initialization period P1 shown in FIG. 8A,
the first and second switching TFTs ST1 and ST2 are
turned on. Hence, the first node N1 is initialized to the
reference voltage Vref, and the second node N2 is ini-
tialized to the initialization voltage Vinit. In the sensing
period P2 shown in FIG. 8B, the first and third switching
TFTs ST1 and ST3 are turned on. Hence, a potential of
the second node N2 is sampled to a voltage (Vref-Vth),
where 'Vth’ is a threshold voltage of the driving TFT DT.
In the initialization period P1 and the sensing period P2,
the data line is charged to the reference voltage Vref by
a turn-on operation of the auxiliary switch.

[0052] In the programming period P3 shown in FIG.
8C, the first switching TFT ST1 is turned on, and thus
the data voltage Vdata is applied to the first node N1. In
this instance, the potential of the second node N2 is
changed to a voltage (Vref-Vth+C’(Vdata-Vref)) because
of capacitance coupling resulting from a capacitance dis-
tribution ratio (C’'=C1/(C1+C2+Coled)) of the first and
second capacitors C1 and C2. In particular, in the pro-
gramming period P3, first and second demux switches
alternately operate, and the data voltage is charged to
each data line. According to the embodiment of the in-
vention, because all of the pixels have the same number
of times of influence of the kickback voltage irrespective
of operation order of the firstand second demux switches,
the current deviation between the pixels is not generated.
[0053] Inthe emission period P4 shownin FIG. 8D, the
third switching TFT ST3 is turned on, and the high po-
tential cell driving voltage VDD is supplied to the pixel.
Hence, the OLED is turned on and emits light during one
frame period. In the emission period P4, a driving current
loled flowing in the OLED is calculated as k(Vdata-Vref-
C’(Vdata-Vref))2. According to the above equation, a de-
viation between the threshold voltages Vth of the pixels
and a deviation between the high potential cell driving
voltages VDD of the pixels are compensated. In the
above equation, ’k’ is a constant value determined by a
current mobility, a parasitic capacitance, and a channel
capacitance, etc. of the driving TFT DT.

[0054] FIG. 9 shows another example of the demux
switching circuit for the 1 to 2 demux drive in the organic
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light emitting display according to the first embodiment
of the invention. FIG. 10 shows driving timing of the pixel
shown in FIG. 5 and the demux switching circuit shown
in FIG. 9.

[0055] The demux switching circuit 15 shown in FIG.
9 includes first demux switches S11, S21, and S31 and
second demux switches S12, S22, and S32 connected
to each of output channels CH1, CH2, and CH3 of the
data driving circuit. The demux switching circuit 15 di-
vides a signal received from the data driving circuit using
1 to 2 demultiplexing method and outputs the divided
signals to data lines D1 to D6. Because the 1 to 2 demux
drive is applied to pixels of three colors, pixels of the
same color are selectively connected to the first demux
switches S11, S21, and S31 simultaneously operating in
response to the first demux control signal DMUX1 and
the second demux switches S12, S22, and S32 simulta-
neously operating in response to the second demux con-
trol signal DMUX2.

[0056] The demux switching circuit 15 shown in FIG.
9 is different from the demux switching circuit 15 shown
in FIG. 6 in that it does not include separate auxiliary
switches. Further, the demux switching circuit 15 shown
in FIG. 9 is characterized in that the first and second
demux control signals DMUX1 and DMUX2 are designed
as shown in FIG. 10 so that the reference voltage Vref
and the data voltage are time-division supplied through
demux switches. More specifically, the first and second
demux control signals DMUX1 and DMUX2 shown in
FIG. 10 are different from those shown in FIG. 7 in that
they are held at the on-level Lon in the initialization period
P1 and the sensing period P2. The first and second de-
mux switches S11, S21, S31, S12, S22, and S32 are
simultaneously turned on in response to the first and sec-
ond demux control signals DMUX1 and DMUX2, which
are synchronized with each other at the on-level Lon in
the initialization period P1 and the sensing period P2,
and thus supply the reference voltage Vref to the data
lines D1 to D6.

