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(57) ABSTRACT

An organic light emitting display includes a display panel
including display lines, on which a plurality of pixels each
including an organic light emitting diode and a driving thin
film transistor (TFT) are formed. The display lines are
sequentially charged to an image display data voltage in
response to an image display gate pulse in an image display
period of one frame. A sensing target display line among the
display lines outputs a sensing voltage corresponding to
changes in electrical characteristic of the driving TFT
included in each pixel in response to a sensing gate pulse
during a vertical blank period excluding the image display
period from the one frame and then is charged to a luminance
recovery data voltage. The sensing gate pulse is supplied in
the same pulse shape as the image display gate pulse in a
predetermined period for charging the luminance recovery
data voltage.
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ORGANIC LIGHT EMITTING DISPLAY

[0001] This application claims the benefit of Korea Patent
Application No. 10-2013-0166678 filed on Dec. 30, 2013,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relate to an active
matrix organic light emitting display.

[0004] 2. Discussion of the Related Art

[0005] An active matrix organic light emitting display
includes organic light emitting diodes (“OLEDs”) capable of
emitting light by itself and has advantages of a fast response
time, a high light emitting efficiency, a high luminance, a
wide viewing angle, and the like.

[0006] The OLED serving as a self-emitting element
includes an anode electrode, a cathode electrode, and an
organic compound layer formed between the anode electrode
and the cathode electrode. The organic compound layer
includes a hole injection layer HIL, a hole transport layer
HTL, a light emitting layer EML, an electron transport layer
ETL, and an electron injection layer EIL. When a driving
voltage is applied to the anode electrode and the cathode
electrode, holes passing through the hole transport layer HTL
and electrons passing through the electron transport layer
ETL moveto the light emitting layer EML and form excitons.
As a result, the light emitting layer EML, generates visible
light.

[0007] The organic light emitting display arranges pixels
each including the OLED in a matrix form and adjusts a
luminance of the pixels depending on a gray scale of video
data. Each pixel includes a driving thin film transistor (TFT)
for controlling a driving current flowing in the OLED. There
occurs a deviation in electrical characteristics (including a
threshold voltage, a mobility factor, etc.) of the driving TFT
of each pixel because of a process deviation, etc. of the
organic light emitting display. Hence, the pixels have differ-
ent currents (i.e., different emission amounts of the OLED)
with respect to the same data voltage. As a result, the organic
light emitting display has a luminance deviation.

[0008] To solve the luminance deviation, an external com-
pensation method is known to sense changes in a character-
istic parameter (for example, a threshold voltage and a mobil-
ity) of the driving TFT of each pixel and to properly correct
input data depending on the sensing result. The external com-
pensation method reduces the luminance non-uniformity
resulting from changes in the electrical characteristic of the
driving TFT.

[0009] The electrical characteristic of the driving TFT con-
tinuously changes during a drive of the driving TFT. Thus, it
is preferable to compensate for the changes in the electrical
characteristic of the driving TFT in real time for an increase in
a compensation performance. FIG. 1 shows a related art RT
(real-time) compensation technology compensating for
changes in the electrical characteristic of the driving TFT in
real time using the external compensation method. As shown
in FIG. 1, the related art RT compensation technology per-
forms a sensing operation in a vertical blank period VB
excluding an image display period DP from an image frame.
Namely, the related art RT compensation technology senses
only one display line in the vertical blank period VB of each
image frame. First pixels of a display line, on which the RT
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sensing is not performed, maintain an emission state resulting
from image display data during one image frame including
the vertical blank period VB. However, second pixels of a
display line, on which the RT sensing is performed, stop the
emission resulting from the image display data in the vertical
blank period VB, so as to perform the sensing operation.
When the sensing operation is completed, luminance recov-
ery data of the same voltage level as the image display data is
input to the second pixels. The second pixels maintain an
emission state resulting from the luminance recovery data
during a remaining period excluding the vertical blank period
VB from the one image frame.

[0010] Inpixelsofthe display line, on which the RT sensing
is performed, an emission duty resulting from the image
display data in one image frame has a maximum value in one
side (for example, an upper part of a display panel in FIG. 1)
of the display panel, to which data is firstly applied, and
gradually decreases as the display line goes from the one side
of the display panel to the other side (for example, a lower part
of the display panel in FIG. 1) of the display panel, to which
the data is last applied. On the contrary, in the pixels of the
display line, on which the RT sensing is performed, an emis-
sion duty resulting from the luminance recovery data in one
image frame has a minimum value in one side (for example,
the upper part of the display panel in FIG. 1) of the display
panel and gradually increases as the display line goes from the
one side of the display panel to the other side (for example, the
lower part of the display panel in FIG. 1) of the display panel.

[0011] However, even when the image display data and the
luminance recovery data are applied at the same voltage level,
luminances of the image display data and the luminance
recovery data represented for the same period of time are
different from each other. A reason to generate such a lumi-
nancedeviationis because gate signals for applying the image
display data and the luminance recovery data to the pixel are
different from each other. Further, the reason is because an
initialization state of a source node of the driving TFT for
programming the image display data is different from an
initialization state of the source node of the driving TFT for
programming the luminance recovery data.

[0012] As described above, when the luminance repre-
sented by the image display data is different from the lumi-
nance represented by the luminance recovery data, there
occurs a luminance deviation between a display line, on
which the RT sensing is performed, and display lines, on
which the RT sensing is not performed, during the same
image frame. Namely, as shown in FIG. 2, a luminance of one
display line, on which the RT sensing is performed, may be
greater or less than a luminance of one display line, on which
the RT sensing is not performed.

