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7) ABSTRACT

A pixel, an organic light emitting display including the same,
and a driving method thereof, in which a gradation is
represented using the frequency characteristic of an organic
light emitting diode. The organic light emitting display
includes a plurality of pixels which are connected by a
plurality of scan lines for supplying scan signals, a plurality
of data lines for supplying data signals, and a plurality of
power source lines, each pixel having: a frequency supply-

(21) Appl. No.: 11/245,988 ing line through Wthh a frequency signal corresponding to
- a sub-frame is supplied; a pixel circuit outputting a current
(22)  Filed: Oct. 6, 2005 corresponding to an output obtained by applying a logical
: o - operation to a corresponding one of the data signals and the
(30) Foreign Application Priority Data frequency signal; and an organic light emitting diode for
Oct. 13, 2004 (KR) oo, 10-2004-0081809 ~ emitting light based on the current outputted from the pixel
’ circuit. With this configuration, a desired gradation can be
Publication Classification represented using the frequency characteristic of the organic
light emitting diode on the basis of the sum of various
(51) Int.CL brightness depending on a digital data signal and frequency
G09G  3/30 (2006.01) signals that are different per sub-frame.
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PIXEL, ORGANIC LIGHT EMITTING DISPLAY
COMPRISING THE SAME, AND DRIVING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2004-0081809, filed
on Oct. 13, 2004, in the Korean Intellectual Property Office,
the entire disclosure of which is incorporated herein by
reference.

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

emitting display, and more particularly, to a pixel, an organic
light emitting display including the same, and a driving
method thereof, in which a gradation is represented using the
frequency characteristic of an organic light emitting diode.

[0004] 2. Discussion of Related Art

[0005] Recently, various flat panel displays have 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), a light emit-
ting diode (LED) display, etc.

[0006] Among the flat panel displays, the light emitting
diode display can emit light for itself by electron-hole
recombination to allow a fluorescent layer thereof to emit
the light. The light emitting diode display can be classified
into an inorganic light emitting diode display and an organic
light emitting diode (OLED) display according to materials
and structures thereof. Here, the organic light emitting diode
display can also be referred to as an organic light emitting
display or an electroluminescent display.

[0007] Unlike the liquid crystal display (LCD) requiring a
separate light source, an organic light emitting display has
an advantage of fast response time like the CRT display.

[0008] FIG. 1 is a circuit diagram of a pixel provided in
a conventional organic light emitting display.

[0009] Referring to FIG. 1, a pixel 11 of a conventional
organic light emitting display is disposed in a region where
a scan line Sn intersects (or crosses) a data line Dm. The
pixel 11 is selected when a scan signal is applied to the scan
line Sn, and emits light based on a data signal applied to the
data line Dm.

[0010] The pixel 11 is connected to a first power source
VDD and a second power source VSS, and includes an
organic light emitting diode OLED and a pixel circuit 40.

[0011] The organic light emitting diode OLED includes an
anode electrode connected to the pixel circuit 40, and a

cathode electrode connected to the second power source
VSS.

[0012] The organic light emitting diode OLED includes an
emitting layer, an electron transport layer, and a hole trans-
port layer, which are interposed between the anode electrode
and the cathode electrode. Additionally, the organic light
emitting diode OLED may include an electron injection
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layer, and a hole injection layer. In this organic light emitting
diode OLED, when a voltage is applied between the anode
electrode and the cathode electrode, electrons emitted from
the cathode electrode are moved to the emitting layer via the
electron injection layer and the electron transport layer, and
holes generated from the anode electrode are moved to the
emitting layer via the hole injection layer and the hole
transport layer. Then, the electrons from the electron trans-
port layer and the holes from the hole transport layer are
collided and recombined with each other in the emitting
layer, thereby emitting the light.

[0013] The pixel circuit 40 includes a first transistor M1,
a second transistor M2, and a capacitor C. Here, each of the
second transistor M2 and the first transistor M1 includes a
p-type metal oxide semiconductor field effect transistor
(MOSFET). Also, the second power source VSS has a lower
voltage level than the first power source VDD. For example,
the second power source VSS has a ground voltage level.

[0014] The first transistor M1 includes a gate electrode
connected to the scan line Sn, a source electrode connected
to the data line Dm, a drain electrode connected to a first
node N1. Here, 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.

[0015] The capacitor C stores a voltage corresponding to
the data signal applied to the first node N1 via the first
transistor M1 while the scan signal is supplied to the scan
line Sn, and then keeps the second transistor M2 turned on
when the first transistor M1 is turned off.

[0016] The second transistor M2 includes a gate electrode
connected to the first node N1 to which the drain electrode
of the first transistor M1 and the capacitor C are connected
in common, a source electrode connected to the first power
source VDD, and a drain electrode connected to the anode
electrode of the organic light emitting diode OLED. Here,
the second transistor M2 adjusts the amount of current in
correspondence to the data signal supplied from the data line
Dm and applied to the organic light emitting diode OLED.
Thus, the organic light emitting diode OLED emits light
based on the current supplied from the first power source
VDD via the second transistor M2.

[0017] The pixel 11 operates as follows. First, while the
scan signal of a low state is applied to the scan line Sn, the
first transistor M1 is turned on. Then, the data signal is
supplied from the data line Dm 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 a voltage
corresponding to the voltage difference between the gate
electrode of the second transistor M2 and the first power
source VDD.

[0018] Thus, the second transistor M2 is turned on by the
voltage applied to the first node N1, and supplies the current
corresponding to the data signal to the organic light emitting
diode OLED. Hence, the organic light emitting diode OLED
emits light based on the current applied from the second
transistor M2, thereby displaying an image.

