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ORGANIC LIGHT EMITTING DISPLAY

[0001] This application claims the benefit of Korea Patent
Application No. 10-2013-0164619 filed on Dec. 26, 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] The present disclosure relates to a display device,
and more particularly, to an organic light emitting display.
[0004] 2. Discussion of the Related Art

[0005] An active matrix organic light emitting display
includes organic light emitting diodes (hereinafter, abbrevi-
ated to “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, etc.) of the driving TFT of each
pixel because of a process deviation, etc. of the organic light
emitting display. Hence, the pixels have different currents
(i.e., different emissionamounts 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 deteriorates 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 pet-
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 techniology senses
only one display line in the vertical blank period VB of each
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image frame. First pixels of a display line, on which the RT
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 after the vertical blank period VB.

[0010] Inpixelsofthedisplay 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
ofthe 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-
nance deviationis 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. A display luminance of the display line, on
which the RT sensing is performed, may be greater or less
than adisplay luminance of the display lines, on which the RT
sensing is not performed. FIG. 2 shows that the display lumi-
nance in the RT sensing is greater than the display luminance
in the non-RT sensing, as an example.

[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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[0014] Because the RT sensing is performed only on one
display line in each image frame, a generation cycle of a
luminance deviation (for example, a luminance deviation
capable of being sufficiently perceived by the eyes) equal to
or greater than a predetermined value may lengthen if the
emission duty resulting from the luminance recovery data
varies depending on the display location of the display line.
Thus, the display line of a specific location (for example, the
lower part of the display panel), on which the RT sensing is
performed, may look like a line dim. This is because the
human eye easily perceives a noise generated at a frequency
less than a predetermined frequency (for example, 40 Hz).
[0015] When the emission duty resulting from the lumi-
nance recovery data is uniformized irrespective of the display
location of the display line, the generation cycle of the lumi-
nance deviation equal to or greater than the predetermined
value may shorten. Hence, a degree of the visual perception of
the line dim may be greatly reduced. However, itis impossible
to uniformize the emission duty resulting from the luminance
recovery data at all of the display lines of the display panel
through the related art RT compensation technology.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to an
organic light emitting display that substantially obviates one
or more of the problems due to limitations and disadvantages
of the related art.

[0017] An object of the present invention is to provide an
organic light emitting display capable of reducing a degree of
the visual perception of a display line, on which real-time
sensing is performed, as a line dim by uniformizing an emis-
sion duty resulting from luminance recovery data to be
applied to the display line, on which the real-time sensing is
performed, irrespective of a location of the display line, on
which real-time sensing is performed, when changes in elec-
trical characteristic of a driving thin film transistor (TFT) are
compensated in real time using an external compensation
method.

[0018] 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 advantages
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.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an organic light emitting display com-
prises a display panel, on which a plurality of pixels each
including an organic light emitting diode and a driving thin
film transistor (TFT) controlling a current flowing in the
organic light emitting diode are disposed, a timing controller
configured to modulate input digital video data to compensate
for changes in electric characteristic of the driving TFT, and a
driving circuit unit configured to sense changes in electric
characteristic of the driving TFT of each of specific pixels in
animage display period of each image frame and sequentially
apply image display data to remaining pixels except the spe-
cific pixels along one direction in the image display period.
[0020] Itistobeunderstood 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] 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:

[0022] FIG. 1 illustrates a related art RT (real-time) com-
pensation technology, in which RT sensing is performed in a
vertical blank period,

[0023] FIG. 2 illustrates a principle, in which a line dim
generated by a luminance deviation is visible in a related art
RT compensation technology;

[0024] FIG. 3 is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
invention;

[0025] FIG. 4 shows a pixel array of a display panel shown
in FIG. 3;
[0026] FIG. 5 illustrates a connection structure between a

timing controller, a data driving circuit, and pixels along with
a detailed configuration of an external compensation pixel;
[0027] FIG. 6 illustrates a principle, in which an initializa-
tion state of a source node of a driving thin film transistor
(TFT) for programming image display data is different from
an initialization state of the source node of the driving TFT for
programming luminance recovery data;

