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LIGHT EMITTING DISPLAY AND METHOD OF
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2004-0090182, filed
on Nov. 8, 2004, which is hereby incorporated by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a light emitting
display, and more particularly to, a light emitting display
that decreases non-uniformity in an image caused by a
voltage drop in power source lines and a method of driving
the same.

[0004]

[0005] Various thin and lightweight flat panel displays
(FPD) have been developed to replace the heavier and
bulkier cathode ray tubes (CRT). Such FPDs include liquid
crystal displays (LCD), field emission displays (FED),
plasma display panels (PDP), and light emitting displays.

[0006] Light emitting displays display images using an
organic light emitting diode (OLED), which emits light by
re-combination of electrons and holes. The light emitting
display may have a higher response speed than a display
device that requires a light source, such as the LCD.

[0007] FIG. 1 is a circuit diagram showing a pixel of a
common light emitting display.

[0008] Referring to FIG. 1, each pixel 11 of the common
light emitting display is arranged corresponding to a cross-
ing of a scan line Sn and a data line Dm. Applying a scan
signal to the scan line Sn selects a pixel 111 to generate light
corresponding to the data signal from the data line Dm.

[0009] Therefore, the pixel 11 includes a first power
source ELVDD, a second power source ELVSS, an OLED,
and a pixel circuit 40.

[0010] The anode of the OLED is connected to the pixel
circuit 40, and the cathode of the OLED is connected to the
second power source ELVSS.

[0011] In addition to an organic light emitting layer
(EML), the OLED may include an electron transport layer
(ETL) and a hole transport layer (HTL) formed between the
anode and the cathode. The OLED may further include an
electron injection layer (EIL) and a hole injection layer
(HIL). When a voltage is applied between the anode and the
cathode of the OLED, electrons generated by the cathode
move to the EML through the EIL and the ETL, and holes
generated by the anode move to the EML through the HIL
and the HTL. Therefore, the electrons and holes supplied by
the ETL and the HTL recombine in the EML to generate
light.

[0012] The pixel circuit 40 includes first and second
transistors M1 and M2 and a capacitor C. Here, the first and
second transistors M1 and M2 are p-type metal-oxide semi-
conductor field effect transistors (MOSFET). The second

1. Field of the Invention

2. Discussion of the Background
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power source ELVSS may have a lower voltage level than
the first power source ELVDD such as, for example, a
ground voltage level.

[0013] The gate electrode of the first transistor M1 is
connected to the scan line Sn, its source electrode is con-
nected to the data line Dm, and its drain electrode is
connected to a first node N1. The first transistor M1 supplies
the data signal from the data line Dm to the first node N1 in
response to the scan signal from the scan line Sn.

[0014] The capacitor C stores a voltage corresponding to
the data signal supplied to the first node N1 via the first
transistor M1 in the period where the scan signal is supplied
to the scan line Sn. When the first transistor M1 turns off, the
capacitor C maintains the state in which the second transis-
tor M2 is turned on in one frame.

[0015] The gate electrode of the second transistor M2 is
connected to the first node N1, which is commonly con-
nected to the drain electrode of the first transistor M1 and the
capacitor C. The source electrode of the second transistor
M2 is connected to the first power source ELVDD, and the
drain electrode of the second transistor M2 is connected to
the anode of the OLED. The second transistor M2 controls
the amount of current supplied from the first power source
ELVDD to the OLED in accordance with the data signal.
Therefore, the OLED emits light by the current supplied
from the first power source ELVDD via the second transistor
M2.

[0016] To drive the pixel 11, the first transistor M1 is
turned on in the period where a low level scan signal is
supplied to the scan line Sn. Therefore, the data signal from
the data line Dm is supplied to the gate electrode of the
second transistor M2 via the first transistor M1 and the first
node N1. At this time, the capacitor C stores the difference
in voltage between the gate electrode of the second transistor
M2 and the first power source ELVDD.

[0017] The second transistor M2 is turned on in accor-
dance with the voltage of the first node N1 to supply current
corresponding to the data signal to the OLED. Therefore, the
OLED emits light according to the current supplied by the
second transistor M2 to display images.

[0018] Then, in the period where a high level scan signal
is supplied to the scan line Sn, the second transistor M2 is
maintaired to be turned on by the voltage corresponding to
the data signal stored in the capacitor C so that the OLED
emits light in one frame to display images.

