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(54) Organic light emitting diode display and driving method thereof

(57) An organic light emitting diode display and a
driving method thereof, has an image displayed with uni-
form brightness. The method of driving a organic light
emitting diode display, includes dividing one frame into

one or more sub-frames, and supplying scan signals in
sequence to some of plural scan lines provided in a pixel
portion per sub-frame. The scan lines receiving the scan
signals are differently set per sub-frame. With this con-
figuration, an image is displayed with uniform brightness.
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Description

CLAIM OF PRIORITY

[0001] This application makes reference to, incorpo-
rates the same herein, and claims all benefits accruing
under 35 U.S.C. §119 from an application for LIGHT
EMITTING DISPLAY AND DRIVING METHOD THERE-
OF earlier filed in the Korean Intellectual Property Office
on 24 December 2004 and there duly assigned Serial
No. 2004-112517.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an organic light
emitting diode display and a driving method thereof, and
more particularly, to an organic light emitting diode dis-
play and a driving method thereof, in which an image is
displayed with uniform brightness.

2. Description of the Related Art

[0003] Various flat panel displays have recently been
developed as alternatives to a relatively heavy and bulky
cathode ray tube (CRT) display. The flat panel display
includes a liquid crystal display (LCD), a field emission
display (FED), a plasma display panel (PDP), an organic
light emitting diode display (OLED), etc.
[0004] Among the flat panel displays, the organic light
emitting diode display can emit light for itself by electron-
hole recombination. Such an organic light emitting diode
display has advantages in that response time is relatively
fast and power consumption is relatively low. Generally,
the organic light emitting diode display employs a tran-
sistor provided in each pixel for supplying current corre-
sponding to a data signal to a light emitting device, there-
by allowing the light emitting device to emit light.
[0005] FIG. 1 illustrates a conventional organic light
emitting diode display.
[0006] Referring to FIG. 1, a conventional organic light
emitting diode display includes a pixel portion 30 includ-
ing a plurality of pixels 40 formed in a region defined by
intersection of scan lines S 1 through Sn and data lines
D 1 through Dm; a scan driver 10 to drive the scan lines
S 1 through Sn; a data driver 20 to drive the data lines
D1 through Dm; and a timing controller 50 to control the
scan driver 10 and the data driver 20.
[0007] The scan driver 10 generates scan signals in
response to a scan control signal SCS from the timing
controller 50, and supplies the scan signals to the scan
lines S1 through Sn in sequence. Further, the scan driver
10 generates emission control signals in response to the
scan control signal SCS, and supplies the emission con-
trol signals to emission control lines E1 through En in
sequence.
[0008] The data driver 20 generates data signals in

response to data control signal DCS from the timing con-
troller 50, and supplies the data signals to the data lines
D 1 through Dm. At this time, the data driver 20 supplies
the data signals corresponding to one horizontal line to
the data lines D 1 through Dm per one horizontal period.
[0009] The timing controller 50 generates the data con-
trol signal DCS and the scan control signal SCS corre-
sponding to an external synchronization signal. The data
control signal DCS and the scan control signal SCS are
supplied from the timing controller 50 to the data driver
20 and the scan driver 10, respectively. Further, the tim-
ing controller 50 rearranges external data and supplies
it to the data driver 20.
[0010] The pixel portion 30 receives first power ELVDD
and second power ELVSS from an external power
source, and supplies them to the respective pixels 40.
When the first power ELVDD and the second power
ELVSS are applied to the pixels 40, each pixel 40 displays
an image corresponding to the received data signal.
Here, emission time of each pixel 40 is controlled corre-
sponding to the emission control signal.
[0011] Like the scan signals, the emission control sig-
nals are supplied to the 1st through nth emission control
lines En, in sequence. Here, every pixel 40 included in
the pixel portion 30 does not emit light for a short time
while the emission control signal is not supplied.
[0012] However, the first power ELVDD applied to the
pixel portion 30 varies according to how many pixels 40
emit light, i.e., according to a pattern and brightness of
an image displayed on the pixel portion 30. That is, the
first power ELVDD supplied per frame is differently load-
ed to the pixels 40 according to how many pixels 40 emit
light. For example, when relatively many pixels 40 emit
light during one frame, the relatively high first power
ELVDD is loaded to the pixels 40. On the other hand,
when relatively small pixels 40 emit light during one
frame, the relatively low first power ELVDD is loaded to
the pixels 40. Therefore, voltage difference correspond-
ing to the pattern of an image arises between the pixels
40 receiving the first power ELVDD 40, and thus there is
a problem in that the image is displayed with non-uniform
brightness. Further, due to voltage drop, the voltage of
the first power ELVDD is differently applied to the pixels
40 according to the positions of the pixels 40 formed in
the pixel portion 30, and thus the image is displayed with
non-uniform brightness.

SUMMARY OF THE INVENTION

[0013] Accordingly, it is an aspect of the present in-
vention to provide an organic light emitting diode display
and a driving method thereof, in which an image is dis-
played with uniform brightness.
[0014] It is another aspect of the present invention to
provide an organic light emitting diode display and a driv-
ing method thereof, in which one frame is divided into a
plurality of sub-frames, and pixels receiving data signals
during a sub-frame are maintained in a non-emission
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state, so that pixels are respectively charged with desired
voltages, and thus an image is displayed with uniform
brightness corresponding to the data signal.
[0015] It is yet another aspect of the present invention
to provide an organic light emitting diode display and driv-
ing technique that is efficient, easy to implement, cost
effective.
[0016] The foregoing and/or other aspects of the
present invention are achieved by providing an organic
light emitting diode display capable of dividing one frame
into one or more sub-frames, the organic light emitting
diode display includes: a plurality of scan lines; a plurality
of data lines; a plurality of pixels connected to the scan
lines and the data lines; a scan driver to supply scan
signals in sequence to some of the scan lines per sub-
frame; a data driver to supply data signals corresponding
to the scan signals; and a plurality of first power sources
connected to anode electrodes of light emitting devices
provided in the pixels and provided as the same number
as the sub-frames, with the scan lines receiving the scan
signals are differently set per sub-frame.
[0017] According to an aspect of the invention, the
scan driver supplies the scan signals to 1/i scan lines
among the scan lines provided in the pixel portion per
sub-frame (where, i is the number of sub-frames corre-
sponding to one frame). Further, the data driver supplies
the data signal to the pixels connected to the pixels re-
ceiving the scan signals during each sub-frame.
[0018] Another aspects of the present invention are
achieved by providing a method of driving an organic
light emitting diode display, including: dividing one frame
into one or more sub-frames; and supplying scan signals
in sequence to some of plural scan lines provided in a
pixel portion per sub-frame, with the scan lines receiving
the scan signals are differently set per sub-fraine.
[0019] According to an aspect of the invention, the
scan signals are supplied to 1/i scan lines among the
scan lines provided in the pixel portion per sub-frame
(where, i is the number of sub-frames corresponding to
one frame). Further, data signals are supplied to the pix-
els receiving the scan signals during each sub-frame.
Preferably, the method further includes controlling the
pixels receiving the data signals do not emit light during
the sub-frame for receiving the data signal.
[0020] Still another aspects of the present invention
are achieved by providing a method of driving an organic
light emitting diode display, including: dividing one frame
into three or more sub-frames; and setting some pixels
of a pixel portion as a non-emission state and the rest of
pixels as an emission state per sub-frame.
[0021] According to an aspect of the invention, data
signals are supplied to the pixels set as the non-emission
state during each sub-frame. Here, 1/i pixels among the
pixels provided in the pixel portion do not emit light per
sub-frame (where, i is the number of sub-frames corre-
sponding to one frame). Further, the pixels set as the
non-emission state are different per sub-frame of one
frame.