[0028] FIGS. 7 and 8 illustrate an RT compensation tech-
nology according to an exemplary embodiment of the inven-
tion, in which RT sensing is performed in an image display
period of each image frame;

[0029] FIG. 9 shows a luminance image corresponding to
one frame on a sensing target display line and a luminance
image corresponding to one frame on a non-sensing target
display line; and

[0030] FIGS. 10 and 11 show a sensing driving signal for
driving a sensing target display line during one image frame
and an original image display driving signal for driving a
non-sensing target display line during one image frame.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0031] 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.

[0032] Exemplary embodiments of the invention will be
described with reference to FIGS. 3 to 11.

[0033] FIG. 3 is a block diagram of an organic light emit-
ting display according to an exemplary embodiment of the
invention, and FIG. 4 shows a pixel array of a display panel
shown in FIG. 3.

[0034] 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, and a
driving circuit unit. The driving circuit unit includes a data
driving circuit 12 and a gate driving circuit 13.

[0035] 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
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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.

[0036] 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 driving TFT constituting the
pixel P may be implemented as a p-type transistor or an n-type
transistor. Further, a semiconductor layer of the driving TFT
constituting the pixel P may contain amorphous silicon, poly-
crystalline silicon, or oxide.

[0037] 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.

[0038] The driving circuit units 12 and 13 perform real-
time sensing only on one display line in an image display
period of each image frame under the control of the timing
controller 11. Thus, the real-time sensing of n display lines
L#1 to L#n is performed in n image frames, respectively. In
the image display period, the driving circuit units 12 and 13
sense changes in electrical characteristics of a driving TFT of
each pixel on a sensing target display line and also sequen-
tially apply image display data to pixels on non-sensing target
display lines along one direction. In the embodiment dis-
closed herein, 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.

[0039] For this, the gate driving circuit 13 generates a gate
pulse in response to a gate control signal GDC received from
the timing controller 11. The gate pulse includes a first gate
pulse SCAN (refer to FIGS. 10 and 11) sequentially supplied
to the first gate lines 15A_1 to 15A_n and a second gate pulse
SEN (refer to FIGS. 10 and 11) sequentially supplied to the
second gate lines 15B_1 to 15B_n. The pixels positioned on
onedisplay line of the display panel 10 operate in response to
the first gate pulse SCAN and the second gate pulse SEN. The
one display line may be the sensing target display line or the
non-sensing target display line. In one image frame, only one
display line of the display panel 10 may be selected as the
sensing target display line, and the remaining display lines
may be the non-sensing target display lines.

[0040] The first gate pulse for driving the pixels of the
sensing target display line may be different from the first gate
pulse for driving the pixels of the non-sensing target display
lines in a pulse shape, a pulse width, etc. Further, the second
gate pulse for driving the pixels of the sensing target display
line may be different from the second gate pulse for driving
the pixels of the non-sensing target display lines in a pulse
width, etc.

[0041] 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.
[0042] 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
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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.

[0043] Thedata driving circuit 12 converts digital compen-
sation data MDATA received from the timing controller 11
into the image display data voltage and then synchronizes the
image display data voltage with the first gate pulse for oper-
ating the non-sensing target display lines. The data driving
circuit 12 then supplies the synchronized image display data
voltage to the data voltage supply lines 14A_1to 14A_m. The
data driving circuit 12 synchronizes the sensing data voltage,
the black display data voltage, and the luminance recovery
data voltage with the first gate pulse for operating the sensing
target display lines and sequentially supplies the synchro-
nized voltages to the data voltage supply lines 14A_1 to
14A_m. The luminance recovery data voltage may have the
same voltage level as the image display data voltage, which
will be applied to another display line adjacent to a display
line for the luminance recovery data voltage, so as to prevent
a luminance deviation.

