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ORGANIC LIGHT-EMITTING DIODE
DISPLAY AND METHOD OF DRIVING SAME

FIELD OF THE INVENTION

[0001] The present invention generally relates to organic
light-emitting diode (OLED) display technology, and more
particularly to an OLED display that utilizes multi-scanning
for compensation and methods of driving the same.

BACKGROUND OF THE INVENTION

[0002] With the developments and applications of elec-
tronic products, there has been increasing demand for flat
panel displays that consume less electric power and occupy
less space. Among flat panel displays, organic light-emitting
diode (OLED) displays are self-emitting, and highly lumi-
nous, with wider viewing angles, faster responses, and simple
fabrication processes, making them the industry display of
choice.

[0003] OLED displays are usually categorized into passive
matrix OLED (PMOLED) displays and active matrix OLED
(AMOLED) displays. The AMOLED display employs TFTs
(thin film transistors) and storage capacitors to control the
brightness and grayscale of the OLED display.

[0004] Generally, for an AMOLED display, compensation
is required to ensure the stable performance of the luminance
and color of the display. An AMOLED display usually has
scan lines, data lines, and a pixel array connected to the scan
lines and the data lines with each pixel having an OLED, and
one or more compensation circuits connected to each pixel. In
operation, a plurality of scan signals is provided sequentially
to the scan lines such that, within a scan duration of the scan
signals, a data signal transmitted to one of the pixels through
the corresponding data line is written to the pixel, and com-
pensation is also performed with the compensation circuits
within the same scan duration in which the data is written to
the pixel. Referring to FIG. 5, three of the scan signals,
S(n-1), S(n) and S(n+1), and one of the data signal, D(k), are
illustrated. Each of the scan signals S(n-1), S(n) and S(n+1)
has a pulse with a pulse width defining the scan duration Ts.
The data signal D(k) includes a stream of data pulses includ-
ingD,,,D.,D,.,,...tobewrittento the pixels of different
pixel rows in response to the scan signals S(n-1), S(n) and
S(n+1), ..., respectively. The stream of data pulses defines a
period T that is the same as the scan duration Ts. As shown in
FIG. 5, within the scan duration Ts, the compensation with a
compensation duration T - and the gate scan with a scan time
T, are performed.

[0005] Due to the requirement of high resolution and high
frame rate of the display, the scan duration Ts is greatly
reduced. For example, for a 120 Hz full-high-definition
(FHD) OLED display, the average scan duration Ts is about
7.7 ps. The higher the resolution and the frame rate, the
shorter the scan duration Ts. A shorter scan duration Ts
requires a shorter compensation duration Tc for the compen-
sation procedure. However, if the scan duration Ts becomes
too short, it may be insufficient for the compensation proce-
dure.

[0006] Therefore, a heretofore unaddressed need exists in
the art to address the aforementioned deficiencies and inad-
equacies.
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SUMMARY OF THE INVENTION

[0007] The present invention, in one aspect, relates to a
method of driving an organic light emitting diode (OLED)
display. The OLED display has a plurality of scan lines and a
plurality of data lines crossing over the plurality of scan lines
to define a plurality of pixels in a matrix form, each pixel
electrically connected to a corresponding scan line and a
corresponding data line and having an OLED. In one embodi-
ment, the method includes providing a plurality of scan sig-
nals and a plurality of data signals, applying the plurality of
scan signals sequentially to the plurality of scan lines and the
plurality of data signals simultaneously to the plurality of data
lines, respectively. The plurality of data signals is associated
with an image to be displayed. Each scan signal is character-
ized with a waveform having a compensation duration T and
a scan duration T immediately following the compensation
duration. The waveform in the compensation duration T~ has
a first voltage level and a second voltage level periodically
and alternately varied from one another defining a period T,
and the waveform in the scan duration T has the first voltage
level. The period T is equal to the scan duration T but shorter
than the compensation duration T .. As such, during the com-
pensation duration T of a scan signal, the pixel circuits of a
corresponding pixel row connected to the scan line to which
the scan signal is applied are charged for compensation, while
during the scan duration T of the scan signal, the plurality of
data signals is written into the pixels of the corresponding
pixel row for driving the OLEDs thereof.

[0008] Inanotheraspect of the present invention, an OLED
display includes: a plurality of scan lines and a plurality of
data lines crossing over the plurality of scan lines to define a
plurality of pixels in a matrix form, each pixel electrically
connected to a corresponding scan line and a corresponding
data line and having an OLED, a scan driver electrically
connected to the plurality of scan lines and configured to
provide a plurality of scan signals, and a data driver electri-
cally connected to the plurality of data lines and configured to
provide a plurality of data signals associated with an image to
be displayed.

[0009] Each scan signal is characterized with a waveform
having a compensation duration T, and a scan duration T
immediately following the compensation duration T.. The
waveform in the compensation duration T has a first voltage
level and a second voltage level periodically and alternately
varied from one another defining a period T, which is equal to
the scan duration T ¢ but shorter than the compensation dura-
tion T, The waveform in the scan duration T has the first
voltage level. In operation, the scan driver sequentially
applies the plurality of scan signals to the plurality of scan
lines and the data driver simultaneously applies the plurality
of data signals to the plurality of data lines, respectively, such
that during the compensation duration T~ of a scan signal, the
pixels of a corresponding pixel row connected to the scan line
to which the scan signal is applied are charged, while during
the scan duration T of the scan signal, the plurality of data
signals is written into the pixels of the corresponding pixel
row for driving the OLEDs thereof.