[0013] The luminance deviation varies depending on a dis-
play location of the display line, on which the RT sensing is
performed. When the display line, on which the RT sensing is
performed, is positioned at the upper part of the display panel,
alength of an emission period of the luminance recovery data
is short. Hence, the luminance deviation is relatively small.
However, as the display line, on which the RT sensing is
performed, approaches the lower part of the display panel, the
length of the emission period of the luminance recovery data
increases. Hence, the luminance deviation gradually
increases.
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SUMMARY OF THE INVENTION

[0014] Embodiments of the invention provide an organic
light emitting display capable of minimizing a luminance
deviation between a display line, on which real-time sensing
is performed, and a display line, on which the real-time sens-
ing is not performed, when changes in electrical characteristic
of adriving thin film transistor (TFT) are compensated in real
time using an external compensation method.

[0015] In one aspect, there is an organic light emitting
display comprising a display panel including display lines, on
which a plurality of pixels each including an organic light
emitting diode and a driving thin film transistor (TFT) are
formed, the display lines being sequentially charged to an
image display data voltage in response to an image display
gate pulse in an image display period of one frame, a sensing
target display line among the display lines outputting a sens-
ing voltage corresponding to changes in electrical character-
istic of the driving TFT included in each pixel in response to
a sensing gate pulse during a vertical blank period excluding
the image display period from the one frame and then being
charged to a luminance recovery data voltage, a gate driving
circuit configured to sequentially supply the image display
gate pulse to gate lines connected to the pixels of the display
lines during the image display period and supply the sensing
gate pulse to a gate line connected to the pixels of the sensing
target display line during the vertical blank period, and a data
driving circuit configured to supply the image display data
voltage to data voltage supply lines connected to the pixels of
the display lines in synchronization with the image display
gate pulse and supply the luminance recovery data voltage to
data voltage supply lines connected to the pixels of the sens-
ing target display line in synchronization with the sensing
gate pulse, wherein the sensing gate pulse is supplied in the
same pulse shape as the image display gate pulse in a prede-
termined period for charging the luminance recovery data
voltage.

[0016] Each pixel includes the driving TFT including a gate
electrode connected to a first node, a source electrode con-
nected to a second node, and a drain electrode connected to an
input terminal of a high potential driving voltage, the organic
light emitting diode connected between the second node and
an input terminal of a low potential driving voltage, a storage
capacitor connected between the first node and the second
node, a first switch TFT connected between one of the data
voltage supply lines and the first node, and a second switch
TFT connected between areference line, to which the sensing
voltage is output, and the second node.

[0017] The image display gate pulse includes a first image
display gate pulse for turning on the first switch TFT in the
image display period and a second image display gate pulse
for turning on the second switch TFT in the image display
period. The sensing gate pulse includes a first sensing gate
pulse for turning on the first switch TFT in the vertical blank
period and a second sensing gate pulse for turning on the
second switch TFT in the vertical blank period.

[0018] Theimage display period includes an image display
initialization period, in which a source voltage of the driving
TFT is initialized to a previously determined reference volt-
age in response to the first image display gate pulse of an
off-level and the second image display gate pulse of an on-
level, an image display programming period, in which the
image display data voltage is applied to the gate electrode of
the driving TFT in response to the first and second image
display gate pulses of the on-level in the initialization state of
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the source voltage of the driving TFT and turns on the driving
TFT, and an image display emission period, in which the
organic light emitting diode operates using an image display
driving current applied through the driving TFT in response to
the first and second image display gate pulses of the off-level
and displays an original image.

[0019] The vertical blank period includes a sensing initial-
ization period, in which a source voltage of the driving TFT is
firstly initialized to a first reference voltage, which is previ-
ously determined, in response to the first sensing gate pulse of
an off-level and the second sensing gate pulse of an on-level,
a sensing programming period, in which a sensing data volt-
age is applied to the gate electrode of the driving TFT in
response to the first and second sensing gate pulses of the
on-level in the first initialization state of the source voltage of
the driving TFT and sets the driving TFT to a turn-on state, a
sensing period, in which the source voltage ofthe driving TFT
increased by a current flowing in the driving TFT is sensed
and stored in response to the first sensing gate pulse of the
off-level and the second sensing gate pulse of the on-level, a
sampling period, in which the sensed source voltage of the
driving TFT is sampled and detected as the changes in the
electrical characteristic of the driving TFT in response to the
first and second sensing gate pulses of the on-level, a lumi-
nance recovery initialization period, in which the source volt-
age of the driving TFT is secondly initialized to a second
reference voltage in response to the first sensing gate pulse of
the off-level and the second sensing gate pulse of the on-level,
a luminance recovery programming period, in which the
luminance recovery data voltage is applied to the gate elec-
trode of the driving TFT in response to the first and second
sensing gate pulses of the on-level in the second initialization
state of the source voltage of the driving TFT and turns on the
driving TFT, and a luminance recovery emission period, in
which the organic light emitting diode operates using a lumi-
nance recovery driving current applied through the driving
TFT in response to the first and second sensing gate pulses of
the off-level and displays a luminance recovery image.

[0020] During the luminance recovery initialization period,
the first sensing gate pulse is maintained at the off-level, and
the second sensing gate pulse is maintained at the off-level
and then is changed to the on-level.

[0021] The first reference voltage is less than the second
reference voltage.

[0022] A black display data voltage capable of turning off
the driving TFT is applied to the gate electrode of the driving
TFT during the sampling period.