[0019] Then, while the scan signal of a high state is
applied to the scan line Sn, the second transistor M2 is kept
being turned on by the voltage corresponding to the data
signal stored in the capacitor C, so that the organic light
emitting diode OLED emits light and displays an image in
one frame.
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[0020] Further, a conventional organic light emitting dis-
play additionally may include a compensation circuit (not
shown) to compensate for the non-uniformity of the thresh-
old voltages of a plurality of second transistors (e.g., the
second transistor M2) due to a manufacturing process.
However, although the conventional organic light emitting
display may include the compensation circuit to operate in
an offset compensation manner or a current programming
manner, there is still a limit to display an image with uniform
brightness.

SUMMARY OF THE INVENTION

[0021] Accordingly, it is an embodiment of the present
invention to provide a pixel, an organic light emitting
display including the same, and a driving method thereof, in
which a gradation is represented using the frequency char-
acteristic of an organic light emitting diode.

[0022] One embodiment of the present invention provides
an organic light emitting display including a plurality of
pixels which are connected by a plurality of scan lines for
supplying scan signals, a plurality of data lines for supplying
data signals, and a plurality of power source lines, each pixel
including: a frequency supplying line through which a
frequency signal corresponding to a sub-frame is supplied;
a pixel circuit outputting a current corresponding to an
output obtained by applying a logical operation to a corre-
sponding one of the data signals and the frequency signal,
and an organic light emitting diode for emitting light based
on the current outputted from the pixel circuit.

[0023] One embodiment of the present invention provides
an organic light emitting display including: a pixel portion
including a plurality of pixels which are connected to a
plurality of scan lines, a plurality of data lines, a plurality of
power source lines and a plurality of frequency supplying
lines, and emitting light based on a current depending on a
logical operation applied between a digital data signal
supplied to the data lines and a frequency signal supplied to
the frequency supplying lines; a data driver supplying the
data signal to at least one of the data lines; a scan driver
supplying a scan signal to at least one of the scan lines; and
a frequency supply supplying the frequency signal to at least
one of the frequency supplying lines.

[0024] One embodiment of the present invention provides
a pixel including: a pixel circuit outputting a current corre-
sponding to an output obtained by applying a logical opera-
tion to an input data signal and a frequency signal; and an
organic light emitting diode emitting light based on the
current outputted from the pixel circuit.

[0025] One embodiment of the present invention provides
a method of driving a pixel, the method including: output-
ting a current corresponding to an output obtained by
applying a logical operation to an input data signal and a
frequency signal; and controlling an organic light emitting
diode to emit light based on the outputted current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention and together with the description serve to
explain the principles of the invention.

[0027] FIG. 1 is a circuit diagram of a pixel provided in
a conventional organic light emitting display;
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[0028] FIG. 2 illustrates a first embodiment of an organic
light emitting display including a pixel according to the
present invention;

[0029] FIG. 3 is a block diagram showing a first embodi-
ment of a frequency supply illustrated in FIG. 2;

[0030] FIG. 4 is a block diagram showing a second
embodiment of a frequency supply illustrated in FIG. 2;

[0031] FIG.5 is a block diagram showing a third embodi-
ment of a frequency supply illustrated in FIG. 2;

[0032] FIG. 6 is a block diagram showing a fourth
embodiment of a frequency supply illustrated in FIG. 2;

[0033] FIG. 7 is a circuit diagram of a pixel illustrated in
FIG. 2;
[0034] FIG. 8 is a circuit diagram of a 2-input logic gate

illustrated in FIG. 7;

[0035] FIG. 9 is a graph showing brightness with respect
to the frequency of an organic light emitting diode illustrated
in FIG. 7,

[0036] FIG. 10 shows driving waveforms for the first
embodiment of the organic light emitting display including
the pixel according to the present invention;

[0037] FIG. 11 illustrates a pixel of a second embodiment
of an organic light emitting display according to the present
invention; and

[0038] FIG. 12 shows driving waveforms for the second
embodiment of the organic light emitting display including
the pixel according to the present invention.

DETAILED DESCRIPTION

[0039] Inthe following detailed description, certain exem-
plary embodiments of the present invention are shown and
described, by way of illustration. As those skilled in the art
would recognize, the described exemplary embodiments
may be modified in various ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature, rather than restrictive.

[0040] FIG. 2 illustrates a first embodiment of an organic
light emitting display including a pixel according to the
present invention.

[0041] Referring to FIG. 2, the organic light emitting
display according to the first embodiment of the present
invention includes a pixel portion 110, a scan driver 120, a
data driver 130, a first power supply 160 for supplying a first
power and a frequency supply 150.

[0042] The pixel portion 110 includes a plurality of pixels
111 defined by a plurality of scan lines S1 through SN, a
plurality of data lines D1 through DM, a plurality of pixel
power source lines, and a plurality of frequency supplying
lines F1 through FN. Also, a second power supply (not
shown) is provided to supply a second power different from
the first power to the plurality of pixels 111.

[0043] 1In operation, a pixel 111 is selected when a scan
signal is supplied to a scan line (e.g., one of the scan lines
S1 through SN), and emits light corresponding to a data
signal supplied to a data line (e.g., the-data line Dm) and a
frequency signal supplied to a frequency supplying line
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(e.g., one of the frequency supplying lines F1 through FN).
In more detail, the pixel 111 represents a gradation by
controlling its organic light emitting diode OLED to emit
light with brightness according to a logical operation
between a digital data signal and a frequency signal, thereby
displaying an image with a desired brightness.

[0044] The scan driver 120 generates the scan signals in
response to scan control signals, i.e., a start pulse and a clock
signal outputted from a controller (not shown), and supplies
them to the scan lines S1 through SN in sequence.