[0010] These and other aspects of the present invention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be effected without departing from the spirit and scope of the
novel concepts of the disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings illustrate one or more
embodiments of the invention and together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

[0012] FIG. 1 shows schematically waveforms of driving
signals for an OLED display according to one embodiment of
the present invention;

[0013] FIG. 2A shows schematically an OLED display and
one of its pixels according to one embodiment of the present
invention;

[0014] FIG. 2B shows schematically waveforms of driving
signals for an OLED display shown in FIG. 2A according to
one embodiment of the present invention;

[0015] FIG. 2C shows schematically waveforms of driving
signals for an OLED display shown in FIG. 2A according to
another embodiment of the present invention;

[0016] FIG. 2D shows a chart of the voltage shift perfor-
mance of the OLED display of FIG. 2A according to one
embodiment of the present invention;

[0017] FIG. 3A shows schematically a pixel of an OLED
display according to one embodiment of the present inven-
tion;

[0018] FIG. 3B shows schematically waveforms of driving
signals for an OLED display shown in FIG. 3A according to
one embodiment of the present invention;

[0019] FIG. 4A shows schematically a pixel circuit of an
OLED display according to one embodiment of the present
invention;

[0020] FIG. 4B shows schematically waveforms of driving
signals for an OLED display shown in FIG. 4A according to
one embodiment of the present invention; and

[0021] FIG. 5 shows schematically waveforms of driving
signals for a conventional OLED display.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary 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 will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0023] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including” or “has”
and/or “having” when used herein, specify the presence of
stated features, regions, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.
[0024] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
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which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0025] As used herein, “around”, “about” or “approxi-
mately” shall generally mean within 20 percent, preferably
within 10 percent, and more preferably within 5 percent of a
given value or range. Numerical quantities given herein are
approximate, meaning that the term “around”, “about” or
“approximately” can be inferred if not expressly stated.
[0026] The description will be made as to the embodiments
of the present invention in conjunction with the accompany-
ing drawings in FIGS. 1-4B. In accordance with the purposes
of this invention, as embodied and broadly described herein,
this invention, in one aspect, relates to an OLED display and
a method of driving the same.

[0027] Referring to FIG. 1, waveforms of scan and data
signals for driving an OLED display are schematically shown
according to one embodiment of the present invention. The
OLED display has a plurality of scan lines and a plurality of
data lines crossing over the plurality of scan lines to define a
plurality of pixels in a matrix form. Each pixel is electrically
connected to a corresponding scan line and a corresponding
data line and has an OLED. For driving such the OLED
display, a plurality of scan signals and a plurality of data
signals are provided to the plurality of scan lines and the
plurality of data lines, respectively. The plurality of data
signals 1s associated with an image to be displayed. The
plurality of scan signals is configured to sequentially turn on
the pixel rows, so that the data signals can be input or written
to the corresponding pixel TOWS.

[0028] As shown in FIG. 1, one data signal D(k) and three
scan signals S(n-1), S(n) and S(n+1) are provided for illus-
tration of the method of multi-scan compensation for the
OLED display, where k, n are positive integers. The data
signal D(k) includes a stream of data pulses including D,,_,,
D,,D,.,.,...tobewritten to the pixels of different pixel rows
corresponding scan signals S(n-1), S(n) and S(n+1), . . .,
respectively. Each scan signal is characterized with a wave-
form having a compensation duration T and a scan duration
T immediately following the compensation duration T ..
[0029] In one embodiment, the waveform of each scan
signal in the compensation duration T has a first voltage
level and a second voltage level (such as the high voltage level
V1 and the low voltage level V0 as shown in FIG. 1) periodi-
cally and alternately varied from one another defining a
period T, and the waveform of each scan signal in the scan
duration T ,us she first votrage tevet (such as the high voltage fevei ¥1). B

one embodiment, the period< is equal to or shorter than the scan duration T.
As shown in FIG. 1, the period T is equal to the scan duration
T, and is shorter than the compensation duration T .. In the
exemplary embodiment shown in FIG. 1, the compensation
duration T is exactly five times of the scan duration Ts. In
one embodiment, the compensation duration T, can be N
times of the scan duration T, where N can be any positive
integer.

[0030] Inthe exemplary embodiment shown in FIG. 1, the
data signal D(k) is also characterized with a waveform has a
phase that is opposite to that of the waveform of the scan
signals in the compensation duration T .. In other words, the
waveform of the data signal D(k) has a low voltage level and
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a high voltage level periodically and alternately varied from
one another defining the same period T with the scan signals.
[0031] When the OLED display is in operation, the plural-
ity of scan signals is applied sequentially to the plurality of
scan lines, and the plurality of data signals is applied simul-
taneously to the plurality of data lines, respectively. As such,
during the compensation duration T of a scan signal, for
example, S(n), the pixels of a corresponding pixel row con-
nected to the scan line to which the scan signal is applied are
charged. Further, during the scan duration T of the scan
signal S(n), the plurality of data signals is written into the
pixels of the corresponding pixel row for driving the OLEDs
thereof. Since the compensation duration T is longer than
the scan duration T, the compensation procedure can be
performed during the multiple periods T prior to the scan
duration T, during which the data signal D, is written to the
pixel.