[0023] The luminance recovery data voltage has the same
voltage level as the image display data voltage applied to the
sensing target display line during the image display period.
[0024] Theorganic light emitting display further comprises
a timing controller configured to control an operation of the
gate driving circuit and an operation of the data driving cir-
cuit, modulate image display digital data to be applied to the
display lines during the image display period to compensate
for the changes in the electrical characteristic of the driving
TFT, and modulate luminance recovery digital data to be
applied to the sensing target display line during the vertical
blank period to compensate for a luminance deviation
between the sensing target display line and another display
line. The image display digital data corresponds to the image
display data voltage, and the luminance recovery digital data
corresponds to the luminance recovery data voltage.
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[0025] A compensation value for modulating the lumi-
nance recovery digital data varies depending on a location of
the sensing target display line.

[0026] The compensation value for modulating the lumi-
nance recovery digital data gradually decreases as the sensing
target display line goes from one side of the display panel, to
which data is firstly applied, to the other side of the display
panel, to which the data is last applied.

[0027] The change in the electrical characteristic of the
driving TFT indicates at least one of change in a threshold
voltage of the driving TFT and change in a mobility of the
driving TFT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0029] FIG. 1 illustrates a related art RT (real-time) com-
pensation technology, in which RT sensing is performed in a
vertical blank period,

[0030] FIG. 2 illustrates a principle, in which a line dim
generated by a luminance deviation is visible in a related art
RT compensation technology;

[0031] FIG. 3 is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
invention;

[0032] FIG. 4 shows a pixel array of a display panel shown
in FIG. 3;
[0033] FIG. 5 illustrates an RT compensation technology

according to an exemplary embodiment of the invention, in
which RT sensing is performed in a vertical blank period;

[0034] FIG. 6 illustrates a connection structure between a
timing controller, a data driving circuit, and pixels along with
a detailed configuration of an external compensation pixel;

[0035] FIG. 7 and FIG. 8A illustrate a reason of the gen-
eration of a luminance deviation;

[0036] FIG. 8B shows an example of a luminance deviation
between a display image and a recovery image;

[0037] FIG. 9 shows a driving waveform according to an
exemplary embodiment of the invention for reducing a lumi-
nance deviation between a display image and a recovery
image;

[0038] FIG. 10 shows an example of a reduction in a lumi-
nance deviation between a display image and a recovery
image;

[0039] FIG. 11 illustrate a method for compensating for a
luminance reduction generated by a black image to minimize
a luminance deviation between a sensing target display line
and a non-sensing target display line;

[0040] FIG. 12 is a flow chart showing operation order of a

timing controller for compensating for a luminance reduction
generated by a black image; and

[0041] FIG. 13 shows an example where a compensation
value for compensating for a luminance reduction generated
by a black image varies depending on a location of a sensing
target display line.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0042] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

[0043] Exemplary embodiments of the invention will be
described with reference to FIGS. 3 to 13.

[0044] FIG. 3 is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
invention. FIG. 4 shows a pixel array of a display panel shown
in FIG. 3. FIG. 5 illustrates an RT (real-time) compensation
technology according to the embodiment of the invention, in
which RT sensing is performed in a vertical blank period.
[0045] As shown in FIGS. 3 and 4, the organic light emit-
ting display according to the embodiment of the invention
includes a display panel 10, a timing controller 11, a data
driving circuit 12, and a gate driving circuit 13.

[0046] The display panel 10 includes a plurality of data
lines 14, a plurality of gate lines 15 crossing the data lines 14,
and a plurality of pixels P respectively arranged at crossings
of the data lines 14 and the gate lines 15 in a matrix form. The
data lines 14 include m data voltage supply lines 14A_1 to
14A_m and m reference lines 14B_1 to 14B_m, wheremis a
positive integer. The gate lines 15 include n first gate lines
15A_1 to 15A_n and n second gate lines 15B_1 to 15B_n,
where n is a positive integer.

[0047] Each pixel P receives a high potential driving volt-
age EVDD and a low potential driving voltage EVSS from a
power generator (not shown). Each pixel P according to the
embodiment of the invention may include an organic light
emitting diode (OLED), a driving thin film transistor (TFT),
first and second switch TFTs, and a storage capacitor for the
external compensation. The TFTs constituting the pixel P
may be implemented as a p-type transistor or an n-type tran-
sistor. Further, semiconductor layers of the TFT's constituting
the pixel P may contain amorphous silicon, polycrystalline
silicon, or oxide,

[0048] Each pixel P is connected to one of the data voltage
supply lines 14A_1 to 14A_m, one of the reference lines
14B_1 to 14B_m, one of the first gate lines 15A_1to 15A_n,
and one of the second gate lines 15B_1 to 15B_n.

[0049] As illustrated in FIG. 4, the display panel 10
includes a plurality of display lines [#1 to L#n implementing
an image through the plurality of pixels P. As shown in FIG.
5, the display lines 1#1 to L#n are sequentially charged to an
image display data voltage in response to an image display
gate pulse in an image display period DP of one frame. A
sensing target display line among the display lines outputs a
sensing voltage Vsen corresponding to changes in electrical
characteristic of the driving TFT included in each pixel P in
response to a sensing gate pulse during a vertical blank period
VB excluding the image display period DP from the one
frame and then is charged to a luminance recovery data volt-
age. RT (real-time) sensing is performed on the sensing target
display line in the vertical blank period VB. In the embodi-
ment disclosed herein, the sensing target display line is
selected as one display line in each frame and may be sequen-
tially selected among the display lines along one direction
(for example, a direction based on data refresh order, namely,
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adata scan direction). Alternatively, the sensing target display
line may be non-sequentially selected among the display lines
irrespective of the one direction. Further, the change in the
electrical characteristic of the driving TFT indicates at least
one of change in a threshold voltage of the driving TFT and
change in a mobility of the driving TFT.

