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driving method thereof

(57)  An organic light emitting diode (OLED) display
includes: adisplay unit comprising a plurality of datalines,
a plurality of scan lines, and a plurality of pixels coupled
to corresponding data lines of the data lines and corre-
sponding scan lines of the scan lines; a scan driver con-
figured to supply a plurality of scan signals to the scan
lines; a data driver configured to: output a plurality of first
data signals among a plurality of data signals through a
plurality of first output lines among a plurality of output
lines, output a plurality of second data signals among the
data signals through the first output lines, and output a
plurality of third data signals among the data signals
through a plurality of second output lines among the out-
put lines, wherein the first data signals represent a first
colour, the second data signals represent a second col-
our, and the third data signals represent a third colour;
and a data distribution unit configured to: transmit the
first data signals to a plurality of corresponding first data
lines among the data lines according to afirst clock signal,
transmit the second data signals to a plurality of corre-
sponding second data lines among the data lines accord-
ing to a second clock signal, and transmit the third data
signals to a plurality of corresponding third data lines
among the data lines.

Organic light emitting display device with data distribution unit for the display data lines and
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Description

[0001] The presentinvention relates to an organic light
emitting diode (OLED) display and a driving method
thereof.

[0002] In general, with respect to flat panel displays,
there are a liquid crystal panel display, a field emission
panel display, a plasma display panel (PDP), and an or-
ganic light emitting diode (OLED) display.

[0003] Among the flat organic light emitting diode
(OLED) displays, the organic light emitting diode (OLED)
display using an organic light emitting diode (OLED)
means a flat display using an electro-luminescence phe-
nomenon of an organic material. The organic light emit-
ting diode emits light using a mechanism in which elec-
trons and holes are injected from electrodes and the in-
jected electrons and holes are combined to have an ex-
citation state.

[0004] The organic light emitting diode display can
have reduced volume and weight because an additional
light source is not required, and it may be used for an
electronic product such as a portable terminal or a large-
sized television with characteristics such as relatively low
power consumption, high luminous efficiency, high lumi-
nance, and a wide viewing angle, as well as a fast re-
sponse speed.

[0005] The organic light emitting diode (OLED) display
includes a data driver transmitting a data signal to a plu-
rality of data lines, a scan driver sequentially transmitting
a scan signal to a plurality of scan lines, and a plurality
of pixels coupled to a plurality of scan lines and a plurality
ofdatalines. Each pixel supplies a current corresponding
to the corresponding data signal to the organic light emit-
ting diode (OLED), and the organic light emitting diode
(OLED) emits light according to the supplied current
amount.

[0006] When increasing the number of pixels to im-
prove the resolution of the organic light emitting diode
(OLED) display, a plurality of pixels coupled to one scan
line are coupled to different data lines such that the
number of data lines is proportionally increased. Accord-
ingly, the circuit of the data driver may be relatively com-
plicated and the manufacturing costs of the data driver
may be relatively high.

[0007] To reduce the complexity and manufacturing
costs of the data driver, a demultiplexer may be utilized,
which selectively outputs one input signal to one among
aplurality of outputlines. Thatis, by sequentially applying
the data signal output from the data driver to a plurality
of data lines through the demultiplexer of a 1:n method,
the circuit of the data driver may be simplified.

[0008] As described above, for the organic light emit-
tingdiode (OLED) display using the demultiplexer, to pre-
vent the data signal input to each pixel during current
horizontal period from being influenced by the data signal
applied during the previous horizontal period, each hor-
izontal period is divided into a writing period in which the
data signal is written and a scan period in which the data
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signal is transmitted to each pixel according to the scan
signal.

[0009] However, as the organic light emitting diode
(OLED) display is developed with higher resolution, a
horizontal period is decreased such that the writing of
the data to all pixels through the 1:n demultiplexer is lim-
ited. For this, when increasing the data writing period,
the scan period is relatively shortened. Accordingly, the
datacompensation time is shortened such that spots may
be generated in the display.

[0010] Accordingly, embodiments ofthe presentinven-
tion provide an organic light emitting diode (OLED) dis-
play configured to obtain a sufficient data compensation
time and also realize high resolution, and a driving meth-
od thereof.

[0011] An organic light emitting diode (OLED) display
according to an exemplary embodiment of the present
invention includes: a display unit comprising a plurality
of data lines, a plurality of scan lines, and a plurality of
pixels coupled to corresponding data lines of the data
lines and corresponding scan lines of the scan lines; a
scandriver configured to supply a plurality of scan signals
to the scan lines; a data driver configured to: output a
plurality of first data signals among a plurality of data
signals through a plurality of first output lines among a
plurality of output lines, output a plurality of second data
signals among the data signals through the first output
lines, and output a plurality of third data signals among
the data signals through a plurality of second output lines
among the output lines, wherein the first data signals
represent afirst colour, the second data signals represent
a second colour, and the third data signals represent a
third colour; and a data distribution unit configured to:
transmit the first data signals to a plurality of correspond-
ing first data lines among the data lines according to a
first clock signal, transmit the second data signals to a
plurality of corresponding second data lines among the
data lines according to a second clock signal, and trans-
mit the third data signals to a plurality of corresponding
third data lines among the data lines.

[0012] A horizontal period may include a writing period
in which a corresponding voltage of the first to third data
signals are respectively stored in first to third capacitive
elements, and a scan period in which the corresponding
voltage of the first to third data signals stored in the first
to third capacitive elements are transmitted to the corre-
sponding data lines, and the data driver may be further
configured to: sequentially output the first data signal and
the second data signal during the writing period, and out-
put the third data signal to overlap with at least one of
the first data signal or the second data signal.

[0013] The OLED display may further include a signal
controller configured to output the first and second clock
signals having sequential activation periods, respective-
ly, during the writing period.

[0014] The signal controller may be configured to out-
put the first clock signal and the second clock signal such
that an activation period of the first clock signal does not
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overlap with an activation period of the second clock sig-
nal.

[0015] Each frame may include an even-numbered
frame and an odd-numbered frame, and the signal con-
troller is configured to output the first clock signal having
an activation period of the even-numbered frame that is
different from and an activation period of the odd-num-
bered frame.

[0016] The signal controller may be configured to out-
put the second clock signal having an activation period
of the even-numbered frame that is different from an ac-
tivation period of the odd-numbered frame.