[0032] For example, when a scan signal S(n) is applied to
the n-th pixel row, the data D, will be written into the n-th
pixel in the n-th pixel row. As shown in FIG. 1, during the
compensation duration T, of the scan signal S(n), which
includes the five periods T prior to the scan duration T, the
pixel receives the data D,_ to D,_; through the data line.
Since the waveform of the data signal D(k) 1s in the opposite
phase to the waveform of the scan signals S(n) in the com-
pensation duration T, the data D, _5 to D,_; would not be
written to the pixel; instead, capacitor(s) in the pixel are
charged for compensation to the OLED. During the scan
duration T ;of the scan signal S(n), the scan signal S(n) has the
high voltage level V1, and thus the data D,, is written into the
pixel.

[0033] Itshould be noted that, due to different pixel circuit
configuration of the pixels of the OLED display, the voltage
levels of the scan signal S(n) can be different. For example,
FIG. 1 shows the first voltage level as a high voltage level V1,
and the second voltage level as a low voltage level V0. In one
embodiment, the first voltage level can be a low voltage level
V0, and the second voltage level can be a high voltage level
V1.

[0034] Inoneembodiment, to ensure that each pixel can be
returned to its original state before the data signal is written to
the pixel, a resetting step is performed before the compensa-
tion procedure by applying a reset signal to reset the pixels of
the corresponding pixel row for a reset duration T, (not
shown in FIG. 1) prior to the compensation duration T . The
reset duration T can be longer than the scan duration Ts, and
can be M times of the scan duration T ¢, where M is a positive
integer.

[0035] Additionally, an emission signal is also applied to
the pixels of the corresponding pixel row for an emission
duration T (not shown in FIG. 1) immediately following the
scan duration Tg such that the OLEDs of the pixels of the
corresponding pixel row are driven to emit light according to
the plurality of data signals written into the pixels.

[0036] The method of the present invention can be used in
a variety of OLED displays with different pixel circuit struc-
tures, with different signals being provided to perform multi-
scan compensation.

[0037] FIG.2A shows schematically an OLED display and
one of its pixels according to one embodiment of the present
invention. The OLED display 20 has a plurality of data lines
202, a plurality of scan lines 204, a plurality of power lines
206, a scan driver 210, and a data driver 220. The plurality of
data lines 202 crosses over the plurality of scan lines 204 to
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define a plurality of pixels 200 in a matrix form. Each pixel
200 is electrically connected to a corresponding scan line 204,
acorresponding data line 202 and a corresponding power line
206, and has an OLED 208. For better illustration purposes,
only one of the pixels 200 in FIG. 2A is shown with the
detailed circuit structure, which will be hereinafter described.

[0038] The scan driver 210 is electrically connected to the
plurality of scan lines 204 and configured to provide a plu-
rality of scan signals. Each scan signal is characterized with a
waveform having a compensation duration T, and a scan
duration Ty immediately following the compensation dura-
tion T ., where the waveform in the compensation duration T .
has a first voltage level and a second voltage level periodically
and alternately varied from one another defining a period T,
the waveform in the scan duration T has the first voltage
level, and the period T is equal to the scan duration T that is
shorter than the compensation duration T -, as shown in FIG.
1. The datadriver 220 is electrically connected to the plurality
of data lines 202 and configured to provide a plurality of data
signals that is associated with an image to be displayed, as
shown in FIG. 1. In operation, the scan driver 210 sequen-
tially applies the plurality of scan signals to the plurality of
scan lines 204, and the data driver 220 simultaneously applies
the plurality of data signals to the plurality of data lines 202,
respectively, such that during the compensation duration T~
of a scan signal, the pixels 200 of a corresponding pixel row
connected to the scan line to 204 which the scan signal is
applied are charged for compensation of the OLED thereof,
while during the scan duration Ty of the scan signal, the
plurality of data signals is written into the pixels 200 of the
corresponding pixel row for driving the OLEDs thereof.

[0039] AsshowninFIG.2A, the pixel 200 has a 4T2C pixel
circuit structure including four (4) transistors and two (2)
capacitors. Specifically, the pixel 200 includes an OLED 208,
adriving transistor Td, a first transistor T1, a second transistor
T2, a third transistor T3, a storage capacitor Cs and a com-
pensation capacitor Cp. Each of the driving transistor Td, the
first transistor T1, the second transistor T2 and the third
transistor T3 has a gate, a source and a drain. The source of the
driving transistor Td is electrically coupled to the OLED 208.
The gate of the first transistor T1 is electrically connected to
the corresponding scan line 204, the drain of the first transis-
tor T1 is electrically coupled to the corresponding data line
202, and the source of the first transistor T1 is electrically
coupled to the gate of the driving transistor Td. The gate of the
second transistor T2 is electrically coupled to an emission
signal source, the drain of the second transistor T2 is electri-
cally coupled to the corresponding power line 206, and the
source of the second transistor T2 is electrically coupled to
the drain of the driving transistor Td. The gate of the third
transistor T3 is electrically coupled to a reset signal source,
the drain of the third transistor T3 is electrically coupled to a
low voltage source Vsus, and the source of the third transistor
T3 is electrically coupled to the source of the driving transis-
tor Td. The storage capacitor Cs is electrically coupled
between the gate of the driving transistor Td and the source of
the driving transistor Td, forming two nodes A and B on the
two ends of storage capacitor Cs. The compensation capacitor
Cp is electrically coupled between the drain of the second
transistor T2 and the source of the driving transistor Td.