[0044] 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.
Further, the timing controller 11 modulates input digital
video data DATA based on the digital sensing voltage sup-
plied from the data driving circuit 12 and generates the digital
compensation data MDATA for compensating for changes in
the electrical characteristics of the driving TFT. The timing
controller 11 then supplies the digital compensation data
MDATA to the data driving circuit 12.

[0045] FIG. 5illustrates a connection structure between the
timing controller, the data driving circuit, and the pixels along
with a detailed configuration of an external compensation
pixel. FIG. 6 illustrates a principle, in which an initialization
state of a source node of the driving TFT for programming
image display data is different from an initialization state of
the source node of the driving TFT for programming lumi-
nance recovery data.

[0046] As shown in FIG. 5, 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 TFT ST1, and a second switch TFT ST2.

[0047] 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.

[0048] 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 Ioled 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 the
driving TFT DT increases. When a source voltage of the
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driving TFT DT is greater than a threshold voltage of the
OLED, the source-drain current Ids of the driving TFT DT, as
the driving current Toled, flows through the OLED. As the
driving current Ioled increases, an emission amount of the
OLED increases. Hence, a descried gray scale is represented.
[0049] The storage capacitor Cst is connected between the
first node N1 and the second node N2.

[0050] The first switch TFT ST 1 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 a data voltage Vdata charged to the data voltage sup-
ply line 14A to the first node N1.

[0051] 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.

[0052] 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 a 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.

[0053] 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 s 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 and supplies the digital
sensing voltage Vsen to the timing controller 11.

[0054] 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.
The luminance deviation is mainly generated because an
initialization state of the source node of the driving TFT DT
for programming the image display data is different from an
initialization state of the source node of the driving TFT DT
for programming the luminance recovery data.

[0055] The source node (i.e., the second node N2) of the
driving TFT DT is connected to the reference line 14B and is
firstly initialized before programming the gate-source voltage
Vgs of the driving TFT DT according to the image display
data applied to a gate node (i.e., the first node N1) of the
driving TFT DT. Then, the source node N2 of the driving TFT
DT is connected to the reference line 14B and is secondly
initialized before programming the gate-source voltage Vgs
of the driving TFT DT according to the luminance recovery
data applied to the gate node N1 of the driving TFT DT.
[0056] As shown in FIG. 6, the reference voltage Vref
charged to the reference line 14B has to be maintained at a
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uniform level, but varies because of an influence of IR rising,
etc. In particular, a variation of the reference voltage Vref
further increases in a first initialization process for program-
ming the image display data. In the first initialization process,
as shown in FIG. 10, two adjacent display lines are simulta-
neously electrically connected to the reference line 14B, and
the reference voltage Vref may be greater than a fixed value
because of an influence of the adjacent display lines. Thus, a
first initialization level of the source node N2 of the driving
TFT DT becomes greater than a second initialization level of
the source node N2 of the driving TFT DT. For example, when
the second initialization level is zero, the first initialization
level may be 2V to 3V. As described above, when the initial-
ization state of the source node N2 of the driving TFT DT
varies, emission luminances represented by the image display
data and the luminance recovery data of the same voltage
level are different from each other. When the emission lumi-
nances represented by the image display data and the lumi-
nance recovery data are different from each other, there
occurs a luminance deviation between the display line, on
which the real-time sensing is performed, and the display
lines, on which the RT sensing is not performed, during the
same image frame.

[0057] In a related art RT (real-time) compensation tech-
nology, when changes in electrical characteristic of a driving
TFT were compensated through an external compensation
method, RT sensing was performed in a vertical blank period.
Therefore, an emission duty resulting from luminance recov-
ery data varied depending on a display location of a display
line, on which the RT sensing is performed. As a result, a
generation cycle of the luminance deviation lengthened, and
anoise of a line dim was visible.

[0058] On theother hands, the embodiment ofthe invention
proposes a method for uniformizing an emission duty result-
ing from luminance recovery data to be applied to a display
line, on which the RT sensing is performed, irrespective of the
display location of the display line, so as to reduce a degree of
the visual perception of the display line, on which the RT
sensing is performed, as the noise of the line dim.

