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Description
BACKGROUND

Field of the Invention

[0001] The presentdisclosure relates to a light emitting
display apparatus using a black image mode which dis-
plays an image and then displays a black image during
one frame period, for improving a motion picture re-
sponse time (MPRT).

Discussion of the Related Art

[0002] In addition to liquid crystal display (LCD) appa-
ratuses, light emitting display apparatuses including a
light emitting device such as a light emitting diode have
a problem where an image is not clearly seen due to the
delay of a motion picture response time (MPRT).
[0003] In order to solve such a problem, a black image
mode which displays an image and then displays a black
image during one frame period is used.

[0004] However, in a related art light emitting display
apparatus, the same black image data voltages corre-
sponding to a black image are supplied to all pixels.
[0005] In this case, degrees of degradation of driving
transistors included in respective pixels differ, and thus,
even when the same black image data voltages are sup-
plied to all of the pixels, all of the pixels do not display
the same black images. Due to this, dimming may occur
in a portion of a light emitting display panel.

[0006] Moreover, when a black image data voltage is
supplied to a data line, a reference voltage supplied
through a reference voltage line disposed in parallel with
the data line in each pixel is coupled to the black image
data voltage, and due to this, is shaken (distorted). When
the reference voltage is shaken, a voltage at a source of
the driving transistor is shaken, and due to this, a normal
image may not be displayed.

SUMMARY

[0007] Accordingly, the present disclosure is directed
to providing a light emitting display apparatus that sub-
stantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0008] An aspect of the present disclosure is directed
to providing a light emitting display apparatus which sets
black image data, corresponding to a black image dis-
played after a normal image is displayed, for each pixel
in one frame period on the basis of a characteristic of a
light emitting display panel.

[0009] Additional advantages and features of the dis-
closure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may
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be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.

[0010] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as em-
bodied and broadly described herein, there is provided
a light emitting display apparatus according to claim 1.
Further embodiments are defined in the dependent
claims. Various embodiments provide a light emitting dis-
play apparatus including a light emitting display panel
including a pixel including a light emitting device and a
driving transistor driving the light emitting device, a con-
troller setting black image data corresponding to a black
image displayed through an nth pixel after a normal image
is displayed through the nth pixel in one frame period,
based on a characteristic value of the light emitting dis-
play panel, a storage unit storing the characteristic value
generated from the light emitting display panel, a data
driver converting pieces of black image data, transferred
from the controller, into black image data voltages and
outputting the black image data voltages to data lines
included in the light emitting display panel, and a gate
driver outputting gate signals to gate lines included in the
light emitting display panel, based on control by the con-
troller.

[0011] According to various embodiments of the
present disclosure, there is provided a light emitting dis-
play apparatus comprising: a light emitting display panel
including a pixel including a light emitting device and a
driving transistor driving the light emitting device; a con-
troller setting black image data corresponding to a black
image displayed through an nth pixel after a normal image
is displayed through the nth pixel in one frame period,
based on a characteristic value of the light emitting dis-
play panel; a storage unit storing the characteristic value
generated from the light emitting display panel; a data
driver converting pieces of black image data, transferred
from the controller, into black image data voltages and
outputting the black image data voltages to data lines
included in the light emitting display panel; and a gate
driver outputting gate signals to gate lines included in the
light emitting display panel, based on control by the con-
troller, wherein the characteristic value is a threshold volt-
age variation amount of a driving transistor included in
at least one of all pixels included in the light emitting dis-
play panel, and the controller generates the black image
data corresponding to the nth pixel by using the threshold
voltage variation amount.

[0012] According to various embodiments, the thresh-
old voltage variation amount applied to the nth pixel is a
threshold voltage variation amount of a driving transistor
included in the nth pixel.

[0013] According to various embodiments, the thresh-
old voltage variation amount is generated after an appa-
ratus turn-off signal is received from an external system,
and is stored in the storage unit.

[0014] According to various embodiments, the storage
unit stores a start threshold voltage measured from the
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at least one pixel in a process of manufacturing the light
emitting display panel and a threshold voltage which is
measured from the at least one pixel after an apparatus
turn-off signal is received, and the controller calculates
the threshold voltage variation amount by using the start
threshold voltage and the threshold voltage.

[0015] According to various embodiments, a black im-
age data voltage generated by the data driver on basis
of black image data corresponding to the nth pixel is a
voltage which varies by the threshold voltage variation
amount of the at least one pixel in comparison with a
reference black image data voltage applied to the all pix-
els included in the light emitting display panel.

[0016] According to various embodiments, pieces of
black image data corresponding to the all pixels included
in the light emitting display panel are not equal.

[0017] According to various embodiments, the thresh-
old voltage variation amount applied to the nt" pixel is an
average of threshold voltage variation amounts of atleast
two of all driving transistors included in the light emitting
display panel.

[0018] According to various embodiments, the control-
ler generates the pieces of black image data correspond-
ing to the all pixels included in the light emitting display
panel, based on the average.

[0019] According to various embodiments, the pieces
of black image data corresponding to the all pixels in-
cluded in the light emitting display panel, based on the
average are equal.

[0020] Various embodiments provide a light emitting
display apparatus comprising: a light emitting display
panel including a pixel including a light emitting device
and a driving transistor driving the light emitting device;
a controller setting black image data corresponding to a
black image displayed through an nth pixel after a normal
image is displayed through the nth pixel in one frame
period, based on a characteristic value of the light emit-
ting display panel; a storage unit storing the characteristic
value generated from the light emitting display panel; a
data driver converting pieces of black image data, trans-
ferred from the controller, into black image data voltages
and outputting the black image data voltages to datalines
included in the light emitting display panel; and a gate
driver outputting gate signals to gate lines included in the
light emitting display panel, based on control by the con-
troller, wherein the characteristic value is a minimum val-
ue among values of pieces of normal image data voltages
which are output to all pixels included in the light emitting
display panel in one frame period, and the controller gen-
erates the black image data by using the minimum value.
[0021] According to various embodiments, a black im-
age data voltage generated by the data driver on basis
of black image data corresponding to the nth pixel is great-
er than a reference black image data voltage applied to
the all pixels included in the light emitting display panel
and is less than the minimum value.

[0022] According to various embodiments, a black im-
age data voltage generated by the data driver on basis
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of black image data corresponding to the nth pixel is great-
er than a reference black image data voltage and is less
than a predetermined highest black image data voltage.
[0023] According to various embodiments, when the
minimum value is greater than the highest black image
data voltage, the black image data voltage is the highest
black image data voltage.