[0019] The common light emitting display may addition-
ally include a compensating circuit that compensates for
non-uniform threshold voltages Vth of the second transistors
M2 caused during fabrication. The light emitting display
having the compensating circuit may utilize an offset com-
pensating method or a current programming method, which
have limitations on displaying uniform images.

SUMMARY OF THE INVENTION

[0020] The present invention provides a light emitting
display that decreases non-uniformity in an image caused by
a voltage drop in power source lines and a method of driving
the same.

[0021] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention.
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[0022] The present invention discloses a light emitting
display including a plurality of pixels arranged in regions
partitioned by a plurality of scan lines to which scan signals
are supplied, a plurality of data lines to which data signals
are supplied, a plurality of compensating is power source
lines to which compensating power sources are supplied,
and a plurality of first power source lines. Each pixel
comptises a pixel circuit for outputting currents correspond-
ing to the compensating power sources and the data signals
in a plurality of sub-frames included in a frame and an
organic light emitting diode (OLED) that emits light corre-
sponding to the current output from the pixel circuit.

[0023] The present invention also discloses a light emit-
ting display including an image display unit including a
plurality of pixels arranged in regions partitioned by a
plurality of scan lines, a plurality of data lines, a plurality of
first power source lines, and a plurality of compensating
power source lines. The pixels receive currents correspond-
ing to compensating power sources supplied to the compen-
sating power source lines and data signals supplied to the
data lines from the first power source lines to emit light. A
scan line driver supplies scan signals to the scan lines, a data
driver supplies data signals to the data lines, a compensating
power source supply unit supplies the compensating power
sources corresponding to the sub-frames of a frame to the
compensating power source lines, and a first power source
supply unit supplies a first power source to the first power
source-line.

[0024] The present invention also discloses a method of
driving a light emitting display including a plurality of
pixels arranged in regions partitioned by a plurality of scan
lines, a plurality of data lines, a plurality of first power
source lines, and a plurality of compensating power source
lines. The method includes supplying compensating power
sources having different voltage levels to the compensating
power source lines in a plurality of sub-frames included in
a frame, storing a compensating voltage between the com-
pensating power source and a first power source supplied to
the first power source line in a first capacitor included in a
pixel, supplying data signals to the data lines, storing a
voltage corresponding to the data signal and the compen-
sating power source in a second capacitor included in the
pixel, and supplying a current corresponding to the voltage
stored in the second capacitor to an OLED.

[0025] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with
the description serve to explain the principles of the inven-
tion.

[0027] FIG. 1 is a circuit diagram showing a pixel of a
common light emitting display.

[0028] FIG. 2 shows a light emitting display according to
a first exemplary embodiment of the present invention.

[0029] FIG. 3 is a block diagram showing the compen-
sating power source supply unit of FIG. 2.
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[0030]

[0031] FIG. 5 is a circuit diagram showing a pixel circuit
to which the internal circuit of the compensating circuit of
FIG. 4 is applied.

[0032] FIG. 6 shows waveforms that describe a method of
driving the light emitting display according to the first
exemplary embodiment of the present invention.

[0033] FIG. 7 shows a pixel of a light emitting display
according to a second exemplary embodiment of the present
invention.

[0034] FIG. 8 shows waveforms that describe a method of
driving the light emitting display according to the second
exemplary embodiment of the present invention.

FIG. 4 is a pixel circuit showing a pixel of FIG. 2.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0035] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure is thorough, and will fully convey the scope
of the invention to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be
exaggerated for clarity.

[0036] FIG. 2 shows a light emitting display according to
a first exemplary embodiment of the present invention.

[0037] Referring to FIG. 2, the light emitting display
includes an image display unit 110, a scan driver 120, a data
driver 130, a first power source supply unit 150, a compen-
sating power source supply unit 160, and a second power
source supply unit 170.

[0038] The image display unit 110 includes a plurality of
scan lines S1 to SN, a plurality of data lines D1 to DM, and
a plurality of pixels 111 arranged in areas partitioned by a
plurality of first power source lines ELVDD and a plurality
of compensating power source lines VSUS1 to VSUSN. The
first power source lines ELVDD are arranged substantially
parallel with the data lines D1 to DM, and the plurality of
compensating power source lines VSUS1 to VSUSN are
arranged substantially parallel with the scan lines S1 to SN.

[0039] A pixel 111 is selected when scan signals are
applied to the scan lines S1 to SN to generate light of
predetermined brightness in response to digital data signals
from the data lines D1 to DM. Specifically, each pixel 111
controls the brightness of an organic light emitting diode
(OLED) in response to each bit of the digital data signals and
the compensating power source from the compensating
power source lines VSUST to VSUSN.