[0017] The signal controller may be configured to out-
put a third clock signal having an activation period over-
lapping an activation period of at least one of the first
clock signal and the second clock signal during the writing
period.

[0018] The data distribution unit may be configured to
transmit the third data signal to the third data lines ac-
cording to the third clock signal.

[0019] The data distribution unit may include first and
second switches configured to be turned on according
to the first and second clock signals, respectively, to se-
lectively couple the first output line to one of the corre-
sponding first and second data lines.

[0020] The data distribution unit may include a third
switch configured to be turned on according to the third
clock signal to selectively couple the second output line
to the corresponding third data line.

[0021] Each of the pixels may include: a first subpixel
configured to emit light according to the first data signal,
a second subpixel configured to emit light according to
the second data signal, and a third subpixel configured
to emit light according to the third data signal; and a plu-
rality of scan lines comprising: a plurality of first scan
lines coupled to the first and second subpixels, and a
plurality of second scan lines coupled to the third subpix-
el.

[0022] The third subpixel may be configured to emit a
green-coloured light, and the scan driver may be config-
ured to output a scan-on period of the second scan signal
supplied to the second scan line, wherein the scan-on
period of the second scan signal is longer than a scan-
on period of the first scan signal supplied to the first scan
line.

[0023] Thesignal controller may be configured to delay
an output of the third clock signal with respect to the first
clock signal by a difference between a duration of the
scan-on period of the first scan signal and a duration of
the scan-on period of the second scan signal.

[0024] A method of driving an organic light emitting di-
ode (OLED) display according to another exemplary em-
bodiment, the OLED display including: a display unit in-
cluding a plurality of data lines, a plurality of scan lines,
and a plurality of pixels coupled to corresponding ones
of the data lines and corresponding ones of the scan
lines, a scandriver configured to supply a plurality of scan
signals to the scan lines, and a data driver configured to
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output a plurality of data signals respectively correspond-
ing to the pixels to a plurality of output lines, the method
comprising: sequentially outputting a first data signal rep-
resenting a first colour and a second data signal repre-
senting a second colour to first output lines among the
plurality of output lines; outputting a third data signal rep-
resenting a third colour to second output lines among the
plurality of output lines; transmitting the first data signal
to first data lines among the plurality of data lines accord-
ing to a first clock signal; transmitting the second data
signal to the second data lines among the plurality of data
lines according to a second clock signal; and transmitting
the third data signal to third data lines among the plurality
of data lines.

[0025] The third data signal may overlap with one of
the first and second data signals.

[0026] A horizontal period may include: a writing period
in which a voltage of each of the first to third data signals
are respectively stored in first to third capacitive ele-
ments, and a scan period in which the voltages stored to
the first to third capacitive elements are transmitted to
corresponding data lines, and the method may further
include sequentially outputting the first and second clock
signals during the writing period.

[0027] In the outputting of the first and second clock
signals, activation periods of the first and second clock
signals may not overlap each other.

[0028] The method may further include outputting a
third clock signal comprising an activation period that
overlaps one of the first and second clock signals during
the writing period.

[0029] The organic light emitting diode (OLED) display
and the driving method according to an exemplary em-
bodiment of the present invention writes the data signal
to each pixel by using the 2:n demultiplexer such that
relatively high resolution may be realized and sufficient
data compensation time may be obtained.

[0030] Also, an exemplary embodiment of the present
invention provides an effect of reducing the size of the
IC to drive each pixel and a dead space under the panel.
[0031] An exemplary embodiment of the present in-
vention also obtains a spot compensation time for the
green subpixel.

[0032] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 is a view of an organic light emitting diode
(OLED) display according to the first exemplary em-
bodiment of the present invention.

FIG. 2 is a schematic diagram according to an ex-
emplary embodiment of the demultiplexer shown in
FIG. 1.

FIG. 3 is a timing diagram of a driving method of an
organic light emitting diode (OLED) display accord-
ing to a first exemplary embodiment of the present
invention.

FIG. 4 is a timing diagram of a driving method of an
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organic light emitting diode (OLED) display accord-
ing to a second exemplary embodiment of the
present invention.

FIG. 5A and FIG. 5B are timing diagrams of a driving
method of an organic light emitting diode (OLED)
display according to a third exemplary embodiment
of the present invention.

FIG. 6 is a view of an organic light emitting diode
(OLED) display according to the second exemplary
embodiment of the present invention.

FIG. 7 is a timing diagram of a driving method of an
organic light emitting diode (OLED) display accord-
ing to a fourth exemplary embodiment of the present
invention.

FIG. 8 is a schematic diagram of the demultiplexer
shown in FIG. 1 according to another exemplary em-
bodiment.

FIG. 9 is a timing diagram of a driving method of an
organic light emitting diode (OLED) display accord-
ing to a fifth exemplary embodiment of the present
invention.

FIG. 10 is a view of an organic light emitting diode
(OLED) display according to the third exemplary em-
bodiment of the present invention.

FIG. 11 is a schematic diagram of the demultiplexer
shown in FIG. 10.

FIG. 12 is a timing diagram of a driving method of
an organic light emitting diode (OLED) display ac-
cording to a sixth exemplary embodiment of the
present invention.

FIG. 13 is a schematic diagram of the demultiplexer
shown in FIG. 10 according to another exemplary
embodiment.

FIG. 14 is a timing diagram of a driving method of
an organic light emitting diode (OLED) display ac-
cording to a seventh exemplary embodiment of the
present invention.

[0033] Referring to FIG. 1, an organic light emitting di-
ode (OLED) display 100 according to a first exemplary
embodiment of the present invention includes a display
unit 110, a scan driver 120, a data driver 130, a data
distribution unit 140, and a signal controller 150. The dis-
play unit 110 has a display area including a plurality of
pixels PX, and a plurality of scan lines SL[1]-SL[n] and a
plurality of data lines DL[1]-DL[m]. Also, the first driving
voltage VDD application line (not shown) and the second
driving voltage (VSS) application line (not shown) are
formed in the display unit 110.

[0034] The plurality of pixels PX respectively include a
red subpixel R emitting red light, a green subpixel G emit-
ting green light, a blue subpixel B emitting blue light. The
red, green, and blue subpixels R, G, and B are sequen-
tially coupled to the plurality of data lines DL[1]-DL[m]
and emit light by a current supplied to the organic light
emitting diode (OLED) according to a data signal trans-
mitted from the data lines. An exemplary embodiment of
the present invention is not limited thereto, and the kind
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or type, the number, and the disposition sequence of the
subpixels forming the pixels PX may be changed.
[0035] The scan driver 120 is coupled to the plurality
of scan lines SL[1]-SL[n] and generates the plurality of
scan signals S[1]-S[n] according to a first driving control
signal CONT1. The scan driver 120 transmits the scan
signals S[1]-S[n] to the corresponding scan lines
SL[1]-SL[n].

