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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0077131 filed on
Jul. 3, 2018, the entirety of which is hereby incorporated by
reference.

BACKGROUND

1. Field

[0002] Aspects of some example embodiments of the
inventive concept relate to a display device and a method of
driving the display device.

2. Description of the Related Art

[0003] Recently, organic light emitting display devices
(e.g., an organic light emitting display apparatus) have
become more widely used as a display device.

[0004] The organic light emitting display apparatus
includes a plurality of pixels. Each of the plurality of pixels
includes an organic light emitting diode and a pixel circuit
driving the organic light emitting diode. The pixel circuit
includes a plurality of transistors and a plurality of capaci-
tors.

[0005] When the organic light emitting diode and a driv-
ing transistor driving the organic light emitting diode are
operated for a long period of time, the organic light emitting
diode and/or the driving transistor may become degraded. A
display quality of an image displayed the organic light
emitting display device may therefore be decreased by the
degraded organic light emitting diode and/or the driving
transistor.

[0006] The organic light emitting display device applies a
reference signal to a pixel, receives a sensing signal from the
pixel, and corrects pixel data of the pixel based on the
sensing signal. A mode of compensating a degradation of the
organic light emitting display device includes an inside
compensation mode using an inside compensation circuit
disposed in the pixel and an external compensation mode
using an outside conpensation circuit disposed out the pixel.
[0007] The Background section of the present Specifica-
tion includes information that is intended to provide context
to example embodiments, and the information in the present
Background section does not necessarily constitute prior art.

SUMMARY

[0008] Aspects of some example embodiments of the
inventive concept relate to a display device and a method of
driving the display device. For example, some example
embodiments of the inventive concept relate a display
device for improving a display quality and a method of
driving the display device.

[0009] Some example embodiments of the inventive con-
cept provide an organic light emitting display device for
improving a display quality.

[0010] Some example embodiments of the inventive con-
cept provide a method of driving the organic light emitting
display device.
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[0011] According to some example embodiments of the
inventive concept an organic light emitting display device
includes: a display part comprising a plurality of pixel
circuits, a pixel circuit comprising an organic light emitting
diode and a first transistor, the first transistor comprising a
first electrode receiving a power source voltage and a second
electrode connected to the organic light emitting diode, an
initial voltage determining part configured to change a level
of an initial voltage using image data of a frame, a sensing
part configured to apply the initial voltage to the second
electrode of the first transistor, and a data driver configured
to apply a data voltage to the control electrode of the first
transistor.

[0012] According to some example embodiments, the
pixel circuit may further includes a second transistor com-
prising a control electrode connected to a scan line, a first
electrode connected to a data line and a second electrode
connected to the control electrode of the first transistor, and
a third transistor sensing comprising a control electrode
connected to a sensing scan line, a first electrode connected
to a sensing line and a second electrode connected to the
second electrode of the first transistor.

[0013] According to some example embodiments, the
pixel circuit may further include a storage capacitor con-
nected between the control electrode of the first transistor
and the second electrode of the first transistor.

[0014] According to some example embodiments, the
sensing line may transfer the initial voltage to the pixel
circuit, and a plurality of pixel circuits adjacent to the pixels
circuit may share the sensing line.

[0015] According to some example embodiments, the
organic light emitting display device may further include a
first scan driver configured to generate a scan signal having
a first on voltage period in which the second transistor is
turned on, and apply the scan signal to the scan line, and a
second scan driver configured to generate a sensing scan
signal having a second on voltage period prior to the first on
voltage period in which the third transistor is turned on, and
apply the sensing scan signal. to the sensing scan line.
[0016] According to some example embodiments, the
second on voltage period of the sensing scan signal may
have a first period and a second period, the first period may
be prior to the second on voltage period and the second
period may be overlap with the second on voltage period.
[0017] According to some example embodiments, the
initial voltage determining part may include a representative
calculator configured to divide image data of the frame into
a plurality of blocks and calculate a plurality of represen-
tative luminance values of the plurality of blocks, a lumi-
nance difference calculator configured to calculate a maxi-
mum luminance value and a minimum luminance value of
the representative luminance values and calculate a lumi-
nance difference value between the maximum luminance
value and the minimum luminance value, and a voltage level
adjuster configured to adjust the level of the initial voltage
based on the luminance difference value of the frame.
[0018] According to some example embodiments, the
voltage level adjuster may be configured to decrease the
level of the initial voltage when the luminance difference
value of the frame increases, and configured to increase the
level of the initial voltage when the luminance difference
value of the frame decreases.

[0019] According to some example embodiments, the
sensing part may be configured to receive a sensing signal
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corresponding to a threshold voltage of the first transistor
from the pixel circuit, and to digital-to-analog convert the
sensing signal to a sensing data.

[0020] According to some example embodiments, the
organic light emitting display device may further include a
timing controller configured to calculate a correction value
for compensating the threshold voltage of the first transistor
using the sensing data and to generate corrected image data
based on the correction value.

[0021] According to some example embodiments, the
initial voltage determining part may be configured to correct
the level of the initial voltage based on the correction value.