[0040] Referring to F1G. 2B, waveforms of driving signals
for an OLED display shown in FIG. 2A are illustrated accord-
ing to one embodiment of the present invention. In this exem-
plary embodiment, a data signal is provided through the data
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line 202 to a pixel 200 in the n-th pixel row of the OLED
display. The corresponding scan line 204 provides a corre-
sponding scan signal S(n), the reset signal source provides a
corresponding reset signal R(n), and the emission signal
source provides a corresponding emission signal EM(n). The
period defined by the scan signal S(n) is T. For better illus-
tration purposes, each of the signals are shown to have the
same high voltage level V1 or the same low voltage level V(.
[0041] The resetting step can be preformed by applying a
reset signal to reset the pixels of the corresponding pixel row
for a reset duration T prior to the compensation duration T ..
The reset duration Ty is longer than the scan duration Ts.
Preferably, the reset duration Ty is M times of the scan dura-
tion Ts, where M is a positive integer. In the exemplary
embodiment shown in FIG. 2B, the reset duration T, is
exactly two times of the scan duration Ts.

[0042] During the reset duration T, the reset signal R(n)
has the high voltage level V1, and the emission signal EM(n)
has the low voltage level V0. The scan signal S(n) is in the
opposite phase to the data signal. Specifically, the scan signal
S(n) has the high voltage level V1 and the low voltage level VO
periodically and alternately varied from one another within
each period T. Accordingly, the first transistor T1 is in an ON
state for the first part within each period T and in an OFF state
for the second part within each period T, the second transistor
T2 1s in an OFF state, and the third transistor T3 is in an ON
state to reset the storage capacitor Cs to the pre-emission
state, where the node A has the potential of Vref and the node
B has a low potential of Vsus.

[0043] After resetting the pixel 200, compensation is per-
formed to the pixel 200 for a compensation duration T,
which is after the reset duration T, and prior to the scan
duration Ts. The compensation duration T . is longer than the
scan duration Ts. Preferably, the compensation duration T is
N times of'the scan duration Ts, where N can be any positive
integer. In the exemplary embodiment shown in FIG. 2B, the
compensation duration T is exactly two times of the scan
duration Ts.

[0044] During the compensation duration T, the reset sig-
nal R(n) has the low voltage level V0, and the emission signal
EM(n) has the high voltage level V1. The scan signal S(n) is
in the opposite phase to the data signal. Specifically, the scan
signal S(n) has the high voltage level V1 and the low voltage
level V0 periodically and alternately varied from one another
within each period t. Accordingly, the second transistor T2 is
turned ON and the third transistor T3 is turned OFF such that
the node A would maintain the potential of Vref, and the node
B wouldincrease to a potential of Vref-Vth to charge the pixel
200, where Vth is the threshold voltage of the driving tran-
sistor Td. Since the compensation duration T . takes multiple
scan periods, there is sufficient time for the complete com-
pensation procedure.

[0045]  After the compensation procedure, the data D(n) is
written into the pixel 200 during the scan duration Ts.
[0046] During the scan duration Ts, both the reset signal
R(n) and the emission signal EM(n) have the low voltage level
V0. The scan signal S(n) has the high voltage level V1 for the
whole scan duration Ts. Accordingly, the first transistor T1 is
turned ON, and both the second and third transistors T2 and
T3 are turned OFF, such that the node A would have the
potential Vdata and the node B would increase to a potential
of Vref-Vth+a(Vdata-Vref), where Vdata is the voltage of
the data segment D(n), and a is the capacitance ratio of Cs/
(Cs+Cp). Thus, the data D(n) is written into the pixel 200.
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[0047] After the writing procedure, an emission procedure
is performed by applying an emission signal EM(n) to the
pixel 200 for an emission duration T immediately following
the scan duration T ¢ such that the OLED 208 is driven to emit
light according to the data signal D(n) written into the pixel
200.

[0048] During the emission duration T, both the scan sig-
nal S(n) and the reset signal R(n) have the low voltage level
V0, and the emission signal EM(n) has the high voltage level
V1. Accordingly, the first and third transistors T1 and T3 are
turned OFF, and the second transistor T2 is turned ON.
Accordingly, the node A would increase to the potential of
(1-a)(Vdata-Vref)+Vss+VOLED+Vth, where VOLED is
the voltage of the OLED 208, and the node B would increase
to the potential of Vss+VOLED, resulting in a potential dif-
ference Vgs of the storage capacitor Cs. The driving transistor
Td would thus be turned on for driving the OLED 208 to emit
light. The potential difference Vgs is:

Vgs=(1-a)(Vdata-Vref)+Vth.