[0045] The data driver 130 supplies i-bits digital data
signals from the controller to the pixels 111 through the data
lines D1 through DM in response to data control signals
outputted from the controller. That is, the data driver 130
supplies each bit digital data signal of the i-bits digital data
signals (where, i is a positive integer) to the data lines D1
through DM per j sub-frames (where, j is a positive integer
equal to or larger than i). At this time, the least significant bit
digital data signal among the i-bits digital data signals is
supplied to the 1% sub-frame. The first power supply 160
supplies the first power to the pixel power source lines of the
pixel portion 110. The frequency supply 150 generates the
frequency signals that are different according to the sub-
frame corresponding to each bit of the i-bits digital data
signals, and supplies the frequency signals to the frequency
supplying lines F1 through FN. At this time, as the supplied
i-bits digital data signal becomes closer to being the most
significant bit digital data signal, the frequency of the
frequency signal supplied from the frequency supply 150 to
the frequency supplying lines F1 through FN becomes closer
to being the lowest frequency. Further, the frequency signals
supplied to the frequency supplying lines F1 through FN are
supplied, synchronizing with the scan signals supplied to the
scan lines.

[0046] FIG. 3 is a block diagram showing a first embodi-
ment of a frequency supply illustrated in FIG. 2.

[0047] Referring to FIG. 3, the frequency supply 150a
includes a shift register part 152, a counting part 154, and a
selection part 156.

[0048] The shift register part 152 includes a plurality of
shift registers. The respective shift registers sequentially
shift a start signal that is supplied for synchronizing with a
scan signal and supply the shifted start signal to the counting
part 154 and the selection part 156. Further, the respective
shift registers generate a counting start signal CSS and
supply it to the counting part 154. Also, the respective shift
registers generate bit selection signals (BBS) by shifting k
bits (where, k is a positive integer) in sequence, and supply
the bit selection signals to the selection part 156. For
example, when the digital data signal is of 8 bits and there
are eight sub-frames, each shift register outputs the bit
selection signal of 3 bits to the selection part 156.

[0049] The counting part 154 includes a plurality of p-bits
counters. The respective counters start operating in response
to the counting start signal CSS and generate a plurality of
counting output signals COS having frequencies that are
different according to the clock signal CLK, and supply the
plurality of counting output signals COS to the selection part
156.

[0050] The selection part 156 includes a plurality of bit
selectors. Here, each bit selector may be formed by an
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analog switch. Further, each bit selector selects one of the
counting output signals COS supplied from each counter on
the basis of the bit selection signal BSS, and supplies it to
the frequency supplying lines F1 through FN. Thus, the
selection part 156 generates frequency signals that are
different per sub-frame and supplies the generated frequency
signals to the frequency supplying lines F1 through FN. In
result, as the supplied i-bits digital data signal becomes
closer to being the most significant bit digital data signal, the
frequency of the frequency signal selected by the selection
part 156 and sequentially supplied to the frequency supply-
ing lines F1 through FN becomes closer to being the lowest
frequency.

[0051] FIG. 4 is a block diagram showing a second
embodiment of a frequency supply illustrated in FIG. 2.

[0052] Referring to FIG. 4, the frequency supply 15056
includes a counting part 254, a shift register part 252, and a
selection part 256.

[0053] The counting part 254 generates a plurality of
counting output signals COS having frequencies that are
different according to the clock signal CLK that is started
and inputted in response to a counting start signal CSS, and
supplies the plurality of counting output signals COS to the
selection part 256. At this time, the counting part 254
generates the plurality of counting output signals COS
having different frequencies corresponding to the respective
bits of the i-bits digital data signal (or the respective sub-
frames), and supplies the plurality of counting output signals
COS 1o the selection part 256.

[0054] The shift register part 252 includes a plurality of
shift registers. Each shift register sequentially shifts a start
signal that is supplied for synchronizing with a scan signal
and supplies the shifted start signal to the selection part 256.
Further, each shift register generates bit selection signals
BBS by shifting k bits (where, k is a positive integer) in
sequence, and supplies the bit selection signals to the
selection part 256. For example, when the digital data signal
is of 8 bits and there are eight sub-frames, each shift register
outputs the bit selection signal (BSS) of 3 bits to the
selection part 256.

[0055] The selection part 256 includes a plurality of bit
selectors. Here, each bit selector may be formed by an
analog switch. Further, each bit selector selects one of the
counting output signals COS having different frequencies on
the basis of the bit selection signal BSS, and supplies it to
the frequency supplying lines F1 through FN. Thus, the
selection part 256 generates frequency signals that are
different per sub-frame and supplies the generated frequency
signals to the frequency supplying lines F1 through FN. In
result, as the supplied i-bits digital data signal becomes
closer to being the most significant bit digital data signal, the
frequency of the frequency signal selected by the selection
part 256 and sequentially supplied to the frequency supply-
ing lines F1 through FN becomes closer to being the lowest
frequency.

[0056] FIG.5 is a block diagram showing a third embodi-
ment of a frequency supply illustrated in FIG. 2.

[0057] Referring to FIG. 5, the frequency supply 150c¢
includes a voltage control oscillator part 358, a shift register
part 352, and a selection part 356.
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[0058] The voltage control oscillator part 358 includes a
plurality of voltage control oscillators. The respective volt-
age control oscillators generate a plurality of different fre-
quency signals VO using different voltages, and supplies the
plurality of different frequency signals VO to the selection
part 356. That is, as the supplied i-bits digital data signal
becomes closer to being the most significant bit digital data
signal, the frequency of the frequency signal VO generated
by the voltage control oscillator part 358 and supplied to the
selection part 356 becomes closer to being the lowest
frequency.

[0059] The shift register part 352 includes a plurality of
shift registers. The respective shift registers sequentially
shift voltage selection start signals VSSS that are supplied
for synchronizing with scan signals and then supplies the
shifted voltage selection start signals to the selection part
356. That is, the respective shift registers output the sequen-
tially shifted voltage selection signals to the selection part
356. At this time, the respective shift registers generate the
voltage selection signals by shifting k bits in sequence, and
then supply the voltage selection signals to the selection part
356. For example, when the digital data signal is of 8 bits
and there are eight sub-frames, each shift register outputs the
voltage selection signal of 3 bits to the selection part 356.