[0022] According to some example embodiments of the
inventive concept, there is provided method of driving an
organic light emitting display device which comprises a
display part comprising a plurality of pixel circuits, a pixel
circuit comprising an organic light emitting diode and a first
transistor, the first transistor comprising a first electrode
receiving a power source voltage and a second electrode
connected to the organic light emitting diode, the method
including changing a level of an initial voltage using image
data of a frame, applying the changed initial voltage the
second electrode of the first transistor, and applying a data
voltage to a control electrode of the first transistor.

[0023] According to some example embodiments, the
pixel circuit may further include a second transistor includ-
ing a control electrode connected to a scan line, a first
electrode connected to a data line and a second electrode
connected to a control electrode of the first transistor, and a
third transistor sensing including a control electrode con-
nected to a scan line, a first electrode connected to a sensing
line and a second electrode connected to the second elec-
trode of the first transistor, and the method may further
include applying a scan signal having a first on voltage
period in which the second transistor is turned on, to the scan
line and applying a sensing scan signal having a second on
voltage period prior to the first on voltage period in which
the third transistor is turned on, to the sensing scan line.

[0024] According to some example embodiments, the
second on voltage period of the sensing scan signal may
have a first period and a second period, the first period may
be prior to the second on voltage period and the second
period may be overlapped with the second on voltage period.

[0025] According to some example embodiments, the
initial voltage may be applied to the pixel circuit through the
sensing line, and a plurality of pixel circuits adjacent to the
pixels circuit may share the sensing line.

[0026] According to some example embodiments, the
changing the level of an initial voltage may include dividing
image data of the frame into a plurality of blocks and
calculate a plurality of representative luminance values of
the plurality of blocks, calculating a maximum luminance
value and a minimum luminance value of the representative
luminance values and calculate a luminance difference value
between the maximum luminance value and the minimum
luminance value and adjusting the level of the initial voltage
based on the luminance difference value of the frame.

[0027] According to some example embodiments, the
method may further include decreasing the level of the
initial voltage when the luminance difference value of the
frame increases, and increasing the level of the initial
voltage when the luminance difference value of the frame
decreases.
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[0028] According to some example embodiments, the
method may further include receiving a sensing signal
corresponding to a threshold voltage of the first transistor
from the pixel circuit and digital-to-analog converting the
sensing signal to a sensing data.

[0029] According to some example embodiments, the
method may further include calculating a correction value
for compensating the threshold voltage of the first transistor
using the sensing data and generating corrected image data
based on the correction value.

[0030] According to some example embodiments, the
method may further include correcting the level of the initial
voltage based on the correction value.

[0031] According to some example embodiments of the
inventive concept, the level of initial voltage applied to the
pixel circuit is changed by every frame based on a luminance
characteristic of a frame image and thus, a display quality
may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features and aspects of some
example embodiments of the inventive concept will become
more apparent by describing in more detail aspects of
example embodiments thereof with reference to the accom-
panying drawings, in which:

[0033] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to some example
embodiments;

[0034] FIG. 2 is a circuit diagram illustrating an unit pixel
circuit according to some example embodiments;

[0035] FIG. 3 is a timing diagram illustrating a method of
driving an organic light emitting display device according to
some example embodiments;

[0036] FIG. 4A is a block diagram illustrating an initial
voltage determining part according to some example
embodiments;

[0037] FIG. 4B is a conceptual diagram illustrating a
display panel according to some example embodiments;
[0038] FIG. 5A is a circuit diagram illustrating a pixel
circuit according to some example embodiments;

[0039] FIG. 5B is an I-V characteristic curve illustrating a
method of displaying a first compound image according to
some example embodiments;

[0040] FIG. 6A is a conceptual diagram illustrating a
method of displaying a first compound image according to
some example embodiments;

[0041] FIG. 6B is an I-V characteristic curve illustrating a
method of displaying a first compound image according to
some example embodiments;

[0042] FIG. 7A is a conceptual diagram illustrating a
method of displaying a second compound image according
to some example embodiments;

[0043] FIG. 7B is an I-V characteristic curve illustrating a
method of displaying a second compound image according
to some example embodiments;

[0044] FIG. 8A is a conceptual diagram illustrating a
method of displaying a third compound image according to
some example embodiments;

[0045] FIG. 8B is an I-V characteristic curve illustrating a
method of displaying a third compound image according to
some example embodiments; and

[0046] FIG. 9 is a flowchart diagram illustrating a method
of driving an organic light emitting display device according
to some example embodiments.
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DETAILED DESCRIPTION

[0047] Hereinafter, aspects of some example embodi-
ments of the inventive concept will be explained in more
detail with reference to the accompanying drawings.
[0048] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to some example
embodiments.

[0049] Referring to FIG. 1, an organic light emitting
display device 100 may include a display part 110, a timing
controller 120, a data driver 131, a sensing part (or sensor)
133, a first scan driver 141, a second scan driver 143, an
initial voltage determining part (or initial voltage deter-
miner, or initial voltage determining circuit) 150, and a
voltage generator 160.

[0050] The display part 110 may include a plurality of
pixels, a plurality of scan lines SL1, SL2, ..., SLN, a
plurality of sensing scan lines SSL1, SSL2, . . ., SSLn, a

plurality of data lines DL1, DL2, . . ., DLM and a plurality
of sensing lines SDL1, SDL2, ..., SDLm (wherein, ‘n’, ‘N’,
‘m’ and ‘M’ are natural numbers).

