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1
ORGANIC LIGHT EMITTING DISPLAY
HAVING DATA DRIVER SUPPLYING
SENSING DATA VOLTAGE IN A SENSING
MODE

This application claims the benefit of Korean Patent
Application No. 2014-0194262, filed on Dec. 30, 2014,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an organic light emitting
display, and more particularly, to an organic light emitting
display capable of preventing image quality degradation due
to a kick-back phenomenon.

Discussion of the Related Art

An image display device that implements various types of
information on a screen is a core technology in the era of
information and communications, and has been developed
into a thinner, lighter, mobile, and high-performance device.
In this regard, an organic light emitting device that displays
an image by controlling the amount of emitted light of an
organic light emitting layer, etc. has drawn attention as a flat
panel display that can overcome disadvantages of a heavy
and large cathode-ray tube (CRT).

The organic light emitting device displays an image by
arranging a plurality of pixels in a matrix form. Here, each
pixel includes a light emitting element and a pixel driving
circuit which independently drives the light emitting ele-
ment and includes at least a switching thin film transistor
(TFT), a storage capacitor, and a driving TFT.

A related art organic light emitting device has a problem
of a luminance variation occurring due to deterioration of
the light emitting element, a change of channel mobility,
and/or a threshold voltage variation of the driving TFT
included in each pixel even when the same data voltage is
applied to each pixel. To solve this problem, the organic light
emitting device uses an external compensation method in
which a driving characteristic of each pixel is sensed in real
time and data is compensated for in real time using infor-
mation about the sensed characteristic.

In the external compensation method, the driving char-
acteristic of each pixel is sensed in a blanking period
between frame periods in which an image is implemented.
In this instance, switching from each frame period to a
blanking period incurs a kick-back phenomenon in which a
gate voltage and a sensing voltage fluctuate due to parasitic
capacitance between a data line and each of a scan line and
a sensing line. The kick-back phenomenon varies according
to alevel of a data voltage supplied to each pixel during each
frame period. Values of the threshold voltage and the mobil-
ity of the driving TFT sensed through the sensing line have
errors due to a kick-back voltage that varies according to the
level of the data voltage. Due to an error in the sensing
voltage, a compensation value of the data voltage has an
error. As a result, image quality is degraded.

SUMMARY

Accordingly, the present invention is directed to an
organic light emitting display capable of preventing image
quality degradation due to a kick-back phenomenon that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.
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An object of the present invention is to provide an organic
light emitting display that successively supplies a high
driving voltage, which is higher than a sensing data voltage,
and the sensing data voltage to a data line of a display panel
in a sensing mode in which a driving characteristic of a pixel
is sensed.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings. To
achieve these and other advantages and in accordance with
the purpose of the present invention, as embodied and
broadly described, an organic light emitting display com-
prises a display panel including a plurality of pixels; and a
data driver configured to supply a sensing data voltage to a
data line of the display panel in a sensing mode in which a
driving characteristic of each of the pixels is sensed, wherein
the data driver successively supplies a high driving voltage
higher than the sensing data voltage and the sensing data
voltage in the sensing mode.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a block diagram illustrating an organic light
emitting display according to an example embodiment of the
present invention;

FIG. 2 is a circuit diagram illustrating each pixel of the
organic light emitting display illustrated in FIG. 1;

FIG. 3 is a diagram for description of a real-time sensing
period in the organic light emitting display illustrated in
FIG. 2;

FIG. 4 is a diagram illustrating waveforms for description
of a first example of a blanking period illustrated in FIG. 3;

FIG. 5 is a diagram illustrating waveforms for description
of a second example of the blanking period illustrated in
FIG. 3; and

FIG. 6A is a diagram for description of an image imple-
mented to measure an error in a sensing value of the organic
light emitting display according to the present invention, and
FIG. 6B is a graph illustrating a deviation between sensing
values measured using first and second test images illus-
trated in FIG. 6A.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying
drawings.

FIG. 1 illustrates an organic light emitting display accord-
ing to an example embodiment of the present invention.

The organic light emitting display illustrated in FIG. 1
includes a data driver 104, a scan driver 106, a timing
controller 108, and a light emitting display panel 110.
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The light emitting display panel 110 includes a plurality
of pixels disposed in a matrix. As illustrated in FIG. 2, each
pixel P includes a switching transistor Tr_Sw, a driving
transistor Tr_D, a storage capacitor Cst, a sensing transistor
Tr_Se, and an organic light emitting diode (OLED).

The OLED operates to emit light according to a driving
current generated by the driving transistor Tr_D.