[0060] The selection part 356 includes a plurality of
voltage selectors. Here, each voltage selector may be formed
by an analog switch. Further, each voltage selector selects
one of the different frequency signals VO supplied from the
voltage control oscillator part 358 in correspondence to the
voltage selection signals supplied from the respective shift
registers, and supplies the selected frequency signals to the
frequency supplying lines F1 through FN. Thus, the selec-
tion part 356 selects frequency signals that are different per
sub-frame and supplies the generated frequency signals to
the frequency supplying lines F1 through FN.

[0061] In result, as the supplied i-bits digital data signal
becomes closer to being the most significant bit digital data
signal, the frequency of the frequency signal selected by the
selection part 356 and sequentially supplied to the frequency
supplying lines F1 through FN becomes closer to being the
lowest frequency.

[0062] FIG. 6 is a block diagram showing a fourth
embodiment of a frequency supply illustrated in FIG. 2.

[0063] Referring to FIG. 6, the frequency supply 1504
includes a voltage generator 454, a shift register part 452, a
selection part 456, and a voltage control oscillator part 458.

[0064] The voltage generator 454 generates a plurality of
voltages VO' having different levels, and supplies the volt-
ages to the selection part 456.

[0065] The shift register part 452 includes a plurality of
shift registers. The respective shift registers sequentially
shift voltage selection start signals VSSS that are supplied
for synchronizing with scan signals and then supplies the
shifted voltage selection start signals to the selection part
456. That is, the respective shift registers output the sequen-
tially shifted voltage selection signals to the selection part
456. At this time, the respective shift registers generate the
voltage selection signals by shifting k bits in sequence, and
then supply the voltage selection signals to the selection part
456. For example, when the digital data signal is of 8 bits
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and there are eight sub-frames, each shift register outputs the
voltage selection signal of 3 bits to the selection part 456.

[0066] The selection part 456 includes a plurality of
voltage selectors. Here, each voltage selector may be
achieved by an analog switch. Further, each voltage selector
selects one of the different voltages VO' supplied from the
voltage generator 454 in correspondence to the voltage
selection signals supplied from the respective shift registers,
and supplies the selected voltage VO" to the voltage control
oscillator part 458.

[0067] The voltage control oscillator part 458 includes a
plurality of voltage control oscillators. Each voltage control
oscillator generates a frequency signal corresponding to the
voltage VO" selected by the voltage selector, thereby sup-
plying the frequency signals VO to the frequency supplying
lines F1 through FN. Thus, the voltage control oscillator part
458 generates frequency signals that are different per sub-
frame and supplies the generated frequency signals to the
frequency supplying lines F1 through FN. In result, as the
supplied i-bits digital data signal becomes closer to being the
most significant bit digital data signal, the frequency of the
frequency signal generated by the voltage control oscillator
part 458 and sequentially supplied to the frequency supply-
ing lines F1 through FN becomes closer to being the lowest
frequency.

[0068] FIG. 7 is a circuit diagram of a pixel illustrated in
FIG. 2.
[0069] Referring to FIG. 7, the pixel 111 of the organic

light emitting display of FIG. 2 is connected to a first power
source VDD and a second power source VSS, and includes
an organic light emitting diode OLED and a pixel circuit
140.

[0070] The organic light emitting diode OLED includes an
anode electrode connected to the pixel circuit 140, and a
cathode electrode connected to the second power source
VSS.

[0071] The organic light emitting diode OLED includes an
emitting layer, an electron transport layer, and a hole trans-
port layer, which are interposed between the anode electrode
and the cathode electrode. Additionally, the organic light
emitting diode OLED may include an electron injection
layer, and a hole injection layer. In this organic light emitting
diode OLED, when a voltage is applied between the anode
electrode and the cathode electrode, electrons emitted from
the cathode electrode are moved to the emitting layer via the
electron injection layer and the electron transport layer, and
holes generated from the anode electrode are moved to the
emitting layer via the hole injection layer and the hole
transport layer. Then, the electrons from the electron trans-
port layer and the holes from the hole transport layer are
collided and recombined with each other in the emitting
layer, thereby emitting the light.

[0072] The pixel circuit 140 includes a first transistor M1',
a second transistor M2', a 2-input logic gate 142, and a
capacitor C'. Here, each of the first and second transistors
M1' and M2' includes a p-type metal oxide semiconductor
field effect transistor (MOSFET). In this case where the
pixel circuit 140 include the p-type transistors, the second
power source VSS has a lower voltage level than the first
power source VDD. For example, the second power source
VSS can have a ground voltage level.
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[0073] The first transistor M1' includes a gate electrode
connected to a scan line Sn, a source electrode connected to
a data line Dm, a drain electrode connected to a first node
N1' Here, the first transistor M1' supplies a digital data
signal from the data line Dm to the first node N1' in response
to the scan signal supplied to the scan line Sn'.

[0074] The second transistor M2' includes a gate electrode
connected to a second node N2' to which the 2-input logic
gate 142 is connected. The 2-input logic gate 142 is also
connected to the drain electrode of the first transistor M1'
and the capacitor C' via the first node N1'. The second
transistor M2' further includes a source electrode connected
to the first power source VDD and a drain electrode con-
nected to the anode electrode of the organic light emitting
diode OLED. Here, the second transistor M2' is used to
adjust the amount of current flowing from the first power
source VDD and applied to the organic light emitting diode
OLED in correspondence to the voltage supplied from the
capacitor C' to its own gate electrode.