[0049] FIG. 2C shows schematically waveforms of driving
signals for an OLED display shown in FIG. 2A according to
another embodiment of the present invention. In this embodi-
ment, both the reset signal R(n) and the emission signal
EM(n) are also designed to correspond to the data signal in the
same waveform format ofthe scan signal S(n). In other words,
during the reset duration Ty, the reset signal R(n) is in the
same phase as the data signal, which has the low voltage level
V0 and the high voltage level V1 periodically and alternately
varied from one another within each periodt. During the reset
duration Ty, the compensation duration T and the scan dura-
tion T, the emission signal EM(n) is in the opposite phase to
the data signal, which has the high voltage level V1 and the
low voltage level V0 periodically and alternately varied from
one another within each period t. The scan signal S(n) has the
same waveform as the scan signal S(n) shown in FIG. 2B.
Details of the method shown in FIG. 2C are the same as the
method shown in FIG. 2B, and are hereinafter omitted.
[0050] Itshouldbeappreciated that, in some embodiments,
the signals have the low voltage level V0 and the high voltage
level V1 periodically and alternately varied from one another
within each period ©. As shown in FIG. 2C, each of the low
voltage level V0 and the high voltage level V1 occupies half of
the period ©. However, the duration ratio of the low voltage
level VO and thehigh voltage level V1 can be arranged accord-
ing to the requirements of the driving circuits.

[0051] FIG. 2D shows a chart of the voltage shift perfor-
mance of the OLED display 20 shown in FIG. 2A. In this
embodiment, the output current I, of the pixel is:

Ins=k[(1-a)(Vdata—Vref)]>.

[0052] As shown in FIG. 2D, regardless of the shift of the
threshold voltage Vith of the driving transistor Td, the Vdata—
1,5 curves are essentially the same. In other words, the
method of driving the OLED display provides sufficient time
for compensation charging to obtain a stable output current
1,5 of the OLED display.

[0053] It should be noted that the 4T2C pixel circuit struc-
ture as shown in FIG. 2A can be implemented in a variety of
different ways, with different signals being provided to per-
form the method of multi-scan compensation.

[0054] FIG. 3A shows schematically a pixel of an OLED
display according to one embodiment of the present inven-
tion. For better illustration purposes, FIG. 3A shows only the



US 2014/0055434 Al

pixel circuit of the pixel 300, and does not show other ele-
ments of the OLED display, such as the data line, the scan line
and the power line.

[0055] As shown in FIG. 3A, the pixel 300 includes an
organic light emitting diode (OLED) 308, a driving transistor
Td, a first transistor T1, a second transistor T2, a third tran-
sistor T3, a storage capacitor Cs and a compensation capaci-
tor Cp. In other words, the pixel 300 also has a 4T2C pixel
circuit structure, but with a different circuitry from the pixel
200 of FIG. 2A.

[0056] Each of the driving transistor Td, the first transistor
T1, the second transistor T2 and the third transistor T3 has a
gate, a source and a drain. The source of the driving transistor
Td is electrically coupled to the corresponding power line
Vdd. The gate of the first transistor T1 is electrically coupled
to a corresponding first scan line S1(%), and the source of the
first transistor T1 is electrically coupled to the corresponding
data line D(n). The gate of the second transistor T2 is electri-
cally coupled to a corresponding second scan line S2(»), the
source of the second transistor T2 is electrically coupled to
the drain of the driving transistor Td, and the drain of the
second transistor T2 is electrically coupled to the gate of the
driving transistor Td. The gate of the third transistor T3 is
electrically coupled to an emission signal source EM(n), the
source of the third transistor T3 is electrically coupled to the
drain of the driving transistor Td, and the drain of the third
transistor T3 is electrically coupled to the OLED 308.
[0057] The storage capacitor Cs is electrically coupled
between the gate of the driving transistor Td and the drain of
the first transistor T1. The compensation capacitor Cp is
electrically coupled between the power line Vdd and the drain
of the first transistor T1.

[0058] Referring to FIG. 3B, waveforms of driving signals
for an OLED display shown in FIG. 3A are illustrated accord-
ing to one embodiment of the present invention. In the exem-
plary embodiment, the corresponding first scan signal S1(r)
is provided to the n-th pixel row, a data signal is provided to
the pixel 300 in the n-th pixel row of the OLED display, in
which the data D, is to be written to the pixel 300. The second
scan signal S2(») and the corresponding emission signal
EM(n) are also provided to the pixel 300, and there is no reset
signal. The period defined by the scan signal S(n) is t. For
better illustration purposes, each of the signals are shown to
have the same high voltage level V1 or the same low voltage
level V0.

[0059] Asshown in FIG. 3B, before the data D(n) is written
to the pixel 300, compensation is performed to the pixel 300
for a compensation duration T, which is prior to the scan
duration Ts. The compensation duration T . is longer than the
scan duration T's. Preferably, the compensation duration T - is
N times of'the scan duration Ts, where N can be any positive
integer. In the embodiment shown in FIG. 3B, the compen-
sation duration T . is exactly four times of the scan duration
Ts.