[0050] The gate driving circuit 13 may be implemented as
an integrated circuit (IC) or may be directly formed on the
display panel 10 through a gate driver-in panel (GIP) process.
The gate driving circuit 13 sequentially supplies the image
display gate pulse to the gate lines 15 connected to the pixels
of the display lines L#1 to L#n in response to a gate control
signal GDC received from the timing controller 11 during the
image display period DP. The gate driving circuit 13 supplies
the sensing gate pulse to the gate line 15 connected to the
pixels of the sensing target display line in response to the gate
control signal GDC during the vertical blank period VB.
[0051] The image display gate pulse includes a first image
display gate pulse sequentially supplied to the first gate lines
15A_1 to 15A_n and a second image display gate pulse
sequentially supplied to the second gate lines 15B_1to 15B_
n. The sensing gate pulse includes a first sensing gate pulse
supplied to one first gate line connected to the sensing target
display line among the first gate lines 15A_1to 15A_nand a
second sensing gate pulse supplied to one second gate line
connected to the sensing target display line among the second
gate lines 15B_1 to 15B_n.

[0052] An entire pulse shape and a pulse width of the sens-
ing gate pulse may be different from those of the image
display gate pulse. However, the sensing gate pulse is sup-
plied in the same pulse shape as the image display gate pulse
in a predetermined period for charging the luminance recov-
ery data voltage.

[0053] The data driving circuit 12 supplies data voltages
required in a drive to the data voltage supply lines 14A_1 to
14A_m, supplies a reference voltage to the reference lines
14B_1 to 14B_m, and performs digital processing on a sens-
ing voltage received through the reference lines 14B_1 to
14B_m to supply the digital sensing voltage to the timing
controller 11 in response to a data control signal DDC
received from the timing controller 11. The data voltages
required in the drive include an image display data voltage, a
sensing data voltage, a black display data voltage, a lumi-
nance recovery data voltage, and the like.

[0054] The data driving circuit 12 supplies the image dis-
play data voltage to the data lines connected to the pixels of
the display lines L#1 to L#n in synchronization with the
image display gate pulse and supplies the sensing data volt-
age, the black display data voltage, and the luminance recov-
ery data voltage to the data lines connected to the pixels of the
sensing target display line in synchronization with the sens-
ing gate pulse. The image display data voltage indicates a data
voltage, in which a compensation value for compensating for
the changes in the electrical characteristic of the driving TFT
is reflected. The sensing data voltage indicates a data voltage
applied to a gate electrode of the driving TFT, so as to turn on
the driving TFT of each of the pixels of the sensing target
display line. The black display data voltage indicates a data
voltage applied to the gate electrode of the driving TFT, so as
to turn off the driving TFT of each of the pixels of the sensing
target display line. The luminance recovery data voltage indi-
cates a data voltage used to recover a luminance of the sensing
target display line to an image display level immediately
before the RT sensing and is selected at the same voltage level
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as the image display data voltage applied to the sensing target
display line in the image display period DP immediately
before the RT sensing.

[0055] The timing controller 11 generates the data control
signal DDC for controlling operation timing of the data driv-
ing circuit 12 and the gate control signal GDC for controlling
operation timing of the gate driving circuit 13 based on timing
signals, such as a vertical sync signal Vsync, a horizontal sync
signal Hsync, a data enable signal DE, and a dot clock DCLK.
The timing controller 11 modulates image display digital data
to be applied to the display lines L#1 to L#n during the image
display period DP, so as to compensate for the changes in the
electrical characteristic of the driving TFT based on the sens-
ing voltage Vsen supplied from the data driving circuit 12.
Further, the timing controller 11 modulates luminance recov-
ery digital data to be applied to the sensing target display line
during the vertical blark period VB, so as to compensate for
a luminance deviation between the sensing target display line
and other display line. In FIG. 3, “MDATA” indicates the
image display digital data and the luminance recovery digital
data, each of which is modulated and output by the timing
controller 11. The image display digital data indicates data,
which is converted into the image display data voltage by the
data driving circuit 12. Further, the luminance recovery digi-
tal data indicates data, which is converted into the luminance
recovery data voltage by the data driving circuit 12.

[0056] FIG. 61llustrates a connection structure between the
timing controller 11, the data driving circuit 12, and the pixels
P along with a detailed configuration of an external compen-
sation pixel. In FIG. 6, a first gate pulse SCAN may include a
first image display gate pulse during the image display period
DP and a first sensing gate pulse during the vertical blank
period VB corresponding to a non-display period. A second
gate pulse SEN may include a second image display gate
pulse during the image display period DP and a second sens-
ing gate pulse during the vertical blank period VB. Further, in
FIG. 6, a data voltage Vdata may include the image display
data voltage during the image display period DP and the
sensing data voltage, the black display data voltage, and the
luminance recovery data voltage during the vertical blank
period VB.

[0057] As shown in FIG. 6, the pixel P capable of compen-
sating for changes in the electrical characteristics of the driv-
ing TFT in real time using an external compensation method
according to the embodiment of the invention includes an
OLED, a driving TFT DT, a storage capacitor Cst, a first
switch TEFT ST1, and a second switch TFT ST2.

[0058] The OLED includes an anode electrode connected
to a second node N2, a cathode electrode connected to an
input terminal of the low potential driving voltage EVSS, and
an organic compound layer positioned between the anode
electrode and the cathode electrode.

