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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF DRIVING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0151214,
filed on Nov. 3, 2014, and entitled, “Organic Light-Emitting
Display Apparatus and Method of Driving the Same,” is
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
an organic light-emitting display apparatus and a method for
driving an organic light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display have pixels that
emit light using circuits that include organic light-emitting
diodes (OLEDs) and thin film transistors. The thin film tran-
sistors may be, for example, an amorphous silicon thin film
transistor or a polycrystalline silicon thin film transistor.
[0006] In an organic light-emitting display, the mobility
and threshold voltages of the transistors change over time. For
this reason, pixel luminance may not be able to be accurately
determined. For example, luminance deviation may occur
from characteristic differences between driving transistors of
the pixels. This may result in a degradation of display quality.

SUMMARY

[0007] In accordance with one or more embodiments, an
organic light-emitting display apparatus includes a plurality
of color pixels, each of the color pixels including: an organic
light-emitting diode (OLED); a driving transistor to control
current to the OLED; and a compensation transistor con-
nected between an anode electrode of the OLED and a gate
electrode of the driving transistor, wherein the compensation
transistor is turned on based on a compensation control signal
and wherein compensation control signal for different color
pixels have different on-times.

[0008] The color pixels may include at least two of a red
pixel, a green pixel, a blue pixel, or a white pixel. The on-time
of the compensation control signal of each of the color pixels
may be based on a time when a current value of the driving
transistor at a compensation period termination point
becomes a current value of a predetermined grayscale value.
[0009] Each of the color pixels may include a second
capacitor having a first electrode connected to a gate electrode
of the driving transistor; a first capacitor having a first elec-
trode connected to a second electrode of the second capacitor
and a second electrode connected to a first power source, the
first power source to supply a first source voltage; and a first
transistor connected between the second electrode of the sec-
ond capacitor and a data line, the first transistor to be turned
on based on a scan signal to transfer a data signal to the first
electrode of the first capacitor. Fach of the color pixels may
include a fourth transistor connected between the data line
and an anode electrode of the OLED, the fourth transistor to
be turned on based on a sensing signal to sense deterioration
of the driving transistor or the OLED.

[0010] Each of the color pixels may include a first capacitor
connected between a data line and a first node; a first transis-
tor to connect the first node to a second node; a second
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capacitor connected between the second node and a gate
electrode of the driving transistor; a fifth transistor to transfer
a reference voltage to the first node; and a fourth transistor
connected between the second node and a first power source
supplying a first source voltage, the fourth transistor to turn on
based on an initialization control signal to transfer the first
source voltage to the second node.

[0011] The fifth transistor may be to be turned on based on
ascansignal to transfer the reference voltage to the first node.
The first transistor may be turned on by a relay control signal
to connect the first node to the second node. When operation
of emitting light from the OLED is simultaneously performed
in the color pixels, the first transistor may be turned off, the
fifth transistor may be turned on, the reference voltage may be
transferred to the first node, and a voltage corresponding to a
data signal applied to the data line may be stored in the first
capacitor.

[0012] Inaccordance withone or more other embodiments,
a method for driving an organic light-emitting display appa-
ratus includes turning on a compensation transistor in each of
a plurality of color pixels based on a compensation control
signal, the compensation control signal to diode-connect a
driving transistor in each of the color pixels; sequentially
applying a scan signal to the color pixels to apply adata signal
to each of the color pixels connected to the scan line; and
simultaneously emitting light from the color pixels at a lumi-
nance corresponding to a current output to a driving transistor
of each of the color pixels, wherein an on-time of the com-
pensation control signal is differently set for different color
pixels. The color pixels may be at least two of a red pixel, a
green pixel, a blue pixel, or a white pixel.

[0013] The on-time of the compensation control signal of
each of the color pixels may be based on a time when a current
value of the driving transistor at a compensation period ter-
mination point becomes a current value of a predetermined
grayscale value. Each of the color pixels may include a sec-
ond capacitor having a first electrode connected to a gate
electrode of the driving transistor; a first capacitor having a
first electrode, connected to a second electrode of the second
capacitor and a second electrode connected to a first power
source, the first power source to supply a first source voltage;
and a first transistor connected between the other electrode of
the second capacitor and a data line, the first transistor to be
turned on by a scan signal to transfer a data signal to the first
electrode of the first capacitor.

[0014] Each of the color pixels may include a fourth tran-
sistor connected between the data line and an anode electrode
of the OLED, the fourth transistor to be turned on based on a
sensing signal to sense deterioration of the driving transistor
or the OLED.

[0015] Each of the color pixels may include a first capacitor
connected between a data line and a first node; a first transis-
tor to connect the first node to a second node; a second
capacitor connected between the second node and a gate
electrode of the driving transistor; a fifth transistor to transfer
a reference voltage to the first node; and a fourth transistor
connected between the second node and a first power source
to supply a first source voltage, the fourth transistor to be
turned on by an initialization control signal to transfer the first
source voltage to the second node.

[0016] Sequentially supplying the scan signal may include
turning off the first transistor, turning on the fifth transistor;
transferring the reference voltage to the first node; and storing
avoltage in the first capacitor, the voltage corresponding to a
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data signal applied to the data line. Simultaneously emitting
light may include emitting light from the OLED according to
current from the driving transistor based on the voltage stored
in the second capacitor, wherein the voltage stored in the
second capacitor is a voltage which is stored in the first
capacitor during a scan operation of a previous frame. A scan
period may overlap an emission period.