[0075] The capacitor C' includes a first electrode electri-
cally connected to the first node N1', and then to the gate
electrode of the second transistor M2' (via the 2-input logic
gate 142), and a second electrode electrically connected to
the second power source VSS. Here, the capacitor C' stores
the digital data signal supplied to the first node N1' via the
first transistor M1' while the scan signal is transmitted to the
scan line Sn, and then supplies the stored digital data signal
to the 2-input logic gate 142 when the first transistor M1 is
turned off.

[0076] The 2-input logic gate 142 logically operates the
digital data signal supplied through the first node N1' and a
frequency signal supplied through a frequency supplying
line Fn, and outputs an output signal to the gate electrode of
the second transistor M2' through an output terminal via the
second node N2'.

[0077] FIG. 8 is a circuit diagram of a 2-input logic gate
illustrated in FIG. 7.

[0078] Referring to FIG. 8, the 2-input logic gate 142
includes a first input terminal connected to the frequency
supplying line Fn, and a second input terminal connected to
the first node N1', and an output terminal connected to the
second node N2' that is connected to the gate electrode of the
second transistor M2'. The 2-input logic gate 142 can
include an AND gate, a NAND gate, an OR gate, an NOR
gate, etc. In one embodiment of the invention, the NOR gate
is used as the 2-input logic gate 142. In FIG. 8, the NAND
gate is shown as the 2-input logic gate 142.

[0079] Inthe2-inputlogic gate 142, the first input terminal
receives the frequency signal through the frequency supply-
ing line Fn, and the second input terminal receives the
voltage through the first node N1'.

[0080] In FIG. 8, the 2-input logic gate 142 outputs the
output signal obtained by applying an NAND operation to
the frequency signal received through the first input terminal
and the digital data signal received from the capacitor C'
through the second input terminal to the gate electrode of the
second transistor M2' through its output terminal. For
example, when the digital data signal of “1” is supplied from
the capacitor C', the 2-input logic gate 142 outputs the output
signal alternating between “0” and “1” to the gate electrode
of the second transistor M2' via the second node N2'
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according to the frequency signal. Then, the second transis-
tor M2' adjusts the frequency of the current flowing from the
first power source VDD to the organic light emitting diode
OLED on the basis of the output signal outputted from the
2-input logic gate 142 and alternating between “0”” and “1”
according to the frequency signal. On the other hand, when
the digital data signal of “0” is supplied from the capacitor
C', the 2-input logic gate 142 outputs the output signal of “1”
to the gate electrode of the second transistor M2' via the
second node N2' regardless of the frequency signal. Then,
the second transistor M2' is kept being turned off by the
output signal of “1” from the 2-input logic gate 142. thereby
interrupting the current flowing from the first power source
VDD to the organic light emitting diode OLED.

[0081] In result, the 2-input logic gate 142 adjusts the
frequency of the current flowing in the organic light emitting
diode OLED on the basis of the digital data signal and the
frequency signal. At this time, the first embodiment of the
organic light emitting display according to the present
invention can change the power supplied to the organic light
emitting diode OLED on the basis of the frequency charac-
teristic of a capacitance in the organic light emitting diode
OLED, thereby representing a desired brightness.

[0082] FIG. 9 is a graph showing brightness with respect
to the frequency of an organic light emitting diode illustrated
in FIG. 7.

[0083] Referring to FIG. 9, the capacitance in the organic
light emitting diode OLED causes brightness to decrease
with a high frequency (Hz) and to increase with a low
frequency (Hz). Thus, the light emitting diode OLED rep-
resents high brightness (Cd/m?) and low brightness (Cd/m?)
corresponding to low frequency (Hz) and high frequency
(Hz), respectively.

[0084] FIG. 10 shows driving waveforms for the first
embodiment of the organic light emitting display including
the pixel according to the present invention.

[0085] Referring to FIG. 10 in accordance with FIG. 7,
one frame is divided into j sub-frames SF1 through SFj
corresponding to the respective bits of the i-bits digital data
signals and having the same emission time to thereby adjust
the brightness of the organic light emitting diode OLED and
representing a desired gradation. Here, the first through j
sub-frames SF1 through SFj are different in the gradations
corresponding to differently weighted brightness. For
example, the gradations corresponding to the brightness of
the first through j** sub-frames SF1 through SFj are in the
ratio of 29:21:2%:2%:242% | 2

[0086] According to the first embodiment of the present
invention, the organic light emitting display including the
pixel is driven as follows.

[0087] First, the scan signals SS1 through SSn of the low
state are supplied to the respective scan lines S1 through SN
in the 1% sub-frame SF1 of one frame, so that a plurality of
first transistors M1' connected to the respective scan lines S1
through Sn are turned on in sequence. At the same time, first
frequency signals FS1 are supplied to the second input
terminal of the 2-input logic gate 142 via the respective
frequency supplying lines F1 through FN in synchronization
with the scan signals SS1 through SSn of the low state. Thus,
the 1% bit digital data signal among the i-bit digital data
signals supplied to the data lines D1 through DM is supplied
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to each first transistor M1' and each first node N1'. There-
fore, each capacitor C' is charged with a voltage difference
between the 1% bit digital data supplied to the respective first
node N1' and the second power source VSS.

[0088] Then, the scan signals SS1 through SSn of the high
state are supplied to the respective scan lines S1 through SN,
so that the 17" bit digital data signal stored in each capacitor
C' is supplied to the first input terminal of the 2-input logic
gate 142 via the first node N1. Then, each 2-input logic gate
142 applies a logical operation (e.g., the NAND operation)
to the 1% bit digital data signal from the capacitor C' and the
1** frequency signal FS1 from the frequency supplying line
F1 through FN and outputs the output signal obtained by the
logical operation to the gate electrode of the second tran-
sistor M2', thereby turning on and off the second transistor
M?2'. The second transistor M2' is turned on and off by the
output signal of the 2-input logic gate 142, and allows the
current to flow from the first power source VDD to the
organic light emitting diode OLED.