[0060] During the compensation duration T ., the second
scan signal S2(r) has the low voltage level V0, and the emis-
sion signal EM(n) has the high voltage level V1. The first scan
signal S(n) is in a phase opposite to that of the data signal.
Specifically, the scan signal S(n) has the low voltage level VO
and the high voltage level V1 periodically and alternately
varied from one another within each period t. Accordingly,
the second transistor T2 is turned ON and the third transistor
T3 is turned OFF, and the first transistor T1 is turned ON to
charge the pixel 300. In other words, the first scan signal S1(x)
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serves as the compensation signal. Since the compensation
duration T takes multiple scan periods T, there is sufficient
time for the complete compensation procedure.

[0061] After the compensation procedure, the data D(n) is
written into the pixel 300 during the scan duration Ts.
[0062] During the scan duration Ts, the first scan signal
S1(r) has the low voltage level V0, and the emission signal
EM(n) have the high voltage level V1. The second scan signal
S2(n) has the high voltage level V1 for the whole scan dura-
tion Ts. Thus, as shown in FIG. 3A, the first transistor T1 is
turned ON, and both the second and third transistors T2 and
T3 are turned OFF, such that the data D(n) is written in the
pixel 300.

[0063] After the writing procedure, an emission procedure
is performed by applying an emission signal EM(n) to the
pixel 300 for an emission duration T immediately following
the scan duration T g such that the OLED 308 is driven to emit
light according to the data signal D(n) written into the pixel
300.

[0064] During the emission duration T, both the first and
second scan signals S1(») and S2(») have the high voltage
level V1, and the emission signal EM(n) has the low voltage
level V0. Accordingly, the first and second transistors T1 and
T2 are turned OFF, and the third transistor T3 is turned ON.
Accordingly, the OLED 308 is driven to emit light.

[0065] Referring now to FIG. 4A, a pixel of an OLED
display is schematically shown according to one embodiment
of the present invention. For better illustration purposes, FIG.
4A shows only the pixel circuit of the pixel 400, and does not
show other elements of the OLED display, such as the data
line, the scan line and the power line.

[0066] As shown in FIG. 4A, the pixel circuit 400 includes
an organic light emitting diode (OLED) 408, a driving tran-
sistor Td, a first transistor T1, a second transistor T2, a third
transistor T3, a storage capacitor Cs and a compensation
capacitor Cp. In other words, the pixel circuit 400 also has a
4T2C pixel circuit structure, but with a different circuitry
from the pixel 200 of FIG. 2A or the pixel 300 of FIG. 3A.
[0067] Each of the driving transistor Td, the first transistor
T1, the second transistor T2 and the third transistor T3 has a
gate, a source and a drain. The gate of the first transistor T1 is
electrically coupled to the scan line S(n), the source of the first
transistor T1 is electrically coupled to the data line D(n), and
the drain of the first transistor T1 is electrically coupled to the
gate of the driving transistor Td. The gate of the second
transistor T2 is electrically coupled to an emission signal
source EM(n), the source of the second transistor T2 is elec-
trically coupled to the power line Vdd, and the drain of the
second transistor T2 is electrically coupled to the source of
the driving transistor Td. The gate of the third transistor T3 is
electrically coupled to a bypass control signal source BP(n),
the source of the third transistor T3 is electrically coupled to
the drain of the driving transistor Td, and the drain of the third
transistor T3 is electrically coupled to the OLED 408.
[0068] The storage capacitor Cs is electrically coupled
between the gate of the driving transistor Td and the source of
the driving transistor Td. The compensation capacitor Cp is
electrically coupled between the power line Vdd and the drain
of the second transistor T2.

[0069] FIG. 4B shows schematically waveforms of driving
signals for an OLED display shown in FIG. 4A according to
one embodiment of the present invention. In this embodi-
ment, a scan signal S(n) is also applied to the n-th pixel row,
and a data signal is provided to the pixel 400 in the n-th pixel
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row of the OLED display. The emission signal EM(n) and a
bypass control signal BP(n) are also provided. The period
defined by the scan signal S(n) is T. For better illustration
purposes, each of the signals are shown to have the same high
voltage level V1 or the same low voltage level V0. Further, as
shown in FIG. 4B, the reference voltage Vref of the data
signal is higher than the data voltage Vdata.

[0070] As shown in FIG. 4B, a resetting step is preformed
by applying areset signal to reset the pixels ofthe correspond-
ing pixel row for a reset duration T prior to the compensation
duration T . The reset duration Tj is longer than the scan
duration Ts. In one embodiment, the reset duration T, is M
times of the scan duration T's, where M is a positive integer. In
the exemplar embodiment shown in FIG. 4B, the reset dura-
tion Ty is exactly two times of the scan duration Ts.