[0059] FIGS. 7 and 8 illustrate an RT compensation tech-
nology according to the embodiment of the invention, in
which RT sensing is performed in an image display period of
each image frame. FIG. 9 shows a luminance image corre-
sponding to one frame on a sensing target display line and a
luminance image corresponding to one frame on a non-sens-
ing target display line.

[0060] When changes in electrical characteristic of the
driving TFT are compensated through an external compensa-
tion method, the embodiment of the invention does not per-
form the real-time sensing in a vertical blank period VB,
unlike the related art. As shown in FIG. 7, the embodiment of
the invention performs the real-time sensing only on one
display line in an image display period DP of each image
frame. The embodiment of the invention applies the lumi-
nance recovery data to the sensing target display line, in
which the real-time sensing is completed, in the image dis-
play period DP and sequentially applies the image display
data to the non-sensing target display lines along one direc-
tion.

[0061] Forexample, as shown in FIG. 8, the embodiment of
the invention performs a real-time (RT) sensing drive (includ-
ing the real-time sensing and the application of the luminance
recovery data) on a jth display line row[j] in an nth image
frame Fn and performs a normal drive (including the appli-



US 2015/0187267 Al

cation of the image display data) on remaining display lines
except the jth display line row[j]. The embodiment of the
invention performs the RT sensing drive on a kth display line
row[k] in an (n+1)th image frame Fn+1 and performs the
normal drive on remaining display lines except the kth dis-
play line row[k]. The embodiment of the invention performs
the RT sensing drive on an ith display line row[i] in an (n+2)th
image frame Fn+2 and performs the normal drive on remain-
ing display lines except the ith display line rowl[i].

[0062] As described above, a luminance represented by the
luminance recovery data is necessarily different from a lumi-
nance represented by the image display data due to the drive
characteristic. Therefore, the embodiment of the invention
does not focus on removing the luminance deviation and
focuses on that the generated luminance deviation is not
visible as the line dim. For this, as shown in FIG. 9, the
embodiment of the invention uniformizes an emission duty
resulting from the luminance recovery data to be applied to
the display line, on which the real-time sensing is performed,
irrespective of the display location.

[0063] When the emission duty resulting from the lumi-
nance recovery data is uniformized irrespective of the display
location, a generation cycle of a luminance deviation (i.e., a
luminance deviation between the sensing target display line
and the non-sensing target display line) equal to or greater
than a predetermined value may shorten. Hence, a degree of
the visual perception of the line dim may be greatly reduced.
Namely, because the embodiment of the invention performs
the RT sensing drive only on one display line in one image
frame, the generation cycle of the luminance deviation equal
to or greater than the predetermined value may be reduced to
about one image frame. Hence, the visual perception of the
luminance deviation as the line dim is reduced. When one
image frame is reduced to be equal to or less than at least %50
seconds, the visibility of the line dim generated by the lumi-
nance deviation is greatly reduced. Furthermore, when one
image frame is Y120 seconds, Y240 seconds, or Y4so seconds in
accordance with a recent trend of a high-speed drive, the line
dim generated by the luminance deviation is not visible.
[0064] As shown in FIG. 8, the display lines of the display
panel may be non-sequentially selected as one display line, on
which the RT sensing drive is performed, in each image
frame. Alternatively, the display lines of the display panel
may be sequentially selected. The human eye more sensi-
tively reacts to sequential changes than non-sequential
changes. Thus, in the same image frame, the non-sequential
selection of the sensing target display line is more effective
than the sequential selection of the sensing target display line
in a reduction in the visibility of the line dim.

[0065] FIGS. 10 and 11 show a sensing driving signal for
driving a sensing target display line during one image frame
and an original image display driving signal for driving a
non-sensing target display line during one image frame.
[0066] With reference to FIGS. 10 and 11 along with FIG.
5, an RT sensing driving process of a specific display line and
anormal driving process of remaining display lines are sche-
matically described below.