[0051] The pixels may be arranged as a matrix type (or in
a matrix configuration) which includes a plurality of pixel
rows and a plurality of pixel columns. A pixel row may
correspond to a horizontal line of the display part 110 and a
pixel column may correspond to a vertical line of the display
part 110.

[0052] Each pixel includes a pixel circuit PC, and the pixel
circuit PC includes an organic light emitting diode OLED
and a plurality of transistors driving the organic light emit-
ting diode OLED.

[0053] For example, the pixel circuit PC includes a data
line DL, a sensing line SDL, a scan line SL, a sensing scan
line SSL, a first transistor T1, an organic light emitting diode
OLED, a second transistor T2, a storage capacitor CST and
a third transistor T3.

[0054] The data line DL is connected to the output termi-
nal of the data driver 131 and transfers a data voltage to the
pixel circuit PC.

[0055] The sensing line SDL is connected to the sensing
part 133. The sensing line SDL may transfer an initial
voltage VINT to the pixel circuit PC during an image display
period and transfer a sensing signal sensed from the pixel
circuit PC to the sensing part 133 during a sensing period.
[0056] The scan line SL is connected to an output terminal
of the first scan driver 141, and transfers a scan signal
generated from the first scan driver 141 to the pixel circuit
PC. The scan signal includes a first on voltage period in
which the second transistor T2 is turned on.

[0057] The sensing scan line SSL is connected to an output
terminal of the second scan driver 143, and transfers a
sensing scan signal generated from the second scan driver
143 to the pixel circuit PC. The sensing scan signal includes
a second on voltage period in which the third transistor T3
is turned on.

[0058] The first transistor T1 includes a control electrode
connected to the storage capacitor CST, a first electrode
receiving a first power source voltage ELVDD and a second
electrode connected to an anode electrode of the organic
light emitting diode OLED.

[0059] The organic light emitting diode OLED includes an
anode electrode connected to a second electrode of the first
transistor T1 and a cathode electrode receiving a second
power source voltage ELVSS.
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[0060] The second transistor T2 includes a control elec-
trode connected to a scan line SL, a first electrode connected
to the data line DL and a second electrode connected to a
control electrode of the first transistor T1.

[0061] The storage capacitor CST includes a first electrode
connected to a control electrode of the first transistor T1 and
a second electrode connected to the anode electrode of the
organic light emitting diode OLED.

[0062] The third transistor T3 includes a control electrode
connected to the sensing scan line SSL, a first electrode
connected to a second electrode of the first transistor T1 and
a second electrode connected to the sensing line SDL.
[0063] The timing controller 120 receives image data
DATA and a control signal CONT from an external device.
The timing controller 120 generates a plurality of control
signals for driving the display device based on the control
signal CONT.

[0064] The plurality of control signals may include a first
control signal CONT1 controlling the data driver 131, a
second control signal CONT2 controlling the first scan
driver 141, a third control signal CONT3 controlling the
second scan driver 143, and a fourth control signal CONT4
controlling the initial voltage determining part 150.

[0065] The data driver 131 digital-to-analog converts cor-
rected image data DATAc received from the timing control-
ler 120 to a data voltage and outputs the data voltage to the
plurality of data lines DL1, DL.2, . .., DLM based on the
first control signal CONT1.

[0066] The sensing part 133 analog-to-digital converts
sensing signals received from the plurality of sensing lines
SDL1, SDL2, ..., SDLm to sensing data SD. The sensing
part 133 provides the timing controller 120 with the sensing
data SD.

[0067] According to some example embodiments, the
timing controller 120 calculates a correction value for com-
pensating a degradation of the pixel circuit PC based on the
sensing data, and generates corrected image data DATAc
using the correction value.

[0068] According to some example embodiments, the
timing controller 120 may control the initial voltage deter-
mining part 150 so that a level of the initial voltage is
corrected based on the correction value.

[0069] The first scan driver 141 generates a plurality of
scan signals based on the second control signal CONT2, and
may sequentially output the plurality of scan signals to the
plurality of scan lines SL.1, SL2, . .., SLN. The scan signal
includes a first on voltage period. The scan signal has a first
on voltage for turning on the second transistor T2 in the
pixel circuit PC during the first on voltage period.

[0070] The second scan driver 143 generates a plurality of
sensing scan signals based on the third control signal
CONT3, and may sequentially output the plurality of sens-
ing scan signals to the plurality of sensing scan lines SSL1,
SSL2, ..., SSLn. The sensing scan signal includes a second
on voltage period. The sensing scan signal has a second on
voltage for turning on the third transistor T3 in the pixel
circuit PC during the second on voltage period.

[0071] According to some example embodiments, the
second on voltage period of the sensing scan signal applied
to the pixel circuit PC includes a first period and a second
period, the first period is prior to a first on voltage period of
the scan signal and the second period overlaps with the first
on voltage period.
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[0072] The initial voltage determining part 150 divides
image data DATA of the frame into a plurality of blocks, and
calculates a plurality of block luminance values correspond-
ing to the plurality of blocks, respectively.

[0073] The initial voltage determining part 150 calculates
a maximum luminance value and a minimum luminance
value using the plurality of block luminance values, and
calculates a luminance difference value between the maxi-
mum luminance value and the minimum luminance value.
The initial voltage determining part 150 determines a level
of initial voltage VINT based on the luminance difference
value by every frame.