[0022] Yet other aspects of the present invention are
achieved by providing a method of driving an organic
light emitting diode display, including: dividing one frame
into one or more sub-frames; setting the number of first
power sources connected to an anode electrode of a light
emitting device provided in a pixel to be equal to the
number of sub-frames; and supplying data signals to
some pixels provided in a pixel portion per sub-frame,
with the pixels receiving the data signals do not emit light
during each sub-fraine.
[0023] According to an aspect of the invention, the data
signals are supplied to 1/i pixels among the pixels pro-
vided in the pixel portion per sub-frame (where, i is the
number of sub-frames corresponding to one frame).
Here, the pixels provided in the pixel portion do not emit
light during one or more sub-frames among i sub-frames,
and emit light during the rest of sub-frames. Further, the
pixel portion includes i first power sources, and the pixels
that do not emit light during the same sub-frame are con-
nected to the same first power source among i first power
sources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A more complete appreciation of the invention,
and many of the attendant advantages thereof, will be
readily apparent as the same becomes better understood
by reference to the following detailed description when
considered in conjunction with the accompanying draw-
ings in which like reference symbols indicate the same
or similar components, wherein:
[0025] FIG. 1 is a layout diagram of a conventional
organic light emitting diode display;
[0026] FIG. 2 illustrates a driving method for an organic
light emitting diode display according to an embodiment
of the present invention;
[0027] FIG. 3 shows pixels that do not emit light de-
pending on the driving method illustrated in FIG. 2;
[0028] FIG. 4 is a layout diagram of an organic light
emitting diode display according to a first embodiment of
the present invention;
[0029] FIG. 5 shows waveforms of scan signals sup-
plied from a scan driver of FIG. 4;
[0030] FIG. 6 is a circuit diagram of a pixel according
to an embodiment of the present invention;
[0031] FIG. 7 is a layout diagram of an organic light
emitting diode display according to a second embodi-
ment of the present invention;
[0032] FIG. 8 shows waveforms of control signal sup-
plied to transistors of FIG. 7;
[0033] FIG. 9 is a layout diagram of an organic light
emitting diode display according to a third embodiment
of the present invention;
[0034] FIG. 10 shows waveforms of emission control
signal supplied to emission control lines of FIG. 9;
[0035] FIG. 11 is a layout diagram of an organic light
emitting diode display according to a fourth embodiment
of the present invention;
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[0036] FIG. 12 is a layout diagram of an organic light
emitting diode display according to a fifth embodiment of
the present invention;
[0037] FIG. 13 is a circuit diagram of a pixel according
to another embodiment of the present invention; and
[0038] FIG. 14 illustrates a driving method for the pixel
of FIG. 13.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0039] Hereinafter, preferable embodiments accord-
ing to the present invention will be described with refer-
ence to the accompanying drawings, wherein the pre-
ferred embodiments of the present invention are provided
to be readily understood by those skilled in the art.
[0040] FIG. 2 illustrates a driving method for an organic
light emitting diode display according to an embodiment
of the present invention.
[0041] Referring to FIG. 2, an organic light emitting di-
ode display according to an embodiment of the present
invention is driven dividing one frame F into a plurality of
sub-frames SF. For example, one frame F according to
an embodiment of the present invention is divided into i
sub-frames SF (where, i is a natural number). During
each sub-frame SF, some pixels do not emit light, and
the rest of the pixels emit light. Here, some pixels that do
not emit light receive data signals during the sub-frame
SF.
[0042] According to an embodiment of the present in-
vention, the pixels that receive the data signal, i.e., the
pixels that do not emit light are set differently from each
other during each sub-frame SF of one frame. For exam-
ple, the pixels, which receive the data signal during the
1st sub-frame 1SF, do not receive the data signal during
the 2nd sub-frame 2SF through the ith sub-frame iSF.
That is, the pixels according to an embodiment of the
present invention do not emit light during one sub-frame
among i sub-frames SF, and emit light during the rest of
sub-frames. Alternatively, the pixels according to an em-
bodiment of the present invention may not emit light dur-
ing one or more sub-frames.
[0043] Hence, the number of pixels that do not emit
light during each sub-frame is set as 1/i of the total
number of pixels. For example, if one frame F is divided
into four sub-frames and the total number of pixels pro-
vided in a pixel portion is 4,000, one thousand pixels do
not emit light during each sub-frame. Meanwhile, if one
frame is divided into two sub-frames, a time during which
the pixels do not emit light becomes longer, so that a
flicker is likely to arise. Therefore, it is preferable that one
frame is divided into three or more sub-fraines.
[0044] FIG. 3 shows pixels which do not emit light de-
pending on the driving method illustrated in FIG. 2. For
the sake of convenience and example, it will be herein
below assumed that the pixel portion includes n scan
lines S 1 through Sn and one frame is divided into four
sub-frames SF.