[0059] The driving TFT DT includes a gate electrode con-
nected to a first node N1, a drain electrode connected to an
input terminal of the high potential driving voltage EVDD,
and a source electrode connected to the second node N2. The
driving TFT DT controls a driving current holed flowing in
the OLED depending on a gate-source voltage Vgs of the
driving TFT DT. The driving TFT DT is turned on when the
gate-source voltage Vgs is greater than a threshold voltage
Vth. As the gate-source voltage Vgs increases, a current Ids
flowing between the source electrode and the drain electrode
of thedriving TFT DT increases. When a source voltage of the
driving TFT DT is greater than a threshold voltage of the
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OLED, the source-drain current Ids of the driving TFT DT, as
the driving current Ioled, flows through the OLED. As the
driving current Toled increases, an emission amount of the
OLED increases. Hence, a descried gray scale is represented.

[0060] The storage capacitor Cst is connected between the
first node N1 and the second node N2.

[0061] The first switch TFT ST1 includes a gate electrode
connected to the first gate line 15A, a drain electrode con-
nected to the data voltage supply line 14A, and a source
electrode connected to the first node N1. The first switch TFT
ST1 is turned on in response to the first gate pulse SCAN and
applies the data voltage Vdata charged to the data voltage
supply line 14 A to the first node N1.

[0062] The second switch TFT ST2 includes a gate elec-
trode connected to the second gate line 15B, a drain electrode
connected to the second node N2, and a source electrode
connected to the reference line 14B. The second switch TFT
ST2 is turned on in response to the second gate pulse SEN and
electrically connects the second node N2 to the reference line
14B.

[0063] The data driving circuit 12 is connected to the pixel
P through the data voltage supply line 14A and the reference
line 14B. A sensing capacitor Cx for storing a source voltage
of the second node N2 as the sensing voltage Vsen may be
formed on the reference line 14B. The data driving circuit 12
includes a digital-to-analog converter (DAC), an analog-to-
digital converter (ADC), an initialization switch SW1, a sam-
pling switch SW2, and the like.

[0064] The DAC generates the data voltages required in the
drive, i.e., the image display data voltage, the sensing data
voltage, the black display data voltage, and the luminance
recovery data voltage and outputs the data voltages to the data
voltage supply line 14A. The initialization switch SW1 is
turned on in response to an initialization control signal SPRE
and outputs a reference voltage Vrefto the reference line 14B.
The sampling switch SW2 is turned on in response to a
sampling control signal SSAM and supplies a source voltage
of the driving TFT DT, which 1s stored in the sensing capaci-
tor Cx of the reference line 14B for a predetermined period of
time, as the sensing voltage, to the ADC. The ADC converts
an analog sensing voltage stored in the sensing capacitor Cx
into the digital sensing voltage Vsen Vsen and supplies the
digital sensing voltage Vsen to the timing controller 11.

[0065] In such a structure of the pixel P, pixel luminances
represented by image display data and luminance recovery
data of the same voltage level are different from each other.

[0066] FIG. 7 and FIG. 8A illustrate a reason of the gen-
eration of a luminance deviation.

[0067] More specifically, FIG. 7 shows an image display
driving process for implementing an original image in the
image display period DP and a sensing driving process for
sensing changes in the electrical characteristic of the driving
TFT and implementing the same luminance recovery image
as the original image in the vertical blank period VB. The
image display driving process may be performed through an
image display initialization period (1), an image display pro-
gramming period (2), and an image display emission period

. The sensing driving process may be performed through a
sensing initialization period T1, a sensing programming
period T2, a sensing period T3, a sampling period T4, a
luminance recovery initialization period T3, a luminance
recovery programming period T6, and a luminance recovery
emission period T7.
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[0068] A reason why the luminance deviation is generated
between the image display data voltage and the luminance
recovery data voltage of the same voltage level is because the
image display gate pulse and the sensing gate pulse have
different shapes in the initialization period and the program-
ming period. More specifically, shapes of image display gate
pulses SCAN(D) and SEN(D) corresponding to the image
display initialization period (1) and the image display pro-
gramming period (2)are different from shapes of sensing gate
pulses SCAN(S) and SEN(S) corresponding to the luminance
recovery initialization period T5 and the luminance recovery
programming period T6. The difference of the pulse shape
generates a charge deviation shown in FIG. 8A. Even if the
pulse shapes in the image display programming period
and the luminance recovery programming period T6 are
equally set, a saturation maintenance width of the first sensing
gate pulse SCAN(S) may be greater than a saturation main-
tenance width of the first image display gate pulse SCAN(D).
Therefore, a charge amount C1 of a luminance recovery data
voltage Vdata_RCV charged to the gate electrode of the driv-
ing TFT during the luminance recovery programming period
T6 may be more than a charge amount C2 of an image display
data voltage Vdata_NDR charged to the gate electrode of the
driving TFT during the image display programming period
. Thus, as shown in FIG. 8B, a luminance amount of a
recovery image resulting from the luminance recovery data
voltage Vdata RCV having the relatively large charge
amount is more than a luminance amount of a display image
resulting from the image display data voltage Vdata_NDR
having the relatively small charge amount.
[0069] As described above, when the luminance amount of
the recovery image is different from the luminance amount of
the display image, the luminance deviation is generated
between the sensing target display line, on which the RT
sensing is performed, and the non-sensing target display line,
on which the RT sensing is not performed, during the same
image frame. The luminance deviation varies depending on a
display location of the sensing target display line. As the
sensing target display line approaches the lower part of the
display panel, in which a display duty of the recovery image
gradually increases, the luminance deviation increases.
[0070] As shown in FIG. 9, the embodiment of the inven-
tion proposes a method for supplying the image display gate
pulse for charging the image display data voltage and the
sensing gate pulse for charging the luminance recovery data
voltage in the same shape, so as to minimize the luminance
deviation between the sensing target display line and the
non-sensing target display line.
[0071] As shown in FIG. 9, the shapes of the sensing gate
pulses SCAN(S) and SEN(S) corresponding to the luminance
recovery initialization period T5 and the luminance recovery
programming period T6 are set to be the same as the shapes of
the image display gate pulses SCAN(D) and SEN(D) corre-
sponding to the image display initialization period (1) and the
image display programming period (2).
[0072] As described above, when the shapes of the sensing
gate pulses and the shapes of the image display gate pulses are
the same as each other, a saturation maintenance width of the
first sensing gate pulse SCAN(S) is equal to a saturation
maintenance width of the first image display gate pulse
SCAN(D). Therefore, a charge amount C1 of the luminance
recovery data voltage Vdata RCV charged to the gate elec-
trode of the driving TFT DT during the luminance recovery
programming period T6 is the same as a charge amount C2 of
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the image display data voltage Vdata_NDR charged to the
gate electrode of the driving TFT DT during the image display
programming period @ Thus, as shown in FIG. 10, a lumi-
nance amount of the recovery image resulting from the lumi-
nance recovery data voltage Vdata_RCV is the same as a
luminance amount of the display image resulting from the
image display data voltage Vdata_NDR. As a result, the lumi-
nance deviation between the sensing target display line and
the non-sensing target display line during the same image
frame is minimized.