[0074] The voltage generator 160 generates a plurality of
driving voltages for driving the display part 110 using an
external power source voltage. The plurality of driving
voltages may include a first power source voltage ELVDD,
a second power source voltage ELVSS and a plurality of
initial voltages VINT.

[0075] According to some example embodiments, the
voltage generator 160 may generate the initial voltage VINT
corresponding to the level determined from the initial volt-
age determining part 150 by every frame. The voltage
generator 160 may provide the sensing part 133 with the
initial voltage VINT having the level determined by every
frame.

[0076] According to some example embodiments, in the
image display period, the level of initial voltage applied to
the pixel circuit is changed by every frame based on a
luminance characteristic of a frame image, which may
improve the display quality.

[0077] FIG. 2 is a circuit diagram illustrating a pixel
circuit according to some example embodiments. FIG. 3 is
a timing diagram illustrating a method of driving an organic
light emitting display device according to some example
embodiments.

[0078] Referring to FIG. 2, an unit pixel circuit PUC may
include a plurality of color pixel circuits, and the plurality of
color pixel circuits may share one sensing line.

[0079] For example, the unit pixel circuit PUC may
include a red pixel circuit R_PC, a white pixel circuit W_PC,
a green pixel circuit G_PC and a blue pixel circuit B_PC.

[0080] The red pixel circuit R_PC may include a first data
line DL, a first scan line SL1, a first sensing line SDL1, a
first sensing scan line SSL1, a first transistor T11, a first
organic light emitting diode R_OLED, a second transistor
T12, a first storage capacitor CST1 and a third transistor
T13.

[0081] The second transistor T12 is connected to a first
scan line SL1, a first data line DL1 and a first transistor T11.
The third transistor T13 is connected to a first sensing scan
line SSL1, a first sensing line SDL1 and a first organic light
emitting diode R_OLED.

[0082] The white pixel circuit W_PC includes a second
data line DL2, a first scan line SL1, a first sensing line SDL1,
a first sensing scan line SSL1, a first transistor T21, a second
organic light emitting diode W_OLED, a second transistor
T22, a second storage capacitor CST2 and a third transistor
T23.

[0083] The second transistor T22 is connected to a first
scan line SL1, a second data line DL2 and a first transistor
T21. The third transistor T23 is connected to a first sensing
scan line SSL1, a first sensing line SDL1 and a second
organic light emitting diode W_OLED.
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[0084] The green pixel circuit G_PC is connected to a
third data line DL3, a first scan line SL1, a first sensing line
SDL1, a first sensing scan line SSL1, a first transistor T31,
a third organic light emitting diode G_OLED, a second
transistor T32, a third storage capacitor CST3 and a third
transistor T33.

[0085] The second transistor T32 is connected to a first
scan line SL1, a third data line DL3 and a first transistor T31.
The third transistor T33 is connected to a first sensing scan
line SSI1, a first sensing line SDL1 and a third organic light
emitting diode G_OLED.

[0086] The blue pixel circuit B_PC includes a fourth data
line DL4, a first scan line SL1, a first sensing line SDL1, a
first sensing scan line SSIL1, a first transistor T41, a fourth
organic light emitting diode B_OLED, a second transistor
T42, a fourth storage capacitor CST4 and a third transistor
T43.

[0087] The second transistor T42 is connected to a first
scan line SL1, a fourth data line DL4 and a first transistor
T41. The third transistor T43 is connected to a first sensing
scan line SSL1, a first sensing line SDL1 and a fourth
organic light emitting diode B_OLED.

[0088] During an image display period in which the
organic light emitting display device emits a light, a method
of driving the unit pixel circuit PUC is explained.

[0089] Referring to FIGS. 1 and 3, the voltage generator
160 generates an initial voltage VINT having the level
determined from the initial voltage determining part 150,
and provides the sensing part 133 with the initial voltage
VINT. In addition, the voltage generator 160 provides the
display part 110 with a first power source voltage ELVDD
and a second power source voltage ELVSS.

[0090] The sensing part 133 outputs the initial voltage
VINT having the level determined by every frame to a
plurality of sensing lines SDL1, SDL2, . . ., SDLm.
[0091] The first scan driver 131 generates a plurality of
scan signals SC1, SC2, . . ., SCN and sequentially outputs
the plurality of scan signals SC1, SC2, . . ., SCN to the
plurality of scan lines SL1, SL.2, . . ., SLN.

[0092] The second scan driver 133 generates a plurality of
sensing scan signals SS1, 882, . .., SSn and sequentially
outputs the plurality of sensing scan signals SS1, SS2, . . .
, SSn to the plurality of sensing scan lines SSLL1, SSL2, . .
., SSLn.

[0093] The data driver 131 generates data voltages of the
frame and outputs the data voltages to the plurality of data
lines DL1, DL2, . .., DLM by every horizontal period.
[0094] Referring to FIGS. 2 and 3, in a first period tl, a
first sensing scan line SSL.1 receives an on voltage of a first
sensing scan signal, and a first sensing line SDL1 receives
an initial voltage VINT having the level determined by every
frame.