[0045] Referring to FIG. 3, one frame F is divided into
four sub-frames, and thus pixels connected to different
scan lines are set as a non-emission state per sub-frame.
In other words, the pixels corresponding to non-emission
are set differently per sub-frame.
[0046] During the 1st sub-frame 1 SF, the pixels con-
nected to the 1st scan line S1, the 5th scan line S5 ((i+1)th

scan line), the 9th scan line S9 ((2i+1)th scan line), ..., the
(n-3)th scan line Sn-3 are set as the non-emission state.
Further, the data signals are supplied during the 1st sub-
frame 1 SF to the pixels connected to the 1st scan line
S1, the 5th scan line S5, the 9th scan line S9, ..., the (n-
3)th scan line Sn-3.
[0047] During the 2nd sub-frame 2SF, the pixels con-
nected to the 2nd scan line S2, the 6th scan line S6 ((i+2)th

scan line), the 10th scan line S10 ((2i+2)th scan line), ...,
the (n-2)th scan line Sn-2 are set as the non-emission
state. Further, the data signals are supplied during the
2nd sub-frame 2SF to the pixels connected to the 2nd

scan line S2, the 6th scan line S6, the 10th scan line
510, ..., the (n-2)th scan line Sn-2.
[0048] During the 3rd sub-frame 3SF, the pixels con-
nected to the 3rd scan line S3, the 7th scan line S7 ((i+3)th

scan line), the 11th scan line S11 ((2i+3)th scan line), ...,
the (n-1)th scan line Sn-1 are set as the non-emission
state. Further, the data signals are supplied during the
3rd sub-frame 3SF to the pixels connected to the 3rd scan
line S3, the 7th scan line S7, the 11th scan line S11 ((2i+3)
th scan line), ..., the (n-1)th scan line Sn-1.
[0049] During the 4th sub-frame 4SF, the pixels con-
nected to the 4th scan line S4, the 8th scan line S8 (2ith

scan line), the 12th scan line S12 (3ith scan line), ..., the
nth scan line Sn are set as the non-emission state. Fur-
ther, the data signals are supplied during the 3rd sub-
frame 3SF to the pixels connected to the 4th scan line
S4, the 8th scan line S8, the 12th scan line S12, ..., the
nth scan line Sn.
[0050] Thus, according to an embodiment of the
present invention, one frame F is divided into a plurality
of sub-frames SF, and the data signals are supplied to
the pixels different per sub-frame. Here, the pixels re-
ceiving the data signal are set as the non-emission state
during each sub-frame SF. As the pixels receiving the
data signal are set as the non-emission state, the pixels
display an image with uniform brightness, which will be
described later.
[0051] FIG. 4 is a layout diagram of an organic light
emitting diode display according to a first embodiment of
the present invention.
[0052] Referring to FIG. 4, an organic light emitting di-
ode display according to a first embodiment of the present
invention includes a pixel portion 130 including a plurality
of pixels 140 formed in a region intersected by scan lines
S 1 through Sn and data lines D 1 through Dm; a scan
driver 110 to driver the scan lines S 1 through Sn; a data
driver 120 to drive the data lines D 1 through Dm; and a
timing controller 150 to control the scan driver 110 and
the data driver 120.
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[0053] The timing controller 150 generates a data con-
trol signal DCS and a scan control signal SCS in response
to external synchronization signals, and supplies the data
control signal DCS and the scan control signal SCS to
the data driver 120 and the scan driver 110, respectively.
Further, the timing controller 150 rearranges external da-
ta Data and supplies it to the data driver 120.
[0054] The scan driver 110 generates scan signals in
response to the scan control signals SCS from the timing
controller 150, and supplies them to the scan lines S.
Here, the scan driver 110 sequentially supplies the scan
signals to the scan lines S connected to the pixels 140
that receives the data during each sub-frame, i.e., which
are set as the non-emission state. For example, in a case
where the pixel portion 130 is formed with n scan lines
S1 through Sn, the scan driver 110 supplies the scan
signals to n/i scan lines S during each sub-frame.
[0055] That is, the scan driver 110 supplies the scan
signals to some scan lines S in sequence during each
sub-frame. Here, the scan lines S receiving the scan sig-
nals are differently set per each sub-frame. For example,
when the pixels are set as the non-emission state during
the sub-frame as shown in FIG. 3, the scan driver 110
supplies the scan signals as shown in FIG. 5.
[0056] In more detail, the scan driver 110 supplies the
scan signals to the 1st scan line S1, the 5th scan line S5,
the 9th scan line S9, ..., the (n-3)th scan line Sn-3 in se-
quence during the 1st sub-frame 1 SF. Further, the scan
driver 110 supplies the scan signals to the 2nd scan line
S2, the 6th scan line S6, the 10th scan line S10, ..., the
(n-2)th scan line Sn-2 in sequence during the 2nd sub-
frame 2SF. Also, the scan driver 110 supplies the scan
signals to the 3rd scan line S3, the 7th scan line S7, the
11th scan line S11, ..., the (n-1)th scan line Sn-1 in se-
quence during the 3rd sub-frame 3SF. Further, the scan
driver 110 supplies the scan signals to the 4th scan line
S4, the 8th scan line S8, the 12th scan line S12, ..., the
(n)th scan line Sn in sequence during the 4th sub-frame
4SF.
[0057] The data driver 120 generates data signals in
response to the data control signals DCS from the timing
controller 150, and supplies them to the data lines D1
through Dm in sequence. Here, the data driver 120 sup-
plies the data signals corresponding to the scan signals
supplied from the scan driver 110. That is, the data driver
120 supplies the data signals to the pixels 130 which do
not emit light during each sub-frame.
[0058] For example, the data driver 120 supplies the
data signals to the pixels 140 connected to the 1st scan
line S1, the 5th scan line S5, the 9th scan line S9, ..., the
(n-3)th scan line Sn-3 in correspondence to the scan sig-
nals supplied in sequence during the 1st sub-frame 1 SF.
Further, the scan driver 110 supplies the data signals to
the pixels 140 connected to the 2nd scan line S2, the 6th

scan line S6, the 10th scan line S10, ..., the (n-2)th scan
line Sn-2 in correspondence to the scan signals supplied
in sequence during the 2nd sub-frame 2SF. Also, the scan
driver 110 supplies the data signals to the pixels 140