[0073] As shown in FIGS. 6 and 9, an image display drive
and a sensing drive according to the embodiment of the inven-
tion are sequentially described below.

[0074] The image display drive according to the embodi-
ment of the invention may be performed through the image
display initialization period @, the image display program-
ming period (2), and the image display emission period (3).
[0075] In the image display initialization period @, the
first switch TFT ST1 is turned off in response to the first
image display gate pulse SCAN(D) of an off-level, and the
second switch TFT ST2 is turned on in response to the second
image display gate pulse SEN(D) of an on-level. Hence, the
source voltage of the driving TFT DT is initialized to a pre-
viously determined reference voltage Vref.

[0076] In the image display programming period @, the
first and second switch TFTs ST1 and ST2 are turned on in
response to the first and second image display gate pulses
SCAN(D) and SEN(D) of the on-level. Hence, the image
display data voltage Vdata_NDR is applied to the gate elec-
trode of the driving TFT DT in an initialization state of the
source voltage of the driving TFT DT and turns on the driving
TFT DT.

[0077] In the image display emission period @, the first
and second switch TFTs ST1 and ST2 are turned off in
response to the first and second image display gate pulses
SCAN(D) and SEN(D) of the off-level. In this instance, the
gate-source voltage of the driving TFT DT programmed in the
image display programming period @ is stored in the storage
capacitor Cst. An image display driving current flows in the
driving TFT DT due to the gate-source voltage of the driving
TFT DT maintained in the storage capacitor Cst, and the
OLED emits light due to the image display driving current.
Hence, the original image is displayed.

[0078] The sensing drive according to the embodiment of
the invention may be performed through the sensing initial-
ization period T1, the sensing programming period T2, the
sensing period T3, the sampling period T4, the luminance
recovery initialization period T5, the luminance recovery pro-
gramming period T6, and the luminance recovery emission
period T7.

[0079] In the sensing initialization period T1, the first
switch TFT ST1 is turned off in response to the first sensing
gate pulse SCAN(S) of an off-level, and the second switch
TFT ST2 is turned on in response to the second sensing gate
pulse SEN(S) of an on-level. Hence, the source voltage of the
driving TFT DT is firstly initialized to a first reference voltage
Vref, which is previously determined. In the embodiment
disclosed herein, the first reference voltage Vref may be
selected as a voltage less than the reference voltage Vref
applied in the image display initialization period @_, so as to
increase the sensing accuracy. For example, if the reference
voltage Vref applied in the image display initialization period
@ is 2V to 3V, the first reference voltage Vref may be zero.
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[0080] 1Inthe sensing programming period T2, the first and
second switch TFTs ST1 and ST2 are turned on in response to
the first and second sensing gate pulses SCAN(S) and SEN(S)
of the on-level. Hence, a sensing data voltage Vdata_SDR is
applied to the gate electrode of the driving TFT DT in a first
initialization state of the source voltage of the driving TFT DT
and sets the driving TFT DT to a turn-on state.

[0081] Inthe sensing period T3, the first switch TFT ST1 is
turned off in response to the first sensing gate pulse SCAN(S)
of the off-level, and the second switch TFT ST2 is turned on
in response to the second sensing gate pulse SEN(S) of the
on-level, Hence, a current flows between the source electrode
and the drain electrode of the driving TFT DT, and the source
voltage of the driving TFT DT increased by the source-drain
current of the driving TFT DT is sensed and stored.

[0082] In the sampling period T4, the first and second
switch TFTs ST1 and ST2 are turned on in response to the first
and second sensing gate pulses SCAN(S) and SEN(S) of the
on-level. Hence, the sensed source voltage of the driving TFT
DT is sampled and detected as the changes in the electrical
characteristic of the driving TFT DT.

[0083] Further, in the sampling period T4, the black display
data voltage capable of turning off the driving TFT DT is
applied to the gate electrode of the driving TFT DT, and the
unnecessary emission of the OLED during the sampling may
be prevented.

[0084] The first sensing gate pulse SCAN(S) is maintained
at the off-level and the second sensing gate pulse SEN(S) is
maintained at the off-level and then is changed to the on-level
during the luminance recovery initialization period T5, so
that the sensing gate pulse is supplied in the same pulse shape
as the image display gate pulse in a predetermined period for
charging the luminance recovery data voltage.