[0095] The red, white, green and blue pixel circuits R_PC,
W_PC, G_PC, and B_PC receive the initial voltage VINT
applied to the initial voltage VINT through the third tran-
sistors T13, T23, T33, and T43 which are turned on in
response to the on voltage of the first sensing scan signal.
[0096] Therefore, in each of the red, white, green, and blue
pixel circuits R_PC, W_PC, G_PC and B_PC, the first,
second, third, and fourth organic light emitting diodes
R_OLED, W_OLED, G_OLED and B_OLED and the first,
second, third, and fourth storage capacitors CST1, CST2,
CST3, and CST4 are initialized by the initial voltage VINT.
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[0097] In a second period t2, the first scan line SL1
receives the on voltage of the first scan signal, and first,
second, third, and fourth data lines DL1, DL2, DL3, and
DL4 receive first. second, third, and fourth data voltages,
respectively.

[0098] The red, white, green, and blue pixel circuits
R_PC, W_PC, G_PC, and B_PC receive the first, second,
third, and fourth data voltages respectively applied to the
first, second, third, and fourth data lines DL1, DL2, DL3,
and DL4 through the second transistors T12, T22, T32, and
T42, respectively, which are turned on in response to the on
voltage of the first scan signal.

[0099] For example. referring to the red pixel circuit
R_PC, the first data voltage applied to the first data line DL.1
is applied to the control electrode of the first transistor T11,
and stores in the first storage capacitor CST1. The first
transistor T11 is turned on based on the first data voltage and
a driving current corresponding to a gate/source voltage Vgs
of the first transistor T11 is applied to the anode electrode of
the first organic light emitting diode R_OLED.

[0100] The first organic light emitting diode R_OLED
emits a red light corresponding to a difference voltage
between the first data voltage and the initial voltage VINT
and thus may display a red image.

[0101] As described above, the second, third, and fourth
organic light emitting diodes W_OLED, G_OLED and
B_OLED in the white, green and blue pixel circuits W_PC,
G_PC, and B_PC may display color images.

[0102] In a sensing period in which the organic light
emitting display device senses a sensing signal from unit
pixel circuit PUC, a method of driving the unit pixel circuit
PUC is explained. The sensing period may be reset in a
vertical blank period of a frame period, a power off period,
a user setting period, etc.

[0103] In a first period, the first scan line SL1 receives an
on voltage of the first scan signal, the first sensing scan line
SSL1 receives an off voltage of the first sensing scan signal,
and the first, second, third, and fourth data lines DL1, DL2,
DL3, and DL4 receive a reset voltage. The reset voltage is
a reference voltage for resetting the red, white, green, and
blue pixel circuits R_PC, W_PC, G_PC, and B_PC.
[0104] The red, white, green, and blue pixel circuits
R_PC, W_PC, G_PC, and B_PC receives the reset voltage
through the second transistors T12, T22, T32, and T42
which are turned on, and then the first, second, third, and
fourth organic light emitting diodes R_OLED, W_OLED,
G_OLED, and B_OLED and first, second, third, and fourth
storage capacitors CST1, CST2, CST3, and CST4 may reset
by the reset voltage.

[0105] In a second period, the first scan line SL1 receives
an on voltage of the first scan signal, the first sensing scan
line SSL1 receives an off voltage of the first sensing scan
signal and the first, second, third and fourth data lines DI1,
DL2, DL3, and DL4 receive sampling voltages.

[0106] The sampling voltages are reference voltages for
forming sensing signals of the red, white, green, and blue
pixel circuits R_PC, W_PC, G_PC, and B_PC.

[0107] The red, white, green, and blue pixel circuits
R_PC, W_PC, G_PC, and B_PC receive the sampling
voltages through the second transistors T12, T22, T32, and
T42 which are turned on, and the sampling voltages is
applied to the first, second, third and fourth organic light
emitting diodes R_OLED, W_OLED, G_OLED, B_OLED
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and the first, second, third and fourth storage capacitors
CST1, CST2, CST3, and CST4.

[0108] The red, white, green, and blue pixel circuits
R_PC, W_PC, G_PC, and B_PC may form the sensing
signals based on the sampling voltages.

[0109] 1In a third period, the first scan line SL1 receives an
off voltage of the first scan signal and the first sensing scan
line SSL1 receives an on voltage of the first sensing scan
signal.

[0110] The sensing signals formed in the red, white, green,
and blue pixel circuits R_PC, W_PC, G_PC and B_PC are
applied to the first sensing line SDL1 through the third
transistors T13, T23, T33, and T43 which are turned on.
[0111] The sensing signal may correspond to a threshold
voltage of the first transistor or a driving current applied to
the organic light emitting diode.

[0112] FIG. 4A is a block diagram illustrating an initial
voltage determining part according to some example
embodiments. FIG. 4B is a conceptual diagram illustrating
a display panel according to some example embodiments.
[0113] Referring to FIGS. 1, 4A and 4B, the initial voltage
determining part 150 may include a representative calculator
151, a luminance difference calculator 153, and a voltage
level adjuster 155.

[0114] The representative calculator 151 divides the image
data of the frame into a plurality of blocks (JxK) (wherein,
‘I and ‘K’ are natural numbers). The representative calcu-
lator 151 analyzes image data of a block B and calculates a
representative luminance value of the block B.

[0115] The representative luminance value of the block B
may be determined, for example, as an average luminance
value, a minimum luminance value, or a maximum lumi-
nance value, etc. of the block B. The representative calcu-
lator 151 calculates a plurality of representative luminance
values respectively corresponding to a plurality of blocks by
every frame.