[0017] Inaccordance with one or more other embodiments,
an apparatus includes an output and a driver to supply signals
to first and second pixels through the output, wherein the first
and second pixels are to emit light of different colors and
wherein the driver is to supply a first compensation control
signal to the first pixel and a second compensation control
signal to the second pixel, the first compensation control
signal having a first period and the second compensation
control signal having a second period different from the first
period, the first and second compensation control signals to
compensate for deviations in threshold voltages of driving
transistors in respective ones of the first and second pixels.
The first pixel may be a red pixel, the second pixel may be a
green or blue pixel, and the second period may be longer than
the first period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0019] FIG.1illustrates an embodiment of an organic light-
emitting display apparatus;

[0020] FIG. 2 illustrates an embodiment of a pixel;

[0021] FIG. 3 illustrates an embodiment of a method for
driving an organic light-emitting display apparatus;

[0022] FIG. 4 illustrates an example of pixels of a pixel
unit;
[0023] FIG. 5illustrates an example of a threshold voltage

compensation time for a driving transistor of each pixel,
[0024] FIG. 6 illustrates an example of a current deviation
rate based on a reduction in mobility of a pixel in a certain
gray scale range;

[0025] FIG. 7 illustrates an example of a current deviation
rate based on a reduction in mobility of a pixel in a certain
gray scale range as a comparative example to FIG. 6;

[0026] FIG. 8 illustrates another embodiment of a pixel;
[0027] FIG. 9 illustrates another embodiment of a pixel,
and

[0028] FIG. 10 illustrates an embodiment of a method for

driving an organic light-emitting display apparatus including
the pixel of FIG. 9.

DETAILED DESCRIPTION

[0029] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in 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 complete, and will fully
convey exemplary implementations to those skilled in the art.
In the drawings, the dimensions of layers and regions may be
exaggerated for clarity of illustration. Like reference numer-
als refer to like elements throughout.

[0030] FIG.1illustrates an embodiment of an organic light-
emitting display apparatus 10 which includes a pixel unit 100,
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a scan driver 110, a data driver 120, a control signal driver
130, a power supply 140, and a controller 150.

[0031] The pixel unit 100 includes a plurality of scan lines,
a plurality of data lines, and a plurality of pixels. (For pur-
poses of this disclosure, the term “pixel” may correspond to a
unit pixel that emits light corresponding to grayscales values
of different colors or a sub-pixel that emits light correspond-
ing to grayscale values of only one color.) The scan lines
transfer scan signals S1to Sn and are arranged in rows thatare
separated from each other by one or more intervals. The data
lines transfer data signals D1 to Dm and are arranged in
columns that are separated from each other at one or more
intervals. The scan lines and data lines are arranged in a
matrix, and the pixels are at intersection of the scan lines and
data lines. Hach pixel includes a pixel circuit including or
coupled to a light emitter.

[0032] The pixel unit 100 further includes a plurality of
control lines. The control lines transfer a control signal CS
and are arranged in rows that are separated from each other by
one or more intervals. The control lines may include at least
one of a compensation control line, an initialization control
line, or a relay control line which transfer a compensation
control signal GC, an initialization control signal SUS, and a
relay control signal GW, respectively.

[0033] The scandriver 110 is connected to the scan lines of
the pixel unit 100 and outputs scan signals S1 to Sn based on
a combination of a gate-on voltage and a gate-off voltage
according to a second control signal CONT2. When the scan
signals 81 to Snhave a gate-on voltage, a switching transistor
of a pixel connected to a corresponding scan line is turned on.
When the scan signals S1 to Sn have a gate-off voltage, the
switching transistor is turned off.

[0034] The data driver 120 is connected to the data lines of
the pixelunit 100, and respectively outputs data signals D1 to
Dm representing grayscale values to respective data lines
according to a first control signal CONT1. The data driver 120
converts input image data having a grayscale value, input
from the controller 150, into a data signal corresponding to a
voltage or a current.

[0035] The control signal driver 130 is connected to the
control lines of the pixel unit 100, and outputs the control
signal CS to the control lines according to a third control
signal CONT3. The control signal driver 130 outputs a com-
pensation control signal GC to the compensation control
lines. The control signal driver 130 outputs an initialization
control signal SUS to the initialization control lines. The
control signal driver 130 outputs a relay control signal GW to
the relay control lines.

[0036] The power supply 140 generates a first source volt-
age ELVDD and a second source voltage ELVSS. The power
supply 140 applies the first source voltage ELVDD and sec-
ond source voltage ELVSS to the pixel unit 100 according to
a fourth control signal CONT4. The voltage level of the first
source voltage ELVDD is greater than a voltage level of the
second source voltage FLVSS. The power supply 140 outputs
a reference voltage Vref to the pixel unit 100 based on the
fourth control signal CONTA4.

[0037] The controller 150 receives input image data and an
input control signal for controlling the display of the input
image data. The input image data and/or the input control
signal may be received, for example, from a graphics control-
ler. The input control signal includes, for example, a vertical
sync signal Vsync, a horizontal sync signal Hsync, and a main
clock MCLK.
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[0038] Thecontroller 150 generates data signals and first to
fourth control signals CONT1 to CONT4 according to the
vertical sync signal Vsync, the horizontal sync signal Hsync,
and the main clock MCLK. The controller 150 transfers the
data signals and the first control signal CONT1 to the data
driver 120. The controller 150 transfers the second control
signal CONT2 to the scan driver 110. The controller 150
transfers the third control signal CONT3 to the control signal
driver 130. The controller 150 transfers the fourth control
signal CONT4 to the power supply 140.