connected to the 3rd scan line S3, the 7th scan line S7,
the 11th scan line S11, ... , the (n-1)th scan line Sn-1 in
correspondence to the scan signals supplied in sequence
during the 3rd sub-frame 3SF. Further, the scan driver
110 supplies the data signals to the pixels 140 connected
to the 4th scan line S4, the 8th scan line S8, the 12th scan
line S12, ..., the (n)th scan line Sn in correspondence to
the scan signals supplied in sequence during the 4th sub-
frame 4SF.
[0059] The pixel portion 130 receives external first
power ELVDD and external second power ELVSS
through a first power line ELVDD and a second power
line ELVSS, respectively. Here, the first power line
ELVDD is divided into a plurality of power lines corre-
sponding to the number of sub-frames. For example, in
a case where one frame is divided into four sub-frames,
the first power line ELVDD is divided into a first divided
power line ELVDD1, a second divided power line
ELVDD2, a third divided power line ELVDD3, and a fourth
divided power line ELVDD4. At this time, the first, second,
third and fourth divided power ELUDD1, ELVDD2,
ELVDD3 and ELVDD4 are set to have the same voltage
level as the first power ELVDD.
[0060] The first divided power line ELUDD1 is connect-
ed to the pixels that receive the data signals during the
1st sub-frame. The second divided power line ELVDD2
is connected to the pixels that receive the data signals
during the 2nd sub-frame. The third divided power line
ELVDD3 is connected to the pixels that receive the data
signals during the 3rd sub-frame. The fourth divided pow-
er line ELVDD 1 is connected to the pixels that receive
the data signals during the 4th sub-frame.
[0061] The pixels 140, connected between one of the
first through fourth divided power lines ELVDD1 through
ELVDD4 and a second power line ELVSS, receive the
data signals during one of the plurality of sub-frames,
and display an image corresponding to the data signal
during the rest of the sub-frames.
[0062] FIG. 6 is a circuit diagram of a pixel according
to an embodiment of the present invention. For the sake
of convenience, the pixel connected to the mth data line
Dm and the nth scan line Sn will be exemplarily described.
Hence, the pixel shown in FIG. 6 is connected with the
fourth divided power ELVDD4.
[0063] Referring to FIG. 6, each pixel 140 according
to an embodiment of the present invention includes a
pixel circuit 142 connected with the light emitting device
OLED, the data line Dm, the scan line Sn, and the emis-
sion control line En, and controlling the light emitting de-
vice OLED.
[0064] The light emitting device OLED includes an an-
ode electrode connected to the pixel circuit 142 and a
cathode electrode connected to the second power line
ELVSS. Here, the light emitting device OLED emits light
corresponding to current supplied from the pixel circuit
142.
[0065] The pixel circuit 142 includes a first transistor
M1, a second transistor M2, a third transistor M3 and a
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capacitor Cst. The first transistor M1 is turned on when
the scan signal is supplied to the nth scan line Sn. When
the first transistor M1 is turned on, the data signal is sup-
plied from the data line Dm to the capacitor Cst. At this
time, the capacitor Cst is charged with voltage corre-
sponding to the data signal when the first transistor M1
is turned on.
[0066] The second transistor M2 supplies current cor-
responding to the voltage charged in the capacitor Cst
to the third transistor M3. Here, the third transistor M3 is
connected between the second transistor M2 and the
light emitting device OLED. Further, the third transistor
M3 is turned off for a period of time while the emission
control signal is supplied, and turned on the rest of peri-
ods.
[0067] As shown in FIG. 6, the pixel 140 is maintained
as the non-emission state during the 4th sub-frame 4SF
while receiving the data signal. Substantially, all pixels
140 connected to the fourth divided power line ELVDD4
do not emit light during the 4th sub-frame 4SF. Then, the
current does not flow in the fourth divided power line
ELVDD4 during the 4th sub-frame 4SF, so that there is
no voltage drop in the fourth divided power line ELVDD4.
As there is no voltage drop in the fourth divided power
line ELVDD4 during the 4th sub-frame 4SF, the capaci-
tors C of the pixels 140 receiving the data signals during
the 4th sub-frame 4SF are charged with the voltage cor-
rectly corresponding to the data signal without loss.
[0068] Meanwhile, while the pixels 140 receiving the
data signal during the 4th sub-frame 4SF emit light, a
predetermined current flows in the fourth divided power
line ELVDD4 and thus the voltage drop arises in the fourth
divided power line ELVDD4. As the voltage drop arises
in the fourth divided power line ELVDD4, voltage applied
to a gate electrode of the second transistor M2 connected
to the fourth divided power line ELVDD4 via the capacitor
Cst varies corresponding to the voltage drop in the fourth
divided power line ELVDD4. In other words, the coupling
effect of the capacitor Cst causes the voltage applied to
the gate electrode of the second transistor M2 to vary
corresponding to the voltage drop in the fourth divided
power line ELVDD4. Then, voltage difference between
the gate electrode and a source electrode of the second
transistor M2 is uniformly maintained regardless of the
voltage drop in the fourth divided power ELVDD4. Thus,
according to an embodiment of the present invention, an
image is displayed with uniform brightness depending on
the voltage charged in the capacitor Cst.
[0069] According to an embodiment of the present in-
vention, one frame is divided into one or more sub-
frames, and the pixels receiving the data signal during
the sub-frame are maintained in the non-emission state,
thereby displaying an image with uniform brightness.
Here, various methods can be used to maintain the pixels
in the non-emission state.
[0070] For example, the voltage levels of the first di-
vided power ELUDD 1, the second divided power
ELVDD2, the third divided power ELVDD3 and the fourth