[0024] Various embodiments provide a light emitting
display apparatus comprising: a light emitting display
panelincluding a plurality of pixels respectively including
a light emitting device and a driving transistor configured
to drive the light emitting device; a controller configured
to set black image data corresponding to a black image
displayed through an nth pixel after a normal image is
displayed through the nth pixel in one frame period, based
on a characteristic value of the light emitting display pan-
el; a storage unit configured to store the characteristic
value generated from the light emitting display panel; a
data driver configured to convert pieces of black image
data, transferred from the controller, into black image da-
ta voltages and to output the black image data voltages
to data lines included in the light emitting display panel;
and a gate driver configured to output gate signals to
gate lines included in the light emitting display panel,
based on control by the controller.

[0025] According to various embodiments, the charac-
teristic value is or includes a threshold voltage variation
amount of a driving transistor included in at least one of
the pixels included in the light emitting display panel, and
the controller is configured to generate the black image
data corresponding to the nth pixel by using the threshold
voltage variation amount.

[0026] According to various embodiments, the thresh-
old voltage variation amount applied to the nth pixel is a
threshold voltage variation amount of a driving transistor
included in the nth pixel.

[0027] According to various embodiments, the thresh-
old voltage variation amount is generated after an appa-
ratus turn-off signal is received from an external system,
and is stored in the storage unit.

[0028] According to various embodiments, the storage
unit is configured to store a start threshold voltage meas-
ured from the at least one pixel in a process of manufac-
turing the light emitting display panel and a threshold
voltage which is measured from the at least one pixel
after an apparatus turn-off signal is received, and the
controller is configured to calculate the threshold voltage
variation amount by using the start threshold voltage and
the threshold voltage.

[0029] According to various embodiments, a black im-
age data voltage generated by the data driver on the
basis of black image data corresponding to the nth pixel
is a voltage which varies by the threshold voltage varia-
tion amount of the at least one pixel in comparison with
a reference black image data voltage applied to all the
pixels included in the light emitting display panel.
[0030] According to various embodiments the thresh-
old voltage variation amount applied to the nth pixel is an
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average of threshold voltage variation amounts of atleast
two of all driving transistors included in the light emitting
display panel.

[0031] According to various embodiments, the control-
ler is configured to generate the pieces of black image
data corresponding to all the pixels included in the light
emitting display panel, based on the average.

[0032] According to various embodiments, the pieces
of black image data corresponding to all the pixels in-
cluded in the light emitting display panel, based on the
average, are equal.

[0033] According to various embodiments, pieces of
black image data corresponding to all the pixels included
in the light emitting display panel are not equal.

[0034] Accordingto various embodiments, the charac-
teristic value is or includes a minimum value among val-
ues of pieces of normal image data voltages which are
output to all pixels included in the light emitting display
panelin one frame period, and the controller is configured
to generate the black image data by using the minimum
value.

[0035] According to various embodiments, a black im-
age data voltage generated by the data driver on the
basis of black image data corresponding to the nth pixel
is greater than a reference black image data voltage ap-
plied to all the pixels included in the light emitting display
panel and is less than the minimum value.

[0036] According to various embodiments, a black im-
age data voltage generated by the data driver on the
basis of black image data corresponding to the nth pixel
is greater than a reference black image data voltage and
is less than a predetermined highest black image data
voltage.

[0037] According to various embodiments, when the
minimum value is greater than the highest black image
data voltage, the black image data voltage is the highest
black image data voltage.

[0038] It is to be understood that both the foregoing
general description and the following detailed description
of the present disclosure are exemplary and explanatory
and are intended to provide further explanation of the
disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate embodiments of the disclosure and
together with the description serve to explain the principle
of the disclosure. In the drawings:

FIG. 1 is an exemplary diagram illustrating a config-
uration of a light emitting display apparatus accord-
ing to the present disclosure;

FIG. 2 is an exemplary diagram illustrating a config-
uration of one pixel of a light emitting display appa-
ratus according to the present disclosure;

10

15

20

25

30

35

40

45

50

55

FIG. 3 is an exemplary diagram illustrating a config-
uration of a controller applied to a light emitting dis-
play apparatus according to the present disclosure;
FIG. 4 is an exemplary diagram illustrating a driving
period of a light emitting display apparatus according
to the present disclosure;

FIG. 5 is an exemplary diagram illustrating data volt-
ages applied to a light emitting display apparatus
according to the present disclosure; and

FIG. 6 is another exemplary diagram illustrating data
voltages applied to a light emitting display apparatus
according to the present disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0040] Reference will now be made in detail to the ex-
emplary embodiments of the present disclosure, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts.

[0041] Advantages and features of the present disclo-
sure, and implementation methods thereof will be clari-
fied through following embodiments described with ref-
erence to the accompanying drawings. The present dis-
closure may, however, be embodied in different forms
and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the present dis-
closure to those skilled in the art. Furthermore, the
present disclosure is only defined by scopes of claims.
[0042] In the specification, in adding reference numer-
als for elements in each drawing, it should be noted that
like reference numerals already used to denote like ele-
ments in other drawings are used for elements wherever
possible.

[0043] A shape,asize, aratio, an angle, and a number
disclosed in the drawings for describing embodiments of
the present disclosure are merely an example, and thus,
the present disclosure is not limited to the illustrated de-
tails. Like reference numerals refer to like elements
throughout. In the following description, when the de-
tailed description of the relevant known function or con-
figuration is determined to unnecessarily obscure the im-
portant point of the present disclosure, the detailed de-
scription will be omitted. In a case where 'comprise’,
‘'have’, and ’include’ described in the present specifica-
tion are used, another part may be added unless ‘only~’
is used. The terms of a singular form may include plural
forms unless referred to the contrary.

[0044] In construing an element, the element is con-
strued as including an error range although there is no
explicit description.

[0045] In describing a position relationship, for exam-
ple, when a position relation between two parts is de-
scribed as 'on-’, 'over-’, 'under-’, and 'next-’, one or more
other parts may be disposed between the two parts un-
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less ’just’ or 'direct’ is used.

[0046] In describing a time relationship, for example,
when the temporal order is described as ’after-’, 'subse-
quent-’, 'next-’, and 'before-’, a case which is not contin-
uous may be included unless ’just’ or 'direct’ is used.
[0047] The term "at least one" should be understood
as including any and all combinations of one or more of
the associated listed items. For example, the meaning
of "at least one of a first item, a second item, and a third
item" denotes the combination of all items proposed from
two or more of the first item, the second item, and the
third item as well as the first item, the second item, or the
third item.