[0116] The luminance difference calculator 153 calculates
a maximum luminance value and a minimum luminance
value using the plurality of representative luminance values
of the plurality of block. The luminance difference calculator
153 calculates a luminance difference value between the
maximum luminance value and the minimum luminance
value.

[0117] The voltage level adjuster 155 determines the level
of the initial voltage VINT applied to the display part 110
based on the luminance difference value.

[0118] For example, when the luminance difference value
of the frame is in a reference range, the level of the initial
voltage VINT may be determined to be a normal level.
[0119] When the luminance difference value of the frame
is over the reference range, the level of the initial voltage
VINT may be determined to be a low level that is lower than
the normal level.

[0120] When the luminance difference value of the frame
is below the reference range, the level of the initial voltage
VINT may be determined to be a high level that is higher
than the normal level.

[0121] As described above, the level of the initial voltage
is determined to high, normal or low level and not limited
thereto. The level of the initial voltage may be determined to
be a plurality of levels, variously.

[0122] FIG. 5A is a circuit diagram illustrating a pixel
circuit according to some example embodiments. FIG. 5B is
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an 1-V characteristic curve illustrating a method of display-
ing a first compound image according to some example
embodiments.

[0123] Referring to FIG. 5A, the pixel circuit PC may
include a first transistor T1, a second transistor T2 and a
third transistor T3 of an NMOS (N-channel metal oxide
semiconductor)-type. The first, second and third transistors
T1, T2, and T3 are driven in a saturation region.

[0124] A driving current Id is applied to the organic light
emitting diode OLED according to a gate/source voltage
Vgs between a gate voltage Vg and a source voltage Vs of
the first transistor T1.

[0125] In the pixel circuit PC, the driving current Id is
applied to the organic light emitting diode OLED according
to the data voltage Vdata of the data line DL and the initial
voltage VINT of the sensing line SDL. The driving current
1d may be defined as the following Equation.

Vg = Vdata, Vs = VINT + Vel + ELVSS Equation

Vgs = Vdata — (VINT + Vel + ELVSS)

k
Id=5(

Vdaia— VINT — ELVSS — Vel - Vih)*

[0126] In Equation, ‘Vel’ is an OLED voltage, ‘Vth’ is a
threshold voltage of the first transistor and ‘k’ is a propor-
tional constant.

[0127] Referring to Equation, the driving current Id may
be changed by the initial voltage VINT, the power source
voltage ELVSS and an I-V characteristic of the organic light
emitting diode.

[0128] Referring to Equation and FIG. 5B, when a white
voltage being a highest grayscale voltage is applied to the
first transistor T1, a white current Id_W of a highest current
may be applied to the organic light emitting diode OLED
according to a gate/source voltage Vgs_W corresponding to
the white voltage and the initial voltage VINT.

[0129] However, when a black voltage being a lowest
grayscale voltage is applied to the first transistor T1, a black
current Id_B of a lowest current may be applied to the
organic light emitting diode OLED according to a gate/
source voltage Vgs B corresponding to the black voltage
and the initial voltage VINT.

[0130] The organic light emitting diode OLED may dis-
play a plurality of grayscales in a current range which is
from black current Id_B to the white current Id_W. When
the current range between the white current Id_W and the
black current Id_B increases, a grayscale expression of the
image may be clear. Thus, the display quality of the image
may be improved.

[0131] As described above, the driving current Id applied
to the organic light emitting diode OLED may be changed
by the level of the initial voltage VINT. For example, the
driving current Id may increase when the level of the initial
voltage VINT decreases and the driving current Id may
decrease when the level of the initial voltage VINT
increases.

[0132] According to some example embodiments, the
level of initial voltage applied to the pixel circuit is changed
by every frame based on a luminance characteristic of a
frame image and thus, the driving current applied to the
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organic light emitting diode may be adjusted. Thus, a
luminance characteristic by every frame image may be
improved.

[0133] FIG. 6A is a conceptual diagram illustrating a
method of displaying a first compound image according to
some example embodiments. FIG. 6B is an I-V character-
istic curve illustrating a method of displaying a first com-
pound image according to some example embodiments.
[0134] Referring to FIG. 6A, image data of a first frame
FI1 include a first maximum luminance block Bmax1 having
a first maximum luminance value and a first minimum
luminance block Bminl having a first minimum luminance
value. A first luminance difference value between the first
maximum luminance value and the first minimum lumi-
nance value is in the reference range.

[0135] Thus, the initial voltage VINT of the first frame FI1
may be determined to be a first initial voltage VINTR of the
normal level.

[0136] Referring to FIG. 6B, a first transistor in a pixel
circuit displaying a white grayscale of the first frame FI1 has
a first white gate/source voltage Vgs_W1 corresponding to
a difference voltage between the white voltage Vdata_W and
the first initial voltage VINTR as Equation.

[0137] A first white current Id_W1 corresponding to the
first white gate/source voltage Vgs_W1 is applied to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED may display a normal white.

[0138] A first transistor in a pixel circuit displaying a black
grayscale of the first frame FI1 has a first black gate/source
voltage Vgs Bl corresponding to a difference voltage
between the black voltage Vdata_B and the first initial
voltage VINTR as Equation.

[0139] A first black current Id_B1 corresponding to the
first black gate/source voltage Vgs_B1 is applied to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED may display a normal black.