[0036] The datadriver 130 processes image data RGB
according to the second driving control signal CONT2 to
be suitable for a characteristic of the display unit 110 to
generate the plurality of data signals D[1]-D[m]. Here,
the plurality of data signals D[1]-D[m] include a plurality
of red data signals corresponding to the red subpixels R,
a plurality of blue data signals corresponding to the blue
subpixels B, and a plurality of green data signals corre-
sponding to the green subpixels G.

[0037] The data driver 130 outputs the plurality of red,
green, and blue data signals corresponding to the plu-
rality of pixels PX through a plurality of output lines
DOI[1]-DO[s]. Here, the data driver 130 outputs at least
two data signals among the plurality of red, green, and
blue data signals through a plurality of first output lines
among the plurality of output lines DO[1]-DQO[s], and out-
puts the remaining data signals through a plurality of sec-
ond output lines.

[0038] The datadriver 130 according to the first exem-
plary embodiment of the present invention outputs the
red data signals and the blue data signals through the
first output lines, and outputs the green data signals
through the second output lines.

[0039] The datadriver 130 may sequentially output the
red data signals and the blue data signals. Also, the data
driver 130 may output the green data signals to have a
period overlapping the red data signals or the blue data
signals by a predetermined time. For example, a green
data signal may be output during the same time as a
corresponding red data signal, or may be output during
a time in which the corresponding red data signal and a
corresponding blue data signal are output.

[0040] Thatis, the data driver 130 may output the red
and blue data signals to the first output lines and the
green data signals to the second output lines such that
corresponding red data signals and blue data signals are
output sequentially, and the green data signals are output
to overlap the corresponding red data signals or the blue
data signals. An exemplary embodiment of the present
invention is not limited thereto, and will be described
through following exemplary embodiments.

[0041] The data distribution unit 140 is coupled be-
tween a plurality of output lines DO[1]-DO[s] and a plu-
rality of data lines DL[1]-DL[m], and distributes a plurality
of data signals D[1]-D[m] to a plurality of data lines
DL[1]-DL[m] according to the first to third clock signals
CLA, CLB, and CLC. Here, the plurality of data lines
DL[1]-DL[m] include capacitive elements, for example
capacitors Cr, Cg, and Cb to store the voltage corre-
sponding to the red, green, and blue data signals.
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[0042] The data distribution unit 140 according to an
exemplary embodiment of the present invention sequen-
tially transmits a plurality of red and blue data signals
transmitted through the plurality of first output lines to a
plurality of data lines coupled to the red and blue subpix-
els R and B among the plurality of data lines DL[1]-DL[m]
according to the first and second clock signals CLA and
CLB. Also, the data distribution unit 140 transmits the
green data signal transmitted through the plurality of the
second output lines to the plurality of data lines coupled
to the green subpixel G among the plurality of data lines
DL[1]-DL[m] according to a third clock signal CLC.
[0043] For this, the data distribution unit 140 includes
aplurality of demultiplexers 142 respectively correspond-
ing to the plurality of pixels PX. The plurality of demulti-
plexers 142 respectively couple two output lines to three
data lines coupled to the red, green, and blue subpixels
R, G, and B of the corresponding pixel PX according to
the first to third clock signals CLA, CLB, and CLC.
[0044] Thesignal controller 150 receives externalinput
data InD and a synchronization signal and generates the
first and second driving control signals CONT1 and
CONT2, the first to third clock signals CLA, CLB, and
CLC, and image data RGB. Here, the synchronization
signal includes a horizontal synchronization signal
Hsync, a vertical synchronization signal Vsync, and a
main clock signal MCLK.

[0045] The signal controller 150 divides the external
input data InD by a frame unit according to the vertical
synchronization signal Vsync. Also, the signal controller
150 divides the external input data InD by the scan line
unit according to the horizontal synchronization signal
Hsync to generate the image data RGB.

[0046] A horizontal period according to an exemplary
embodiment of the present invention includes a writing
period in which the red, green, and blue data signals are
respectively stored in the capacitors Cr, Cg, and Cb and
a scan period in which the red, green, and blue data sig-
nals respectively stored in the capacitors Cr, Cg, and Cb
are transmitted to the corresponding data lines. The sig-
nal controller 150 transmits the first to third clock signals
CLA, CLB, and CLC that are activated during the writing
period to the data distribution unit 140.

[0047] Thesignal controller 150 may alternately output
the first and second clock signals CLA and CLB during
the writing period to not overlap the activation periods
with each other. Also, the signal controller 150 may make
the first clock signal CLA or the second clock signal CLB
overlap the activation period of the third clock signal CLC
(e.g., by a predetermined amount of time).

[0048] FIG. 2 is a schematic diagram of the demulti-
plexer 142 shown in FIG. 1 according to an exemplary
embodiment.

[0049] Referring to FIG. 2, the demultiplexer 142 ac-
cording to an exemplary embodiment of the present in-
vention includes first and second buffers A1 and A2 and
firstto third switches M1-M3. Here, the first to third switch-
es M1-M3 include a PMOSFET as a p-channel-type tran-
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sistor, and an exemplary embodiment of the present in-
vention is not limited thereto.

[0050] The first buffer A1 is coupled to the output line
DO[s-1] to buffer and output the data signal input through
the output line DOJ[s-1]. The second buffer A2 is coupled
to the output line DOJ[s] to buffer and output the data
signal input through the output line DO[s].

[0051] The first switch M1 is coupled between the out-
put terminal of the first buffer A1 and the data line DL[m-
2] to be turned on by the first clock signal CLA. The sec-
ond switch M2 is coupled between the output terminal of
the first buffer A1 and the data line DL[m] to be turned
on by the second clock signal CLB.

[0052] The third switch M3 is coupled between the out-
put terminal of the second buffer A2 and the data line
DL[m-1] to be turned on by the third clock signal CLC.
That is, the red and blue data signals are sequentially
transmitted to the data lines DL[m-2] and DL[m] through
the output line DO[s-1] and the green data signal is trans-
mitted to the data line DL[m-1] through the output line
DOJs].