[0048] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another. For example, a first element
could be termed a second element, and, similarly, a sec-
ond element could be termed a first element, without de-
parting from the scope of the present disclosure.
[0049] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-oper-
ated with each other and driven technically as those
skilled in the art can sufficiently understand. The embod-
iments of the present disclosure may be carried out in-
dependently from each other, or may be carried out to-
gether in co-dependent relationship.

[0050] Hereinafter,embodiments ofthe presentdisclo-
sure will be described in detail with reference to the ac-
companying drawings.

[0051] FIG. 1 is an exemplary diagram illustrating a
configuration of a light emitting display apparatus accord-
ing to the present disclosure. FIG. 2 is an exemplary di-
agram illustrating a configuration of one pixel of a light
emitting display apparatus according to the present dis-
closure. FIG. 3 is an exemplary diagram illustrating a
configuration of a controller applied to a light emitting
display apparatus according to the present disclosure.
Particularly, FIG. 2 is an exemplary diagram illustrating
a configuration of an nth pixel P. In the following descrip-
tion, the nth pixel P illustrated in FIG. 2 may be simply
referred to as a pixel 110, excepta specially desired case.
[0052] The light emitting display apparatus according
to the present disclosure, as illustrated in FIGS. 1 to 3,
may include a light emitting display panel 100 including
a pixel 110 which includes a light emitting device ED, e.g.
an organic light emitting diode OLED, and a driving tran-
sistor Tdr for driving the light emitting device ED, e.g. by
controlling a current loled flowing through the light emit-
ting device, a controller 400 which, in one frame period,
sets black image data corresponding to a black image
displayed after a normal image is displayed on an nth
pixel P, based on a characteristic value of the light emit-
ting display panel 100, a storage unit 450 which stores
the characteristic value, a data driver 300 which converts
pieces of black image data, transferred from the control-
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ler 400, into black image data voltages and outputs the
black image data voltages to a plurality of data lines DL1
to DLd included in the light emitting display panel 100,
and a gate driver 200 which outputs gate signals to a
plurality of gate lines GL1 to GLg included in the light
emitting display panel 100, based on control by the con-
troller 400.

[0053] Terms used herein will be simply described be-
low. A blank period may denote a period between one
frame and another frame. A frame may denote one im-
age. Therefore, the blank period may denote a period
between periods where two different images are dis-
played.

[0054] One frame period may denote a period where
one image is displayed and may include one blank period
between one frame and one other frame. Herein, when
the order of one-frame periods is needed, the terms "a
first frame period" and "a second frame period" may be
used, and when the order of one-frame periods is not
needed, the term "one frame period" may be used.
[0055] A modewhichdisplaysanormalimage andthen
displays a black image during one frame period may be
referred to as a black image mode. The black image
mode may be used to solve a problem where an image
is not clearly seen due to the delay of a motion picture
response time (MPRT). In the black image mode, for ex-
ample, only a normal image desired by a user may be
displayed during a fore 1/2 period of one frame period,
and during the other 1/2 period, the black image and the
normal image may all be displayed.

[0056] The normalimage may denote an image which
is provided in order for a user to watch the image, and
particularly, may denote an image which is displayed
based on light emitted from one pixel 110. The black im-
age may denote an image which is arbitrarily generated
by the controller 400 so as to solve a problem caused by
the delay of the MPRT, and particularly, may denote an
image which is displayed based on black light emitted
from the one pixel 110.

[0057] Therefore, normal images displayed on all of a
plurality of pixels 110 may configure one image.

[0058] That is, as described above, in order to solve
the problem caused by the delay of the MPRT, the black
image may be arbitrarily generated by the controller 400,
and the normal image may be displayed by the pixel 110
on the basis of input video data transferred from an ex-
ternal system.

[0059] Adatavoltage Vdata, usedtodisplay the normal
image, of data voltages Vdata supplied through the data
lines DL may be referred to as a normal image data volt-
age, and a data voltage Vdata used to display the black
image may be referred to as a black image data voltage.
[0060] The normal image data voltage may be gener-
ated by the data driver 300 on the basis of normal image
data, and the black image data voltage may be generated
by the data driver 300 on the basis of black image data.
[0061] The normal image data may be generated
based on the input video data and a normal correction
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value, and the black image data may be generated based
on reference black image data and a black correction
value. A generic name for the normal image data and the
black image data may be image data.

[0062] The reference black image data may denote a
value which is fundamentally applied to all pixels included
in the light emitting display panel, for generating the black
image data.

[0063] The normal correction value may be generated
from a variation amount of a threshold voltage and a var-
iation amount of mobility, and the black correction value
may be generated from the variation amount of the
threshold voltage (hereinafter simply referred to as a
threshold voltage variation amount) or a voltage, having
minimum value, of normal image data voltages which are
output in one frame period.

[0064] The threshold voltage variation amount may be
calculated when an electronic device is turned on or off,
and the variation amount of mobility (hereinafter simply
referred to as a mobility variation amount) may be calcu-
lated in the blank period.

[0065] Hereinafter, the elements will be described se-
quentially.
[0066] First, as illustrated in FIG. 2, the light emitting

display panel 100 may include the plurality of pixels 110
which each include the light emitting device ED and the
pixel driving circuit PDC. Also, a plurality of pixel areas
where the plurality of pixels 110 are respectively provided
may be defined in the light emitting display panel 100,
and signal lines through which driving signals are sup-
plied to the pixel driving circuit PDC may be provided in
the light emitting display panel 100.

[0067] The light emitting device ED may include a first
electrode, a light emitting layer, and a second electrode
provided on the light emitting layer. The light emitting
layer may include one of a blue light emitting part, a green
lightemitting part, and a red light emitting part, for emitting
light of a color corresponding to a color which is set in
the pixel 110. The light emitting layer may include one of
an organic light emitting layer, an inorganic light emitting
layer, and a quantum dot light emitting layer, or may in-
clude a stacked or combination structure of the organic
light emitting layer (or the inorganic light emitting layer)
and the quantum dot light emitting layer.

[0068] The signal lines may include a gate line GL, a
sensing pulse line SPL, a data line DL, a reference volt-
age line SL, a first driving power line PLA, and a second
driving power line PLB.

[0069] A plurality of gate lines GL may be arranged in
parallel at certain intervals in afirst direction (for example,
a widthwise direction) of the light emitting display panel
100.

[0070] A plurality of sensing pulse lines SPL may be
arranged at certain intervals in parallel with the gate lines
GL. A sensing pulse SP may be supplied to the sensing
pulse lines SPL.