[0140] FIG. 7A is a conceptual diagram illustrating a
method of displaying a second compound image according
to some example embodiments. FIG. 7B is an I-V charac-
teristic curve illustrating a method of displaying a second
compound image according to some example embodiments.
[0141] Referring to FIG. 7A, image data of a first frame
F12 include a second maximum luminance block Bmax2
having a second maximum luminance value and a second
minimum luminance block Bmin2 having a second mini-
mum luminance value. A second luminance difference value
between the second maximum luminance value and the
second minimum luminance value is over the reference
range. The first frame FI12 is an image having a large contrast
ratio.

[0142] Therefore, a level of a second initial voltage
VINTL corresponding to the second frame FI2 may be
determined to be a low level that is lower than the normal
level.

[0143] Referring to FIG. 7B, a first transistor in a pixel
circuit displaying a white grayscale of the second frame FI2
has a second white gate/source voltage Vgs_ W2 correspond-
ing to a difference voltage between the white voltage
Vdata_W and the second initial voltage VINTL as Equation.
[0144] A second white current [d_W2 corresponding to
the second white gate/source voltage Vgs_W2 is applied to
the organic light emitting diode OLED. The organic light
emitting diode OLED may display a high luminance white
higher than the normal white.
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[0145] A first transistor in a pixel circuit displaying a black
grayscale of the second frame FI2 has a second black
gate/source voltage Vgs_B2 corresponding to a difference
voltage between the black voltage Vdata_B and the second
initial voltage VINTL as Equation.

[0146] A second black current Id_B2 corresponding to the
second black gate/source voltage Vgs_B2 is applied to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED may display a black of a different lumi-
nance from a normal black.

[0147] In comparison with FIGS. 6A and 6B, a second
difference current Ald2 between the second white current
1d_W2 and the second black current Id_B2 may be more
than a first difference current Ald1 between the first white
current Id W1 and the first black current Id B1.

[0148] Therefore, the second white current Id_W2 is more
than the first white current Id_W1 and thus, a white image
of the second frame FI2 has a high luminance higher than a
luminance of a white image of the first frame FI1. The
contrast ratio of the second frame FI2 is more than that of the
first frame FI1 and thus, a clear image may be displayed.
[0149] FIG. 8A is a conceptual diagram illustrating a
method of displaying a third compound image according to
some example embodiments. FIG. 8B is an I-V character-
istic curve illustrating a method of displaying a third com-
pound image according to some example embodiments.
[0150] Referring to FIG. 8A, image data of a third frame
FI3 include a third maximum luminance block Bmax3
having a third maximum luminance value and a third
minimum luminance block Bmin3 having a third minimum
luminance value. A third luminance difference value
between the third maximum luminance value and the third
minimum luminance value is below the reference range.
[0151] Therefore, a level of a third initial voltage VINTH
corresponding to the third frame FI3 may be determined to
be a high level, higher than the normal level.

[0152] Referring to FIG. 8B, a first transistor in a pixel
circuit displaying a white grayscale of the third frame FI3
has a third white gate/source voltage Vgs_W3 correspond-
ing to a difference voltage between the white voltage
Vdata_W and the third initial voltage VINTH.

[0153] A third white current Id_W3 corresponding to the
third white gate/source voltage Vgs_W3 is applied to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED may display a low luminance white lower
than the normal white.

[0154] A first transistor in a pixel circuit displaying a black
grayscale of the third frame FI3 has a third black gate/source
voltage Vgs_B3 corresponding to a difference voltage
between the black voltage Vdata_B and the third initial
voltage VINTH.

[0155] A third black current Id_B3 is applied to the
organic light emitting diode OLED corresponding to the
third black gate/source voltage Vgs_B3. The organic light
emitting diode OLED may display a black of a luminance
equal to or lower than a luminance of the normal black.
[0156] In comparison with FIGS. 6A and 6B, a third
difference current Ald3 between the third white current
1d_W3 and the third black current Id_B3 may be less than
a first difference current Ald1 between the first white current
Id_W1 and the first black current Id_B1.

[0157] Therefore, the third white current Id_W3 is less
than the first white current Id_W1 and thus, a white image
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of the third frame FI3 has a low luminance lower than a
luminance of a white image of the first frame FI1.

[0158] Therefore, in the third frame FI3 having a small
luminance difference, dazzling may decrease and thus, the
display quality may be improved.

[0159] FIG. 9 is a flowchart diagram illustrating a method
of driving an organic light emitting display device according
to some example embodiments. According to various
embodiments, certain operations illustrated with respect to
FIG. 9 may be omitted or additional operations may be
included, and the order of operations may vary according to
some embodiments, unless otherwise indicated.

[0160] Referring to FIGS. 1, 4 and 9, in the image display
period of the organic light emitting display device, the
representative calculator 151 divides the image data of the
frame into a plurality of blocks, analyzes image data of a
block B and calculates a representative luminance value of
the block B and calculates a plurality of representative
luminance values respectively corresponding to a plurality
of blocks by every frame (Step S110).

[0161] The representative luminance value may be deter-
mined as an average luminance value, a minimum lumi-
nance value or a maximum luminance value, etc.

[0162] The luminance difference calculator 153 calculates
a maximum luminance value and a minimum luminance
value using the plurality of representative luminance values
of the plurality of block and calculates a luminance differ-
ence value between the maximum luminance value and the
minimum luminance value (Step $120).