[0089] Hence, in the 1** sub-frame SF1, the organic light
emitting diode OLED emits light based on the current
supplied as the second transistor M2' is turned on and off. At
this time, the brightness of the organic light emitting diode
OLED decreases with the high frequency and increases with
the low frequency because of the capacitance in the organic
light emitting diode OLED, and thus this frequency char-
acteristic makes the organic light emitting diode emit light
on the basis of the frequency of the current supplied from the
second transistor M2'. For example, the organic light emit-
ting diode OLED emits light with brightness corresponding
to the gradation of “0” or “2%” on the basis of the 1% bit
digital data signal in the 1°° sub-frame SF1. That is, the
organic light emitting diode OLED emits light with bright-
ness corresponding to the gradation of “2%” when the 1°* bit
digital data signal is “1”, but does not emit light when the 1**
bit digital data signal is “0”.

[0090] Further, the scan signals SS1 through SSn of the
low state are supplied to the respective scan lines S1 through
SN in the 2°¢ sub-frame SF2 of one frame, so that the first
transistors M1' connected to the respective scan lines S1
through Sn are turned on in sequence. At the same time,
second frequency signals FS2 having a lower frequency than
the first frequency signals FS1 are supplied to the second
input terminal of the 2-input logic gate 142 via the respective
frequency supplying lines F1 through FN, synchronizing
with the scan signals SS1 through SSn of the low state. Thus,
the 2°¢ bit digital data signal among the i-bit digital data
signals supplied to the data lines D1 through DM is supplied
to each first transistor M1' and each first node N1'. There-
fore, each capacitor C' is charged with voltage difference
between the 2°¢ bit digital data supplied to the first node N1'
and the second power source VSS.

[0091] Then, the scan signals SS1 through SSn of the high
state are supplied to the respective scan lines S1 through SN,
so that the 2°® bit digital data signal stored in each capacitor
C' is supplied to the first input terminal of the 2-input logic
gate 142 via the first node N1. Then, each 2-input logic gate
142 applies a logical operation (e.g., the NAND operation)
to the 2™ bit digital data signal from the capacitor C' and the
2" frequency signal FS2 from the frequency supplying line
F1 through FN and outputs the output signal obtained by the
logical operation to the gate electrode of the second tran-
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sistor M2', thereby turning on and off the second transistor
M2'. The second transistor M2' is turned on and off by the
output signal of the 2-input logic gate 142, and allows the
current to flow from the first power source VDD to the
organic light emitting diode OLED.

[0092] Hence, in the 2°¢ sub-frame SF2, the organic light
emitting diode OLED emits light based on the current
supplied as the second transistor M2' is turned on and off. At
this time, the organic light emitting diode OLED emits light
on the basis of the frequency of the current supplied from the
first power source VDD according to when the second
transistor M2 is turned on and off. For example, the organic
light emitting diode OLED emits light with brightness
corresponding to the gradation of “0” or “2'” on the basis of
the 2™ bit digital data signal in the 2™ sub-frame SF2. That
is, the organic light emitting diode OLED emits light with
brightness corresponding to the gradation of “2" when the
224 bit digital data signal is of “1”, but does not emit light
when the 2 bit digital data signal is of “0”.

[0093] Also, in the 3™ sub-frame SF3 of one frame, the
organic light emitting diode OLED emits light on the basis
of the frequency of the current supplied from the first power
source VDD according to when the second transistor M2' is
turned on and off by the logical operation between the 3™ bit
digital data signal and the 3" frequency signal FS3 having
a lower frequency than the 2¢ frequency signal FS2. There-
fore, the organic light emitting diode OLED emits light with
brightness corresponding to the gradation of “0” or “2*” on
the basis of the 3™ bit digital data signal in the 3™ sub-frame
SF3. That is, the organic light emitting diode OLED emits
light with brightness corresponding to the gradation of “2*”
when the 3™ bit digital data signal is of “1”, but does not
emit light when the 3™ bit digital data signal is of “0”.

[0094] Likewise, in each of the 4™ through j* sub-frames
SF4 through SFj of one frame, the organic light emitting
diode OLED emits light with brightness corresponding to
the gradation of “0” or “2*” through “2™ on the basis of the
frequency of the current supplied from the first power source
VDD according to when the second transistor M2' is turned
on and off by the logical operation between each of the 4™
through ™ bit digital data signals and the 4™ through j*
frequency signal FS4 through FSj that are lowered in
sequence.

[0095] Thus, an organic light emitting display including a
pixel according to the above-described embodiments of the
present invention uses a frequency characteristic of an
organic light emitting diode OLED to thereby represent a
desired gradation according to the sum of brightness weights
of the light emitted from the organic light emitting diode
OLED per sub-frame SF1 through SFj.

[0096] FIG. 11 illustrates a pixel of a second embodiment
of an organic light emitting display according to the present
invention, and FIG. 12 shows driving waveforms for the
second embodiment of the organic light emitting display
including the pixel according to the present invention.

[0097] Referring to FIGS. 11 and 12, the pixel 111"
includes a pixel circuit having transistors M1" and M2", a
capacitor C", first and second nodes N1" and N2", and a
2-input logic gate 142". The pixel 111" of FIG. 11 is
different from that of the pixel 111 of FIG. 7 in the
conductive type of the transistor M1" and M2" provided in
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the pixel circuit 140", but the structures and configurations
of the other components, such as the first and second nodes
N1" and N2", the capacitor C" and the 2-input logic gate
142", are substantially the same as that of the pixel 111 of
FIG. 7.