[0071] A plurality of data lines DL may be arranged at
certain intervals in parallel in a second direction (for ex-
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ample, a lengthwise direction) of the light emitting display
panel 100 to intersect the gate lines GL and the sensing
pulse lines SPL. However, an arrangement structure of
the data line DL and the gate line GL may be variously
modified.

[0072] A plurality of reference voltage lines SL may be
arranged at certain intervals in parallel with the data lines
DL. However, the present disclosure is not limited there-
to. For example, at least three pixels 110 may configure
one unit pixel, and in this case, one reference voltage
line SL may be provided in the one unit pixel.

[0073] To provide an additional description, the data
lines DL may be provided in the second direction (for
example, the lengthwise direction of FIG. 1) of the light
emitting display panel 100, and the reference voltage
lines SL may be provided in parallel with the data lines
DL and may be respectively connected to at least three
pixels 110 configuring each of unit pixels provided in one
horizontal line.

[0074] A reference voltage Vref may be supplied to the
reference voltage line SL.

[0075] The reference voltage Vref may be used even
when the mobility or threshold voltage of the driving tran-
sistor Tdr is sensed, and in a period where images are
displayed, the reference voltage Vref may be supplied to
a source of the driving transistor Tdr.

[0076] Thefirstdrivingpowerline PLAmay be provided
apart from the data line DL and the sensing line SL by a
certain interval in parallel therewith. The first driving pow-
er line PLA may be connected to a power supply and
may transfer a first driving power EVDD, supplied from
the power supply, to each pixel 110.

[0077] The second driving power line PLB may be pro-
vided in plurality, and each of the second driving power
lines PLB may transfer a second driving power EVSS,
supplied from the power supply, to a corresponding pixel
110.

[0078] The pixel driving circuit PDC may include a driv-
ing transistor Tdr which controls a level of a current flow-
ing in the light emitting diode ED, a switching transistor
Tsw1 which is connected between the data line DL, the
driving transistor Tdr, and the gate line GL, and a sensing
transistor Tsw2 for transferring the reference voltage Vref
to a source of the driving transistor Tdr, and a capacitor
Cst connected between a first node n1 and a second
node n2. Also, the pixel driving circuit PDC included in
each of the pixels 110 may further include transistors for
external compensation.

[0079] That is, a structure of the pixel driving circuit
PDC may be changed to various structures for perform-
ing the external compensation, and a method of driving
the pixel driving circuit PDC may also be changed vari-
ously.

[0080] The external compensation may denote an op-
eration of calculating a variation amount of a threshold
voltage or mobility of the driving transistor Tdr provided
in the pixel 110 and varying a level of a data voltage
supplied to the pixel 110 on the basis of the variation
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amount. Therefore, in order to calculate the variation
amount of the threshold voltage or mobility of the driving
transistor Tdr, a structure of the pixel 110 may be
changed to various structures.

[0081] Moreover, in order to perform the external com-
pensation, a method of calculating the variation amount
ofthe threshold voltage or mobility of the driving transistor
Tdr by using the pixel 110 may be variously changed
based on the structure of the pixel 110.

[0082] In this case, sensing for the external compen-
sation may be performed on one gate line in one (vertical)
blank period and may be performed when an electronic
device (for example, a television (TV), a monitor, a smart-
phone, a table personal computer (PC), or the like) in-
cluding the light emitting display apparatus is turned on
or off.

[0083] In the blank period, for example, the variation
amount of mobility of the driving transistor Tdr may be
sensed, and when the electrode device is turned on or
off, the variation amounts of threshold voltages of the
driving transistors Tdr may be sensed.

[0084] When the electronic device is again turned on,
the controller 400 may generate correction values for cor-
recting the variation amounts of threshold voltages of the
driving transistors Tdr and may correct pieces of input
video data transferred from the external system by using
the correction values to generate pieces of normal image
data. The pieces of normal image data may be trans-
ferred to the data driver 300.

[0085] In the blank period, while the variation amount
of mobility is being sensed, the reference voltage Vref or
another voltage for the sensing may be supplied to the
reference voltage line SL.

[0086] When the sensing is not performed, the refer-
ence voltage Vref may be supplied to the reference volt-
age line SL and may maintain a voltage at the source of
the driving transistor Tdr. Therefore, the reference volt-
age Vref has to be maintained to have a value within a
certain range.

[0087] Thatis, the present disclosure relates to a light
emitting display apparatus which uses threshold voltages
calculated through the external compensation and does
not directly relate to an external compensation method.
[0088] Therefore, a structure of each pixel for the ex-
ternal compensation may be implemented as various pix-
el structures proposed for the external compensation,
and a method of performing the external compensation
may be implemented as various external compensation
methods.

[0089] That is, a detailed structure of each pixel for
performing the external compensation and a detailed
method for the external compensation are irrelevant to
the scope of the present disclosure. Therefore, an exam-
ple of a pixel for the external compensation has been
simply described above with reference to FIG. 2, and an
external compensation method will be simply described
below.

[0090] Moreover, the present disclosure may be ap-
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plied to a light emitting display apparatus including the
reference voltage line SL and the sensing transistor
Tsw2, for internal compensation. A structure of the pixel
110 including the reference voltage line SL may be
changed to various structures, for the internal compen-
sation, and an internal compensation method may be
variously changed based on a structure of the pixel 110.
[0091] Moreover, as described above, the present dis-
closure may use the black image mode. The structure of
the pixel 110 with the black image mode applied thereto
may be variously changed based on the black image
mode, in addition to the structure illustrated in FIG. 2.
[0092] That is, FIG. 2 illustrates the structure of the
pixel 110 for performing the external compensation and
the black image mode, and thus, the structure of the pixel
110 may be changed to various structures, in addition to
the structure illustrated in FIG. 2.

[0093] Hereinafter, a light emitting display apparatus
including the pixels 110 illustrated in FIG. 2 will be de-
scribed as an example of the present disclosure.
[0094] Second, the gate driver 200 may sequentially
supply a gate-on signal GP to a plurality of gate lines GL1
to GLg included in the light emitting display panel 100 by
using gate control signals GCS transferred from the con-
troller 400. The gate control signals GCS may include n
(where nis an integer equal to or more than two) number
of gate clocks GCLK.

[0095] Here, the gate-on signal GP may denote a sig-
nal for turning on the switching transistor Tsw1 connected
to a corresponding gate line of the gate lines GL1 to GLg.
A signal for turning off the switching transistor Tsw1 may
be referred to as a gate-off signal. A generic name for
the gate-on signal GP and the gate-off signal may be a
gate signal.