[0040] The scan driver 120 may sequentially supply the
scan signals to the scan lines S1 to SN in response to scan
control signals from a controller (not shown) such as, a start
pulse and a clock signal.

[0041] The data driver 130 supplies i bit digital data
signals to the pixels 111 through the data lines D1 to DM in
response to data control signals supplied from the controller.
That is, the data driver 130 supplies the i bit digital data
signals to the data lines D1 to DM every j (is a positive



US 2006/0108937 A1l

integer equal to or larger than i) sub-frames. Here, the digital
data signals of the lowermost bit among the i bit digital data
signals are supplied to a first sub-frame.

[0042] The first power source supply unit 150 generates a
first power source to supply the first power source to the first
power source lines ELVDD of the image display unit 110.
Hence, the plurality of first power source lines ELVDD
supply the first power source to the pixels 111.

[0043] The second power source supply unit 170 generates
a second power source, which differs from the first power
source, to supply the second power source to the second
power source line of the image display unit 110. Here, the
second power source line is electrically coupled with the
cathodes of the pixels 111 formed on the entire surface of the
image display unit 110.

[0044] The compensating power source supply unit 160
generates compensating power sources of different levels in
the j sub-frames that constitute one frame. The compensat-
ing power source supply unit 160 sequentially supplies the
compensating power source to the compensating power
source lines VSUS1 to VSUSN in synchronization with the
scan signals supplied to the scan lines S1 to SN. Here, the
compensating power source has a higher level toward the
uppermost bit of the i-bit digital data signals (see FIG. 6).

[0045] FIG. 3 is a block diagram showing the compen-
sating power source supply unit 160 of FIG. 2.

[0046] Referring to FIG. 3, the compensating power
source supply unit 160 includes a compensating power
source generator 164, a shift register 162, and a compen-
sating power source selector 166.

[0047] The compensating power source generator 164
generates compensating power sources V1 to Vj, which have
different levels, to supply the compensating power sources
to the compensating power source selector 166.

[0048] The shift register 162 includes a plurality of shift
registers, which sequentially shift a power source selection
start signal VSSS, supplied in synchronization with the scan
signals, to supply the power source selection start signal
VSSS to the compensating power source selector 166. At
this time, the shift register 162 supplies a k-bit Voltage
Selector Signal (k is a positive integer) to the compensating
power source selector 166. Here, when a digital data signal
has eight bits and a frame is composed of eight sub-frames,
each shift register generates a three-bit Voltage Selector
Signal to supply the power source selection signal to the
compensating power source selector 166.

[0049] The compensating power source selector 166
includes a plurality of compensating power source selectors,
and each compensating power source selector may be
formed of an analog switch. Each compensating power
source selector selects one of the plurality of compensating
power sources V1 to Vj supplied by the compensating power
source generator 164, in accordance with the Voltage Selec-
tor Signal supplied from each shift register, to sequentially
supply the selected compensating power source to the plu-
rality of compensating power source lines VSUSI to
VSUSN. The compensating power source is sequentially
supplied from the compensating power source selector 166
to the plurality of compensating power source lines VSUS1
to VSUSN in synchronization with the scan signals supplied
to the scan lines S1 to SN.
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[0050] FIG. 4 is a circuit diagram showing a pixel of FIG.
2.

[0051] Referring to FIG. 4, each pixel 111 includes an
OLED and a pixel circuit 140.

[0052] The anode of the OLED is coupled with the pixel
circuit 140, and the cathode of the OLED is coupled with the
second power source line ELVSS.

[0053] Inaddition to an organic emission layer (EML), the
OLED may include an electron transport layer (ETL) and a
hole transport layer (HTL) between the anode and the
cathode. The OLED may further include an electron injec-
tion layer (EIL) and a hole injection layer (HIL). When a
voltage is applied between the OLED’s anode and cathode,
electrons generated by the cathode move to the EML
through the EIL and the ETL, and holes generated by the
anode move to the EML through the HIL and the HTL. The
electrons and holes then recombine in the EML to generate

light.

[0054] The pixel circuit 140 includes first and second
transistors M1 and M2, a compensating circuit 144, and a
capacitor C. Here, the first and second transistors M1 and
M2 are p-type metal-oxide semiconductor field effect tran-
sistors (MOSFET). When the pixel circuit 140 includes
p-type transistors, the second power source ELVSS may
have a lower voltage level than the first power source
ELVDD such as, for example, a ground voltage level.