divided power ELVDD4 are used to set the pixel 140 as
the non-emission state.
[0071] During the 1st sub-frame 1SF, the voltage level
of the first divided power ELVDD1 can be lowered to
make the light emitting device OLED to not emit light. For
example, the first divided power ELVDD1 can be set to
have the same voltage level as the second power ELVSS
during the 1st sub-frame 1SF. Thus, the first divided pow-
er ELVDD1 is lowered during the 1st sub-frame 1SF, so
that the pixels 140 connected to the first divided power
line ELVDD 1 do not emit light.
[0072] During the 2nd sub-frame 2SF, the voltage level
of the second divided power ELVDD2 can be lowered to
make the light emitting device OLED to not emit light. For
example, the second divided power ELVDD2 can be set
to have the same voltage level as the second power
ELVSS during the 2nd sub-frame 2SF. In the meantime,
the voltage level of the first divided power ELVDD 1 is
increased during the 2nd sub-frame 2SF, so that the light
emitting device OLED emits light.
[0073] Likewise, the voltage level of third divided pow-
er ELVDD3 is lowered during the 3rd sub-frame, and the
voltage level of the fourth divided power ELVDD4 is low-
ered during the 4th sub-frame, thereby maintaining some
pixels in the non-emission state during a predetermined
sub-frame.
[0074] FIG. 7 is a layout diagram of an organic light
emitting diode display according to a second embodi-
ment of the present invention.
[0075] Referring to FIG. 7, the organic light emitting
diode display according to the second embodiment of
the present invention additionally includes first through
fourth transistors M11 through M14 respectively connect-
ed to the first through fourth divided power lines ELVDD1
through ELVDD4 in order to maintain some pixels in the
non-emission state during a predetermined sub-frame.
[0076] The first transistor M11 is connected to the first
divided power line ELUDD1. Here, the first transistor M11
is turned off during the 1st sub-frame in response to an
external first control signal CS1 (refer to FIG. 8), and
turned on during the rest of frames 2SF through 4SF.
Thus, the pixels connected to the first divided power line
ELVDD1 do not emit light during the 1st sub-frame 1 SF.
[0077] The second transistor M12 is connected to the
second divided power line ELVDD2. Here, the second
transistor M12 is turned off during the 2nd sub-frame in
response to an external second control signal CS2 (refer
to FIG. 8), and turned on during the rest of frames 1 SF,
3 SF and 4SF. Thus, the pixels connected to the second
divided power line ELVDD2 do not emit light during the
2nd sub-frame 2SF.
[0078] The third transistor M13 is connected to the third
divided power line ELVDD3. Here, the third transistor
M13 is turned off during the 3rd sub-frame in response
to an external third control signal CS3 (refer to FIG. 8),
and turned on during the rest of the frames 1SF, 2SF and
4SF. Thus, the pixels connected to the third divided pow-
er line ELVDD3 do not emit light during the 3rd sub-frame
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3SF.
[0079] The fourth transistor M14 is connected to the
fourth divided power line ELVDD4. Here, the fourth tran-
sistor M14 is turned off during the 4th sub-frame in re-
sponse to an external fourth control signal CS4 (refer to
FIG. 8), and turned on during the rest of the frames 1SF
through 3SF. Thus, the pixels connected to the fourth
divided power line ELVDD4 do not emit light during the
4th sub-frame 4SF.
[0080] FIG. 9 is a layout diagram of an organic light
emitting diode display according to a third embodiment
of the present invention.
[0081] Referring to FIG. 9, the organic light emitting
diode display according to the third embodiment of the
present invention includes four emission control lines E1
through E4 corresponding to the four sub-frames.
[0082] The first emission control line E1 is connected
to the pixels receiving the data signal during the 1st sub-
frame 1SF. Here, the first emission control line E1 re-
ceives an emission control signal (refer to FIG. 10) during
the 1st sub-frame 1SF. Then, the third transistor M3 con-
nected to the first emission control line E1 is turned off.
That is, the pixels receiving the data signals during the
1st sub-frame 1 SF are set as the non-emission state by
the emission control signal supplied to the first emission
control line E1.
[0083] The second emission control line E2 is connect-
ed to the pixels receiving the data signal during the 2nd

sub-frame 2SF. Here, the second emission control line
E2 receives the emission control signal (refer to FIG. 10)
during the 2nd sub-frame 2SF. Then, the second transis-
tor M2 connected to the second emission control line E2
is turned off. That is, the pixels receiving the data signals
during the 2nd sub-frame 2SF are set as the non-emission
state by the emission control signal supplied to the sec-
ond emission control line E2.
[0084] The third emission control line E3 is connected
to the pixels receiving the data signal during the 3rd sub-
frame 3SF. Here, the third emission control line E3 re-
ceives the emission control signal (refer to FIG. 10) during
the 3rd sub-frame 3SF. Then, the third transistor M3 con-
nected to the third emission control line E3 is turned off.
That is, the pixels receiving the data signals during the
3rd sub-frame 3SF are set as the non-emission state by
the emission control signal supplied to the third emission
control line E3.
[0085] The fourth emission control line E4 is connected
to the pixels receiving the data signal during the 4th sub-
frame 4SF. Here, the fourth emission control line E4 re-
ceives the emission control signal (refer to FIG. 10) during
the 4th sub-frame 4SF. Then, the fourth transistor M4
connected to the fourth emission control line E4 is turned
off. That is, the pixels receiving the data signals during
the 4th sub-frame 4SF are set as the non-emission state
by the emission control signal supplied to the fourth emis-
sion control line E4.
[0086] Further, according to an embodiment of the
present invention, the pixel can be controlled to have the

non-emission state, using the second power ELVSS.
[0087] FIG. 11 is a layout diagram of an organic light
emitting diode display according to a fourth embodiment
of the present invention.
[0088] Referring to FIG. 11, in the organic light emitting
diode display according to the fourth embodiment of the
present invention, the second power line ELVSS can be
divided into a fifth divided power ELUSS1, sixth divided
power ELVSS2, seventh divided power ELVSS3, and
eighth divided power ELVSS4. Here, the fifth through
eighth divided power ELUSS1 through ELVSS4 have the
same voltage level as the second power ELVSS. That
is, the voltage levels of the fifth through eighth divided
power lines ELUSS1 through ELVSS4, connected to the
cathode electrode of the light emitting device OLED, are
set to be lower than those of the first through fourth di-
vided power lines ELVDD1 through ELVDD4, connected
to the anode electrode of the light emitting device OLED.
[0089] The fifth divided power line ELUSS1 is connect-
ed to the pixels receiving the data signal during the 1st