[0096] The gate driver 200 may be provided independ-
ently from the light emitting display panel 100 and may
be connected to the light emitting display panel 100
through a tape carrier package (TCP), a chip-on film
(COF), or a flexible printed circuit board (FPCB), but is
not limited thereto. In other embodiments, the gate driver
200 may be directly provided outside the light emitting
display panel 100 by using a gate-in panel (GIP) type,
based on a process of manufacturing the pixel driving
circuit PDC.

[0097] Third, the power supply may supply power to
the gate driver 200, the data driver 300, and the controller
400.

[0098] Fourth, the data driver 300 may convert pieces
of normalimage data Data, transferred from the controller
400, into normal data voltages Vdata and may supply the
normal data voltages to the data lines DL1 to DLd.
[0099] Fifth, the controller 400 may control the gate
driver 200 and the data driver 300.

[0100] The controller 400, as illustrated in FIG. 3, may
generate a gate control signal GCS for controlling driving
of the gate driver 200 and a data control signal DCS for
controlling driving of the data driver 300 by using a timing
synchronization signal TSS input from the external sys-
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tem.

[0101] Moreover, in a sensing mode where sensing for
the external compensation is performed, the controller
400 may transfer pieces of sensing image data, which
are to be supplied to pixels connected to a gate line on
which the external compensation is performed, to the da-
ta driver 300.

[0102] Sensing for the external compensation may be
performed at various timings. For example, the variation
amounts of mobility of the driving transistors Tdr may be
sensed in the blank period, and when the electronic de-
vice is turned on or off, the variation amounts of mobility
of the driving transistors Tdr may be sensed.

[0103] The controller 400 may calculate normal cor-
rection values on the basis of pieces of sensing data Sda-
ta which are provided from the data driver through the
above-described sensing process and may store the nor-
mal correction values in the storage unit 450.

[0104] Inadisplay period where animage is displayed,
the controller 400 may correct pieces of input video data
Ri, Gi, and Bi transferred from the external system by
using the normal correction values to generate pieces of
normal image data. The data driver 300 may convert the
pieces of normal image data into normal image data volt-
ages and may supply the normal image data voltages to
the data lines DL1 to DLd.

[0105] Particularly, atatiming at which the blackimage
is output, the controller 400 may generate pieces of black
image data which are to be output to pixels, based on a
voltage, having a minimum value, of normal image data
voltages which are to be output in one frame period or a
threshold variation amount determined based on the
sensing data Sdata.

[0106] In order to perform the above-described func-
tion, asillustratedin FIG. 3, the controller 400 may include
a data aligner which realigns the pieces of input video
data Ri, Gi, and Bi transferred from the external system
by using the timing synchronization signal TSS trans-
ferred from the external system and supplies pieces of
realigned image data to the data driver 300, a control
signal generator 420 which generates the gate control
signal GCS and the data control signal DCS by using the
timing synchronization signal TSS, a calculator 410
which calculates a normal correction value for compen-
sating for a characteristic variation of the driving transis-
tor Tdr provided in each of the pixels 110 by using the
pieces of sensing data Sdata transferred from the data
driver 300, the storage unit 450 which stores the normal
correction value, and an output unit 440 which outputs,
to the data driver 300 or the gate driver 200, pieces of
normal image data Data generated by the data aligner
430 and the gate control signal GCS and the data control
signal DCS each generated by the control signal gener-
ator 200.

[0107] The storage unit 450 may be included in the
controller 400, or may be implemented independently
from the controller 400 as illustrated in FIG. 3.

[0108] The storage unit 450 may store threshold volt-
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ages (hereinafter simply referred to as a start threshold
voltage) measured from the driving transistors of all pix-
els 110 of the light emitting display panel 100 in a process
of manufacturing the light emitting display panel 100 and
threshold voltages of the pixels 110 measured through
sensing which is performed when the electronic device
is turned off. In this case, in the sensing which is per-
formed when the electronic device is turned off, the
threshold voltages of all the pixels 110 included in the
light emitting display panel 100 may be sensed, but only
threshold voltages of at least two of the all pixels 110
may be sensed.

[0109] When the electronic device is turned on or off,
the controller 400 may calculate a threshold voltage var-
iation amount of at least one of all the pixels 110 by using
the start threshold voltage and the threshold voltage, and
the calculated threshold voltage variation amount may
be stored in the storage unit 450.

[0110] Particularly, in one frame period, the controller
400 may set black image data corresponding to a black
image which is displayed after a normal image is dis-
played on a pixel, based on a characteristic value of the
light emitting display panel.

[0111] In this case, the controller 400 may correct ref-
erence black image data fundamentally applied to the
pixels by using a black correction value calculated based
on the characteristic value to generate the black image
data.

[0112] The black correction value may be generated
by the calculator 410, and the data aligner 430 may per-
form a process of converting the reference black image
data by using the black correction value to generate the
black image data.

[0113] Hereinafter, a driving method of the light emit-
ting display apparatus according to the present disclo-
sure will be described with reference to FIGS. 1 to 6.
[0114] FIG. 4 is an exemplary diagram illustrating a
driving period of a light emitting display apparatus ac-
cording to the present disclosure, and FIG. 5 is an ex-
emplary diagram illustrating data voltages applied to a
light emitting display apparatus according to the present
disclosure. Hereinafter, descriptions which are the same
as or similar to descriptions given above with reference
to FIGS. 1 to 3 are omitted or will be simply given.
[0115] A driving method of the light emitting display
apparatus will be described below.

[0116] First, as shown in FIG. 4, when a first frame
period starts, the controller 400 may convert pieces of
input video data, transferred from the external system,
into pieces of normal image data by using the normal
correction values.

[0117] The controller 400 may transfer the pieces of
normal image data to the data driver 300.

[0118] Subsequently, the data driver 300 may convert
the pieces of normal image data into normal image data
voltages Vdata_| and may output the normal image data
voltages Vdata_| to the data lines DL1 to DLd.

[0119] Therefore, as shown in FIG. 4, a normal image



15 EP 3 675 109 A1 16

| may be sequentially output along the gate lines.
[0120] For example, as illustrated in FIG. 2, when a
threshold voltage of an N-type driving transistor Tdr in-
cluded in the pixel driving circuit PDC configuring an nth
pixel P is shifted in a positive direction, in order for the
nth pixel P to output an image having luminance which is
the same as luminance before the threshold voltage is
shifted, as illustrated in FIG. 5, a normal image data volt-
age Vdata_| where a threshold voltage variation amount
"Vth" is added to a data voltage Vdata corresponding to
the input video data may be supplied to the data line.
[0121] Subsequently, when a predetermined period
elapses after the normal image data voltage Vdata_l is
output through the nth pixel P, a black image data voltage
Vdata_BI may be output from the nth pixel P.