[0057] As shown in FIG. 10, the initialization periods
P1, the sensing periods P2, and the programming peri-
ods P3 of the adjacent horizontal pixel lines do not over-
lap each other unlike FIG. 7 and are independent. In FIG.
10, a sum of lengths of the initialization period P1, the
sensing period P2, and the programming period P3 may
be selected as one horizontal period. The first scan signal
SCAN1 may be implemented as a single waveform hav-
ing the on-level Lon in the initialization period P1, the
sensing period P2, and the programming period P3.
[0058] The embodiment of the invention shown in
FIGS. 9 and 10 has substantially the same operation ef-
fect as the embodiment of the invention shown in FIGS.
6 and 7. The embodiment of the invention shown in FIGS.
9 and 10 is characterized in that the pixels connected to
the firstdemux switches S11, S21, and S31 and the pixels
connected to the second demux switches S12, S22, and
S32 have the same number of times of influence of the
kickback voltage by designing the firstand second demux
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control signals DMUX1 and DMUX2 so that they sequen-
tially rise to the on-level Lon and then sequentially fall to
an off-level Loffin the programming period P3in the same
manner as FIG. 7. In other words, the first scan signal
SCANT1 falls to the off-level Loff for an emission period
P4 following the programming period P3, and both the
first and second demux control signals DMUX1 and
DMUX2 fall earlier than the first scan signal SCAN1.
[0059] Accordingly, each pixel irrespective of the color
is affected by the kickback voltage once at a time when
the demux switch connected to the pixel is turned off in
response to one of the first and second demux control
signals DMUX1 and DMUX2, and is again affected by
the kickback voltage at a time when the first switching
TFT ST1 of the pixel is turned off in response to the first
scan signal SCAN1. Namely, because each pixel is af-
fected by the kickback voltage twice irrespective of the
color of the pixel, the embodiment of the invention pre-
vents the current deviation from being generated by a
difference between the number of times of influence of
the kickback voltage.

[0060] FIG. 11 shows anexample of the demux switch-
ing circuit for 1 to 3 demux drive in the organic light emit-
ting display according to the first embodiment of the in-
vention. FIG. 12 shows driving timing of the pixel shown
in FIG. 5 and the demux switching circuit shown in FIG.
11.

[0061] The demux switching circuit 15 shown in FIG.
11 includes a first demux switch (for example, S11), a
second demux switch (for example, S12), and a third
demux switch (for example, S13) connected to an output
channel (for example, CH1) of the data driving circuit.
The demux switching circuit 15 divides a signal received
from the data driving circuit using 1 to 3 demultiplexing
method and outputs the divided signals to data lines D1,
D2, and D3. Because the 1 to 3 demux drive is applied
to pixels of three colors, first pixels displaying a first color
may be connected to the first demux switches (for exam-
ple, S11, etc.) simultaneously operating in response to
a first demux control signal DMUX1, and second pixels
displaying a second color may be connected to the sec-
ond demux switches (for example, S12, etc.) simultane-
ously operating in response to a second demux control
signal DMUX2. Further, third pixels displaying a third
color may be connected to the third demux switches (for
example, S13, etc.) simultaneously operating in re-
sponse to a third demux control signal DMUX3.

[0062] Because the pixels of the same color corre-
spond to one demux switch in the 1 to 3 demux drive,
the current deviation between the pixels of the same color
is not generated without intentionally modulating the first
to third demux control signals DMUX1 to DMUX3 as
shown in FIG. 12. However, when the first to third demux
control signals DMUX1 to DMUX3 are designed as
shown in FIG. 12, a current deviation between the pixels
of different colors may be previously prevented. The cur-
rent deviation between the pixels of different colors is not
conspicuously visible as a longitudinal dim. However, the
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image quality of the organic light emitting display may be
furtherimproved by previously preventing the current de-
viation between the pixels of different colors.

[0063] As shown in FIGS. 11 and 12, the embodiment
of the invention is characterized in that the pixels con-
nected to the first to third demux switches S11, S12, and
S13 have the same number of times of influence of the
kickback voltage by designing the first to third demux
control signals DMUX1 to DMUX3 so that they sequen-
tially rise to the on-level Lon and then sequentially fall to
the off-level Loff in the programming period P3. In other
words, the first scan signal SCAN1 falls to the off-level
Loff for the emission period P4 following the program-
ming period P3, and all of the first to third demux control
signals DMUX1 to DMUXA3 fall earlier than the first scan
signal SCAN1. The first scan signal SCAN1 may be im-
plemented as a single waveform having the on-level Lon
in the initialization period P1, the sensing period P2, and
the programming period P3.

[0064] Accordingly, each pixel irrespective of the color
is affected by the kickback voltage once at a time when
the demux switch connected to the pixel is turned off in
response to the demux control signal, and is again af-
fected by the kickback voltage at a time when the first
switching TFT ST1 of the pixel is turned off in response
to the first scan signal SCAN1. Namely, because each
pixel is affected by the kickback voltage twice irrespective
of the color of the pixel, the embodiment of the invention
prevents the current deviation from being generated by
a difference between the number of times of influence of
the kickback voltage.