[0055] The gate electrode of the first transistor M1 is
coupled with the scan line Sn, the source electrode of the
first transistor M1 is coupled with the data line Dm, and the
drain electrode of the first transistor M1 is coupled with the
gate electrode of the second transistor M2, that is, a first
node N1. The first transistor M1 supplies the data signal
from the data line Dm to the first node N1 in response to the
scan signal supplied to the scan line Sn.

[0056] The gate electrode of the second transistor M2 is
coupled with the first node N1, the source electrode of the
second transistor M2 is coupled with the first power source
ELVDD, and the drain electrode of the second transistor M2
is coupled with the anode of the OLED. The second tran-
sistor M2 controls the amount of current supplied from the
first power source ELVDD to the OLED in accordance with
the voltage corresponding to the digital data signal that is
stored in the capacitor C.

[0057] The first electrode of the capacitor C is coupled
with the first node N1, and the second electrode of the
capacitor C is coupled with the first power source line
ELVDD. The capacitor C stores the voltage corresponding
to the digital data signal, which is supplied to the first node
N1 via the first transistor M1, in the period where the scan
signal is supplied to the scan line Sn. When the first
transistor M1 turns off, the capacitor C maintains the state in
which the second transistor M2 is turned on using the stored
voltage in the sub-frames that constitute one frame.

[0058] In the light emitting display, the current that flows
through the OLED is affected by the first power source from
the first power source line ELVDD. Therefore, due to a
voltage drop caused by the resistance of the first power
source line ELVDD, when the first power sources that are
applied to the pixel circuits 140 are not the same, it may not
be possible to supply the desired amount of current to the
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OLED. Therefore, the voltage corresponding to the digital
data signal that is stored in the capacitor C may vary with the
position of each pixel 111 due to in the different voltage
drops of the first power source lines ELVDD.

[0059] In order to compensate for the voltage drop of the
first power source line ELVDD, the compensating circuit
144 is coupled between the compensating power source line
VSUSn and the first node N1. The compensating circuit 144
supplies the compensating power source supplied by the
compensating power source supply unit 160 to the first node
N1 of each pixel 111.

[0060] FIG. 5 is a circuit diagram showing a pixel circuit
to which the internal circuit of the compensating circuit of
FIG. 4 is applied.

[0061] Referring to FIG. 5, the compensating circuit 144
includes third and fourth transistors M3 and M4 and a
compensating capacitor Cb. Here, the third and fourth
transistors M3 and M4 are p-type MOSFETs.

[0062] The gate electrode of the third transistor M3 is
coupled with the N-1th scan line Sn-1, the source electrode
of the third transistor M3 is coupled with the first power
source line ELVDD, and the drain electrode of the third
transistor M3 is coupled with the first node N1. The third
transistor M3 supplies the first power source from the first
power source line ELVDD to the first node N1 in accordance
with the scan signal supplied to the N-1th scan line Sn-1.

[0063] The gate electrode of the fourth transistor M4 is
coupled with the N-1th scan line Sn-1, the source electrode
of the fourth transistor M4 is coupled with the compensating
power source line VSUSn, and the drain electrode of the
fourth transistor M4 is coupled with the second node N2,
which is the drain electrode of the first transistor M1. The
fourth transistor M4 supplies the compensating power
source from the compensating power source line VSUSn to
the second node N2 in accordance with the scan signal
supplied to the N-1th scan line Sn-1.

[0064] The first electrode of the compensating capacitor
Cb is coupled with the first node N1, and the second
electrode of the compensating capacitor Cb is coupled with
the second node N2. The compensating capacitor Cb stores
a difference in voltage (i.e. a compensating voltage) between
the first node N1 and the second node N2 in accordance with
the scan signal supplied to the N-1th scan line Sn-1 and the
digital data signal supplied by the data line Dm through the
first transistor M1 in accordance with the scan signal sup-
plied to the Nth scan line Sn.

[0065] A method of driving each pixel 111 is described
below.
[0066] First, when the scan signal is supplied to the N-1th

scan line Sn-1, the first power source is supplied to the first
node N1, and the compensating power source is supplied to
the second node N2. Then, when the scan signal is supplied
to the Nth scan line Sn, the digital data signal is supplied to
the second node N2. In this case, the voltage of the first node
N1 changes in accordance with the amount of change in the
voltage of the second node N2. Therefore, EQUATION 1
provides the voltage of the first node N1 when the scan
signal is supplied to the Nth scan line Sn.