[0039] Each of the scan driver 110, the data driver 120, the
control signal driver 130, the power supply 140, and the
controller 150 may be implemented as a separate integrated
circuit (IC) chip type or one IC chip type, and may be directly
mounted on a substrate on which the pixel unit 100 is pro-
vided, mounted on a flexible printed circuit film, attached to
a substrate in a tape carrier package (TCP) type, or directly
provided on a substrate.

[0040] FIG. 2 illustrates an embodiment of a pixel PX1 in
the pixel unit 100. The pixel PX 1 includes a pixel circuit PC1
that supplies current to the organic light-emitting diode
OLED. The pixel circuit PC1 includes first to third transistors
M1 to M3 and first and second capacitors C1 and C2. The first
transistor M1 includes a gate electrode connected to a scan
line, a first electrode connected to a data line, and a second
electrode connected to a first node N1. The first transistor M1
operates as a switching transistor. The first transistor M1 is
turned on by a scan signal Si applied through the scan line,
and transfers a data signal Dj, input to the first electrode, to the
first node N1.

[0041] The second transistor M2 includes a gate electrode
connected to a second node N2, a first electrode connected to
a first power source that supplies a first source voltage
ELVDD, and a second electrode connected to an anode elec-
trode of the organic light-emitting diode OLED. The second
transistor M2 serves as a driving transistor. The second tran-
sistor M2 is turned on/off by a voltage of the second node N2,
and thus controls a current supplied to the organic light-
emitting diode OLED.

[0042] The third transistor M3 includes a gate electrode
connected to a compensation control line, a first electrode
connected to the gate electrode of the second transistor M2,
and a second electrode connected to the anode electrode of the
organic light-emitting diode OLED and the second electrode
of the second transistor M2. When the third transistor M3 is
turned on by a compensation control signal GC applied to the
gate electrode of the third transistor M3, the second transistor
M2 is diode-connected.

[0043] The first capacitor C1 is connected between the first
node N1, the first electrode of the second transistor M2, and
the first power source which supplies the first source voltage
ELVDD. The second capacitor C2 is connected between the
first node N1 and the second node N2.

[0044] The anode electrode of the organic light-emitting
diode OLED is connected to the pixel circuit PC1, and the
cathode electrode is connected to a second power source that
supplies a second source voltage ELVSS. The organic light-
emitting diode OLED emits light with a luminance based on
the current supplied from the pixel circuit PC1.

[0045] FIG. 3 is a timing diagram illustrating control sig-
nals generated in accordance with one embodiment of a
method for driving an organic light-emitting display appara-
tus 10 including the pixel of F1G. 2. Referring to FIGS. 2 and
3, the organic light-emitting display apparatus 10 is driven in
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a simultaneous emission driving scheme and operates in first
to sixth periods T1 to T6 in each frame. The first source
voltage ELVDD and the second source voltage ELVSS are
applied as at least one or more voltage levels during one
frame.

[0046] The first period T1 is an initialization period in
which the first node N1 and the second node N2 are initial-
ized. During the first period T1, the scan signals S1 to Sn
having the gate-on voltage (e.g., a low level) are simulta-
neously applied to all the scan lines. The first source voltage
ELVDD, the second source voltage ELVSS, and the compen-
sation control signal GC having one or more high levels are
applied to all the pixels PX1 of the pixel unit 100. Therefore,
the first transistor M1 is turned on, and an auxiliary voltage
Vsus applied through the data line is transferred to the first
node N1. Thus, a voltage of the second node N2 is reduced
and the second node N2 maintains an initialization voltage.
[0047] The second period T2 is a reset period in which the
anode electrode of the organic light-emitting diode OLED is
reset. During the second period T2, the first source voltage
ELVDD having, for example, a low level is applied to all the
pixels PX1 of the pixel unit 100. The second source voltage
ELVSS, the scan signals S1 to Sn, and the compensation
control signal GC are applied as one or more high levels to the
all the pixels PX1. The voltage of the first node N1 is reduced
by the first source voltage ELVDD having a low level, and the
voltage of the second node N2 is also reduced by a coupling
effect of the first and second capacitors C1 and C2. Therefore,
the second transistor M2 is turned on, and a voltage at the
anode electrode of the organic light-emitting diode OLED is
reset to alevel of the first source voltage ELVDD having a low
level. At this time, the level of the first source voltage ELVDD
is lower than that of the second source voltage ELVSS.
[0048] The third period T3 is a compensation period in
which a characteristic (e.g., threshold voltage and mobility)
of the second transistor M2 is compensated. During the third
period T3, the scan signals S1 to Sn having a low level are
simultaneously applied to all the scan lines. The first source
voltage ELVSS and the second source voltage ELVSS which
have a high level are applied to all the pixels PX1 of the pixel
unit 100, and the compensation control signal GC having a
low level is applied to all the pixels PX1. Therefore, the first
transistor M1 is turned on, and the auxiliary voltage Vsus
applied through the data line is transferred to the first node
N1. The auxiliary voltage Vsus may be the same as or differ-
ent from the auxiliary voltage Vsus applied during the first
period T1.

[0049] Also, the third transistor M3 is turned on and the
second transistor M2 is diode-connected. Therefore, a low-
level voltage at the anode electrode of the organic light-
emitting diode OLED is transferred to the second node N2,
and thus the second transistor M2 is turned on, a voltage at the
gate electrode of the second transistor M2 is changed to
“ELVDD+Vth”, and Vth is changed to a voltage having a
negative (-) value. The ELVDD is a high-level voltage of the
first source voltage ELVDD, and Vith is a threshold voltage of
the second transistor M2.