sub-frame 1 SF. The sixth divided power line ELVSS2 is
connected to the pixels receiving the data signal during
the 2nd sub-frame 2SF. The seventh divided power line
ELVSS3 is connected to the pixels receiving the data
signal during the 3rd sub-frame 3SF. The eighth divided
power ELVSS4 is connected to the pixels receiving the
data signal during the 4th sub-frame.
[0090] In the organic light emitting diode display ac-
cording to the fourth embodiment of the present inven-
tion, the fifth through eighth divided power ELVSS1
through ELVSS4 are used for controlling the pixels to
have the non-emission state during the respective sub-
frames.
[0091] During the 1st sub-frame 1 SF, the voltage level
of the fifth divided power ELVSS1 is increased to make
the light emitting device OLED to not emit light. For ex-
ample, the fifth divided power ELVSS1 can be increased
to have the same voltage level as the first divided power
ELVDD1 during the 1st sub-frame 1SF. Thus, the fifth
divided power ELVSS is increased during the 1st sub-
frame 1SF, so that the pixels connected to the fifth divided
power line ELVSS1 do not emit light.
[0092] During the 2nd sub-frame 2SF, the voltage level
of the sixth divided power ELVSS2 is increased to make
the light emitting device OLED to not emit light. For ex-
ample, the sixth divided power ELVSS2 can be increased
to have the same voltage level as the second divided
power ELVDD2 during the 2nd sub-frame 2SF. Thus, the
sixth divided power ELVSS2 is increased during the 2nd

sub-frame 2SF, so that the pixels connected to the sixth
divided power line ELVSS2 do not emit light.
[0093] During the 3rd sub-frame 3SF, the voltage level
of the seventh divided power ELVSS3 is increased to
make the light emitting device OLED to not emit light. For
example, the seventh divided power ELVSS3 can be in-
creased to have the same voltage level as the third di-
vided power ELVDD3 during the 3rd sub-frame 3SF.
Thus, the seventh divided power ELVSS3 is increased
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during the 3rd sub-frame 3SF, so that the pixels connect-
ed to the seventh divided power line ELVSS3 do not emit
light.
[0094] During the 4th sub-frame 4SF, the voltage level
of the eighth divided power ELVSS4 is increased to make
the light emitting device OLED to not emit light. For ex-
ample, the seventh divided power ELVSS4 can be in-
creased to have the same voltage level as the fourth di-
vided power ELVDD4 during the 4th sub-frame 4SF.
Thus, the eighth divided power ELVSS4 is increased dur-
ing the 4th sub-frame 4SF, so that the pixels connected
to the eighth divided power line ELVSS4 do not emit light.
[0095] FIG. 12 is a layout diagram of an organic light
emitting diode display according to a fifth embodiment of
the present invention.
[0096] Referring to FIG. 12, the organic light emitting
diode display according to the fifth embodiment of the
present invention additionally includes first through fourth
transistors M21 through M24 respectively connected to
the fifth through eighth divided power lines ELVSS1
through ELVSS4 in order to maintain some pixels in the
non-emission state during a predetermined sub-frame.
[0097] The first transistor M21 is connected to the fifth
divided power line ELUSS 1. Here, the first transistor
M21 is turned off during the 1st sub-frame 1 SF in re-
sponse to an external first control signal CS1 (refer to
FIG. 12), and turned on during the rest frames 2SF
through 4SF. Thus, the pixels connected to the fifth di-
vided power line ELVSS 1 do not emit light during the 1st

sub-frame 1 SF.
[0098] The second transistor M22 is connected to the
sixth divided power line ELVSS2. Here, the second tran-
sistor M22 is turned off during the 2nd sub-frame 2SF in
response to an external second control signal CS2 (refer
to FIG. 12), and turned on during the rest frames 1 SF,
3 SF and 4SF. Thus, the pixels connected to the sixth
divided power line ELVSS2 do not emit light during the
2nd sub-frame 2SF.
[0099] The third transistor M23 is connected to the sev-
enth divided power line ELUSS3. Here, the third transis-
tor M23 is turned off during the 3rd sub-frame 3SF in
response to an external third control signal CS3 (refer to
FIG. 12), and turned on during the rest frames 1SF, 2SF
and 4SF. Thus, the pixels connected to the third divided
power line ELVSS3 do not emit light during the 3rd sub-
frame 3SF.
[0100] The fourth transistor M24 is connected to the
eighth divided power line ELVSS4. Here, the fourth tran-
sistor M24 is turned off during the 4th sub-frame 4SF in
response to an external fourth control signal CS4 (refer
to FIG. 12), and turned on during the rest frames 1 SF
through 3SF. Thus, the pixels connected to the eighth
divided power line ELVSS4 do not emit light during the
4th sub-frame 4SF.
[0101] As described above, according to an embodi-
ment of the present invention, various methods can be
used for making some pixels to not emit light during a
predetermined sub-frame. Here, the pixels in the non-

emission state receive the data signals during a prede-
termined sub-frame, so that an image is displayed with
uniform brightness. Meanwhile, the pixels according to
an embodiment of the present invention can have various
configurations. For example, the pixel 140 according to
an embodiment of the present invention can be config-
ured as shown in FIG. 13 to display an image correspond-
ing to the data signal regardless of the threshold voltage
of a transistor.
[0102] FIG. 13 is a circuit diagram of a pixel according
to another embodiment of the present invention. For the
sake of convenience, the pixel connected to the mth data
line Dm and the nth scan line Sn will be exemplarily de-
scribed. Hence, the pixel shown in FIG. 13 is connected
with the fourth divided power ELVDD4.
[0103] Referring to FIG. 13, each pixel 140 according
to an embodiment of the present invention includes a
pixel circuit 142 connected with the light emitting device
OLED, the data line Dm, the scan line Sn, and the emis-
sion control line En, and controlling the light emitting de-
vice OLED.
[0104] The light emitting device OLED includes the an-
ode electrode connected to the pixel circuit 142 and the
cathode electrode connected to the second power line
ELVSS. Here, the light emitting device OLED emits light
corresponding to current supplied from the pixel circuit
142.
[0105] The pixel circuit 142 includes first and sixth tran-
sistors M1 and M6 connected between the fourth divided
power line ELVDD4 and the data line Dm; a third tran-
sistor M3 connected to the light emitting device OLED
and the emission control line En; a second transistor M2
connected between the third transistor M3 and a first
node N1; a fifth transistor M5 having first and gate elec-
trodes connected to the first node N1 and a second elec-
trode connected to a gate electrode of the second tran-
sistor M2; and a fourth transistor M4 connected between
the gate and second electrodes of the second transistor
M2. Here, the first electrode is used as one of the source
and drain electrodes, and the second electrode is used
as the other one.
[0106] The first transistor M 1 has the first electrode
connected to the data line Dm, and the second electrode
connected to the first node N1. Further, the first transistor
M 1 has the gate electrode connected to the scan line
Sn. Here, the first transistor M 1 is turned on in response
to the scan signal supplied through the scan line Sn, and
supplies the data signal from the data line Dm to the first
node N1.
[0107] The second transistor M2 has the first electrode
connected to the first node N1, and the gate electrode
connected to a capacitor Cst. Further, the second tran-
sistor M2 has the second electrode connected to the first
electrode of the third transistor M3. Here, the second
transistor M2 supplies current corresponding to voltage
charged in the capacitor Cst to the light emitting device
OLED.
[0108] The third transistor M3 has the first electrode