P =ELVdd+A Vit Vdata—Vn [EQUATION 1]
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[0067] wherein, ELVdd, Vdata, and Vn represent the first
powet source supplied to the first power source line ELVDD,
the digital data signal supplied to the data line Dm, and the
compensating power source supplied to the compensating
power source line VSUSn, respectively.

[0068] Therefore, the first power source ELVdd is sup-
plied to the second electrode of the capacitor C, and the
voltage Vy, of the first node N1, obtained by EQUATION
1, is supplied to the first electrode of the capacitor C.
Accordingly, EQUATION 2 provides the voltage V. stored
in the capacitor C.

V. =ELVdd-(ELVdd+Vdata-Vn)=Vdata-Vn[EQUATION 2]

[0069] Since the second transistor M2 is driven by the
voltage V. stored in the capacitor C, the current supplied to
the OLED may be obtained by EQUATION 3.

[EQUATION 3]
lorep = g(VGS? — V)t = [;((Vdam— Vin) — Vg

[0070] wherein, Vg, and Vo, represent the voltage
between the gate and source of the second transistor M2 and
the threshold voltage of the second transistor M2, respec-
tively.

[0071] As EQUATION 3 shows, the current I; g, that
flows through the OLED is not affected by the first power
source ELVdd supplied to the first power source line
ELVDD.

[0072] Therefore, according to the light emitting display
of the first exemplary embodiment of the present invention,
the level of the compensating power source Vn supplied to
the compensating power source line VSUSn varies with a
digital data line signal Vdata so that it is possible to display
a desired gray scale.

[0073] FIG. 6 shows waveforms that describe a method of
driving the light emitting display according to the first
exemplary embodiment of the present invention.

[0074] Referring to FIG. 6, in order to prevent non-
uniform brightness caused by voltage drops of the first
power source lines ELVDD, and to control the brightness of
each OLED so that a desired gray scale is displayed, one
frame is divided into a plurality of sub-frames SF1 to SFj to
correspond to the bits of the i-bit digital data signals and to
have the same emission time. Here, in the case ofi-bit digital
data signals, the first to jth sub-frames SF1 to SFj have gray
scales corresponding to the brightness of different weight
values. The ratio of the gray scales corresponding to the
brightness of the first to jth sub-frames SF1 to SFj is
20212220007 2L

[0075] The light emitting display according to the first
exemplary embodiment of the present invention and the
method of driving the same will be described below with
reference to FIG. 5 and FIG. 6.

[0076] First, scan signals SS1 to SSn are sequentially
supplied in the first sub-frame SF1 of a frame. The first
compensating power source V1 is sequentially supplied to
the compensating power source lines VSUSI to VSUSN in
synchronization with the scan signals SS1 to SSn.
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[0077] Sequentially supplying the scan signals SS1 to SSn
turns on the third and fourth transistors M3 and M4 included
in each pixel 111. Here, the first power source from the first
power source lines ELVDD is supplied to the first node N1
of each pixel 111, and the first compensating power source
V1 from the compensating power source lines VSUSI to
VSUSn is supplied to the second node N2 of each pixel 111.

[0078] Then, the first transistor M1 is turned on by the
scan signals SS1 to SSn. When the first transistor M1 is
turned on, the first bit digital data signal supplied to the data
lines D1 to DM is supplied to the second node N2. The
voltage of the second electrode of the compensating capaci-
tor Cb then changes into a data voltage, and the voltage of
the first electrode of the compensating capacitor Cb changes
by the amount of change of the voltage of the second
electrode of the compensating capacitor Cb. EQUATION 4
provides the voltage Vy, of the first electrode of the com-
pensating capacitor Cb, that is, the first node N1.

Vi =ELVAdd+AVyt Vdata-V1 [EQUATION 4]

[0079] wherein, ELVdd, Vdata, and V1 represent the first
power source supplied to the first power source line ELVDD,
the first bit digital data signal among i bits, and the first
compensating power source supplied to the compensating
power source lines VSUS1 to VSUSN.

[0080] Therefore, the first power source ELVdd is sup-
plied to the second electrode of the capacitor C, and the
voltage Vy, of the first node N1, obtained by EQUATION
4, is supplied to the first electrode of the capacitor C.
Accordingly, EQUATION 5 provides the voltage V. stored
in the capacitor C.