[0050] The compensation control signal GC is applied at a
predetermined on-time (e.g., a time when a low level of the
gate-on voltage is applied) for each of a plurality of pixels that
emit light of different colors. An on-time of the compensation
control signal GC for each color pixel may correspond to a
time when a current value of the second transistor M2 at a
termination point of the third period T3 becomes a current
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value of a certain grayscale value of a corresponding color
pixel The certain grayscale value may be, for example, a low
grayscale value such as a grayscale value of 32 or 64.
[0051] As described above, the termination point of the
third period T3 is changed for each color pixel. At this time, a
current value of the second transistor M2 is also changed for
each color pixel, whereby a voltage at the gate electrode of the
second transistor M2 is also changed. The voltage at the gate
electrode of the second transistor M2 at termination point of
the third period T3 is a voltage before becoming “ELVDD+
Vth”, and is higher than a voltage “ELVDD+Vth”. Therefore,
the threshold voltage and mobility of the second transistor M2
are compensated.

[0052] In one exemplary embodiment, the compensation
period is differently set for at least two color pixels or for all
color pixels, and a current value of the driving transistor is
differently set for each colorpixel at a termination point of the
compensation period, whereby a voltage at the gate electrode
of the driving transistor is differently set. Therefore, an output
current deviation of the driving transistor is reduced by com-
pensating for mobility deviation of the driving transistor for
the at least two or all color pixels. Accordingly, when a
characteristic of the driving transistor is reduced due to dete-
rioration, current deviation caused by mobility deviation of
each color pixel is reduced or minimized.

[0053] The fourth period T4 is a data writing period in
which a data signal is applied to each color pixel PX1. During
the fourth period T4, the scan signals S1 to Sn having a low
level are sequentially input to the respective scan lines, and
thus the first transistor M1 is turned on. A plurality of the data
signals may be sequentially inputto the pixels PX1 connected
to the respective scan lines. At this time, the first source
voltage ELVDD, the second source voltage ELVSS, and the
compensation control signal GC are applied as a high level.
The voltage of the first node N1 is changed to a voltage of the
data signal, and the voltage of the second node N2 is changed
from a voltage at the termination point of the third period T3
by coupling.

[0054] The width of each of the sequentially applied scan
signals may be, for example, two horizontal time periods 2H,
and the widths (for example, a width of an n-1st scan signal
Sn-1 and a width of an nth scan signal Sn) of adjacent scan
signals may be overlap each other, for example, by one hori-
zontal time period 1H or less. This may prevent insufficient
charging due to the RC delay of a signal line caused by
enlargement of a display region.

[0055] The fifth period T5 is a period in which a current
corresponding to a data voltage stored in each color pixel PX1
is applied to the organic light-emitting diode OLED to emit
light. During the fifth period TS5, the first source voltage
ELVDD, the scan signals S1 to Sn, and the compensation
control signal GC are applied as a high level, and the second
source voltage ELVSS is applied as a low level. The third
transistor M3 is turned off and the second transistor M2 is
turned on. A current path is formed from the first power
source to the cathode electrode of the organic light-emitting
diode OLED. Therefore, the organic light-emitting diodes
OLED of all the pixels PX1 simultaneously emit light at
luminance corresponding to data signals.

[0056] The sixth period T6 is an emission off period in
which emission of light is turned off for black insertion or
dimming after an emission operation. During the sixth period
T6, the first source voltage ELVDD, the second source volt-
age ELVSS, the scan signals S1 to Sn, and the compensation
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control signal GC are applied as a high level. The sixth period
T6 may be optionally omitted.

[0057] FIG. 4illustrates an example of a group of pixels of
the pixel unit 100 according to an example embodiment. FIG.
5 is a timing diagram illustrating an example of a threshold
voltage compensation time of a driving transistor for each of
the pixels.

[0058] Referring to FIG. 4, a first color pixel PX1R of a jth
pixel column, a second color pixel PX1G of a j+1st pixel
column, and a third color pixel PX1B ofa j+2nd pixel column
in an arbitrary pixel row (an ith pixel row) are illustrated.
[0059] A first color pixel is may be a red pixel, a second
color pixel may be a green pixel, and a third color pixel may
be ablue pixel. In another embodiment, the color pixel may be
a red, blue, green, or white pixels or may be another color
pixel.

[0060] Thegateelectrode ofa third transistor M3 of the first
color pixel PX1R is connected to a first compensation control
line 131 through which a first compensation control signal
GC_R is applied.

[0061] The gate electrode of a third transistor M3 of the
second color pixel PX1G is connected to a second compen-
sation control line 132 through which a second compensation
control signal GC_G is applied.

[0062] The gate electrode of a third transistor M3 of the
third color pixel PX1B is connected to a third compensation
control line 133 through which a third compensation control
signal GC_B is applied.

[0063] Inthe present embodiment, a third period T3 allows
for compensation of a characteristic of a second transistor
M2. Thelength ofthis period may be varied for different color
pixels. For example, the control signal driver 130 may differ-
ently set a time when the first compensation control signal
GC_R having the gate-on voltage is applied to the first com-
pensation control line 131, a time when the second compen-
sation control signal GC_R having the gate-on voltage is
applied to the second compensation control line 132, and a
time when the third compensation control signal GC_B hav-
ing the gate-on voltage is applied to the third compensation
control line 133. The length of time of the third period T3 is
therefore varied for each color pixel. In one embodiment, two
or more color pixels may have a same period, provided at least
two of the total number of color pixels is varied.

[0064] InFIG. 5, different color pixels are arranged on the
same pixel row. Evenin a case where different color pixelsare
arranged on the same pixel column, compensation control
lines may be differently arranged and a compensation control
signal application time may be differently set.