[0122] To this end, the controller 400 may generate
black image data corresponding to the black image data
voltage Vdata_BI where the threshold voltage variation
amount "Vth" is added to a reference black image data
voltage Vdata_Bref.

[0123] To this end, the controller 400 may generate a
black correction value by using the threshold voltage var-
iation amount "Vth" of the driving transistor Tdr included
in the nth pixel P.

[0124] The controller 400 may correct the reference
black image data by using the black correction value to
generate the black image data.

[0125] The controller 400 may transfer the black image
data to the data driver 300.

[0126] Thatis, in an embodiment illustrated in FIG. 5,
in one frame period, the controller 400 may set black
image data corresponding to the black image which is
output after the normal image is output though the nth
pixel P, based on the characteristic value of the light emit-
ting display panel, and particularly, a threshold voltage
variation amount of a driving transistor included in the nth
pixel may be used as the characteristic value.

[0127] Finally, the data driver 300 may convert the
black image data into the black image data voltage
Vdata_BI and may supply the black image data voltage
Vdata_BI to a data line DL connected to the nth pixel P.
[0128] The black image data voltage Vdata_BI gener-
ated by the data driver 300 on the basis of the black
image data corresponding to the nth pixel P may be a
voltage which increases by the threshold voltage varia-
tion amount "Vth" of the pixel in comparison with the ref-
erence black image data voltage Vdata_Bref applied to
the all pixels included in the light emitting display panel
100. In this case, the black image data voltage may be
a voltage which decreases by the threshold voltage var-
iation amount "Vth" of the pixel in comparison with the
reference black image data voltage Vdata_Bref, based
on the kind and current/voltage characteristic of a sem-
iconductor included in the driving transistor.

[0129] Hereinafter, a light emitting display apparatus
where the black image data voltage increases by the
threshold voltage variation amount of the pixel in com-
parison with the reference black image data voltage will
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be described as an example of the present disclosure.
[0130] In this case, a difference C between the black
image data voltage Vdata_BIl and the normal image data
voltage Vdata_| may be less than a difference D between
the reference black image data voltage Vdata_Bref and
the normal image data voltage Vdata_l.

[0131] The reference voltage Vref supplied to the ref-
erence voltage line SL may maintain a voltage at the
source of the driving transistor Tdr when the normal im-
age data voltage Vdata_l and the black image data volt-
age Vdata_BI are output to the data line DL.

[0132] However, the reference voltage line SL may be
adjacent to the data line DL, and thus, as illustrated in
FIG. 5, the reference voltage Vref supplied through the
reference voltage line SL may be coupled to a data volt-
age supplied through the data line and may be shaken.
[0133] Inthis case, since the difference C between the
black image data voltage Vdata_BIland the normalimage
data voltage Vdata_| may be less than the difference D
between the reference black image data voltage
Vdata_Bref and the normal image data voltage Vdata_|,
avariation amount Y1 of the reference voltage Vref when
the black image data voltage Vdata_BlI is supplied to the
data line DL may be less than a variation amount Y2 of
the reference voltage Vref when the reference black im-
age data voltage Vdata_Bref is supplied to the data line
DL.

[0134] Therefore, when another normal image data
voltage Vdata_| is output to the nth pixel P in a second
frame period after the black image data voltage Vdata_BI
is output, a reference voltage which is within a predeter-
mined range may be supplied to the source of the driving
transistor Tdr.

[0135] Therefore, the nth pixel P may display an image
having brightness predicted based on the other normal
image data voltage Vdata_|l.

[0136] Therefore, aluminance defect may not occur in
the light emitting display panel 100.

[0137] In a period where the black image data voltage
Vdata_BI is supplied, black image data voltages
Vdata_BI respectively applied to the pixels 110 of the
light emitting display panel 100 may differ.

[0138] That is, a voltage which is supplied to each of
the pixels 110 in the period where the black image data
voltage Vdata_Bl is supplied may be a black image data
voltage Vdata_BIl in which the threshold voltage variation
amount "Vth" of the pixel 110 is reflected. Therefore,
when the threshold voltage variation amounts "Vth" of
the pixels 110 differ, black image data voltages Vdata_BI
respectively applied to the pixels 110 may differ. In this
case, a precise black image data voltage Vdata_BlI in
which a pixel-based feature of the light emitting display
panel 100 is reflected may be applied.

[0139] However, in the period where the black image
data voltage Vdata_Bl is supplied, the black image data
voltages Vdata_BI respectively applied to the pixels 110
of the light emitting display panel 100 may be the same
voltages.
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[0140] For example, the controller 400 may calculate
an average threshold voltage variation amount of the
threshold voltage variation amounts "Vth" of the pixels
110 and may reflect the calculated average threshold
voltage variation amount in the black image data voltage
Vdata_BI. In this case, the black image data voltages
Vdata_BI respectively applied to the pixels 110 may be
the same voltages.

[0141] In this case, the black image data voltages
Vdata_BI which are to be respectively applied to the pix-
els 110 may not be calculated. Therefore, even when the
black image data voltage Vdata_BI is supplied, the light
emitting display apparatus according to the present dis-
closure may be quickly driven.

[0142] Here, the average threshold voltage variation
amount may be an average of threshold voltage variation
amounts of all pixels 110 included in the light emitting
display panel 100, or may be an average of threshold
voltage variation amounts of at least two of all the pixels
110. For example, in a case where the threshold voltage
variation amount is calculated from only some of the all
pixels 110 included in the light emitting display panel 100,
the average threshold voltage variation amount may be
an average of the calculated threshold voltage variation
amounts.

[0143] FIG. 6is another exemplary diagram illustrating
data voltages applied to a light emitting display apparatus
according to the present disclosure.

[0144] Hereinafter, descriptions which are the same
as or similar to descriptions given above with reference
to FIGS. 1 to 5 are omitted or will be simply given.
[0145] A driving method of the light emitting display
apparatus will be described below.

[0146] First, as shown in FIG. 4, when a first frame
period starts, the controller 400 may convert pieces of
input video data, transferred from the external system,
into pieces of normal image data by using the normal
correction values.

[0147] The controller 400 may transfer the pieces of
normal image data to the data driver 300.