V=ELVdd-(ELVdd+Vdata-V1)=Vdata-V1 [EQUATION 5]

[0081] Then, when the first transistor M1 turns off, the
second transistor M2 is maintained to be turned on by the
voltage stored in the capacitor C. That is, the second
transistor M2 of each pixel 111 remains turned on by the
voltage stored in the capacitor C so that current obtained by
EQUATION 6 is supplied from the first power source line
ELVDD to the OLED.

[EQUATION 6]
lorep =

2] T

B ,
(Vasz = Vi) = E(Vdata— VD) - V)’

[0082] As EQUATION 6 shows, the current I; rr, that
flows through the OLED is not affected by the first power
source ELVdd supplied to the first power source line
ELVDD.

[0083] Therefore, each OLED receives the current corre-
sponding to the first bit digital data signal and the first
compensating power source V1, regardless of the voltage
drops of the o first power sources, in the first sub-frame SF1
to emit light with a brightness corresponding to either the
gray scale of 0 or 2°. That is, each OLED emits light with
the brightness corresponding to the gray scale 2° when the
first bit digital data signal is 0 and does not emit light when
the first bit digital data signal is 1.

[0084] In the second sub-frame SF2 of the frame, the
second compensating power source V2, which is higher than
the first compensating power source V1, is supplied to the
compensating power source lines VSUS1 to VSUSN. After

May 25, 2006

storing the voltage corresponding to the second compensat-
ing power source V2 and a second bit digital data signal
among i bits in the capacitor C, the second transistor M2 of
each pixel 111 is then driven using the voltage stored in the
capacitor C. Therefore, in the second sub-frame SF2, each
OLED receives a current corresponding to the second bit
digital data signal and the second compensating power
source V2, as each OLED receives the current correspond-
ing to the first bit digital data signal and the first compen-
sating power source V1 in the first sub-frame SF1, to emit
light with a brightness corresponding to either the gray scale
of 0 or 2".

[0085] In the third to jth sub-frames SF3 to SFj of the
frame, the third to jth compensating power sources V3 to Vj,
which become higher toward the uppermost bit, are supplied
to the compensating power source lines VSUS1 to VSUSN.
After storing the voltages corresponding to the compensat-
ing power sources V3 to Vj and the third to i*® bit digital data
signals in the capacitor C, as the voltages corresponding to
first and second compensating power sources V1 and V2 and
the first and second bit digital data signals are stored in the
capacitor C in the first and second sub-frames SF1 and SF2,
the second transistor M2 of each pixel 111 is then driven by
the voltages stored in the capacitor C. Therefore, each
OLED receives a current corresponding to the third to i™ bit
digital data signals and the third to j"™ compensating power
sources V3 to Vj in the third to i sub-frames, as each OLED
receives the currents corresponding to the first and second
bit digital data signals and the first and second compensating
power sources V1 and V2 in the first and second sub-frames,
to emit light with a brightness corresponding to the gray
scales of 0 or 2* to 2, respectively.

[0086] According to the light emitting display of the first
exemplary embodiment of the present invention and the
method of driving the same, voltage drops of the first power
source lines ELVDD are compensated for by using the
compensating circuit 144 and the different-level compensat-
ing power sources V1 to Vj in the sub-frames SF1 to SFj so
that images may be displayed with a desired gray scale by
the sum of brightness in accordance with the emission of the
OLED:s in the sub-frames SF1 to SFj. Here, a digital driving
method, which utilizes digital data signals, is used to
decrease non-uniformity in images caused by voltage drops
in power source lines. According to the first embodiment of
the present invention and the method of driving the same, in
the digital driving method, the sub-frames SF1 to SFj have
the same emission periods in order to secure enough time to
display the gray scales of the sub-frames SF1 to SFj.

[0087] FIG. 7 shows a pixel of a light emitting display
according to a second exemplary embodiment of the present
invention. FIG. 8 shows waveforms that describe a method
of driving the light emitting display according to the second
exemplary embodiment of the present invention.

[0088] Referring to FIG. 7 and FIG. 8, the pixel of the
light emitting display according to the second exemplary
embodiment of the present invention is the same as the pixel
of the light emitting display according to the first exemplary
embodiment of the present invention except for the conduc-
tivity types of the transistors M1 and M2 of the pixel circuit
140 and the transistors M3 and M4 of the compensating
circuit 144.