[0065] In FIG. 5, a case is illustrated where a third period
T3_R of first color pixel PX1R<third period T3_G of second
color pixel PX1G<third period T3_B of third color pixel
PX1B. In another embodiment, a color pixel-based compen-
sation period may be differently set depending on a current
value of a driving transistor at a termination point of a deter-
mined compensation period, in correspondence with a color
pixel-based current value of a selected grayscale value.
[0066] Due to deterioration caused by the number of uses
and the elapse of operating time, the threshold voltage of the
driving transistor of a pixel may shift and mobility of the
driving transistor may be reduced. The amount of shift in the
threshold voltage (AV ;;,) and the mobility reduction rate (Ap)
increase due to deterioration. Also, current deviations of color
pixels caused by a reduction in a threshold voltage shift
amount and mobility may differ due to deterioration.
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[0067] Since current deviations of color pixels caused by a
reduction in the threshold voltage shift size and mobility of
the driving transistor may differ, grayscale smear may occur
differently in each color pixel when a characteristic of the
driving transistor is compensated for with the same compen-
sation time.

[0068] FIG. 7 illustrates an example of a current deviation
rate based on a reduction in mobility of pixels in a certain
grayscale range. Referring to FIG. 7, current deviations for a
red pixel RED, a green pixel GREEN, and a blue pixel BLUE
may differ based on a reduction or increase in mobility. For
example, as the driving transistor deteriorates, distortion of
white balance may increases and transition of color coordi-
nates occurs.

[0069] In the present embodiment, a characteristic com-
pensation period of the driving transistor is differently set for
each color pixel. The characteristic compensation period of
the driving transistor is set as a time when a current of the
driving transistor at a compensation period termination point
becomes a color pixel-based current of a certain gray scale.
Therefore, the threshold voltage and mobility deviation of the
driving transistor are compensated, and thus current deviation
of each color pixel is reduced or minimized, which, in turn,
reduces or minimizes white balance distortion.

[0070] FIG. 6 illustrates an example of current deviation
rate based on a reduction in mobility of each pixel in a certain
grayscale range. Compared to FIG. 7, a characteristic com-
pensation period of a driving transistor is differently set for
each pixel, and thus a difference between current deviations
of color pixels is reduced due to a reduction or increase in
mobility.

[0071] The characteristic compensation period of the driv-
ing transistor of each color pixel may be determined as a time
when a current value of the driving transistor at a termination
point of the characteristic compensation period becomes a
current value of a color pixel of a certain gray scale (for
example, a low grayscale value such as 32 or 64). The char-
acteristic compensation period of the driving transistor of
each color pixel may be determined by previously calculating
a voltage (corresponding to a current value of the driving
transistor at the termination point of the characteristic com-
pensation period) at a gate electrode of the driving transistor.
[0072] FIG. 8 illustrates another embodiment of a pixel
PX2 which includes a pixel circuit PC2 that supplies current
to an organic light-emitting diode OLED. The pixel circuit
PC2 includes first to fourth transistors M1 to M4 and first and
second capacitors C1 and C2. Compared to pixel PX1 in FIG.
2, the pixel PX2 in FIG. 8 further includes the fourth transistor
M4, The pixel PX2 in FIG. 8 may operate at the same timing
as a driving timing in FIG. 3, and a third period T3 in which
a characteristic of the second transistor M2 is compensated
may be varied for each color pixel.

[0073] The characteristic compensation period of the driv-
ing transistor of each color pixel may be previously deter-
mined as a time when a current value of the driving transistor
at atermination point of a characteristic compensation period
becomes a current value of a color pixel of a certain gray scale
(forexample, a low gray scale such as 32 gray scale or 64 gray
scale). The characteristic compensation period of the driving
transistor of each color pixel may be determined by previ-
ously calculating a voltage (corresponding to a current value
of the driving transistor at the termination point of the char-
acteristic compensation period) at a gate electrode of the
driving transistor.
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[0074] 1In driving the pixel PX28, a deterioration sensing
period of the fourth transistor M4 is provided in addition to
the first to sixth periods T1 to T6 in FIG. 3. The deterioration
sensing period may be performed before a non-display
period, for example, after power-on or before power-off.
[0075] The fourth transistor M4 includes a gate electrode
connected to a sensing line, a first electrode connected to a
data line, and a second electrode connected to an anode elec-
trode of an organic light-emitting diode OLED. The fourth
transistor M4 is turned on by a sensing signal SSi applied
through the sensing line, and extracts deterioration informa-
tion of the organic light-emitting diode OLED and threshold
voltage/mobility information of a second transistor M2.
[0076] Thepixel PX2 turns on the second transistor M2 and
the fourth transistor M4 to sense current flowing in the second
transistor M2, thereby sensing the threshold voltage/mobility
information of the second transistor M2. At this time, a first
source voltage ELVDD and a second source voltage ELVSS
are set in order to prevent current from flowing to the organic
light-emitting diode OLED. The pixel PX2 turns off the sec-
ond transistor M2, and turns on the fourth transistor M4 to
sense a voltage at the anode electrode of the organic light-
emitting diode OLED, thereby sensing the deterioration
information of the organic light-emitting diode OLED.
[0077] FIG. 9 illustrates another example of a pixel PX3
whichincludes a pixel circuit PC3 that supplies a current to an
organic light-emitting diode OLED. The pixel circuit PC3
includes first to fifth transistors M11 to M15 and first and
second capacitors C11 and C12. The first transistor M11
includes a gate electrode connected to a relay control line
through which a relay control signal GW is applied, a first
electrode connected to a first node N11, and a second elec-
trode connected to a second node N12. The first transistor
M11 is turned on by the relay control signal GW having a
gate-on voltage, and connects the first node N11 to the second
node N12.