[0098] In the pixel according to the second embodiment of
the organic light emitting display of the present invention, a
scan signal is provided for driving n-type transistors M1"
and M2". The second embodiment of the organic light
emitting display can be readily appreciated by those skilled
in the art with reference to the first embodiment of the
organic light emitting display. Therefore, repetitive descrip-
tions will be avoided as necessary.

[0099] In the foregoing embodiments, a pixel (e.g., the
pixel 111 or the pixel 111") includes two transistors (e.g., the
transistors M1 and M2 or the transistors M1" and M2"), and
one capacitor (e.g., the capacitor C or the capacitor C"), but
the present invention is not thereby limited. Alternatively,
for example, the pixel may include at least two transistors
and at least one capacitor.

[0100] In the foregoing embodiment, respective sub-
frames have the same emission time, but the present inven-
tion is not thereby limited. Alternatively, for example, the
respective sub-frames may have different emission times to
improve gradation representation and picture quality.

[0101] Further, a pixel, an organic light emitting display
including the same, and a driving method thereof in certain
embodiments of the present invention may be applied to a
display that displays an image by controlling a current.

[0102] As described above, the present invention provides
a pixel, an organic light emitting display including the same,
and a driving method thereof, in which a desired gradation
is represented using a frequency characteristic of an organic
light emitting diode on the basis of the sum of various
brightnesses depending on a digital data signal and fre-
quency signals that are different per sub-frame. Further, the
emission times of the respective sub-frames are equalized in
the digital driving manner, so that there is enough time to
adjust the ratio of the emission times, thereby providing
enough time for the gradation representation. Also, an image
is displayed using the digital driving manner, so that the
brightness thereof is uniform regardless of difference
between transistors provided in pixels.

[0103] While the invention has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood by those skilled in the art that the invention is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications included within
the spirit and scope of the appended claims and equivalents
thereof.

What is claimed is:

1. An organic light emitting display comprising a plurality
of pixels connected by a plurality of scan lines for supplying
scan signals, a plurality of data lines for supplying data
signals, and a plurality of power source lines,

each of the pixels comprising:

a frequency supplying line for supplying a frequency
signal corresponding a sub-frame;
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a pixel circuit for outputting a current corresponding to an
output obtained by applying a logical operation to a
corresponding one of the data signals and the frequency
signal; and

an organic light emitting diode for emitting light based on

the current outputted from the pixel circuit.

2. The organic light emitting display according to clam 1,
wherein each of the pixels represents a gradation based on
a brightness sum of the light emitted by the organic light
emitting diode per sub-frame.

3. The organic light emitting display according to claim 1,
wherein the corresponding one of the data signals includes
i bits corresponding to j sub-frames, and wherein i is a
positive integer and j is a positive integer not less than i.

4. The organic light emitting display according to claim 1,
wherein a frequency of the frequency signal being supplied
becomes closer to being the lowest frequency as a bit of the
corresponding one of the data signals being supplied
becomes closer to being the most significant bit of the
corresponding one of the digital data signals.

5. The organic light emitting display according to claim 1,
wherein the frequency signal is supplied to synchronize with
a corresponding one of the scan signals supplied to a
corresponding one of the scan lines.

6. The organic light emitting display according to claim 1,
wherein the pixel circuit comprises:

a first transistor controlled by a corresponding one of the
scan signals supplied to a corresponding one of the scan
lines and outputting the corresponding one of the data
signals supplied to a corresponding one of the data
lines;

a logic gate for outputting an output signal obtained by
applying a logical operation to an output from the first
transistor and the frequency signal from the frequency
supplying line;

a second transistor for being turned on and off by the
output signal of the logic gate and for supplying the
current from a corresponding one of the power source
lines to the organic light emitting diode; and

a capacitor for storing the-a corresponding one of the data
signals from the first transistor and for supplying the
stored data signal to the logic gate.

7. The organic light emitting display according to claim 6,

wherein the logic gate comprises:

a first input terminal electrically connected to an output
electrode of the first transistor;

a second input terminal electrically connected to the
frequency supplying line; and

an output terminal electrically connected to a gate elec-
trode of the second transistor.
8. The organic light emitting display according to claim 7,
wherein the logic gate includes a 2-input logic gate.
9. An organic light emitting display comprising:

a pixel portion comprising a plurality of pixels connected
to a plurality of scan lines, a plurality of data lines, a
plurality of power source lines, and a plurality of
frequency supplying lines, and for emitting light based
on a current depending on a logical operation applied
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between a digital data signal supplied to the data lines
and a frequency signal supplied to the frequency sup-
plying lines;

a data driver for supplying the data signal to at least one
of the data lines;

a scan driver supplying a scan signal to at least one of the
scan lines; and

a frequency supply supplying the frequency signal to at

least one of the frequency supplying lines.

10. The organic light emitting display according to clam
9, wherein each of the pixels represents a gradation based on
a brightness sum of light emitted by a corresponding organic
light emitting diode per sub-frame.

11. The organic light emitting display according to claim
10, wherein the corresponding one of the data signals
includes i bits corresponding to j sub-frames, and wherein i
is a positive integer and j is a positive integer not less than
i

12. The organic light emitting display according to claim
11, wherein the frequency supply supplies the frequency
signal to the at least one of the frequency supplying lines per
sub-frame.

13. The organic light emitting display according to claim
12, wherein a frequency of the frequency signal being
supplied becomes closer to being the lowest frequency as a
bit of the corresponding one of the data signals being
supplied becomes closer to being the most significant bit of
the corresponding one of the digital data signals.

14. The organic light emitting display according to claim
10, wherein the frequency supply comprises:

a shift register part for generating a start signal and a bit
selection signal corresponding to each sub-frame;

a counting part for starting operation by the start signal
and for generating 1°* through N frequency signals
according to inputted clock signals, the 1% through N™
frequency signals being different from each other; and

a selection part for selecting one of the 1 through N
frequency signals supplied from the counting part in
correspondence to the bit selection signal, and for
supplying the selected frequency signal to a corre-
sponding one of the frequency supplying lines.