[0089] Hence, the scan signals for driving the n-type
transistors M1, M2, M3 and M4 differ from the scan signals
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for driving the p-type transistors M1, M2, M3 and M4.
Accordingly, anyone skilled in the art can easily understand
the second embodiment of the present invention by the
description of the first embodiment of the present invention.
Therefore, the description of the light emitting display
according to the first exemplary embodiment of the present
invention, in which the p-type transistors are included, is
applicable for the second exemplary embodiment of the
present invention.

[0090] While it is described above that the sub-frames
have the same emission period, they may have different
emission periods in order to display gray scales and to
improve picture quality.

[0091] The light emitting display according to exemplary
embodiments of the present invention and the method of
driving the same may be applied to any display that controls
currents to display images.

[0092] As described above, in the light emitting display
according to exemplary embodiments of the present inven-
tion and a method of driving the same, currents correspond-
ing to digital data signals and compensating power sources
may be supplied to the OLEDs in the sub-frames, respec-
tively, using the compensating circuit regardless of the
voltage drops of the first power source lines, so that it is
possible to display images of a desired gray scale. Therefore,
according to the present invention, images are displayed
using the digital data signals and the compensating power
sources in order to minimize non-uniformity in images
caused by deviation in the characteristics of the transistors.

[0093] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A light emitting display, comprising:

a plurality of pixels arranged in regions partitioned by a
plurality of scan lines to which scan signals are sup-
plied, a plurality of data lines to which data signals are
supplied, a plurality of compensating power source
lines to which compensating power sources are sup-
plied, and a plurality of first power source lines,

wherein a pixel comprises:

apixel circuit for outputting currents corresponding to the
compensating power sources and the data signals in a
plurality of sub-frames included in a frame; and

an organic light emitting diode (OLED) that emits light
corresponding to the current output from the pixel
circuit.

2. The light emitting display of claim 1, wherein the
current output from the pixel circuit corresponds to a dif-
ference in voltage between the compensating power source
and the data signal.

3. The light emitting display of claim 1, wherein the pixels
display desired gray scales by a sum of brightness in
accordance with emission of OLEDs in the sub-frames.
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4. The light emitting display of claim 1, wherein the data
signals are digital data signals including i bits corresponding
to the sub-frames, and i is a positive integer.

5. The light emitting display of claim 4, wherein levels of
the compensating power sources become higher toward an
uppermost bit of the digital data signals.

6. The light emitting display of claim 1, wherein the first
power source lines are arranged substantially parallel with
the data lines.

7. The light emitting display of claim 1, wherein the
compensating power source lines are arranged substantially
parallel with the scan lines.

8. The light emitting display of claim 1, further compris-
ing:

a second power source line for supplying a second power
source to a cathode of the OLED,

wherein the second power source differs from a first
power source supplied to the first power source line.
9. The light emitting display of claim 8, wherein the pixel
circuit comprises:

a first transistor controlled by a scan signal supplied to a
present scan line to output the data signal supplied to
the data line;

a second transistor for controlling an amount of current
supplied from the first power source line to the OLED
in accordance with a voltage between a gate electrode
and a source electrode of the second transistor;

a compensating circuit controlled by a scan signal sup-
plied to a previous scan line to store a compensating
voltage between the compensating power source and
the first power source; and

a capacitor for storing a voltage corresponding to the data
signal from the first transistor and the compensating
power source to control the voltage between the gate
electrode and the source electrode of the second tran-
sistor.

10. The light emitting display of claim 9, wherein the

compensating circuit comprises:

a compensating capacitor electrically coupled between a
first node that is the gate electrode of the second
transistor and a second node that is an output of the first
transistor;

a third transistor controlled by the scan signal supplied to
the previous scan line and coupled between the first
node and the first power source line; and

a fourth transistor controlled by the scan signal supplied
to the previous scan line and coupled between the
second node and the compensating power source line.

11. The light emitting display of claim 9, wherein the

compensating power source is supplied to the compensating
power source line in synchronization with the scan signal
supplied to the previous scan line.

12. A light emitting display, comprising:

an image display unit comprising a plurality of pixels
arranged in regions partitioned by a plurality of scan
lines, a plurality of data lines, a plurality of first power
source lines, and a plurality of compensating power
source lines, the pixels receiving currents correspond-
ing to compensating power sources supplied to the
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compensating power source lines and data signals
supplied to the data lines from the first power source
lines to emit light;

a scan line driver for supplying scan signals to the scan
lines;

a data driver for supplying the data signals to the data
lines;

a compensating power source supply unit for supplying
the compensating power sources corresponding to sub-
frames of a frame to the compensating power source
lines; and

a first power source supply unit for supplying a first power

source to the first power source line.