[0148] Subsequently, the data driver 300 may convert
the pieces of normal image data into normal image data
voltages Vdata_| and may output the normal image data
voltages Vdata_| to the data lines DL1 to DLd.

[0149] Therefore, as shown in FIG. 4, a normal image
| may be sequentially output along the gate lines.
[0150] For example, as illustrated in FIG. 2, when a
threshold voltage of an N-type driving transistor Tdr in-
cluded in the pixel driving circuit PDC configuring an nth
pixel P is shifted in a positive direction, in order for the
nth pixel P to output an image having luminance which is
the same as luminance before the threshold voltage is
shifted, as illustrated in FIG. 5, a normal image data volt-
age Vdata_| where a threshold voltage variation amount
"Vth" is added to a data voltage Vdata corresponding to
the input video data may be supplied to the data line. In
FIG. 5, the threshold voltage variation amount "Vth" is
shown in a graph showing the data voltage Vdata, butin
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FIG. 6, a normal image data voltage Vdata_| to which a
threshold voltage variation amount "Vth" is added is
shown as the data voltage Vdata.

[0151] Subsequently, when a predetermined period
elapses after the normal image data voltage Vdata_| is
output through the nth pixel P, a black image data voltage
Vdata Bl may be output from the nth pixel P.

[0152] To this end, the controller 400 may generate
black image data corresponding to a black image data
voltage Vdata_BIl which is set based on a voltage, having
a minimum value, of normal image data voltages which
are output from all the pixels of the light emitting display
panel in one frame period where the black image data is
output.

[0153] To this end, the controller 400 may generate
the black correction value by using the voltage, having
the minimum value, of normal image data voltages which
are output from all the pixels of the light emitting display
panel in one frame period where the black image data is
output. That is, a characteristic value of the light emitting
display panel 100 which is used for the controller 400 to
generate the black correction value may be the minimum
value.

[0154] The controller 400 may correct the reference
black image data by using the black correction value to
generate the black image data.

[0155] The controller 400 may transfer the blackimage
data to the data driver 300.

[0156] Finally, the data driver 300 may convert the
black image data into the black image data voltage
Vdata_BI and may supply the black image data voltage
Vdata_ Bl to a data line DL connected to the nt pixel P.
[0157] In this case, the black image data voltage
Vdata_BI generated by the data driver 300 on the basis
of black image data corresponding to the nth pixel P may
be greater than the reference black image data voltage
Vdata_Bref applied to all of the pixels 110 included in the
light emitting display panel 100 and may be less than the
minimum value. In other words, the controller 400 may
select one as the black image data voltage Vdata_BI
among the values which are greater than the reference
black image data voltage Vdata_Bref and less than the
minimum value. For example, an average value of the
reference black image data voltage Vdata_Bref and the
minimum value may be selected as the black image data
voltage Vdata_BI.However, the blackimage data voltage
Vdata_BIl may be variously set by setup information
stored in the storage unit 450 by the manufacturer of the
light emitting display device according to the present in-
vention, in addition to the average value.

[0158] Moreover, the black image data voltage
Vdata_BI generated by the data driver 300 on the basis
of black image data corresponding to the nth pixel P may
be greater than the reference black image data voltage
Vdata_Bref and may be less than a predetermined high-
est black image data voltage Vdata_H, and when the
minimum value is greater than the highest black image
data voltage Vdata_H, the black image data voltage
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Vdata_BI may be the highest black image data voltage
Vdata H.

[0159] Forexample, when the highest black image da-
ta voltage Vdata_H has a highest value among data volt-
ages capable of expressing black, that a voltage having
a minimum value among normal image data voltages
Vdata_| output in one frame period is greater than the
highest black image data voltage Vdata_H may denote
that an image displayed based on the minimum value
does not express black.

[0160] Therefore, when the minimum value is greater
than a value of the highest black image data voltage
Vdata_H, the black image data voltage Vdata_BI may be
the highest black image data voltage Vdata_H.

[0161] In this case, a difference E between the black
image data voltage Vdata_BI and the normal image data
voltage Vdata_| may be less than a difference F between
the reference black image data voltage Vdata_Bref and
the normal image data voltage Vdata_l.

[0162] The reference voltage Vref supplied to the ref-
erence voltage line SL may maintain a voltage at the
source of the driving transistor Tdr when the normal im-
age data voltage Vdata_| and the black image data volt-
age Vdata_BI are output to the data line DL.

[0163] However, the reference voltage line SL may be
adjacent to the data line DL, and thus, as illustrated in
FIG. 5, the reference voltage Vref supplied through the
reference voltage line SL may be coupled to a data volt-
age supplied through the data line and may be shaken.
[0164] Inthis case, since the difference E between the
blackimage data voltage Vdata_Bl and the normalimage
data voltage Vdata_| may be less than the difference F
between the reference black image data voltage
Vdata_Bref and the normal image data voltage Vdata_|,
a variation amount Y3 of the reference voltage Vref when
the black image data voltage Vdata_Bl is supplied to the
data line DL may be less than a variation amount Y4 of
the reference voltage Vref when the reference black im-
age data voltage Vdata_Bref is supplied to the data line
DL.

[0165] Therefore, when another normal image data
voltage Vdata_| is output to the nth pixel P in a second
frame period after the black image data voltage Vdata_BI
is output, a reference voltage which is within a predeter-
mined range may be supplied to the source of the driving
transistor Tdr.

[0166] Therefore, the nth pixel P may display animage
having brightness predicted based on the other normal
image data voltage Vdata_|.

[0167] Therefore, aluminance defect may not occurin
the light emitting display panel 100.

[0168] In the present disclosure, a difference between
the normal image data voltage Vdata_| and the black
image data voltage Vdata_BIl may decrease, and thus,
shaking of the reference voltage Vref coupled to the nor-
malimage data voltage Vdata_| and the black image data
voltage Vdata_BIl may be reduced.

[0169] Since shaking of the reference voltage Vref is
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reduced, the reference voltage Vref which is within a cer-
tain range may be supplied to the source of the driving
transistor Tdr to which the reference voltage Vref is sup-
plied, and thus, a difference voltage between the source
and a gate of the driving transistor Tdr may stably vary
based on the normal image data voltage Vdata_|.
[0170] Therefore, a current passing through the driving
transistor Tdr may vary based on the normal image data
voltage Vdata_l, and thus, an image having brightness
corresponding to the normal image data voltage Vdata_|
may be displayed by using the light emitting device ED.
[0171] As described above, according to the present
disclosure, black image data for displaying a black image
may be setfor each pixel on the basis of the characteristic
of the light emitting display panel.