13 14 



EP 1 675 095 A2

10

5

10

15

20

25

30

35

40

45

50

55

connected to the second electrode of the second tran-
sistor M2, and the gate electrode connected to the emis-
sion control line En. Further, the third transistor M3 has
the second electrode connected to the light emitting de-
vice OLED. Here, the third transistor M3 is turned on
while the emission control signal is not supplied through
the emission control line En, and supplies the current
from the second transistor M2 to the light emitting device
OLED.
[0109] The fourth transistor M4 has the second elec-
trode connected to the gate electrode of the second tran-
sistor M2, and the first electrode connected to the second
electrode of the second transistor M2. Further, the fourth
transistor M4 has the gate electrode connected to the
scan line Sn. Here, the fourth transistor M4 is turned on
in response to the scan signal supplied through the scan
line Sn, and controls the fourth transistor M4 to be con-
nected like a diode.
[0110] The fifth transistor M5 has the gate and first
electrodes connected to the first node N1, and the second
electrode connected to the gate electrode of the second
transistor M2. Here, the fifth transistor M5 is connected
like a diode, and supplies an initialization voltage from
the data line Dm to the gate electrode of the second tran-
sistor M2.
[0111] The sixth transistor M6 has the second elec-
trode connected to the first node N1, and the first elec-
trode connected to the fourth divided power line ELVDD4.
Further, the sixth transistor M6 has the gate electrode
connected to the emission control line En. Here, the sixth
transistor M6 is turned on while the emission control sig-
nal is not supplied, and electrically connects the first pow-
er line ELVDD with the first node N1.
[0112] Herein below, operations of the pixel 142 will
be described with reference to FIG. 14. First, the scan
signal is supplied to the scan line Sn, and the initialization
voltage Vi is supplied to the data lines D.
[0113] When the scan signal is supplied to the nth scan
line Sn, the first transistor M and the fourth transistor M4
are turned on. As the first transistor M1 is turned on, the
initialization voltage Vi is supplied from the data line Dm
to the first node N1. Then, the fifth transistor M5 having
the diode-like-connection is turned on by the initialization
voltage Vi supplied to the first node N1, and thus the
initialization voltage Vi is supplied to the gate terminal of
the second transistor M2.
[0114] When the initialization voltage Vi is supplied to
the gate electrode of the second transistor M2, the gate
electrode of the second transistor M2 and the capacitor
Cst are initialized. In other words, the gate electrode of
the second transistor M2 is initialized by the initialization
voltage Vi having a voltage level lower than the lowest
voltage level of the data signal supplied from the data
driver 120. Then, the second transistor M2 is turned on
regardless of the voltage level of the data signal supplied
to the first node N1.
[0115] After supplying the initialization voltage Vi to the
gate electrode of the second transistor M2, a data signal

DS corresponding to a predetermined gray level is sup-
plied to the data line Dm. Then, the data signal Ds is
supplied from the data line Dm to the first node N1 via
the first transistor M1. At this time, the gate electrode of
the second transistor M2 is initialized by the initialization
voltage Vi, so that the second transistor M2 is turned on.
As the second transistor M2 is turned on, the data signal
Ds applied to the first node N1 is supplied to a first ter-
minal of the capacitor Cst via the second and fourth tran-
sistors M2 and M4. At this time, the data signal, of which
the voltage is lowered by the voltage corresponding to
the threshold voltage Vth of the second transistor M2, is
supplied to the first terminal of the capacitor Cst, and thus
the capacitor Cst is charged with the voltage correspond-
ing to the data signal and the threshold voltage Vth of
the second transistor M2.
[0116] In the pixel according to another embodiment
of the present invention, the capacitor Cst is charged with
the data signal and the voltage corresponding to the
threshold voltage Vth, so that an image is displayed with
desired brightness. Then, the current corresponding to
the voltage charged in the capacitor Cst is supplied to
the light emitting device OLED during the rest frames
except for the sub-frame supplying the data signal, there-
by displaying an image.
[0117] As described above, the present invention pro-
vides an organic light emitting diode display and a driving
method thereof, in which one frame is divided into a plu-
rality of sub-frames, and pixels receiving data signals dur-
ing a sub-frame are maintained in a non-emission state,
so that pixels are respectively charged with desired volt-
ages. Thus, an image is displayed with uniform bright-
ness corresponding to the data signal.
[0118] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes might
be made in this embodiment without departing from the
principles and spirit of the invention, the scope of which
is defined in the claims and their equivalents.

Claims

1. An organic light emitting diode display capable of
dividing one frame into one or more sub-frames, the
organic light emitting diode display comprises:

a plurality of scan lines;
a plurality of data lines;
a plurality of pixels connected to said scan lines
and said data lines;
a scan driver to supply scan signals in sequence
to at least some of said scan lines per sub-frame;
a data driver to supply data signals correspond-
ing to said scan signals; and
a plurality of first power sources connected to
anode electrodes of light emitting devices pro-
vided in said pixels and provided as the same
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number as the sub-frames,
with the scan lines receiving the scan signals
being differently set per sub-frame.

2. The organic light emitting diode display according to
claim 1, wherein said scan driver supplies the scan
signals to 1/i scan lines among the scan lines pro-
vided in the pixel portion per sub-frame, where i is
the number of sub-frames corresponding to one
frame.

3. The organic light emitting diode display according to
claim 2, wherein said data driver supplies the data
signal to the pixels connected to the pixels receiving
the scan signals during each sub-fraine.