13. The light emitting display of claim 12, wherein the
current received by each pixel corresponds to a difference in
voltage between the compensating power source and the
data signal.

14. The light emitting display of claim 12, wherein the
pixels display a desired gray scale by a sum of brightness of
light emitted in the sub-frames.

15. The light emitting display of claim 12, wherein the
data signals are digital data signals including i bits corre-
sponding to the sub-frames, and i is a positive integer.

16. The light emitting display of claim 15, wherein levels
of the compensating power sources become higher toward
an uppermost bit of the digital data signals.

17. The light emitting display of claim 12, wherein the
first power source lines are arranged substantially parallel
with the data lines.

18. The light emitting display of claim 12, wherein the
compensating power source lines are arranged substantially
parallel with the scan lines.

19. The light emitting display of claim 12, wherein the
compensating power source supply unit comprises:

a compensating power source generator for generating
different compensating power sources corresponding to
the sub-frames;

a shift register for generating a selection signal; and

a compensating power source selector for selecting one of
the different compensating power sources in accor-
dance with the selection signal to sequentially supply
the selected one of the different compensating power
sources to the plurality of compensating power source
lines.

20. The light emitting display of claim 12, further com-

prising:

a second power source supply unit for supplying a second
power source to a second power source line coupled
with each pixel,

wherein the second power source differs from the first
power source.
21. The light emitting display of claim 12, wherein a pixel
comprises:

a pixel circuit for outputting the current corresponding to
the compensating power source and the data signal in
each sub-frame from the first power source line; and

an organic light emitting diode (OLED) for emitting light
corresponding to the current output from the pixel
circuit.
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22. The light emitting display of claim 21, wherein the
pixel circuit comprises:

a first transistor controlled by a scan signal supplied to a
present scan line to output the data signal supplied to
the data line;

a second transistor for controlling an amount of current
supplied from the first power source line to the OLED
in accordance with a voltage between a gate electrode
and a source electrode of the second transistor;

a compensating circuit for storing a compensating voltage
between the compensating power source and the first
power source in accordance with a scan signal supplied
to a previous scan line; and

a capacitor for storing a voltage corresponding to the data
signal from the first transistor and the compensating
power source to control the voltage between the gate
electrode and the source electrode of the second tran-
sistor.

23. The light emitting display of claim 22, wherein the

compensating circuit comprises:

a compensating capacitor electrically coupled between a
first node that is the gate electrode of the second
transistor and a second node that is an output of the first
transistor;

a third transistor controlled by the scan signal supplied to
the previous scan line and coupled between the first
node and the first power source line; and

a fourth transistor controlled by the scan signal supplied
to the previous scan line and coupled between the
second node and the compensating power source line.

24. The light emitting display of claim 22, wherein the
compensating power sources are supplied to the compen-
sating power source lines in synchronization with the scan
signal supplied to the previous scan line.

25. A method of driving a light emitting display compris-
ing a plurality of pixels arranged in regions partitioned by a
plurality of scan lines, a plurality of data lines, a plurality of
first power source lines, and a plurality of compensating
power source lines, the method comprising:

supplying compensating power sources to the compen-
sating power source lines in a plurality of sub-frames
included in a frame, the compensating power sources
having different voltage levels in each sub-frame;

storing a compensating voltage between the compensat-
ing power source and a first power source supplied to
the first power source line in a first capacitor included
in a pixel;

supplving data signals to the data lines;

storing a voltage corresponding to the data signal and the
compensating power source in a second capacitor
included in the pixel; and

supplying a current corresponding to the voltage stored in
the second capacitor to an organic light emitting diode
(OLED).
26. The method of claim 25, wherein the current supplied
to the OLED corresponds to a difference in voltage between
the compensating power source and the data signal.
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27. The method of claim 25, wherein the pixels display
desired gray scales by a sum of brightness in accordance
with emission of OLEDs in the sub-frames.

28. The method of claim 25, wherein the data signals are
digital data signals including i bits corresponding to the
sub-frames, and 1 is a positive integer.

29. The method of claim 28, wherein levels of the
compensating power sources become higher toward an
uppermost bit of the digital data signals.
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30. The method of claim 27, wherein the compensating
power sources are supplied to the compensating power
source lines in synchronization with scan signals supplied to
the scan lines.
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