[0078] The second transistor M12 includes a gate electrode
connected to a third node N13, a first electrode connected to
a first power source that supplies a first source voltage
ELVDD, and a second electrode connected to an anode elec-
trode of the organic light-emitting diode OLED. The second
transistor M12 is turned on/off by a voltage of the third node
N13, and thus controls a current supplied to the organic light-
emitting diode OLED.

[0079] The third transistor M13 includes a gate electrode
connected to a compensation control line through which a
compensation control signal GC is applied, a first electrode
connected to the third node N13, and a second electrode
connected to the anode electrode of the organic light-emitting
diode OLED and the second electrode of the second transistor
M12. The third transistor M13 is turned on by the compen-
sation control signal GC having a gate-on voltage to diode-
connect the second transistor M12.

[0080] The fourth transistor M14 includes a gate electrode
connected to an initialization control line through which an
initialization control signal SUS is applied, a first electrode
connected to the first power source, and a second electrode
connected to the second node N12. The fourth transistor M14
is turned on by the initialization control signal SUS having the
gate-on voltage, and transfers the first source voltage ELVDD
to the second node N12.

[0081] The fifth transistor M15 includes a gate electrode
connected to a scan line through which a scan signal Si is
applied, a first electrode connected to a reference voltage
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source that supplies a reference voltage Vref, and a second
electrode connected to the first node N11. The fifth transistor
M15 is turned on by the scan signal Si having the gate-on
voltage, and transfers the reference voltage Vref to the first
node N11.

[0082] The first capacitor C11 includes a first electrode
connected to a data line and a second electrode connected to
the first node N11. The second capacitor C12 includes a first
electrode connected to the second node N12 and a second
electrode connected to the third node N13.

[0083] The anode electrode of the organic light-emitting
diode OLED is connected to the pixel circuit PC3, and the
cathode electrode is connected to a second power source that
supplies a second source voltage ELVSS. The organic light-
emitting diode OLED generates light having a certain lumi-
nance based on current from the pixel circuit PC3.

[0084] FIG.10 is a timing diagram illustrating control sig-
nals for an embodiment of a method for driving organic
light-emitting display apparatus 10 including the pixel PX3 in
FIG. 9. Referring to FIGS. 9 and 10, the organic light-emit-
ting display apparatus 10 is driven in a simultaneous emission
driving scheme and operates in first to fifth periods T1 to T5
in each frame. The third period T3 overlaps the fourth period
T4. The first source voltage ELVDD and the second source
voltage ELVSS are applied as at least one or more voltage
levels during one frame.

[0085] The first period T1 is an initialization period in
which the second node N12 and the third node N13 are
initialized. During the first period T1, the initialization signal
SUS having a low level is applied, and the fourth transistor
M14 is turned on. The first source voltage ELVDD having a
low level is transferred to the second node N12 through the
turned-on fourth transistor M14. Also, the compensation con-
trol signal GC having a low level is applied and the third
transistor M13 is turned on. As the third transistor M13 is
turned on, the third node N13 is connected to the fourth node
N14, and a voltage of the third node N13 and a voltage of the
fourth node N14 have a level similar to a low-level voltage of
the first source voltage ELVDD. For example, the voltage of
the third node N13 and a voltage at the anode electrode of the
organic light-emitting diode OLED are reset to a low-level
voltage.

[0086] The second period T2 is a compensation period in
which a characteristic of the second transistor M12 is com-
pensated. During the second period T2, the first source volt-
age ELVDD is applied as a high level and the compensation
control signal GC is applied as a low level. The third transistor
M13 is turned on by the compensation control signal GC, and
diode-connects the second transistor M12. A voltage of the
third node N13 is changed to “ELVDD+Vth” and Vth is
changed to a voltage having a negative () value. ELVDD is
a high-level voltage of the first source voltage ELVDD, and
Vth is a threshold voltage of the second transistor M12 The
relay control signal GW is applied as a low-level voltage and
the initialization signal SUS is applied as a high-level voltage.

[0087] As the initialization signal SUS is applied as the
high-level voltage, the fourth transistor M14 is turned off. As
the relay control signal GW is applied as the low-level volt-
age, the first transistor M11 is turned on and the first node N11
is connected to the second node N12. At this time, a sustain
voltage Vsus is applied from the data line. A data voltage of a
previous frame, which is stored in a third period of the pre-
vious frame, is stored in the first capacitor C11. Therefore, a
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voltage in which a data signal of the previous frame is
reflected is stored in the second capacitor C12.

[0088] Inthe present embodiment, the second period T2, in
which a characteristic of the second transistor M12 is com-
pensated, is varied for each pixel. The characteristic compen-
sation period of the driving transistor of each color pixel may
be previously determined, for example, as a time when a
current value of the driving transistor at a termination point of
the characteristic compensation period becomes a current
value of a color pixel of a certain gray scale (for example, a
low grayscale value of 32 or 64). The characteristic compen-
sation period of the driving transistor of each color pixel may
be determined by calculating a voltage (corresponding to a
current value of the driving transistor at the termination point
of the characteristic compensation period) at a gate electrode
of the driving transistor.

[0089] The fourth period T4 is a period in which current,
corresponding to a data voltage stored in each pixel PX3, is
applied to the organic light-emitting diode OLED to emit
light. During the fourth period T4, the first source voltage
ELVDD is applied as a high level and the second source
voltage ELVSS is applied as a low level. As the second source
voltage ELVSS is changed to a low level, current flows to the
organic light-emitting diode OLED through the second tran-
sistor M12 of each pixel PX3 and the organic light-emitting
diode OLED emits light having a luminance corresponding to
a data signal.