The switching transistor Tr_Sw performs a switching
operation such that a data signal supplied through a data line
DL is stored in the storage capacitor Cst as a data voltage in
response to a first gate voltage supplied through a scan line
(SL).

The driving transistor Tr_D operates such that a driving
current flows between a high-potential line (VDD) and a
low-potential line (VSS) according to the data voltage stored
in the storage capacitor Cst.

The sensing transistor Tr_Se supplies a reference voltage
Vref, which is supplied to a reference line RL, to a source
electrode of the driving transistor Tr_D in response to a
second gate voltage supplied through a sensing control line
SCL. A threshold voltage, mobility, etc. of the driving
transistor Tr_D are sensed through the sensing transistor
Tr_Se and the reference line RL, and the data voltage is
compensated for in proportion to a difference between a
sensed value and a reference threshold voltage. The sensing
transistor Tr_Se and the reference line R may have various
configurations, and thus a configuration of FIG. 2 is a
specific example, and the present invention is not limited
thereto.

The scan driver 106 supplies a first gate voltage in a high
state or a low state to scan lines SL1 to SLm formed on the
light emitting display panel 110 and supplies a second gate
voltage in a high state or a low state to sensing control lines
SCL1 to SCLm in response to a gate control signal GCS
from the timing controller 108.

The data driver 104 converts digital pixel data into an
analog data voltage using a gamma voltage and a data
control signal DCS from the timing controller 108 in a
display mode and a sensing mode, and supplies the con-
verted analog data voltage to the data line DL. In particular,
the data driver 104 successively supplies a high driving
voltage Vhigh and a sensing data voltage Vsdata to the data
line DL in the sensing mode such that the same level of
kick-back is incurred in each pixel in the sensing mode.
Here, the high driving voltage Vhigh is higher than the
sensing data voltage Vsdata. The high driving voltage Vhigh
may be newly generated in a power supply (not illustrated).
Alternatively, a voltage which is previously used when the
organic light emitting display is driven may be used as the
high driving voltage Vhigh to reduce costs.

In addition, the data driver 104 converts a voltage (or
current) sensed through the sensing transistor (Tr_Se) and
the reference line RL in the sensing mode into a digital
sensing value, and supplies the converted value to the timing
controller 108.

The timing controller 108 includes a control signal gen-
erator 112, a data processor 120, and a memory 114.

The control signal generator 112 generates the gate con-
trol signal GCS and the data control signal DCS which
control driving timings of the scan driver 106 and the data
driver 104 based on a synchronization signal input from the
outside. The generated gate control signal GCS is supplied
to the scan driver 106, and the generated data control signal
DCS is supplied to the data driver 104.

The data processor 120 compensates for image data input
from the outside using compensation information of the
memory 114, and outputs the compensated data to the data
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driver 104. The data processor 120 processes sensing infor-
mation of each pixel sensed through the data driver 104
according to a predetermined operation to update the com-
pensation information of the memory 114.

The memory 114 stores compensation information con-
figured according to a characteristic of each pixel. The
compensation information includes a threshold voltage com-
pensation value for compensating for a threshold voltage of
a driving transistor of each sub-pixel and a mobility com-
pensation value for compensating for mobility of the driving
transistor.

The compensation information is configured in advance
based on a sensing value obtained by sensing a characteristic
(threshold voltage and/or mobility) of each pixel before
shipping products. After shipping products, the compensa-
tion information stored in the memory 114 is updated when
the characteristic of each pixel is sensed again in the sensing
mode in every desired driving time. The compensation
information stored in the memory 114 may be updated when
the sensing mode is executed in every desired driving time
including at least one of a booting time while power is
turned ON, an ending time while power is turned OFF, a
blanking time of each frame, etc.

FIG. 3 illustrates real-time sensing of the organic light
emitting display according to the present invention.

As illustrated in FIG. 3. a blanking period is allocated
between a previous frame period and a current frame period.
In each frame period, image data is line-sequentially written
to each pixel. In each blanking period, the compensation
information of the memory 114 is updated by sensing
characteristics of pixels on one horizontal line.

For example, characteristics of pixels on an n-th horizon-
tal line are sensed in a blanking period of an n-th frame to
update compensation values of the pixels in the memory
114, characteristics of pixels on an (n+1)th horizontal line
are sensed in a blanking period of an (n+1)th frame to update
compensation values of the pixels in the memory 114, and
characteristics of pixels on an (n+2)th horizontal line are
sensed in a blanking period of an (n+2)th frame to update
compensation values of the pixels in the memory 114.