[0071] During the reset duration Ty, the bypass control
signal BP(n) has the high voltage level V1, and the emission
signal EM(n) has the low voltage level V0. The scan signal
S(n) is in the opposite phase to the data signal. Specifically,
the scan signal S(n) has the low voltage level V0 and the high
voltage level V1 periodically and alternately varied from one
another within each period t. Accordingly, the second tran-
sistor T2 is in an ON state and the third transistor T3 is in an
OFF state, and the first transistor T1 is turned ON at the time
both the scan signal S(n) and the data signal are provided with
the high voltage level V1 to reset the storage capacitor Cs to
the pre-emission state. In other words, the bypass control
signal BP(n) serves as a reset signal during the reset duration
Tp.

[0072] After the bypass control of the pixel 400, compen-
sation is performed to the pixel 400 for a compensation dura-
tion T, which is after the reset duration T, and prior to the
scan duration Ts. The compensation duration T is longer
than the scan duration Ts. In one embodiment, the compen-
sation duration T is N times of the scan duration Ts, where N
can be any positive integer. In the exemplar embodiment
shown in FIG. 4B, the compensation duration T . is exactly
two times of the scan duration Ts.

[0073] During the compensation duration T, the bypass
control signal BP(n) has the low voltage level V0, and the
emission signal EM(n) has the high voltage level V1. The
scan signal S(n) is in the opposite phase to the data signal.
Specifically, the scan signal S(n) has the low voltage level V0
and the high voltage level V1 periodically and alternately
varied from one another within each period T. Accordingly,
the second transistor T2 is turned OFF and the third transistor
T3 is turned ON, and the first transistor T1 is turned ON at the
time both the scan signal S(n) and the data signal are provided
with the high voltage level V1 to charge the pixel 300. Since
the compensation duration T takes multiple scan periods T,
there is sufficient time for the complete compensation proce-
dure.

[0074] After the compensation procedure, the data D(n) is
written into the pixel 400 during the scan duration Ts.

[0075] During the scan duration Ts, the scan signal S(n)has
the low voltage level V0, and both the bypass control signal
BP(n) and the emission signal EM(n) have the high voltage
level V1. Accordingly, the first transistor T1 is turned ON, and
both the second and third transistors T2 and T3 are turned
OFF, such that the data D(n) is written in the pixel 400.

[0076] After the writing procedure, an emission procedure
is performed by applying an emission signal EM(n) to the
pixel 400 for an emission duration T immediately following
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the scan duration T g such that the OLED 408 is driven to emit
light according to the data signal D(n) written into the pixel
400.

[0077] During the emission duration T, the scan signal
S(n) has the high voltage level V1, and both the control signal
BP(n) and the emission signal EM(n) have the low voltage
level V0. Accordingly, the first transistor T1 is turned OFF,
and the second and third transistors T2 and T3 are turned ON.
Accordingly, the OLED 408 is driven to emit light.

[0078] Insum, the invention, among other things, recites an
OLED display that utilizes multi-scanning for compensation
and methods of driving the same. Compensation is performed
to the pixel for a compensation duration prior to the scan
duration, where the compensation duration is longer than the
scan duration.

[0079] The foregoing description of the exemplary
embodiments of the invention has been presented only for the
purposes of illustration and description and is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching.

[0080] The embodiments were chosen and described in
order to explain the principles of the invention and their
practical application so as to activate others skilled in the art
to utilize the invention and various embodiments and with
various modifications as are suited to the particular use con-
templated. Alternative embodiments will become apparent to
those skilled in the art to which the present invention pertains
without departing from its spirit and scope. Accordingly, the
scope of the present invention is defined by the appended
claims rather than the foregoing description and the exem-
plary embodiments described therein.

What is claimed is:

1. A method of driving an organic light emitting diode
(OLED) display having a plurality of scan lines and a plural-
ity of data lines crossing over the plurality of scan lines to
define a plurality of pixels in a matrix form, each pixel elec-
trically connected to a corresponding scan line and a corre-
sponding data line and having an OLED, the method com-
prising:

providing a plurality of scan signals and a plurality of data

signals, wherein each scan signal is characterized with a
waveform having a compensation duration and a scan
durationimmediately following the compensation dura-
tion, wherein the waveform in the compensation dura-
tion has a first voltage level and a second voltage level
periodically and alternately varied from one another
defining a period, and the waveform in the scan duration
has the first voltage level, wherein the period is equal to
the scan duration that is shorter than the compensation
duration, and wherein the plurality of data signals is
associated with an image to be displayed; and

applying the plurality of scan signals sequentially to the
plurality of scan lines and the plurality of data signals
simultaneously to the plurality of data lines, respec-
tively, such that during the compensation duration of a
scan signal, the pixels of a corresponding pixel row
connected to the scan line to which the scan signal is
applied are charged for compensation, while during the
scan duration of the scan signal, the plurality of data
signals is written into the pixels of the corresponding
pixel row for driving the OLEDs thereof.
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2. The method of claim 1, wherein the compensation dura-
tion is N times of the scan duration, wherein N is a positive
integer.

3. The method of claim 1, wherein the first voltage level is
a low voltage level, and the second voltage level is a high
voltage level.

4. The method of claim 1, wherein the first voltage level is
a high voltage level, and the second voltage level is a low
voltage level.

5. The method of claim 1, further comprising applying a
reset signal to reset the pixels of the corresponding pixel row
for a reset duration prior to the compensation duration.