[0053] FIG. 3 is a timing diagram of a driving method
of an organic light emitting diode (OLED) display accord-
ing to the first exemplary embodiment of the present in-
vention.

[0054] Referring to FIG. 3, firstly, the signal controller
150 activates and outputs thefirst clock signal CLA during
the writing period Tw at P1. Thus, the switch M1 is turned
on by the first clock signal CLA, and the output line DO[s-
1] and the data line DL[m-2] are coupled.

[0055] At this time, the data driver 130 outputs the red
data signal through the output line DO[s-1]. The output
red data signal is transmitted to the data line DL[m-2] and
the capacitor Cr is charged with the voltage correspond-
ing to the red data signal.

[0056] Concurrently with the red data signal, (e.g., si-
multaneously), the signal controller 150 activates and
outputs the third clock signal CLC. Thus, the switch M3
is turned on by the third clock signal CLC, and the output
line DOJ[s] and the data line DL[m-1] are coupled. At this
time, the data driver 130 outputs the green data signal
through the output line DO[s]. The output green data sig-
nal is transmitted to the data line DL[m-1] and the capac-
itor Cg is charged with the voltage corresponding to the
green data signal.

[0057] In this state, the signal controller 150 deacti-
vates the first and third clock signals CLA and CLC and
activates the second clock signal CLB at P2. Accordingly,
the switches M1 and M3 are turned off and the switch
M2 is turned on.

[0058] Thus, the output line DOJ[s-1] is coupled to the
data line DL[m]. At this time, the data driver 130 outputs
the blue data signal. The output blue data signal is trans-
mitted to the data line DL[m] and the capacitor Cb is
charged with the voltage corresponding to the blue data
signal.

[0059] Next, the signal controller 150 deactivates the
second clock signal CLB and the switch M2 is turned off.
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That is, during the writing period Tw, the red and blue
data signals are sequentially written to the capacitors Cr
and Cb, and the green data signal is concurrently (e.g.,
simultaneously) written to the capacitor Cg. Accordingly,
by concurrently (e.g., simultaneously) writing two data
signals during the 1/2 period of the writing period Tw,
sufficient data writing time may be obtained.

[0060] Next, during the scan period Ts, the scan signal
S[1] is supplied to the scan line SL[1]. Thus, the voltage
charged to the capacitors Cr, Cg, and Cb is transmitted
to the data lines coupled to the red, green, and blue sub-
pixels R, G, and B, respectively. Accordingly, the red,
green, and blue subpixels R, G, and B emit the light.
[0061] Likewise, during the writing period Tw of the
next horizontal period 2H, the red data signal and green
data signal are concurrently (e.g., simultaneously) writ-
ten to the capacitors Cr and Cg, and the blue data signal
is written to the capacitor Cb after the writing of the red
data signal is completed. Also, the scan signal S[2] is
supplied to the scan line SL[2] during the scan period Ts,
and the voltage charged to the capacitors Cr, Cg, and
Cb is transmitted to the data lines coupled to the red,
green, and blue subpixels R, G, and B, respectively, such
that the red, green, and blue subpixels R, G, and B emit
light.

[0062] FIG. 4 is a timing diagram of a driving method
of an organic light emitting diode (OLED) display accord-
ing to a second exemplary embodiment of the present
invention.

[0063] Referring to FIG. 4, the driving method accord-
ing to the second exemplary embodiment of the present
invention is different from the firstexemplary embodiment
shown in FIG. 3 in the point that the activation period of
the third clock signal CLC overlaps the activation period
of both the first clock signal CLA and the second clock
signal CLB.

[0064] That is, the activation period of the third clock
signal CLC is more than double the first clock signal CLA
or the second clock signal CLB. Accordingly, the writing
time of the green data signal may be obtained more than
double the writing time of the red and blue data signals.
For example, when the pixels PX are arranged with an
R/G/B/G pentile structure such that a data loading time
for the green subpixel G is relatively long, the writing time
of the green data signal may be obtained by controlling
the activation period of the third clock signal CLC.
[0065] FIG. 5A and FIG. 5B are timing diagrams of a
driving method of an organic light emitting diode (OLED)
display according to a third exemplary embodiment of
the present invention. FIG. 5A and FIG. 5B are views to
explain a method of dividing one frame into an odd-num-
bered frame and an even-numbered frame and sequen-
tially driving the odd-numbered frame and the even-num-
bered frame, where FIG. 5A shows the odd-numbered
frame and FIG. 5B shows the even-numbered frame.
[0066] Referringto FIG.5A and FIG. 5B, the scan driv-
er 120 according to the third exemplary embodiment of
the present invention sequentially supplies the scan sig-
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nal corresponding to the even-numbered scan lines
among the plurality of scanlines SL[1]-SL[n] and sequen-
tially supplies the scan signal corresponding to the odd-
numbered scan lines during one frame as two time op-
erations. Here, the signal controller 150 may differently
output the activation period Pe of the first clock signal
CLA (or the second clock signal CLB) in the even-num-
bered frame from the activation period Po in the odd-
numbered frame.

[0067] Forexample, the activation period Po of the first
clock signal CLA in the odd-numbered frame may be de-
termined to be larger than the activation period Pe of the
first clock signal CLA in the even-numbered frame. Also,
in the odd-numbered frame, the second clock signal CLB
may be determined to be the same or substantially the
same as the activation period Pe of the first clock signal
CLA of the even-numbered frame, and may be deter-
mined to be the same or substantially the same as the
activation period Po of the first clock signal CLA of the
even-numbered frame in the odd-numbered frame. That
is, in the even-numbered frame and the odd-numbered
frame, the sum of the activation period of the first clock
signal CLA and the sum of the activation period of the
second clock signal CLB may be determined to be the
same or substantially the same.

[0068] As described above, by sequentially writing the
red data signal and the blue data signal during the writing
period, the writing time of the red data signal (or the blue
datasignal)is relatively reduced such thatthe data writing
time is increased (e.g., by a predetermined amount of
time) in the even-numbered frame or the odd-numbered
frame, thereby entirely increasing the time of writing the
red data signal (or the blue data signal) during one frame
compared with FIG. 3.

[0069] FIG.6isaviewofan organiclightemitting diode
(OLED) display according to the second exemplary em-
bodiment of the present invention.