4. The organic light emitting diode display according to
claim 3, wherein the pixel portion comprises i first
power sources, and the pixels receiving the data sig-
nal during the same sub-frame are connected to the
same first power source among i first power sources.

5. The organic light emitting diode display according to
claim 4, wherein said first power source among i first
power sources, connected with the pixels receiving
the data signal, has a voltage level enough to make
the pixels do not emit light during the sub-frame for
receiving the data signal.

6. The organic light emitting diode display according to
claim 4, further comprising i transistors connected
to i first power sources, respectively.

7. The organic light emitting diode display according to
claim 6, wherein the transistors among i transistors,
connected to the pixels receiving the data signal, are
turned on during the sub-frame for receiving the data
signal, and the rest of the transistors are turned off
during the same sub-fraine.

8. The organic light emitting diode display according to
claim 3, further comprising i second power sources
connected to cathode electrodes of said light emit-
ting devices provided in said pixels.

9. The organic light emitting diode display according to
claim 8, wherein said pixels receiving the data signal
during the same sub-frame are connected to the
same second power source among i second power
sources.

10. The organic light emitting diode display according to
claim 9, wherein said second power source among
i second power sources, connected with the pixels
receiving the data signal, has a voltage level enough
to make the pixels, do not emit light during the sub-
frame for receiving the data signal.

11. The organic light emitting diode display according to
claim 9, further comprising i transistors connected
to i second power sources, respectively.

12. The organic light emitting diode display according to
claim 11, wherein one transistor among i transistors,
connected to said pixels receiving the data signal, is
turned on during the sub-frame for receiving the data
signal, and the rest of the transistors are turned off
during the same sub-fraine.

13. The organic light emitting diode display according to
claim 4, wherein each one of the plurality of pixels
comprises:

a first transistor connected to said scan line and
said data line, and controlled by the scan signal;
a second transistor to control current to be sup-
plied to said light emitting device in correspond-
ence to the data signal;
a capacitor connected to said second transistor
and charged with voltage corresponding to the
data signal; and
a third transistor connected to an emission con-
trol line, tuned off for a period while an emission
control signal is supplied from said scan driver,
and tuned on for the rest of periods.

14. The organic light emitting diode display according to
claim 13, wherein the emission control line is formed
in parallel with said scan line, and provided as the
same number as i sub-frames.

15. The organic light emitting diode display according to
claim 14, wherein the pixels receiving the data signal
during the same sub-frame are connected to the
same emission control line.

16. The organic light emitting diode display according to
claim 15, wherein said scan driver supplies an emis-
sion control signal to one emission control line
among i emission control lines per sub-frame the pix-
els to control the pixels receiving the data signals to
not emit light.

17. A method of driving an organic light emitting diode
display, comprising:

dividing one frame into at least one sub-frame;
and
supplying scan signals in sequence to some of
a plurality of scan lines provided in a pixel portion
per sub-frame, with the scan lines receiving said
scan signals are differently set per sub-frame.

18. The method according to claim 17, wherein the scan
signals are supplied to 1/i scan lines among said
scan lines provided in the pixel portion per sub-
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frame, where, i is the number of sub-frames corre-
sponding to one frame.

19. The method according to claim 18, wherein data sig-
nals are supplied to the pixels receiving the scan
signals during each sub-frame.

20. The method according to claim 19, further compris-
ing controlling the pixels receiving the data signals
do not emit light during the sub-frame for receiving
the data signal.

21. The method according to claim 20, wherein the con-
trolling of the pixels to not emit light comprises de-
creasing a voltage level of a power source connected
to an anode electrode of a light emitting device pro-
vided in each pixel receiving the data signal.

22. The method according to claim 20, wherein the con-
trolling of the pixels to not emit light comprises inter-
rupting power supplied from a power source con-
nected to an anode electrode of a light emitting de-
vice provided in each pixel receiving the data signal.

23. The method according to claim 20, wherein the con-
trolling of the pixels to not emit light comprises turning
off a transistor that is provided in each pixel receiving
the data signal and controls a point of time for sup-
plying a current flowing in the light emitting device.

24. The method according to claim 20, wherein the con-
trolling of the pixels to not emit light comprises in-
creasing a voltage level of a power source connected
to a cathode electrode of a light emitting device pro-
vided in each pixel receiving the data signal.

25. The method according to claim 20, wherein the con-
trolling of the pixels to not emit light comprises inter-
rupting power supplied from a power source con-
nected to a cathode electrode of a light emitting de-
vice provided in each pixel receiving the data signal.

26. A method of driving an organic light emitting diode
display, comprising:

dividing one frame into three or more sub-
frames; and
setting some pixels of a pixel portion as a non-
emission state and the rest of the pixels as an
emission state per sub-frame.

27. The method according to claim 26, wherein data sig-
nals are supplied to the pixels set as the non-emis-
sion state during each sub-frame.

28. The method according to claim 27, wherein 1/i pixels
among the pixels provided in the pixel portion do not
emit light per sub-frame, where, i is the number of

sub-frames corresponding to one frame.

29. The method according to claim 28, wherein the pixels
set as the non-emission state are different per sub-
frame of one frame.

30. The method according to claim 26, wherein the
number of pixels set as the emission state is larger
than the number of pixels set as the non-emission
state.

31. A method of driving an organic light emitting diode
display, comprising:

dividing one frame into one or more sub-frames;
setting the number of first power sources con-
nected to an anode electrode of a light emitting
device provided in a pixel to be equal to the
number of sub-frames; and
supplying data signals to some pixels provided
in a pixel portion per sub-frame, with the pixels
receiving the data signals do not emit light during
each sub-frame.

32. The method according to claim 31, wherein the data
signals are supplied to 1/i pixels among the pixels
provided in the pixel portion per sub-frame, where i
is the number of sub-frames corresponding to one
frame.

33. The method according to claim 32, wherein the pixels
provided in the pixel portion do not emit light during
one or more sub-frames among i sub-frames, and
emit light during the rest of the sub-frames.

34. The method according to claim 33, wherein the pixel
portion comprises i first power sources, and the pix-
els that do not emit light during the same sub-frame
are connected to the same first power source among
i first power sources.

35. The method according to claim 34, wherein the pixels
that do not emit light during different sub-frames of
one frame are connected to different first power
sources among i first power sources, respectively.
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