15. The organic light emitting display according to claim

10, wherein the frequency supply comprises:

a shift register part for generating a bit selection signal
corresponding to each sub-frame;

a counting part for generating 1% through N* frequency
signals according to inputted clock signals, the 1%
through N* frequency signals being different from each
other; and

a selection part for selecting one of the 1°! through N
frequency signals supplied from the counting part in
correspondence to the bit selection signal, and for
supplying the selected frequency signal to a corre-
sponding one of the frequency supplying lines.

16. The organic light emitting display according to claim

10, wherein the frequency supply comprises

a frequency generator for generating 1% through N™
frequency signals using different voltages, the 1*
through N* frequency signals being different from each
other;
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a shift register part for generating a voltage selection
signal corresponding to each sub-frame; and

a selection part for selecting one of the 1% through N*
frequency signals supplied from the frequency genera-
tor in correspondence to the voltage selection signal,
and for supplying the selected frequency signal to a
corresponding one of the frequency supplying lines.

17. The organic light emitting display according to claim

10, wherein the frequency supply comprises:

a voltage generator for generating different voltages;

a shift register part for generating a voltage selection
signal corresponding to each sub-frame;

a selection part for selecting and outputting one of the
different voltages supplied from the voltage generator
in correspondence to the voltage selection signal; and

a frequency generator for generating one of 1** and N*
frequency signals in correspondence to the voltage
selected by the selection part, and for supplying the
selected frequency signal to a corresponding one of the
frequency supplying lines.

18. The organic light emitting display according to claim

11, wherein each of the pixels comprises:

a pixel circuit for outputting a current corresponding to an
output obtained by applying a logical operation to the
corresponding one of the digital data signals and the
frequency signal; and

an organic light emitting diode for emitting light based on
the current outputted from the pixel circuit.
19. The organic light emitting display according to claim
18, wherein the pixel circuit comprises:

a first transistor controlled by a corresponding one of the
scan signals supplied to a corresponding one of the scan
lines and outputting the corresponding one of the data
signals supplied to a corresponding one of the data
lines;

a logic gate for outputting an output signal obtained by
applying a logical operation to an output from the first
transistor and the frequency signal from the frequency
supplying line;

a second transistor for being turned on and off by the
output signal of the logic gate and for supplying the
current from a corresponding one of the power source
lines to the organic light emitting diode; and

a capacitor for storing the a corresponding one of the data
signals from the first transistor and for supplying the
stored data signal to the logic gate.

20. A pixel comprising:

a pixel circuit for outputting a current corresponding to an
output obtained by applying a logical operation to an
input data signal and a frequency signal; and

an organic light emitting diode for emitting light based on

the current outputted from the pixel circuit.

21. The pixel according to claim 20, wherein the organic
light emitting diode represents a gradation based on a
brightness sum of the light emitted by the organic light
emitting diode per sub-frame of one frame.
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22. The pixel according to claim 21, wherein the data
signal includes 1 bits corresponding to j sub-frames, and
wherein i is a positive integer and j is a positive integer not
less than i.

23. The pixel according to claim 22, further comprising a
frequency supplying line for supplying the frequency signal,
wherein a frequency of the frequency signal being supplied
becomes closer to being the lowest frequency as a bit of the
data signal being supplied becomes closer to being the most
significant bit of the digital data signals.

24. The pixel according to claim 23, further comprising:

a scan line for supplying a scan signal,
a data line for supplying the digital data signal; and

a power source line for supplying a driving voltage.

25. The pixel according to claim 24, wherein the fre-
quency signal is supplied to synchronize with the scan signal
supplied to the scan line.

26. The pixel according to claim 24, wherein the pixel
circuit comprises:

a first transistor controlled by the scan signal supplied to
the scan line and outputting the data signal supplied the
data line;

a logic gate for outputting an output signal obtained by
applying a logical operation to an output from the first
transistor and the frequency signal from the frequency
supplying line;

a second transistor for being turned on and off by the
output signal of the logic gate and for supplying the
current from the power source line to the organic light
emitting diode; and

a capacitor for storing the data signal from the first
transistor and for supplying the stored data signal to the
logic gate.

27. The pixel according to claim 26, wherein the logic

gate comprises:

a first input terminal electrically connected to an output
electrode of the first transistor;

a second input terminal electrically connected to the
frequency supplying line; and
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an output terminal electrically connected to a gate elec-
trode of the second transistor.

28. The pixel according to claim 27, wherein the logic
gate includes a 2-input logic gate.

29. A method of driving a pixel, comprising:

outputting a current corresponding to an output obtained
by applying a logical operation to an input data signal
and a frequency signal; and

controlling an organic light emitting diode to emit light
based on the outputted current.

30. The method according to claim 29, wherein the
outputting the current comprises:

storing the data signal supplied to a data line in response
to a scan signal supplied to a scan line;

controlling a logic gate to logically operate the stored data
signal and the frequency signal supplied to a frequency
supplying line; and

supplying the current corresponding to an output obtained
by the logical operation to the organic light emitting
diode.

31. The method according to claim 29, wherein the
organic light emitting diode represents a gradation based on
a brightness sum of the light emitted by the organic light
emitting diode per sub-frame of one frame.

32. The pixel according to claim 31, wherein the data
signal includes 1 bits corresponding to j sub-frames, and
wherein i is a positive integer and j is a positive integer not
less than 1.

33. The pixel according to claim 32, wherein a frequency
of the frequency signal being supplied becomes closer to
being the lowest frequency as a bit of the data signal being
supplied becomes closer to being the most significant bit of
the digital data signals.

34. The method according to claim 30, wherein the
frequency signal is supplied to synchronize with the scan
signal supplied to the scan line.
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