[0067] As shown in FIG. 10, an ath first gate pulse SCANa
and an ath second gate pulse SENa drive an ath display line,
where ‘a’ is a positive integer. For example, as shown in FIG.
10, when the normal drive is performed on nth, (n+1)th,
(n+2)th, and (n+4)th display lines in an image display period,
the RT sensing drive is performed on a (n+3)th display line in
the image display period.
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[0068] As shown in FIG. 11, one image frame (i.e., an nth
frame) for performing the RT sensing drive on the (n+3)th
display line includes a first initialization period T1, a pro-
gramming period T2, a sensing period T3, a sampling period
T4, a second initialization period T5, and an emission period
T6. The (n+3)th display line is operated by a (n+3)th first gate
pulse SCAN(n+3)and a (n+3)th second gate pulse SEN(n+3).
[0069] In the first initialization period T1, the first switch
TFT ST1 is turned on by the first gate pulse SCAN(n+3) of an
off-level, and the second switch TFT ST2 is turned on by the
second gate pulse SEN(n+3) of an on-level. In this state, the
data driving circuit 12 turns on the initialization switch SW1
and firstly initializes a source voltage of the driving TFT DT
to the reference voltage Vref.

[0070] In the programming period T2, the first switch TFT
ST1 and the second switch TFT ST2 are maintained at the
on-level in response to the first gate pulse SCAN(n+3) of the
on-level and the second gate pulse SEN(n+3) of the on-level,
respectively. In the programming period T2, the source volt-
age of the driving TFT DT is maintained in the first initial-
ization state, and a sensing data voltage Vdata_SDR 1is
applied to the gate electrode of the driving TFT DT. As a
result, the driving TFT DT is set to a turn-on state.

[0071] Inthe sensing period T3, the first switch TFT ST1 is
turned on by the first gate pulse SCAN(n+3) of the off-level,
and the second switch TFT ST2 is turned on by the second
gate pulse SEN(n+3) ofthe on-level. In the sensing period T3,
the source voltage of the driving TFT DT increases due to a
current flowing between the source electrode and the drain
electrode of the driving TFT DT. The source voltage of the
driving TFT DT is sensed for a predetermined period of time
and is stored in the sensing capacitor Cx of the reference line
14B.

[0072] Inthe sampling period T4, the first switch TFT ST1
and the second switch TFT ST2 are maintained at the on-level
in response to the first gate pulse SCAN(n+3) of the on-level
and the second gate pulse SEN(n+3) of the on-level, respec-
tively. The data driving circuit 12 turns on the sampling
switch SW2 and samples the sensed source voltage, thereby
detecting changes in the electrical characteristics of the driv-
ing TFT DT. In the sampling period T4, the source voltage of
the driving TFT DT is greater than a threshold voltage of the
OLED, and thus the unnecessary emission may be caused.
Thus, a black display data voltage Vdata_BD may be applied
to the gate electrode of the driving TFT DT, so as to prevent
the unnecessary emission. Hence, the gate-source voltage
Vgs of the driving TFT is less than the threshold voltage Vth
of the driving TFT by the black display data voltage Vdata_
BD, and a current flowing between the source electrode and
the drain electrode of the driving TFT is cut off

[0073] In the second initialization period T35, the first
switch TFT ST1 and the second switch TFT ST2 are main-
tained at the on-level in response to the first gate pulse SCAN
(n+3) of the on-level and the second gate pulse SEN(n+3) of
the on-level, respectively. In this state, the data driving circuit
12 turns on the initialization switch SW1 and secondly ini-
tializes the source voltage of the driving TFT DT to the
reference voltage Vref.