6. The method of claim 5, wherein the reset signal is con-
figured to have a high voltage level or a low voltage during the
reset duration.

7. The method of claim 5, wherein the reset signal is con-
figured to have a low voltage level and a high voltage level
periodically and alternately varied from one another during
the reset duration.

8. The method of claim 5, wherein the reset duration is M
times of the scan duration, wherein M is a positive integer.

9. The method of claim 1, further comprising applying an
emission signal to the pixels of the corresponding pixel row
for an emission duration immediately following the scan
duration such that the OLEDs of the pixels of the correspond-
ing pixel row are driven to emit light according to the plurality
of data signals written into the pixels.

10. An organic light emitting diode (OLED) display, com-
prising:

aplurality of scan lines and a plurality of data lines crossing

over the plurality of scan lines to define a plurality of
pixels ina matrix form, each pixel electrically connected
to a corresponding scan line and a corresponding data
line and having an OLED;

ascan driver electrically connected to the plurality of scan

lines and configured to provide a plurality of scan sig-
nals, wherein each scan signal is characterized with a
waveform having a compensation duration and a scan
duration immediately following the compensation dura-
tion, wherein the waveform in the compensation dura-
tion has a first voltage level and a second voltage level
periodically and alternately varied from one another
defining a period, and the waveform in the scan duration
has the first voltage level, wherein the period is equal to
the scan duration that is shorter than the compensation
duration; and

a data driver electrically connected to the plurality of data

lines and configured to provide a plurality of data signals
associated with an image to be displayed; and

wherein in operation, the scan driver sequentially applies

the plurality of scan signals to the plurality of scan lines
and the data driver simultaneously applies the plurality
of data signals to the plurality of data lines, respectively,
such that during the compensation duration of a scan
signal, the pixels of a corresponding pixel row connected
to the scan line to which the scan signal is applied are
charged for compensation, while during the scan dura-
tion of the scan signal, the plurality of data signals is
written into the pixels of the corresponding pixel row for
driving the OLEDs thereof.

11. The OLED display of claim 10, wherein the compen-
sation duration is N times of the scan duration, wherein N is
a positive integer.
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12. The OLED display of claim 10, wherein the first volt-
agelevel is a low voltage level, and the second voltage level is
a high voltage level.

13. The OLED display of claim 10, wherein the first volt-
age level is a high voltage level, and the second voltage level
is a low voltage level.

14. The OLED display of claim 10, wherein each pixel
further comprises:

a driving transistor having a gate, a source electrically

coupled to the OLED, and a drain;

a first transistor having a gate electrically connected to the
corresponding scan line to the pixel, a source electrically
coupled to the gate of the driving transistor, and a drain
electrically coupled to the corresponding data line to the
pixel;

a second transistor having a gate, a source electrically
coupled to the drain of the driving transistor, and a drain
electrically coupled to a corresponding power line;

a third transistor having a gate, a source electrically
coupled to the source of the driving transistor, and a
drain electrically coupled to a low voltage source;

astorage capacitor electrically coupled between the gate of
the driving transistor and the source of the driving tran-
sistor; and

a compensation capacitor electrically coupled between the
drain of the second transistor and the source of the driv-
ing transistor.

15. The OLED display of claim 14, wherein a reset signal
is applied to the gate of the third transistor for a reset duration
prior to the compensation duration.

16. The OLED display of claim 15, wherein the reset
duration is M times of the scan duration, wherein M is a
positive integer.

17. The OLED display of claim 10, wherein each pixel
further comprises:

a driving transistor having a gate, a source electrically

coupled to a corresponding power line, and a drain;

a first transistor having a gate electrically connected to the
corresponding scan line to the pixel, a source electrically
coupled to the corresponding data line to the pixel, and a
drain;

a second transistor having a gate, a source electrically
coupled to the drain of the driving transistor, and a drain
electrically coupled to the gate of the driving transistor;

a third transistor having a gate, a source electrically
coupled to the drain of the driving transistor, and a drain
electrically coupled to the OLED;

astorage capacitor electrically coupled between the gate of
the driving transistor and the drain of the first transistor;
and

a compensation capacitor electrically coupled between the
corresponding power line and the drain of the first tran-
sistor.

18. The OLED display of claim 10, wherein each pixel

comprises:

a driving transistor having a gate, a source and a drain;

a first transistor having a gate electrically connected to the
corresponding scan line to the pixel, a source electrically
coupled to the corresponding data line to the pixel, and a
drain electrically coupled to the gate of the driving tran-
sistor;

a second transistor having a gate, a source electrically
coupled to a corresponding power line, and a drain elec-
trically coupled to the source of the driving transistor;
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a third transistor having a gate, a source electrically
coupled to the drain ofthe driving transistor, and a drain
electrically coupled to the OLED;

astorage capacitor electrically coupled between the gate of
the driving transistor and the source of the driving tran-
sistor; and

acompensation capacitor electrically coupled between the
corresponding power line and the drain of the second
transistor.

19. The OLED display of claim 18, wherein a reset signal
is applied to the gate of the third transistor for a reset duration
prior to the compensation duration.

20. The OLED display of claim 19, wherein the reset
duration is M times of the scan duration, wherein M is a
positive integer.
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