[0090] The third period T3 is a data writing period in which
a data signal is applied to each pixel PX3. During the third
period T3, scan signals S1 to Sn having a low level are
sequentially applied to respective scan lines and turn on the
fifth transistor M15. Data signals D1 to Dm are applied in
response to the scan signals S1 to Sn. At this time, the relay
control signal GW and the compensation control signal GC
are applied as a high level, and the first transistor M11 and the
third transistor M13 are turned off.

[0091] When the fifth transistor M15 is turned on, the ref-
erence voltage Vrefis transferred to the first node N1. When
a data signal is transferred to the data line while the reference
voltage Vrefis being transferred to the first node N1, a voltage
corresponding to a difference between the reference voltage
Vref and a data voltage is stored in the first capacitor C11.
When a reference voltage transistor TR15 is turned off, the
first node N11 is floated and a voltage stored in the first
capacitor C11 is held. The voltage stored in the first capacitor
C11 is used in the fourth period T4 of a next frame.

[0092] During the fifth period T5, the first source voltage
ELVDD and the second source voltage ELVSS are applied as
a high level and the compensation control signal GC is
applied as a low level. The third transistor M13 is turned on by
the compensation control signal GC and the third node N13 is
connected to the fourth node N14, whereby a voltage of the
third node N13 and a voltage of the fourth node N14 are reset
to a certain voltage. For example, voltages of a gate, source,
and drain of the second transistor M12 are applied as certain
voltages and a response waveform of a pixel is improved. The
fifth period T5 may be optionally omitted.

[0093] The transistors of the pixel circuit may be P-type
transistors. In this case, a gate-on voltage for turning on the
transistors is a low-level voltage and a gate-off voltage for
turning off the transistors is a high-level voltage. Alterna-
tively, the transistors of the pixel circuit may be N-type tran-
sistors. In this case, a gate-on voltage for turning on the
transistors is a high-level voltage, and a gate-off voltage for
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turning off the transistors is a low-level voltage. The transis-
tors may be an amorphous silicon thin film transistor, a low-
temperature poly-silicon, or an oxide TFT. The oxide TFT
may have an active layer of oxide such as amorphous indium-
gallium-zinc-oxide (IGZ0), zinc oxide (ZnO), or titanium
oxide (Ti0).

[0094] In accordance with another embodiment, an appa-
ratus includes an output and a driver to supply signals to first
and second pixels through the output. The first and second
pixels are to emit light of different colors, and the driver is to
supply afirst compensation control signal to the first pixel and
asecond compensation control signal to the second pixel. The
first compensation control signal has a first period and the
second compensation control signal has a second period dif-
ferent from the first period. The first and second compensa-
tion control signals are to compensate for deviations in
threshold voltages of driving transistors in respective ones of
the first and second pixels. The first pixel may be a red pixel,
the second pixel may be a green or blue pixel, and the second
period is longer than the first period.

[0095] In this embodiment, the output may take various
forms. For example, when the driver is embodied within an
integrated circuit chip, the output may be one or more output
terminals, leads, wires, ports, signal lines, or other type of
interface without or coupled to the driver. The driver, for
example, may be the control signal driver 130 in FIG. 1, or
may be a driver circuit within or implemented with another
driver such as a scan driver or data driver. The compensation
control signals may be in accordance with any of the afore-
mentioned embodiments.

[0096] The drivers, controllers, and other signal processors
of the embodiments disclosed herein may be implemented in
logic which, for example, may include hardware, software, or
both. When implemented at least partially in hardware, the
drivers, controllers, and other signal processors may be, for
example, any one of a variety of integrated circuits including
but not limited to an application-specific integrated circuit, a
field-programmable gate array, a combination of logic gates,
a system-on-chip, a microprocessor, or another type of pro-
cessing or control circuit.

[0097] When implemented in at least partially in sofiware,
the drivers, controllers, and other signal processors may
include, for example, a memory or other storage device for
storing code or instructions to be executed, for example, by a
computer, processor, microprocessor, controller, or other sig-
nal processing device. The computer, processor, micropro-
cessor, controller, or other signal processing device may be
those described herein or one in addition to the elements
described herein. Because the algorithms that form the basis
of the methods (or operations of the computer, processor,
microprocessor, controller, or other signal processing device)
are described in detail, the code or instructions for imple-
menting the operations of the method embodiments may
transform the computer, processor, controller, or other signal
processing device into a special-purpose processor for per-
forming the methods described herein.

[0098] By way of summation and review, in an organic
light-emitting display, the mobility and threshold voltages of
the transistors change over time. For this reason, pixel lumi-
nance may not be able to be accurately determined. For
example, luminance deviation may occur from characteristic
differences between driving transistors of the pixels. This
may result in a degradation of display quality.
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[0099] In accordance with one or more of the aforemen-
tioned embodiments, a compensation period for a character-
istic of the driving transistor of pixels in an organic light
emitting display is differently set for at least two (and in one
case all) color pixels. As a result, current deviation of each
color pixel caused by characteristic reduction of the driving
transistor is reduced or minimized, thereby reducing or mini-
mizing white balance distortion.

[0100] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An organic light-emitting display apparatus, compris-
ing:

a plurality of color pixels, each of the color pixels includ-

ing:

an organic light-emitting diode (OLED);

a driving transistor to control current to the OLED; and

a compensation transistor connected between an anode
electrode of the OLED and a gate electrode of the driv-
ing transistor, wherein the compensation transistor is to
be turned on based on a compensation control signal and
wherein compensation control signals have different on-
times for different color pixels.