[0085] In the luminance recovery initialization period T5,
the first switch TFT ST1 is turned off in response to the first
sensing gate pulse SCAN(S) of the off-level, and the second
switch TFT ST2 is turned oninresponse to the second sensing
gate pulse SEN(S) of the on-level. Hence, the source voltage
of the driving TFT DT is secondly initialized to a second
reference voltage Vref. In the embodiment disclosed herein,
the second reference voltage Vref may be selected as a volt-
age level, i.e., 2V to 3V equal to the reference voltage Vref
applied in the image display initialization period @ This s
to set the source voltage of the driving TFT DT in the image
display initialization period @ to be equal to the source
voltage of the driving TFT DT in the luminance recovery
initialization period T5.

[0086] Inthe luminance recovery programming period T6,
the first and second switch TFTs ST1 and ST2 are turned on
in response to the first and second sensing gate pulses SCAN
(S) and SEN(S) of the on-level. Hence, the luminance recov-
ery data voltage Vdata_RCV is applied to the gate electrode
of the driving TFT DT in a second initialization state of the
source voltage of the driving TFT DT and turns on the driving
TFT DT.

[0087] In the luminance recovery emission period T7, the
first and second switch TFTs ST1 and ST2 are turned off in
response to the first and second sensing gate pulses SCAN(S)
and SEN(S) of the off-level. In this instance, the gate-source
voltage of the driving TFT DT programmed in the luminance
recovery programming period T6 is stored in the storage
capacitor Cst. A luminance recovery driving current flows in
the driving TFT DT due to the gate-source voltage of the
driving TFT DT maintained in the storage capacitor Cst, and
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the OLED emits light due to the luminance recovery driving
current. Hence, the luminance recovery image is displayed.
[0088] The embodiment of the invention reduces the lumi-
nance deviation between the sensing target display line and
the non-sensing target display line by equally controlling the
luminance amount of the recovery image and the luminance
amount of the display image through the above-described
configuration. However, even in the above-described con-
figuration, because the sensing target display line has to dis-
play the black image during the sampling period T4, the
luminance of the sensing target display line is less than the
luminance of the non-sensing target display line.

[0089] Hence, as shown in FIG. 11, the embodiment of the
invention modulates the luminance recovery digital data to be
applied to the sensing target display line during the vertical
blank period VB through the timing controller 11 and com-
pensates for the luminance reduction generated by the black
image, so as to compensate for the luminance deviation
between the sensing target display line and the non-sensing
target display line.

[0090] More specifically, as shown in FIG. 12, the timing
controller 11 sequentially performs an image display drive for
displaying an original image on all of the display lines of the
display panel in an image display period DP of one frame in
step S10.

[0091] When the image display drive is completed and a
vertical blank period VB of the one frame starts in step S20,
the timing controller 11 performs an RT sensing operation in
step S30.

[0092] The timing controller 11 decides how many frames
there are before the one frame based on a frame count opera-
tion and detects a sensing target display line, on which the RT
sensing is performed in the vertical blank period VB of the
one frame, based on the result of a decision in step S40.
[0093] The timing controller 11 obtains a compensation
value which compensates for a luminance reduction gener-
ated by a black image and is suitable for a location of the
detected sensing target display line. For this, the timing con-
troller 11 may use a lookup table, in which the compensation
values are previously stored depending on each location of
the sensing target display line, or may directly obtain the
compensation value from a function equation of the compen-
sation values depending on each location of the sensing target
display line in step S50.

[0094] The timing controller 11 outputs luminance recov-
ery data compensated based on the obtained compensation
value and may further reduce a luminance deviation between
the sensing target display line and non-sensing target display
lines.

[0095] The compensation value for modulating the lumi-
nance recovery data through the timing controller 11 varies
depending on the location of the sensing target display line.
Namely, as shown in FIG. 13, the compensation value for
modulating the luminance recovery data may gradually
decrease as the sensing target display line goes from one side
(for example, row line #1) of the display panel, to which data
is firstly applied, to the other side (for example, row line
#1080) of the display panel, to which the data is last applied.
In other words, the compensation value for modulating the
luminance recovery data may gradually decrease as a display
duty of a recovery image increases.

[0096] As described above, the embodiment of the inven-
tion supplies the sensing gate pulse in the same pulse shape as
the image display gate pulse in a predetermined period for
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charging the luminance recovery data voltage when changes
in the electrical characteristic of the driving TFT of the pixels
of only one display line are sensed and compensated in the
vertical blank period through the external compensation
method, thereby reducing the luminance deviation between
the sensing target display line and the non-sensing target
display line.

[0097] Furthermore, the embodiment of the invention com-
pensates for the luminance reduction generated by the black
image by modulating the luminance recovery data and differ-
ently obtains the compensation value for modulating the
luminance recovery data depending on the location of the
sensing target display line, thereby further reducing the lumi-
nance deviation between the sensing target display line and
the non-sensing target display line.

[0098] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. An organic light emitting display comprising:

adisplay panel including display lines, on which a plurality
of pixels each including an organic light emitting diode
and a driving thin film transistor (TFT) are formed, the
display lines being sequentially charged to an image
display data voltage in response to an image display gate
pulse in an image display period of one frame, a sensing
target display line among the display lines outputting a
sensing voltage corresponding to changes in electrical
characteristic of the driving TFT included in each pixel
in response to a sensing gate pulse during a vertical
blank period excluding the image display period from
the one frame and then being charged to a luminance
recovery data voltage;

a gate driving circuit configured to sequentially supply the
image display gate pulse to gate lines connected to the
pixels of the display lines during the image display
period and supply the sensing gate pulse to a gate line
connected to the pixels of the sensing target display line
during the vertical blank period; and

a data driving circuit configured to supply the image dis-
play data voltage to data voltage supply lines connected
to the pixels of the display lines in synchronization with
the image display gate pulse and supply the luminance
recovery data voltage to data voltage supply lines con-
nected to the pixels of the sensing target display line in
synchronization with the sensing gate pulse,

wherein the sensing gate pulseis supplied in the same pulse
shape as the image display gate pulse in a predetermined
period for charging the luminance recovery data voltage.