Meanwhile, in each blanking period, sub-pixels on a
corresponding horizontal line may be sensed separately for
each color. For example, when a display panel has N
horizontal lines, R sub-pixels may be sensed for each
horizontal line in every blanking period of N frames, and W
sub-pixels may be sensed for each horizontal line in every
blanking period of N subsequent frames. Thereafter, B
sub-pixels may be sensed, and then G sub-pixels may be
sensed in a similar manuer.

FIG. 4 illustrates waveforms for specifically describing
the blanking period illustrated in FIG. 3.

As illustrated in FIG. 4, a blanking period BT includes a
kick-back induction period T1, an initialization period T2, a
charging period T3, and a sensing period T4 in order. The
kick-back induction period T1, the initialization period T2,
the charging period T3, and the sensing period T4 will be
described in detail in connection with a pixel driving circuit
illustrated in FIG. 2.

First, in the kick-back induction period T1, a first gate
voltage Vgll in a low state is supplied to the scan line SL,
a second gate voltage Vgh2 in a high state is supplied to the
sensing control line SCL, a high driving voltage Vhigh and
a sensing data voltage Vsdata are successively supplied to
the data line DL, and a pre-charging voltage Vpre is supplied
to the reference line RL. Here, the high driving voltage
Vhigh and the sensing data voltage Vsdata are supplied to
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the data line DL before the first gate voltage Vgll in a low
state, which is supplied in the initialization period T2, is
supplied.

When a voltage supplied to the data line DL is switched
from the high driving voltage Vhigh to the sensing data
voltage Vsdata, the first gate voltage Vgll in the low state
supplied to the scan line S decreases by a voltage AVp
(kick-back voltage) as in Equation 1 by a parasitic capacitor
Cp, and thus a kick-back phenomenon occurs.

AVpoe(Vhigh-Vsdata) [Equation 1]

Therefore, the same high driving voltage Vhigh and the
same sensing data voltage Vsdata are successively supplied
to the data line DL of every pixel sensed during a blanking
period of each frame period, and thus all pixels have the
same difference between the high driving voltage Vhigh and
the sensing data voltage Vsdata. As a result, the same
kick-back voltage is generated during a blanking period in
each pixel irrespective of the data voltage Vdata supplied in
each frame period, and thus all pixels have the same error in
sensing values. In this way, abnormal image quality may be
prevented.

In the initialization period T2, a first gate voltage Vghl in
a high state is supplied to the scan line SL, a second gate
voltage Vgh2 in a high state is supplied to the sensing
control line SCL, a sensing data voltage Vsdata correspond-
ing to a level of a voltage configured to sense a threshold
voltage and mobility of the driving transistor Tr D is
supplied to the data line DL, and a pre-charging voltage
Vpre is supplied to the reference line RL.

The data voltage Vdata from the data line DL is supplied
to a first node nl, that is, a gate terminal G of the driving
transistor Tr_D through the switching transistor Tr_Sw
which is turned ON in response to the first gate voltage Vghl
in the high state. In addition, the pre-charging voltage Vpre
from the reference line RL is supplied to a second node n2,
that is, a source of the driving transistor Tr_D through the
sensing transistor Tr_Se which is turned ON in response to
the second gate voltage Vgh2 in the high state.

In this way, a source electrode of the driving transistor
Tr_D and the reference line RL are initialized to the pre-
charging voltage Vpre during the initialization period T2. In
this instance, a difference voltage between the data voltage
Vdata and the pre-charging voltage Vpre is stored in the
storage capacitor Cst.

Subsequently, in the charging period T3, a first gate
voltage supplied to the switching transistor Tr_Sw through
the scan line SL is maintained in a high state (Vgh1), and a
second gate voltage supplied to the sensing transistor Tr_Se
through the sensing control line SCL is maintained in a high
state (Vgh2).

The sensing data voltage Vsdata is supplied to the first
node n1, that is, a gate of the driving transistor Tr_D through
the switching transistor Tr_Sw which is in an ON state in
response to the first gate voltage Vghl in the high state. In
this instance, the reference line RL is in a floating state. In
this way, the reference line RL in the floating state is charged
with a difference voltage between a data voltage supplied to
a gate electrode of the driving transistor Tr_D and the
threshold voltage of the driving transistor Tr_D.

In the sensing period T4, a first gate voltage supplied to
the switching transistor Tr_Sw through the scan line SL is
maintained in a high state (Vghl), a second gate voltage
Vgl2 in a low state is supplied to the sensing control line
SCL, and the reference line RL is connected to the data
driver 104. In this way, the data driver 104 extracts the
threshold voltage and mobility of the driving transistor Tr_D
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6

by sensing a voltage of the reference line RL, converts the
extracted threshold voltage and mobility of the driving
transistor Tr_D into digital sensing values, and supplies the
converted values to the timing controller 108.