2. The display apparatus as claimed in claim 1, wherein the
color pixels include at least two of a red pixel, a green pixel,
a blue pixel, or a white pixel.

3. The display apparatus as claimed in claim 2, wherein the
on-time of the compensation control signal of each of the
color pixels is based on a time when a current value of the
driving transistor at a compensation period termination point
becomes a current value of a predetermined grayscale value.

4. The display apparatus as claimed in claim 1, wherein
each of the color pixels includes:

a second capacitor having a first electrode connected to a

gate electrode of the driving transistor;

a first capacitor having a first electrode connected to a
second electrode of the second capacitor and a second
electrode connected to a first power source, the first
power source to supply a first source voltage; and

a first transistor connected between the second electrode of
the second capacitor and a data line, the first transistor to
be turned on based on a scan signal to transfer a data
signal to the first electrode of the first capacitor.

5. The display apparatus as claimed in claim 4, wherein
each of the color pixels includes a fourth transistor connected
between the data line and an anode electrode of the OLED, the
fourth transistor to be turned on based on a sensing signal to
sense deterioration of the driving transistor or the OLED.

6. The display apparatus as claimed in claim 1, wherein
each of the color pixels includes:

a first capacitor connected between a data line and a first

node;
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a first transistor to connect the first node to a second node;

asecond capacitor connected between the second node and
a gate electrode of the driving transistor;

a fifth transistor to transfer a reference voltage to the first
node; and

a fourth transistor connected between the second node and
a first power source supplying a first source voltage, the
fourth transistor to turn on based on an initialization
control signal to transfer the first source voltage to the
second node.

7. The display apparatus as claimed in claim 6, wherein the
fifth transistor is to be turned on based on a scan signal to
transfer the reference voltage to the first node.

8. The display apparatus as claimed in claim 6, wherein the
first transistor is to be turned on by a relay control signal to
connect the first node to the second node.

9. The display apparatus as claimed in claim 6, wherein
when operation of emitting light from the OLED is simulta-
neously performed in the color pixels:

the first transistor is to be turned off,

the fifth transistor is to be turned on,

the reference voltage is to be transferred to the first node,
and

avoltage corresponding to a data signal applied to the data
line is to be stored in the first capacitor.

10. A method for driving an organic light-emitting display

apparatus, the method comprising:

turning on a compensation transistor in each of a plurality
of color pixels based on a compensation control signal,
the compensation control signal to diode-connect a driv-
ing transistor in each of the color pixels;

sequentially applying a scan signal to the color pixels to
apply a data signal to each of the color pixels connected
to s scan line; and

simultaneously emitting light from the color pixels at a
luminance corresponding to a current output to a driving
transistor of each of the color pixels, wherein an on-time
of the compensation control signal is differently set for
different color pixels.

11. The method as claimed in claim 10, wherein the color
pixels are at least two of a red pixel, a green pixel, ablue pixel,
or a white pixel.

12. The method as claimed in claim 11, wherein the on-
time of the compensation control signal of each of the color
pixels is based on a time when a current value of the driving
transistor at a compensation period termination point
becomes a current value of a predetermined grayscale value.

13. The method as claimed in claim 10, wherein each of the
color pixels includes:

a second capacitor having a first electrode connected to a

gate electrode of the driving transistor;

a first capacitor having a first electrode, connected to a
second electrode of the second capacitor and a second
electrode connected to a first power source, the first
power source to supply a first source voltage; and

a first transistor connected between a second electrode of
the second capacitor and a data line, the first transistor to
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be turned on by a scan signal to transfer a data signal to
the first electrode of the first capacitor.

14. The method as claimed in claim 13, wherein each of the
color pixels includes a fourth transistor connected between
the data line and an anode electrode of an organic light emit-
ting diode (OLED), the fourth transistor to be turned on based
on a sensing signal to sense deterioration of the driving tran-
sistor or the OLED.

15. The method as claimed in claim 10, wherein each ofthe
color pixels includes:

a first capacitor connected between a data line and a first

node;

a first transistor to connect the first node to a second node;

asecond capacitor connected between the second node and

a gate electrode of the driving transistor;

a fifth transistor to transfer a reference voltage to the first

node; and

a fourth transistor connected between the second node and

a first power source to supply a first source voltage, the
fourth transistor to be turned on by an initialization
control signal to transfer the first source voltage to the
second node.

16. The method as claimed in claim 15, wherein sequen-
tially supplying the scan signal includes:

turning off the first transistor,

turning on the fifth transistor;

transferring the reference voltage to the first node; and

storing a voltage in the first capacitor, the voltage corre-

sponding to a data signal applied to the data line.

17. The method as claimed in claim 15, wherein simulta-
neously emitting light includes:

emitting light from an organic light emitting diode (OLED)

according to current from the driving transistor based on
the voltage stored in the second capacitor, wherein the
voltage stored in the second capacitor is a voltage which
1s stored in the first capacitor during a scan operation of
a previous frame.

18. The method as claimed in claim 10, wherein a scan
period overlaps an emission period.

19. An apparatus, comprising:

an output; and

adriver to supply signals to first and second pixels through

the output, wherein the first and second pixels are to emit
light of different colors and wherein the driver is to
supply a first compensation control signal to the first
pixel and a second compensation control signal to the
second pixel, the first compensation control signal hav-
ing a first period and the second compensation control
signal having a second period different from the first
period, the first and second compensation control sig-
nals to compensate for deviations in threshold voltages
of driving transistors in respective ones of the first and
second pixels.

20. The apparatus as claimed in claim 19, wherein:

the first pixel is a red pixel,

the second pixel is a green or blue pixel, and

the second period is longer than the first period.
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