[0070] Referring to FIG. 6, an organic light emitting di-
ode (OLED) display 200 according to the second exem-
plary embodiment of the present invention includes a dis-
play unit 110, a scan driver 220, a data driver 130, a data
distribution unit 140, and a signal controller 250. Here,
the display unit 110, the data driver 130, and the data
distribution unit 140 are the same as those of FIG. 1 such
that the same reference numerals are used for conven-
ience of the description, and the detailed description is
omitted.

[0071] The scan driver 220 generates a plurality of first
and second scan signals Sr[1]-Sr[n] and Sg[1]-Sg[n] ac-
cording to the first driving control signal CONT1. The scan
driver 220 sequentially transmits a plurality of first and
second scan signals Sr[1]-Sr[n] and Sg[1]-Sg[n] to first
and second corresponding scan lines SLr[1]-SLr[n] and
SLg[1]-SLgIn].

[0072] Here, the first scan lines SLr[i]-SLr[n] are cou-
pled to the red and blue subpixels R and B of each pixel
PX, and the second scan lines SLg[1]-SLg[n] are coupled
to the green subpixel G. The scan driver 220 according
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to the second exemplary embodiment of the present in-
vention may determines a longer scan-on time of the plu-
rality of second scan signals Sg[1]-Sg[n] than that of the
plurality of first scan signals Sr[1]-Sr[n].

[0073] The signal controller 250 transmits the first to
third clock signals CLA, CLB, and CLC that are activated
during the writing period to the data distribution unit 140.
The signal controller 250 may alternately output the first
and second clock signals CLA and CLB during the writing
period, such that the activation period of the first and
second clock signals CLA and CLB are not overlapped.
Also, the signal controller 250 delays and outputs the
third clock signal CLC rather than the first clock signal
CLA (e.g., by a predetermined time).

[0074] The signal controller 250 delays and outputs
the third clock signal CLC by a scan-on time difference
between a plurality of the second scan signals
Sg[1]-Sg[n] and a plurality of the first scan signals
Sr[1]-Sr[n]. An exemplary embodiment of the present in-
vention is not limited thereto, and when transmission tim-
ing of a plurality of the second scan signals Sg[1]-Sg[n]
is faster than that of a plurality of the first scan signals
Sr[1]-Sr[n], the signal controller 250 may activate and
output the third clock signal CLC earlier than the first
clock signal CLA. The activation period of the third clock
signal CLC may be output to overlap the first clock signal
CLA or the second clock signal CLB (e.g., by a predeter-
mined amount of time).

[0075] FIG. 7 is a timing diagram of a driving method
of an organic light emitting diode (OLED) display accord-
ing to a fourth exemplary embodiment of the present in-
vention.

[0076] Referring to FIG. 7, firstly, the signal controller
150 activates and outputs the first clock signal CLA during
the writing period TwatP11. Thus, the switch M1 is turned
on by the first clock signal CLA, and the output line DO[s-
1] and the data line DL[m-2] are coupled.

[0077] At this time, the data driver 130 outputs the red
data signal through the output line DO[s-1]. The output
red data signal is transmitted to the data line DL[m-2] and
the capacitor Cr is charged with the voltage correspond-
ing to the red data signal.

[0078] Next, the signal controller 150 activates and out-
puts the third clock signal CLC at P12. Thus, the switch
M3 is turned on by the third clock signal CLC and the
output line DO[s] is coupled to the data line DL[m-1]. At
this time, the data driver 130 outputs the green data signal
through the output line DOJ[s]. The output green data sig-
nal is transmitted to the data line DL[m-1] and the capac-
itor Cg is charged with the voltage corresponding to the
green data signal.

[0079] In this state, the signal controller 150 deacti-
vates the first and third clock signals CLA and CLC and
activates the second clock signal CLB at P13. Accord-
ingly, the switches M1 and M3 are turned off and the
switch M2 is turned on. Thus, the output line DOJ[s-1] is
coupled to the data line DL[m].

[0080] Atthis time, the data driver 130 outputs the blue
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data signal. The output blue data signal is transmitted to
the data line DL[m] and the capacitor Cb is charged with
the voltage corresponding to the blue data signal. Next,
the signal controller 150 deactivates the second clock
signal CLB and the switch M2 is turned off.

[0081] Next, the scansignal Sr[i]is supplied to the scan
line SLr[i] during the scan period Ts. Thus, the voltage
charged to the capacitors Cr and Cb is transmitted to the
data lines that are coupled to the red and blue subpixels
R and B. Concurrently with the scan signal Sri] (e.g.,
simultaneously), the scan signal Sg[1] is supplied to the
scan line SLg[1]. Thus, the voltage charged to the ca-
pacitor Cg is transmitted to the data line coupled to the
green subpixel G. At this time, the duration of the scan-
ontime of the scan signal Sg[1]is longer than the duration
of the scan-on time of the scan signal Sr[1]. That is, the
duration of the scan-on time for the green subpixel G is
longer than that of the red and blue subpixels R and B
such that a data compensation time for the green subpixel
G in which the visibility for the spots is relatively high may
be sufficiently obtained.

[0082] Also, after the scan of the scan line SLg[1] is
completed during the writing period Tw of the next hori-
zontal period 2H, the third clock signal CLC is delayed
compared to the first clock signal CLA by an amount of
time Td and is output such that a margin between the
scan period and the writing period may be obtained. The
time Td may be equal or substantially equal to the differ-
ence between a duration of the scan-on times of the scan
signal Sr{i] and the scan signal Sg[1].

[0083] FIG. 8 is a schematic diagram of the demulti-
plexer 142 shown in FIG. 1 according to another exem-
plary embodiment.

[0084] Referring to FIG. 8, the demultiplexer 142 ac-
cording to the current exemplary embodiment of the
present invention includes first and second buffers A11
and A12 and first to third switches M11-M13. Here, the
first to third switches M11-M13 include the PMOSFET
as the p-channel-type transistor, and an exemplary em-
bodiment of the present invention is not limited thereto.
[0085] The first buffer A11 is coupled to the output line
DO[s-1] to buffer and output the data signal input through
the output line DOJ[s-1]. The second buffer A12is coupled
to the output line DOJ[s] to buffer and output the data
signal input through the output line DO[s].

[0086] The firstswitch M11 is coupled between the out-
put terminal of the first buffer A11 and the data line DL[m-
2] to be turned on by the first clock signal CLA. The sec-
ond switch M2 is coupled between the output terminal of
the first buffer A11 and the data line DL[m] to be turned
on by the third clock signal CLC.