FIG. 5 illustrates waveforms corresponding to another
example of driving waveforms supplied in the blanking
period illustrated in FIG. 4. The blanking period illustrated
in FIG. 5 has the same components as the blanking period
illustrated in FIG. 4 except that a low driving voltage Viow
is additionally supplied in a kick-back induction period T1
and an initialization period T2, and thus detailed description
thereof will be omitted.

In the kick-back induction period T1, a first gate voltage
Vgll in a low state is supplied to the scan line SL, a second
gate voltage Vgh2 in a high state is supplied to the sensing
control line SCL, a high driving voltage Vhigh and the low
driving voltage Vlow are successively supplied to the data
line DL, and a pre-charging voltage Vpre is supplied to the
reference line RL.

Here, when the voltage supplied to the data line DL drops
from the high driving voltage Vhigh to the low driving
voltage Vlow, the kick-back phenomenon occurs. In the
kick-back phenomenon, the first gate voltage Vgll in the
low state supplied to the scan line SL decreases by a voltage
AVp (kick-back voltage) as in Equation 2 by the parasitic
capacitor Cp.

AVpee[Vhigh-Vlow) [Equation 2]

Therefore, the same high driving voltage Vhigh and the
same low driving voltage Vlow are successively supplied to
the data line DL of every pixel sensed during a blanking
period of each frame period, and thus all pixels have the
same difference between the high driving voltage Vhigh and
the low driving voltage Vlow. As a result, the same kick-
back voltage is generated in each pixel irrespective of the
data voltage Vdata supplied in each frame period, and thus
all pixels have the same error in sensing values. In this way,
abnormal image quality may be prevented.

In the initialization period T2, a first gate voltage Vghl in
a high state is supplied to the scan line SL, a second gate
voltage Vgh2 in a high state is supplied to the sensing
control line SCL, a low driving voltage Vlow and a sensing
data voltage Vdata_sen are successively supplied to the data
line DL, and a pre-charging voltage Vpre is supplied to the
reference line RL. In this instance, a level of the low driving
voltage Vlow is set such that, in response to the first gate
voltage supplied to the scan line SL rising from a low
voltage to a high voltage, the data voltage supplied to the
data line DL rises. In other words, the level is set such that
the data voltage supplied to the data line rises from the low
driving voltage Vlow to a sensing data voltage Vsdata.
Therefore, a period at which the first gate voltage Vghl in
the high state is supplied partially overlaps a period at which
the low driving voltage Vlow is supplied.

In this way, when the voltage supplied to the data line DL
rises from the low driving voltage Vlow to the sensing data
voltage Vsdata, the first gate voltage Vghl in the high state
supplied to the scan line SL increases by a voltage AVp as
in Equation 3 by the parasitic capacitor.

AVpoe(Vsdata—Viow) [Equation 3]

Therefore, the same low driving voltage Vlow and the
same sensing data voltage Vsdata are supplied to the data
line DL of every pixel sensed during a blanking period of
each frame period, and thus all pixels have the same
difference between the low driving voltage Vlow and the
sensing data voltage Vsdata. As a result, the same second
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kick-back voltage AVp2 is generated in each pixel irrespec-
tive of the data voltage Vdata supplied in the frame period,
and thus all pixels have the same error in sensing values. In
this way, abnormal image quality may be prevented.

Meanwhile, the low driving voltage Vlow illustrated in
FIG. 5 is lower than the sensing data voltage Vsdata. The
low driving voltage Vlow may be newly generated in a
power supply (not illustrated). Alternatively, a voltage which
is previously used in the organic light emitting display may
be used as the low driving voltage Vlow to reduce costs.

FIG. 6A illustrates an image implemented to measure
errors in sensing values of the related art organic light
emitting display and the organic light emitting display
according to the present invention, and FIG. 6B illustrates a
deviation in sensing values measured using first and second
test images illustrated in FIG. 6A.

As illustrated in FIG. 6 A, after a first block or while a test
image is implemented on a light emitting display panel, a
first sensing value is extracted by sensing a characteristic of
a driving transistor. In addition, after a second test image is
implemented between an n-th horizontal line and an (n+1)th
horizontal line (here, n and i are natural numbers) of the light
emitting display panel, a second sensing value is extracted
by sensing a characteristic of the driving transistor. Subse-
quently, a deviation Aa. between the first sensing value and
the second sensing value is calculated. As a result, as
illustrated in FIG. 6B, while a sensing deviation is great
between an area, in which the second test image is imple-
mented, and the other area in the related art organic light
emitting display, the sensing values are uniform in the
present invention irrespective of positions. In other words, it
can be understood that, in the related art organic light
emitting display, errors in sensing values are great in respec-
tive positions, and thus abnormal image quality is generated.
On the other hand, in the present invention, errors in sensing
values are similar to one another in respective positions, and
thus abnormal image quality is prevented.