[0074] In the emission period T6, the first and second
switch TFTs ST1 and ST2 are maintained in a turn-on state
for a predetermined period of time in response to the first gate
pulse SCAN(n+3) of the on-level and the second gate pulse
SEN(n+3) of the on-level, respectively, and then are main-
tained in a turn-off state in response to the first gate pulse
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SCAN(n+3) of the off-level and the second gate pulse SEN
(n+3) of the off-level, respectively. When the first and second
switch TFTs ST1 and ST2 are maintained in the turn-on state,
the source voltage of the driving TFT DT is maintained in the
second initialization state, and a luminance recovery data
voltage Vdata_ RCV is applied to the gate electrode of the
driving TFT DT. As a result, the driving TFT DT is turned on,
and a luminance recovery driving current is applied to the
OLED. Even when the first and second switch TFTs ST1 and
ST2 are turned off, the gate-source voltage of the driving TFT
DT is uniformly maintained by the storage capacitor Cst.
Therefore, the luminance recovery driving current is main-
tained to a uniform value in the emission period T6. The
OLED emits light depending on the luminance recovery driv-
ing current and displays a luminance recovery image during
the emission period T6.

[0075] As shown in FIG. 10, one image frame (i.e., an nth
frame) for performing the normal drive on the remaining
display lines except the (n+3)th display line includes an ini-
tialization period (1), a programming period (2), and an emis-
sion period (3). The nth display line operated by an nth first
gate pulse SCANn and an nth second gate pulse SENn is
described as an example.

[0076] In the initialization period (1), the first switch TFT
ST1is turned off by the first gate pulse SCANn of an off-level,
and the second switch TFT ST2 is turned on by the second
gate pulse SENn of an on-level. In this state, the data driving
circuit 12 turns on the initialization switch SW1 and initial-
izes a source voltage of the driving TFT DT to the reference
voltage Vref.

[0077] Inthe programming period (2), the first switch TFT
ST1 and the second switch TFT ST2 are turned on in response
to the first gate pulse SCANn of the on-level and the second
gate pulse SENn of the on-level, respectively. In this instance,
the source voltage of the driving TFT DT is maintained in the
initialization state, and an image display data voltage Vdata_
NDR is applied to the gate electrode of the driving TFT DT.
As a result, the driving TFT DT is turned on, and an image
display driving current flows between the source electrode
and the drain electrode of the driving TFT.

[0078] In the emission period (3), even when the first and
second switch TFTs ST1 and ST2 are turned off, the gate-
source voltage of the driving TFT DT is uniformly maintained
by the storage capacitor Cst. Therefore, the image display
driving current is maintained to a uniform value during the
emission period (3). The OLED emits light depending on the
image display driving current and displays an original display
image during the emission period (3).

[0079] As described above, the embodiment of the inven-
tion does not perform the real-time sensing in the vertical
blank period and performs the real-time sensing only on one
display line in the image display period of each image frame
when the changes in the electrical characteristic of the driving
TFT are compensated using the external compensation
method. The embodiment of the invention applies the lumi-
nance recovery data to the sensing target display line, in
which the real-time sensing is completed, in the image dis-
play period and sequentially applies the image display data to
the non-sensing target display lines along one direction.
[0080] Hence, the embodiment of the invention umni-
formizes the emission duty resulting from the luminance
recovery data to be applied to the display line, on which the
real-time sensing is performed, irrespective of the display
location of the display line, thereby greatly reducing the
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degree of the visual perception of the display line, on which
the real-time sensing is performed, as the line dim.

[0081] 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:

a display panel, on which a plurality of pixels each includ-
ing an organic light emitting diode and a driving thin
film transistor (TFT) controlling a current flowing in the
organic light emitting diode are disposed;

a timing controller configured to modulate input digital
video data to compensate for changes in electric charac-
teristic of the driving TFT; and

adriving circuit unit configured to sense changes in electric
characteristic of the driving TFT of each of specific
pixels in an image display period of each image frame
and sequentially apply image display data to remaining
pixels except the specific pixels along one direction in
the image display period.

2. The organic light emitting display of claim 1, wherein
the image display period is a remaining period excluding a
vertical blank period from each image frame.

3. The organic light emitting display of claim 1, wherein
the specific pixels selected in each image frame are pixels on
one display line of the display panel.