[0087] The third switch M13 is coupled between the
output terminal of the second buffer A12 and the data
line DL[m-1] to be turned on by the second clock signal
CLB. Thatis, the red and green data signals are sequen-
tially transmitted to the data lines DL[m-2] and DL[m]
through the output line DO[s-1], and the blue data signal
is transmitted to the data line DL[m-1] through the output



13 EP 2772 899 A1 14

line DO[s].

[0088] FIG. 9 is a timing diagram of a driving method
of an organic light emitting diode (OLED) display accord-
ing to the fifth exemplary embodiment of the present in-
vention, and is a case of applying the demultiplexer 142
shown in FIG. 8.

[0089] Referring to FIG. 9, in the driving method ac-
cording to the fifth exemplary embodiment of the present
invention, the red and green data signals are sequentially
output. That is, differently from the driving method de-
scribed in FIG. 3, the red data signal and the blue data
signal are concurrently (e.g., simultaneously) output and
the green data signal is output after the red data signal
is output.

[0090] FIG. 10 is a view of an organic light emitting
diode (OLED) display according to the third exemplary
embodiment of the present invention.

[0091] Referring to FIG. 10, an organic light emitting
diode (OLED) display 300 according to the first exem-
plary embodiment of the present invention includes a dis-
play unit 110, a scan driver 120, a data driver 130, a data
distribution unit 340, and a signal controller 350. Here,
the display unit 110, the scan driver 120, and the data
driver 130 are the same as those of FIG. 1 such that the
same reference numerals are used for convenience of
description, and the detailed description is omitted.
[0092] The data distribution unit 340 receives the first
and second clock signal CLA and CLB from the signal
controller 350 and respectively transmits a plurality of
data signals D[1]-D[m] transmitted through the output
lines DO[1]-DOJs] of the data driver 130 to a plurality of
data lines DL[1]-DL[m]. Here, the plurality of data lines
DL[1]-DL[m] include the capacitors Cr, Cg, and Cb to
store the voltages corresponding to the red, green, and
blue data signals.

[0093] Thedatadistribution unit340includes a plurality
of demultiplexers 342 transmitting three data signals
transmitted from two output lines of the data driver 130
to the red, green, and blue subpixels R, G, and B, re-
spectively. Here, the demultiplexers 342 are respectively
coupled between two output lines DO[s-1] and DO[s] and
three data lines DL[m-2], DL[m-1], and DL[m], and se-
quentially couple the output line DO[s-1] to the data lines
DL[m-2] and DL[m] according to the first and second
clock signals CLA and CLB.

[0094] The signal controller 350 transmits the first and
second clock signals CLA and CLB to the data distribution
unit 340 during the writing period. Here, the signal con-
troller 350 alternately outputs the first and second clock
signals CLA and CLB during the writing period, and the
activation periods of the first and second clock signals
CLA and CLB may be output to not overlap each other.
[0095] FIG. 11 is a schematic diagram of the demulti-
plexer 342 of FIG. 10 according to an exemplary embod-
iment.

[0096] Referring to FIG. 11, the demultiplexer 342 ac-
cording to an exemplary embodiment of the present in-
vention includes first and second buffers A21 and A22
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and first and second switches M21 and M22. Here, the
first and second switches M21 and M22 include the
PMOSFET as the p-channel-type transistor, and an ex-
emplary embodiment of the present invention is not lim-
ited thereto. The first buffer A21 is coupled to the output
line DO[s-1] to buffer and output the data signal input
through the output line DO[s-1]. The second buffer A22
is coupled to the output line DOJ[s] to buffer and output
the data signal input through the output line DO[s].
[0097] Thefirstswitch M21 is coupled betweenthe out-
put terminal of the first buffer A21 and the data line DL[m-
2] to be turned on by the first clock signal CLA. The sec-
ond switch M22 is coupled between the output terminal
of the first buffer A21 and the data line DL[m] to be turned
on by the second clock signal CLB.

[0098] Accordingly, the red and blue data signals are
sequentially transmitted to the data lines DL[m-2] and
DL[m] through the output line DO[s-1], and the green
data signal is transmitted to the data line DL[m-1] through
the output line DO[s]. That is, the demultiplexer 342 ac-
cording to the present exemplary embodiment of the
present invention does not receive a separate clock sig-
nal for the output line DO[s] without the change of the
data signal, and transmits the output of the data driver
130 to the data line DL[m-1] as it is.

[0099] FIG. 12is a timing diagram of a driving method
of an organic light emitting diode (OLED) display accord-
ing to the sixth exemplary embodiment of the present
invention as a case of applying the demultiplexer 342
shown in FIG. 11.

[0100] Referring to FIG. 12, firstly, the switch M21 is
turned on by the first clock signal CLA, and the output
line DO[s-1] and the data line DL[m-2] are coupled. At
this time, the data driver 130 outputs the red data signal
through the output line DO[s-1]. Thus, the red data signal
is transmitted to the data line DL[m-2].

[0101] Simultaneously, the green data signal is output
through the output line DOJ[s] from the data driver 130,
is buffered by the second buffer A22, and is transmitted
to the data line DL[m-1].

[0102] Next, the first clock signal CLA is deactivated
such that the switch M21 is turned off, and the switch
M22 is turned on by the second clock signal CLB such
that the output line DOJ[s-1] is coupled to the data line
DL[m]. At this time, the data driver 130 outputs the blue
data signal through the output line DOJ[s-1]. Thus, the
blue data signal is transmitted to the data line DL[m].
[0103] Next, the data signal output to the data lines
DL[m-2], and DL[m-1], and DL[m] is charged to the ca-
pacitors Cr, Cg, and Cb. During the scan period Ts, the
scan signals S[1]-S[n] are sequentially supplied to a plu-
rality of scan lines SL[1]-SL[n]. Thus, the data signal
charged to the capacitors Cr, Cg, and Cb is transmitted
to the red, green and blue subpixels R, G, and B of the
pixel PX coupled to each of the scan lines SL[1]-SL[n].
Accordingly, the red, green, and blue subpixels R, G, and
B emit light.

[0104] Likewise, thered datasignalandthe greendata
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signal are also written with the same timing during the
next horizontal period 2H, and the blue data signal is
sequentially written after the red data signal is written.
[0105] FIG. 13 is a schematic diagram of the demulti-
plexer 342 of FIG. 10 according to another exemplary
embodiment.