2. The organic light emitting display of claim 1, wherein

each pixel includes:

the driving TFT including a gate electrode connected to a
first node, a source electrode connected to a second
node, and a drain electrode connected to an input termi-
nal of a high potential driving voltage;
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the organic light emitting diode connected between the
second node and an input terminal of a low potential
driving voltage;

a storage capacitor connected between the first node and
the second node;

a first switch TFT connected between one of the data volt-
age supply lines and the first node; and

a second switch TFT connected between a reference line,
to which the sensing voltage is output, and the second
node.

3. The organic light emitting display of claim 2, wherein
the image display gate pulse includes a first image display
gate pulse for turning on the first switch TFT in the image
display period and a second image display gate pulse for
turning on the second switch TFT in the image display period,

wherein the sensing gate pulse includes a first sensing gate
pulse for turning on the first switch TFT in the vertical
blank period and a second sensing gate pulse for turning
on the second switch TFT in the vertical blank period.

4. The organic light emitting display of claim 3, wherein
the image display period includes:

an image display initialization period, in which a source
voltage of the driving TFT is initialized to a previously
determined reference voltage in response to the first
image display gate pulse of an off-level and the second
image display gate pulse of an on-level;

an image display programming period, in which the image
display data voltage is applied to the gate electrode of the
driving TFT in response to the first and second image
display gate pulses of the on-level in the initialization
state of the source voltage of the driving TFT and turns
on the driving TFT; and

an image display emission period, in which the organic
light emitting diode operates using an image display
driving current applied through the driving TFT in
response to the first and second image display gate
pulses of the off-level and displays an original image.

5. The organic light emitting display of claim 3, wherein
the vertical blank period includes:

asensing initialization period, in which a source voltage of
the driving TFT is firstly initialized to a first reference
voltage, which is previously determined, in response to
the first sensing gate pulse of an off-level and the second
sensing gate pulse of an on-level;

a sensing programming period, in which a sensing data
voltage is applied to the gate electrode of the driving
TFT in response to the first and second sensing gate
pulses of the on-level in the first initialization state of the
source voltage of the driving TFT and sets the driving
TFT to a turn-on state;

asensing period, in which the source voltage of the driving
TFT increased by a current flowing in the driving TFT is
sensed and stored in response to the first sensing gate
pulse of the off-level and the second sensing gate pulse
of the on-level;

a sampling period, in which the sensed source voltage of
the driving TFT is sampled and detected as the changes
in the electrical characteristic of the driving TFT in
response to the first and second sensing gate pulses of the
on-level,

a luminance recovery initialization period, in which the
source voltage of the driving TFT is secondly initialized
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to a second reference voltage in response to the first
sensing gate pulse of the off-level and the second sensing
gate pulse of the on-level,

a luminance recovery programming period, in which the
luminance recovery data voltage is applied to the gate
electrode of the driving TFT in response to the first and
second sensing gate pulses of the on-level in the second
initialization state of the source voltage of the driving
TFT and turns on the driving TFT; and

a luminance recovery emission period, in which the
organic light emitting diode operates using a luminance
recovery driving current applied through the driving
TFT in response to the first and second sensing gate
pulses of the off-level and displays a luminance recovery
image.

6. The organic light emitting display of claim 5, wherein
during the luminance recovery initialization period, the first
sensing gate pulse is maintained at the off-level, and the
second sensing gate pulse is maintained at the off-level and
then is changed to the on-level.

7. The organic light emitting display of claim 5, wherein
the first reference voltage is less than the second reference
voltage.

8. The organic light emitting display of claim 5, wherein a
black display data voltage capable of turning off the driving
TFT is applied to the gate electrode of the driving TFT during
the sampling period.

9. The organic light emitting display of claim 1, wherein
the luminance recovery data voltage has the same voltage
level as the image display data voltage applied to the sensing
target display line during the image display period.

10. The organic light emitting display of claim 9, further
comprising a timing controller configured to control an
operation of the gate driving circuit and an operation of the
data driving circuit, modulate image display digital data to be
applied to the display lines during the image display period to
compensate for the changes in the electrical characteristic of
the driving TFT, and modulate luminance recovery digital
data to be applied to the sensing target display line during the
vertical blank period to compensate for a luminance deviation
between the sensing target display line and another display
line,

wherein the image display digital data corresponds to the
image display data voltage, and the luminance recovery
digital data corresponds to the luminance recovery data
voltage.

11. The organic light emitting display of claim 10, wherein
acompensation value for modulating the luminance recovery
digital data varies depending on a location of the sensing
target display line.

12. The organic light emitting display of claim 11, wherein
the compensation value for modulating the luminance recov-
ery digital data gradually decreases as the sensing target
display line goes from one side of the display panel, to which
data is firstly applied, to the other side of the display panel, to
which the data is last applied.

13. The organic light emitting display of claim 1, wherein
the change in the electrical characteristic of the driving TFT
indicates at least one of change in a threshold voltage of the
driving TFT and change in a mobility of the driving TFT.
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https://worldwide.espacenet.com/patent/search/family/053482467/publication/US2015187268A1?q=US2015187268A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150187268%22.PGNR.&OS=DN/20150187268&RS=DN/20150187268