Meanwhile, in the present invention, description has been
given on the assumption that the high driving voltage Vhigh
and the low driving voltage Vlow are supplied to the data
line DL through the data driver 104. However, the high
driving voltage Vhigh and the low driving voltage Viow
may be supplied to the data line DL through the data driver
104 and another separate driver.

An organic light emitting display according to the present
invention successively supplies the same high driving volt-
age and the same sensing data voltage (or low driving
voltage) which is lower than the high driving voltage to data
lines of all pixels sensed in a blanking period. Therefore, the
same kick-back voltage is generated in each pixel irrespec-
tive of a data voltage supplied in each frame period, and thus
all pixels have the same error in sensing values. In this way,
abnormal image quality may be prevented.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the organic light
emitting display of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope
of the appended claims and their equivalents.

What is claimed is:

1. An organic light emitting display, comprising;

a display panel including a plurality of pixels;

a scan driver configured to drive a scan line of the display

panel; and

a data driver configured to supply a high driving voltage

and a sensing data voltage, which are successively
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applied to a data line of the display panel in a sensing
mode in which a driving characteristic of a driving
transistor included in a pixel of the plurality of pixels
is sensed to update a compensation value of the pixel,

wherein the high driving voltage is higher than the
sensing data voltage; and

wherein the high driving voltage is supplied to the data

line before a gate voltage in a high state is supplied to
the scan line in the sensing mode.

2. The organic light emitting display according to claim 1,

wherein the driving characteristic of the driving transistor

included in the pixel is sensed in a blanking period
between frame periods in which images are displayed,
and

wherein the same high driving voltage and the same

sensing data voltage are supplied to data lines of all
pixels sensed in a blanking period of each frame.

3. The organic light emitting display according to claim 1,

wherein the high driving voltage is supplied to the data

line in the sensing mode from a source of another
driving voltage that is used by the organic light emitting
display and is higher than the sensing data voltage.

4. The organic light emitting display according to claim 1,
wherein:

the data driver is configured to supply the high driving

voltage at a start of the sensing mode; and

the data driver is configured, in the sensing mode, to

supply the high driving voltage and the sensing data
voltage to the data line before the gate voltage in the
high state is supplied to the scan line.

5. The organic light emitting display device according to
claim 4, further comprising:

the scan driver configured to drive a sensing control line

of the display panel,

wherein the scan driver is configured to supply a voltage

in a high state to the sensing control line at the start of
the sensing mode.

6. An organic light emitting display, comprising;

a display panel including a plurality of pixels; and

a data driver configured to supply a sensing data voltage

to a data line of the display panel in a sensing mode in
which a driving characteristic of a driving transistor
included in a pixel of the plurality of pixels is sensed to
update a compensation value of the pixel, and to supply
a high driving voltage higher than the sensing data
voltage and a low voltage lower than the sensing data
voltage,

wherein the high driving voltage, the low driving voltage,

and the sensing data voltage are successively applied to
the data line of the display panel in the sensing mode;
and

wherein the high driving voltage is supplied to the data

line before a gate voltage in a high state is supplied to
the scan line in the sensing mode.

7. The organic light emitting display according to claim 6,
wherein the low driving voltage is supplied during a period
that overlaps a period during which the gate voltage supplied
to the scan line transitions to the high state.

8. The organic light emitting display according to claim 5,
wherein:

the data driver is configured to supply the high driving

voltage at a start of the sensing mode; and

the data driver is configured, in the sensing mode, to

supply the high driving voltage and the low voltage to
the data line before the gate voltage in the high state is
supplied to the scan line.
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9. The organic light emitting display device according to
claim 8, further comprising:
a scan driver configured to drive a sensing control line of
the display panel,
wherein the scan driver is configured to supply a voltage
in a high state to the sensing control line at the start of
the sensing mode.
10. The organic light emitting display according to claim
6,
wherein the same high driving voltage and the same low
driving voltage are supplied to the data lines of all the
pixels sensed in a blanking period of each frame in the
sensing mode.
11. The organic light emitting display according to claim
6,
wherein the low driving voltage immediately follows the
high driving voltage.
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