[0106] Referring to FIG. 13, the demultiplexer 342 ac-
cording to another exemplary embodiment of the present
invention includes first and second buffers A31 and A32
and first and second switches M31 and M32. Here, the
first and second switches M31 and M32 include the
PMOSFET of the p-channel-type transistor, and an ex-
emplary embodiment of the present invention is not lim-
ited thereto. The first buffer A31 is coupled to the output
line DOJ[s-1] such that the data signal input through the
output line DO[s-1] is buffered and output. The second
buffer A32 is coupled to the output line DO[s] such that
the data signal input through the output line DO[s] is buff-
ered and output.

[0107] Thefirst switch M31is coupled between the out-
put terminal of the first buffer A31 and the data line DL[m-
2] and is turned on by the first clock signal CLA. The
second switch M32 is coupled between the output termi-
nal of the first buffer A31 and the data line DL[m-1] and
is turned on by the second clock signal CLB. Accordingly,
the red and green data signals are sequentially transmit-
ted to the data lines DL[m-2] and DL[m-1] through the
outputline DO[s-1] and the blue data signal is transmitted
to the data line DL[m] through the output line DO[s].
[0108] FIG. 14 is a timing diagram of a driving method
of an organic light emitting diode (OLED) display accord-
ing to the seventh exemplary embodiment of the present
invention as a case of applying the demultiplexer 342
shown in FIG. 13.

[0109] Referringto FIG. 14, the driving method accord-
ing to the seventh exemplary embodiment of the present
invention sequentially outputs the red and green data
signals. Thatis, differently from the driving method shown
in FIG. 12, the red data signal and the blue data signal
are concurrently (e.g., simultaneously) output, and the
green data signal is output after the red data signal is
output.

[0110] While this invention has been described in con-
nection with what are presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
scope of the appended claims.

Claims

1.  Anorganic light emitting diode (OLED) display com-
prising:

adisplay unit comprising a plurality of data lines,
a plurality of scan lines, and a plurality of pixels
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coupled to corresponding data lines and corre-
sponding scan lines;

a scan driver configured to supply a plurality of
scan signals to the scan lines;

a data driver configured to:

outputa plurality of first data signals through
a plurality of first output lines,

output a plurality of second data signals
through the first output lines, and

output a plurality of third data signals
through a plurality of second output lines,
wherein the first data signals represent a
first colour, the second data signals repre-
senta second colour, and the third data sig-
nals represent a third colour; and

a data distribution unit configured to:

transmit the first data signals to a plurality of cor-
responding first data lines according to a first
clock signal,

transmit the second data signals to a plurality of
corresponding second data lines according to a
second clock signal, and

transmit the third data signals to a plurality of
corresponding third data lines.

2. The OLED display of claim 1, wherein
a horizontal period comprises:

awriting period in which a corresponding voltage
of the first to third data signals are respectively
stored in first to third capacitive elements, and
a scan period in which the corresponding volt-
age of the first to third data signals stored in the
first to third capacitive elements are transmitted
to the corresponding data lines, and

wherein the data driver is further configured to:

sequentially output the first data signal and the sec-
ond data signal during the writing period, and where-
in the data driver may output the third data signal to
overlap with at least one of the first data signal or
the second data signal.

3. The OLED display of claim 2, further comprising a
signal controller configured to output the first and
second clock signals having sequential activation
periods, respectively, during the writing period.

4. The OLED display of claim 3, wherein
the signal controller is configured to output the first
clock signal and the second clock signal such that
an activation period of the first clock signal does not
overlap with an activation period of the second clock
signal.

5. The OLED display of claim 3 or 4, wherein
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each frame comprises an even-numbered frame and
an odd-numbered frame, and

the signal controller is configured to output the first
clock signal having an activation period of the even-
numbered frame that is different from an activation
period of the odd-numbered frame.

The OLED display of claim 5, wherein

the signal controller is configured to output the sec-
ond clock signal having an activation period of the
even-numbered frame that is different from an acti-
vation period of the odd-numbered frame.

The OLED display of any one of claims 3 to 6, where-
in

the signal controller is configured to output a third
clock signal having an activation period overlapping
an activation period of at least one of the first clock
signal and the second clock signal during the writing
period.

The OLED display of claim 7, wherein

the data distribution unit is configured to transmit the
third data signal to the third data lines according to
the third clock signal.

The OLED display of claim 8, wherein

the data distribution unit comprises first and second
switches configured to be turned on according to the
firstand second clock signals, respectively, to selec-
tively couple the first output line to one of the corre-
sponding first and second data lines.

The OLED display of claim 9, wherein

the data distribution unit comprises a third switch
configured to be turned on according to the third
clock signal to selectively couple the second output
line to the corresponding third data line.

The OLED display of any one of claims 7 to 10,
wherein
each of the pixels comprises:

afirst subpixel configured to emit light according
to the first data signal, a second subpixel con-
figured to emit light according to the second data
signal, and a third subpixel configured to emit
light according to the third data signal; and

a plurality of scan lines comprising:

a plurality of first scan lines coupled to the
first and second subpixels, and

a plurality of second scan lines coupled to
the third subpixel.

The OLED display of claim 11, wherein
the third subpixel is configured to emit green light,
and
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the scan driver is configured to output a scan-on pe-
riod of the second scan signal supplied to the second
scan line, wherein the scan-on period of the second
scan signal is longer than a scan-on period of the
first scan signal supplied to the first scan line.

The OLED display of claim 12, wherein

the signal controller is configured to delay the acti-
vation period of the third clock signal with respect to
the activation period of the first clock signal by a dif-
ference between a duration of the scan-on period of
the first scan signal and a duration of the scan-on
period of the second scan signal.

A method of driving an organic light emitting diode
(OLED) display according to any one of the preced-
ing claims,

the method comprising:

sequentially outputting a first data signal repre-
senting a first colour and a second data signal
representing asecond colour tofirst outputlines;
outputting a third data signal representing a third
colour to second output lines;

transmitting the first data signal to first data lines
according to a first clock signal;

transmitting the second data signal to the sec-
ond data lines according to a second clock sig-
nal; and

transmitting the third data signal to third data
lines,.