[0065] In FIG. 12, a sum of lengths of the initialization
period P1, the sensing period P2, and the programming
period P3 may be selected as one horizontal period. The
reference voltage Vref and the data voltage are alternate-
ly input to the demux switching circuit 15 on a per hori-
zontal period (1H) basis. The reference voltage Vref is
inputin the initialization period P1 and the sensing period
P2, and the data voltage is input in the programming pe-
riod P3. The demux switching circuit 15 may further in-
clude a first auxiliary switch R11 connected in parallel to
the first demux switch S11, a second auxiliary switch R12
connected in parallel to the second demux switch S12,
and a third auxiliary switch R13 connected in parallel to
the third demux switch S13, so as to time-divide the sup-
ply timings of the reference voltage Vref and the data
voltage. The first to third auxiliary switches R11, R12,
and R13 are simultaneously turned on in the initialization
period P1 and the sensing period P2 in response to an
auxiliary control signal RCTR supplied from the control
signal generator 16 and may supply the reference voltage
Vref to all of the data lines D1 to D3. The first demux
switch S11 is turned on in response to the first demux
control signal DMUX1 and supplies a data voltage
Vdata1 to some data line D1 in the programming period
P3. The second demux switch S12 is turned on in re-
sponse to the second demux control signal DMUX2 and
supplies a data voltage Vdata2 to some data line D2 in
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the programming period P3. The third demux switch S13
is turned on in response to the third demux control signal
DMUXS3 and supplies a data voltage Vdata3 to some data
line D3 in the programming period P3.

[0066] FIG. 13 shows another example of the demux
switching circuit for the 1 to 3 demux drive in the organic
light emitting display according to the first embodiment
of the invention. FIG. 14 shows driving timing of the pixel
shown in FIG. 5 and the demux switching circuit shown
in FIG. 13.

[0067] The demux switching circuit 15 shown in FIG.
13 is different from the demux switching circuit 15 shown
in FIG. 11 in that it does not include separate auxiliary
switches. Further, the demux switching circuit 15 shown
in FIG. 13 is characterized in that the first to third demux
control signals DMUX1 to DMUX3 are designed as
shown in FIG. 14 so that the reference voltage Vref and
the data voltage are time-division supplied through de-
mux switches. More specifically, the first to third demux
control signals DMUX1 to DMUX3 shown in FIG. 14 are
different from those shown in FIG. 12 in that they are held
at the on-level Lon in the initialization period P1 and the
sensing period P2. The first to third demux switches S11,
S12, and S13 are simultaneously turned on in response
to the first to third demux control signals DMUX1 to
DMUXS, which are synchronized with each other at the
on-level Lonin the initialization period P1 and the sensing
period P2, and thus supply the reference voltage Vref to
the data lines D1 to D3.

[0068] The embodiment of the invention shown in
FIGS. 13 and 14 has substantially the same operation
effect as the embodiment of the invention shown in FIGS.
11 and 12.

[0069] As described above, the embodiment of the in-
vention designs the demux switching circuit and the de-
mux switching control signal so that the pixels displaying
the same color have the same number of times of influ-
ence of the kickback voltage in the demux driving method,
thereby preventing the generation of the unwanted cur-
rent deviation between the pixels of the same color.
[0070] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications in the componentparts and/orarrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims

1. An organic light emitting display comprising:
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a display panel including first pixels displaying
a first color, second pixels displaying a second
color, and third pixels displaying a third color;
a data driving circuit configured to generate a
data voltage;

ademultiplexer (demux) switching circuitinclud-
ing first to Nth demux switches connected to
each output channel of the data driving circuit,
where N is a positive integer equal to or greater
than 2, the demux switching circuit configured
to time-division supply the data voltage received
from one output channel of the data driving cir-
cuit to N data lines of the display panel; and

a control signal generator configured to gener-
ate first to Nth demux control signals for control-
ling operations of the first to Nth demux switch-
es,

wherein the first to Nth demux control signals
sequentially rise to an on-level and then sequen-
tially fall to an off-level in a programming period,
in which a first scan signal used to apply the data
voltage to the pixels is held at the on-level.

The organic light emitting display of claim 1, wherein
the first scan signal falls to the off-level for an emis-
sion period following the programming period,
wherein all of the first to Nth demux control signals
fall earlier than the first scan signal.