[0172] That is, according to the present disclosure, a
black image data voltage for displaying the black image
may be set based on a variation amount of a threshold
voltage of a driving transistor included in a pixel, and
thus, a difference between a normal image data voltage
for displaying a normal image and the black image data
voltage for displaying the black image may be reduced.
[0173] Moreover, according to the present disclosure,
the black image data voltage for displaying the black im-
age may be set to a voltage, which is close to a minimum
value, of normal image data voltages for displaying the
normalimage, and thus, a difference between the normal
image data voltage for displaying the normal image and
the black image data voltage for displaying the black im-
age may be reduced.

[0174] Therefore, a distortion amount of a reference
voltage supplied to a reference voltage line provided in
parallel with a data line due to a coupling between the
data line and the reference voltage line may decrease
due to a reduced difference between normal image data
voltages and black image data voltages supplied to the
data line, and thus, image quality may be enhanced.
[0175] The above-described feature, structure, and ef-
fect of the present disclosure are included in at least one
embodiment of the present disclosure, but are not limited
to only one embodiment. Furthermore, the feature, struc-
ture, and effect described in at least one embodiment of
the present disclosure may be implemented through
combination or modification of other embodiments by
those skilledin the art. Therefore, content associated with
the combination and modification should be construed
as being within the scope of the present disclosure.
[0176] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the scope of
the disclosure. Thus, it is intended that the present dis-
closure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims.
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Claims

1.

A light emitting display apparatus comprising:

a light emitting display panel (100) including a
plurality of pixels (110, P) respectively including
alightemitting device (OLED) and a driving tran-
sistor (Tdr) configured to drive the light emitting
device (OLED);

a controller (400) configured to set black image
data corresponding to a black image displayed
through an nth pixel (110, P) after anormalimage
is displayed through the nth pixel (110, P) in one
frame period, based on a characteristic value of
the light emitting display panel (100);

a storage unit (450) configured to store the char-
acteristic value generated from the light emitting
display panel (100);

a data driver (300) configured to convert pieces
of black image data, transferred from the con-
troller (400), into black image data voltages
(Vdata_BI) and to output the black image data
voltages (Vdata_BIl) to data lines (DL1, ..., DLd)
included in the light emitting display panel (100);
and

a gate driver (200) configured to output gate sig-
nals to gate lines (GL1, ..., GLg) included in the
light emitting display panel (100), based on con-
trol by the controller (400).

The light emitting display apparatus of claim 1,
wherein

the characteristic value is or includes a threshold
voltage variation amount (Vth) of a driving transistor
(Tdr) included in at least one of the pixels (110, P)
included in the light emitting display panel (100), and
the controller (400) is configured to generate the
black image data corresponding to the nth pixel (110,
P) by using the threshold voltage variation amount
(Vth).

The light emitting display apparatus of claim 2,
wherein the threshold voltage variation amount (Vth)
applied to the nth pixel (110, P) is a threshold voltage
variation amount (Vth) of a driving transistor (Tdr)
included in the nth pixel (110, P).

The light emitting display apparatus of claim 2 or 3,
wherein the threshold voltage variation amount (Vth)
is generated after an apparatus turn-off signal is re-
ceived from an external system, and is stored in the
storage unit (450).

The light emitting display apparatus of any one of
claims 2 to 4, wherein

the storage unit (450) is configured to store a start
threshold voltage measured from the at least one
pixel (110, P) in a process of manufacturing the light
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10.

1.

12.

emitting display panel (110, P) and a threshold volt-
age which is measured from the at least one pixel
(110, P) after an apparatus turn-off signal is received,
and

the controller (400) is configured to calculate the
threshold voltage variation amount (Vth) by using
the start threshold voltage and the threshold voltage.

The light emitting display apparatus of any one of
claims 2 to 5, wherein a black image data voltage
(Vdata_BIl) generated by the data driver (300) on the
basis of black image data corresponding to the nth
pixel (110, P) is a voltage which varies by the thresh-
old voltage variation amount (Vth) of the at least one
pixel (110, P) in comparison with a reference black
image data voltage (Vdata_Bref) applied to all the
pixels (110, P) included in the light emitting display
panel (100).

The light emitting display apparatus of any one of
claims 2 to 6, wherein the threshold voltage variation
amount (Vth) applied to the nth pixel (110, P) is an
average of threshold voltage variation amounts (Vth)
of at least two of all driving transistors (Tdr) included
in the light emitting display panel (100).

The light emitting display apparatus of claim 7,
wherein the controller (400) is configured to generate
the pieces of black image data corresponding to all
the pixels (110, P) included in the light emitting dis-
play panel (100), based on the average.

The light emitting display apparatus of claim 8,
wherein the pieces of black image data correspond-
ing to all the pixels (110, P) included in the light emit-
ting display panel (100), based on the average, are
equal.

The light emitting display apparatus of any one of
claims 1 to 9, wherein pieces of black image data
corresponding to all the pixels (110, P) included in
the light emitting display panel (100) are not equal.

The light emitting display apparatus of any one of
claims 1 to 10,

wherein

the characteristic value is or includes a minimum val-
ue among values of pieces of normal image data
voltages (Vdata_l) which are outputto all pixels (110,
P) included in the light emitting display panel (100)
in one frame period, and

the controller (400) is configured to generate the
black image data by using the minimum value.

The light emitting display apparatus of claim 11,
wherein a black image data voltage (Vdata_BI) gen-
erated by the data driver (300) on the basis of black
image data corresponding to the nth pixel (110, P) is
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greater than a reference black image data voltage
(Vdata_Bref) applied to all the pixels (110, P) includ-
ed in the light emitting display panel (100) and is less
than the minimum value.

The light emitting display apparatus of claim 11 or
12, wherein a black image data voltage (Vdata_BI)
generated by the data driver (300) on the basis of
black image data corresponding to the nth pixel (110,
P) is greater than a reference black image data volt-
age (Vdata_Bref) and is less than a predetermined
highest black image data voltage (Vdata_H).

The light emitting display apparatus of claim 13,
wherein, when the minimum value is greater than
the highest black image data voltage (Vdata_H), the
black image data voltage (Vdata_Bl) is the highest
black image data voltage (Vdata_H).
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FIG. 4

Blankﬂ
Period

2nd Frame period

Blank
Period

1st Frame period

FIG. 5

——-------—-Vdata I

a:Bref

Vdata BI

I

|
!

{fVih

_177,,,,T,,,7777777Vdat

Vdata

Vref

16



EP 3 675 109 A1

FIG. 6
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