The method of claim 14, wherein the third data signal
may overlap with one of the first and second data
signals;

and/or wherein a horizontal period comprises:

a writing period in which a voltage of each of the
first to third data signals are respectively stored
in first to third capacitive elements, and

a scan period in which the voltages stored to the
first to third capacitive elements are transmitted
to corresponding data lines, and

the method further comprises outputting the first
and second clock signals such that the first and
second clock signals have sequential activation
periods, respectively, during the writing period,
and/or wherein

in the outputting of the first and second clock
signals,

activation periods of the first and second clock
signals do not overlap each other,

wherein the method may further comprise:

outputting a third clock signal comprising an activa-
tion period that overlaps an activation period of one
ofthefirstand second clock signals during the writing
period.
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Amended claims in accordance with Rule 137(2) of the first data signal or the second data

1. An organic light emitting diode OLED (100) display

EPC. signal.

3. The OLED display of claim 2, further comprising

comprising: 5 a signal controller (150) configured to output the first
and second clock signals having sequential activa-
adisplay unit (110) comprising a plurality of data tion periods (P1, P2), respectively, during the writing
lines (DL[n]), a plurality of scan lines (SL[n]), and period.
a plurality of pixels (PX) coupled to correspond-
ing data lines and corresponding scan lines; 10 4. The OLED display of claim 3, wherein
a scan driver (120) configured to supply a plu- the signal controller is configured to output the first
rality of scan signals (S[n], Sr[n], Sg[n], Sb[n]) clock signal and the second clock signal such that
to the scan lines; an activation period of the first clock signal does not
a data driver (130) configured to: overlap with an activation period of the second clock
15 signal.
output a plurality of first data signals through
a plurality of first output lines (DO[s-1]), 5. The OLED display of claim 3 or 4, wherein
output a plurality of second data signals eachframe comprises an even-numbered frame and
through the first output lines, and an odd-numbered frame, and
output a plurality of third data signals 20 the signal controller is configured to output the first
through a plurality of second output lines clock signal having a first activation period (Pe) for
(DOs)), the even-numbered frame and output the first clock
wherein the first data signals represent a signal having a second activation period (Po) for the
first colour, the second data signals repre- odd-numbered frame, wherein the first activation pe-
sent a second colour, and the third data sig- 25 riod is different to the second activation period.
nals represent a third colour; and
a data distribution unit (140) configured to: 6. The OLED display of claim 5, wherein
the signal controller is configured to output the sec-
transmit the first data signals to a plu- ond clock signal having a third activation period for
rality of corresponding first data lines 30 the even-numbered frame and output the second
(DL[m-2]) according to a first clock sig- clock signal having a fourth activation period for the
nal (CLA), odd-numbered frame, wherein the third activation
transmit the second data signals to a period is different to the fourth activation period.
plurality of corresponding second data
lines (DL[m]) according to a second 35 7. The OLED display of any one of claims 3 to 6,
clock signal (CLB), and wherein
transmit the third data signals to a plu- the signal controller is configured to output the third
rality of corresponding third data lines clock signal having an activation period (P12) over-
(DL[m-1]) according to a third clock sig- lapping an activation period of at least one of the first
nal (CLC). 40 clock signal and the second clock signal during the
writing period.
2. The OLED display of claim 1, wherein
a horizontal period (1H) comprises: 8. The OLED display of claim 1, wherein
the data distribution unit comprises first and second
a writing period (Tw) in which a corresponding 45 switches (M1, M2) configured to be turned on ac-
voltage of the first to third data signals are re- cording to the first and second clock signals, respec-
spectively stored in first to third capacitive ele- tively, to selectively couple the first output line to one
ments (Cr, Cg, Cb), and of the corresponding first and second data lines.
a scan period (Ts) in which the corresponding
voltage of the first to third data signals stored in 50 9. The OLED display of claim 8, wherein
the first to third capacitive elements are trans- the data distribution unit comprises a third switch
mitted to the corresponding data lines, and (M3) configured to be turned on according to the third
wherein the data driver is further configured to: clock signal to selectively couple the second output
line to the corresponding third data line.
55

sequentially output the first data signal and
the second data signal during the writing pe-
riod, and wherein the data driver outputs the
third data signal to overlap with at least one

1"

10. The OLED display of any one of claims 7 to 9,
wherein
each of the pixels comprises:
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a first subpixel (R) configured to emit light ac-
cording to the first data signal, a second subpixel
(B) configured to emit light according to the sec-
ond data signal, and a third subpixel (G) config-
ured to emit light according to the third data sig-
nal; and

a plurality of scan lines comprising:

a plurality of first scan lines (SLr[n]) coupled
to the first and second subpixels, and
aplurality of second scan lines (SLg[n]) cou-
pled to the third subpixel.

11. The OLED display of claim 10, wherein

the third subpixel is configured to emit green light,
and

the scan driver is configured to output a scan-on pe-
riod of the second scan signal supplied to the second
scan line, wherein the scan-on period of the second
scan signal is longer than a scan-on period of the
first scan signal supplied to the first scan line.

12. The OLED display of claim 11, wherein

the signal controller is configured to delay the acti-
vation period of the third clock signal with respect to
the activation period of the first clock signal by a dif-
ference (Td) between a duration of the scan-on pe-
riod of the first scan signal and a duration of the scan-
on period of the second scan signal.

13. A method of driving an organic light emitting di-
ode (OLED) display according to any one of the pre-
ceding claims,

the method comprising:

sequentially outputting a first data signal repre-
senting a first colour and a second data signal
representing a second colour tofirstoutputlines;
outputting a third data signal representing a third
colour to second output lines;

transmitting the first data signal to first data lines
according to a first clock signal;

transmitting the second data signal to the sec-
ond data lines according to a second clock sig-
nal; and

transmitting the third data signal to third data
lines according to a third clock signal.

14. The method of claim 13, wherein the third data
signal overlaps with one of the first and second data
signals;

and/or wherein a horizontal period comprises:

a writing period in which a voltage of each of the
first to third data signals are respectively stored
in first to third capacitive elements, and

a scan period in which the voltages stored to the
first to third capacitive elements are transmitted
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to corresponding data lines, and

the method further comprises outputting the first
and second clock signals such that the first and
second clock signals have sequential activation
periods, respectively, during the writing period,
and/or wherein

in the outputting of the first and second clock
signals,

activation periods of the first and second clock
signals do not overlap each other,

wherein the method further comprises:

outputting a third clock signal comprising an
activation period that overlaps an activation
period of one of the first and second clock
signals during the writing period.
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