The organic light emitting display of claim 1 or 2,
wherein N is 2,

wherein pixels, on one horizontal pixel line, display-
ing the same color are selectively connected to first
demux switches simultaneously operating in re-
sponse to a first demux control signal and second
demux switches simultaneously operating in re-
sponse to a second demux control signal.

The organic light emitting display of claim 3, wherein
an initialization period, which is arranged prior to the
programming period and initializes the first to third
pixels, and a sensing period, which is arranged be-
tween the initialization period and the programming
period and senses threshold voltages of driving el-
ements included in the first to third pixels, are as-
signed so as to drive pixels disposed on one hori-
zontal pixel line,

wherein the initialization period is selected as one
horizontal period, which is defined as a value ob-
tained by dividing one frame period by a vertical res-
olution of the display panel, and a sum of lengths of
the sensing period and the programming period is
selected as one horizontal period,

wherein the initialization period of pixels disposed
on an Nth horizontal pixel line overlaps the sensing
period and the programming period of pixels dis-
posed on an (N-1)th horizontal pixel line.
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5.

The organic light emitting display of claim 4, wherein
the data driving circuit further generates a reference
voltage required in the initialization period and the
sensing period and supplies the reference voltage
to the demux switching circuit,

wherein the demux switching circuit further includes
first auxiliary switches respectively connected in par-
allel to the first demux switches and second auxiliary
switches respectively connected in parallel to the
second demux switches,

wherein the first and second auxiliary switches are
simultaneously turned on in response to an auxiliary
control signal, which is held at the on-level in the
initialization period and the sensing period.

The organic light emitting display of claim 3, wherein
an initialization period, which is arranged prior to the
programming period and initializes the first to third
pixels, and a sensing period, which is arranged be-
tween the initialization period and the programming
period and senses threshold voltages of driving el-
ements included in the first to third pixels, are as-
signed so as to drive pixels disposed on one hori-
zontal pixel line,

wherein a sum of lengths of the initialization period,
the sensing period, and the programming period is
selected as one horizontal period, which is defined
as a value obtained by dividing one frame period by
a vertical resolution of the display panel.

The organic light emitting display of claim 4 or 6,
wherein the data driving circuit further generates a
reference voltage required in the initialization period
and the sensing period and supplies the reference
voltage to the demux switching circuit,

wherein the first and second demux switches are
simultaneously turned on in response to the firstand
second demux control signals, which are synchro-
nized with each other at the on-level in the initializa-
tion period and the sensing period.

The organic light emitting display of claim 1 or 2,
wherein N is 3,

wherein the first pixels displaying the first color are
connected to first demux switches simultaneously
operating in response to a first demux control signal,
wherein the second pixels displaying the second
color are connected to second demux switches si-
multaneously operating in response to a second de-
mux control signal,

wherein the third pixels displaying the third color are
connected to third demux switches simultaneously
operatingin response to a third demux control signal.

The organic light emitting display of claim 8, wherein
an initialization period, which is arranged prior to the
programming period and initializes the first to third
pixels, and a sensing period, which is arranged be-
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tween the initialization period and the programming
period and senses threshold voltages of driving el-
ements included in the first to third pixels, are as-
signed so as to drive pixels disposed on one hori-
zontal pixel line,

wherein a sum of lengths of the initialization period,
the sensing period, and the programming period is
selected as one horizontal period, which is defined
as a value obtained by dividing one frame period by
a vertical resolution of the display panel.

The organic light emitting display of claim 9, wherein
the data driving circuit further generates a reference
voltage required in the initialization period and the
sensing period and supplies the reference voltage
to the demux switching circuit,

wherein the demux switching circuit further includes
firstauxiliary switches respectively connected in par-
allel to the first demux switches, second auxiliary
switches respectively connected in parallel to the
second demux switches, and third auxiliary switches
respectively connected in parallel to the third demux
switches,

wherein the first to third auxiliary switches are simul-
taneously turned on in response to an auxiliary con-
trol signal, which is held at the on-level in the initial-
ization period and the sensing period.

The organic light emitting display of claim 9 or 10,
wherein the data driving circuit further generates a
reference voltage required in the initialization period
and the sensing period and supplies the reference
voltage to the demux switching circuit,

wherein the first to third demux switches are simul-
taneously turned on in response to the first to third
demux control signals, which are synchronized with
each other at the on-level in the initialization period
and the sensing period.
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