4. The organic light emitting display of claim 1, wherein
the specific pixels are selected as pixels on one display line of
the display panel among the plurality of pixels of the display
panel in each image frame, and the display line of the specific
pixels is sequentially selected among display lines of the
display panel along the one direction.

5. The organic light emitting display of claim 1, wherein
the specific pixels are selected as pixels on one display line of
the display panel among the plurality of pixels of the display
panel in each image frame, and the display line of the specific
pixels is non-sequentially selected among display lines of the
display panel irrespective of the one direction.

6. The organic light emitting display of claim 1, wherein
one image frame assigned to the specific pixels includes:

a firstinitialization period, in which a source voltage of the
driving TFT included in each of the specific pixels is
firstly initialized to a reference voltage;

a programming period, in which a sensing data voltage is
applied to a gate electrode of the driving TFT 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 of the driving
TFT increased by a current flowing in the driving TFT is
sensed and stored for a predetermined period of time;

a sampling period, in which the sensed source voltage is
sampled and detects the changes in the electric charac-
teristic of the driving TFT;
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a second initialization period, in which the source voltage
ofthe driving TFT is secondly initialized to the reference
voltage; and

an emission period, in which a luminance recovery data
voltage is applied to the gate electrode of the driving
TFT in the second initialization state of the source volt-
age of the driving TFT to turn on the driving TFT, and the
organic light emitting diode operates using a luminance
recovery driving current applied through the driving
TFT to display a luminance recovery image.

7. The organic light emitting display of claim 6, wherein an
emission duty of the organic light emitting diode for display-
ing the luminance recovery image is the same in all of display
lines of the display panel irrespective of a location of the
specific pixels on the display panel.

8. The organic light emitting display of claim 6, 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 6, wherein
one image frame assigned to the remaining pixels includes:
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an initialization period, in which a source voltage of the
driving TFT included in each of the remaining pixels is
initialized to the reference voltage;

a programming period, in which an image display data
voltage is applied to the gate electrode of the driving
TFT in the initialization state of the source voltage of the
driving TFT and turns on the driving TFT; and

an emission period, in which the organic light emitting
diode operates using an image display driving current
applied through the driving TFT and displays an original
image.

10. The organic light emitting display of claim 9, wherein
the luminance recovery data voltage has the same voltage
level as the image display data voltage to be applied to a
display line next to a display line, to which the luminance
recovery data voltage is applied.

11. 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.

* ok %k



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

IPCH &

CPCH %S

L5
H AT SO
S\EREERR

BEG®)

BNAKRERSBEEERER , HERBEEZMEE , BN EREES [
MEAX-RENZHEENEAXL -REF RN B RAB SRR EE
(TFT) , EREFIZFMELE 7Bl AR FIMEBIE AAME BB TFTHY
BAEUENEY , HERSERETERENESIREGHNERGRE REH
PRESNMERFHEBNEERENEATFTHEE M, RTREGE
TRABFH—NFENBEEGEZIN  ERBEGE REEINF iR AT

FREE

BHRKERER
US20150187267A1 K (AE)B
US14/533263 FER
FEERERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

PARK JOONMIN
SHIM JONGSIK

PARK, JOONMIN
SHIM, JONGSIK

G09G3/32

patsnap

2015-07-02

2014-11-05

G09G3/3233 G09G3/3275 G09G2300/0819 G09G2320/045 G09G2310/0272 G09G2320/0233
G09G2310/027 G09G2300/0861 G09G2310/0251 G09G2310/061 G09G2320/0295

1020130164619 2013-12-26 KR

uS9520087

Espacenet USPTO

Vol taga

e

Yiata B

PAANAARAAANANAS

AL

PO
i

PR
R

J
H

ref

dz2a AR



https://share-analytics.zhihuiya.com/view/0e4e6a24-38ad-4975-8b72-ab0f02f8d777
https://worldwide.espacenet.com/patent/search/family/053482466/publication/US2015187267A1?q=US2015187267A1
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=%2220150187267%22.PGNR.&OS=DN/20150187267&RS=DN/20150187267