[0163] The voltage level adjuster 155 determines the level
of the initial voltage VINT applied to the display part 110
based on the luminance difference value (Step S130).
[0164] For example, the luminance difference value of the
frame is in a reference range, the level of the initial voltage
VINT may be determined to be a normal level. When the
luminance difference value of the frame is over the reference
range, the level of the initial voltage VINT may be deter-
mined to be a low level that is lower than the normal level.
When the luminance difference value of the frame is below
the reference range, the level of the initial voltage VINT may
be determined to be a high level that is higher than the
normal level.

[0165] The voltage generator 160 generates the initial
voltage VINT having the level determined from the voltage
level adjuster 155 and provides the sensing part 133 with the
initial voltage VINT.

[0166] The sensing part 133 provides the pixel circuit PC
with the initial voltage VINT through the sensing line SDL.
The second scan driver 143 sequentially outputs the plurality
of sensing scan signals to the plurality of sensing scan lines
SSL1, SSL2, .. ., SSLn.

[0167] Therefore, the pixel circuit PC may be initialized
by the initial voltage VINT (Step S140).

[0168] Then, the data driver 131 provides the pixel circuit
PC with the data voltage through the data line DL. The first
scan driver 141 sequentially outputs the plurality of scan
signals to the plurality of scan lines SL1, SL2, . . ., SLN.
[0169] Therefore, the organic light emitting diode OLED
in the pixel circuit PC emits a light by the driving current
corresponding to a difference voltage between the data
voltage and the initial voltage (Step S150).

[0170] In the sensing period of the organic light emitting
display device, the sensing part 133 provides the pixel
circuit PC with the reset voltage through the sensing line



US 2020/0013345 A1

SDL. The second scan driver 143 sequentially outputs the
plurality of sensing scan signals to the plurality of sensing
scan lines SSL1, SSL2, . . ., SSLn.

[0171] Therefore, the pixel circuit PC may be reset by the
reset voltage (Step S210).

[0172] Then, the sensing part 133 provides the pixel
circuit PC with a sampling voltage through the sensing line
SDL. The second scan driver 143 sequentially outputs the
plurality of sensing scan signals to the plurality of sensing
scan lines SSL1, SSL2, SSLn.

[0173] Therefore, the pixel circuit PC may form a sensing
signal corresponding to the sampling voltage (Step S220).
The sensing signal may correspond to the threshold voltage
of the first transistor T1 in the pixel circuit.

[0174] Then, the sensing part 133 receives the sensing
signal from the pixel circuit PC through the sensing line
SDL, and analog-to-digital converts the sensing signal to
sensing data (Step S220).

[0175] The timing controller 120 calculates a correction
value for correcting the image data using the sensing data
(Step S240).

[0176] The timing controller 120 corrects the image data
using the correction value and provides the data driver 131
with the corrected image data (Step S250).

[0177] In addition, according to some example embodi-
ments, the initial voltage determining part 150 may correct
the level of the initial voltage VINT using the correction
value (Step S260).

[0178] As described above, the driving current Id may be
changed by a threshold voltage Vth of the first transistor T1.
The correction value is a value for compensating shifted
threshold voltage.

[0179] Therefore, the level of the initial voltage VINT
may be corrected based on the correction value.

[0180] The level of initial voltage applied to the pixel
circuit is changed by every frame based on a luminance
characteristic of a frame image and thus, the driving current
applied to the organic light emitting diode may be adjusted.
Thus, a luminance characteristic of the frame image may be
improved by every frame.

[0181] According to some example embodiments, in the
image display period, the level of initial voltage applied to
the pixel circuit is changed by every frame based on a
luminance characteristic of a frame image and thus, a
display quality may be improved.

[0182] Aspects of some example embodiments of the
present inventive concept may be applied to a display device
and an electronic device having the display device. For
example, the present inventive concept may be applied to a
computer monitor, a laptop, a digital camera, a cellular
phone, a smart phone, a smart pad, a television, a personal
digital assistant (PDA), a portable multimedia player (PMP),
a MP3 player, a navigation system, a game console, a video
phone, etc.

[0183] The foregoing is illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Although
a few example embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the example
embodiments without materially departing from the novel
teachings and aspects of the inventive concept. Accordingly,
all such modifications are intended to be included within the
scope of the inventive concept as defined in the claims, and
their equivalents. In the claims, means-plus-function clauses
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are intended to cover the structures described herein as
performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it is to
be understood that the foregoing is illustrative of the inven-
tive concept and is not to be construed as limited to the
specific example embodiments disclosed, and that modifi-
cations to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims. The inventive
concept is defined by the following claims, with equivalents
of the claims to be included therein.

What is claimed is:

1. An organic light emitting display device comprising:

a display part comprising a plurality of pixel circuits,

a pixel circuit from among the pixel circuits compris-
ing:
an organic light emitting diode; and
a first transistor, the first transistor comprising a first
electrode configured to receive a power source
voltage and a second electrode connected to the
organic light emitting diode;

an initial voltage determiner configured to change a level
of an initial voltage using image data of a frame;

a sensor configured to apply the initial voltage to the
second electrode of the first transistor; and

a data driver configured to apply a data voltage to a
control electrode of the first transistor.

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

wherein the pixel circuit further comprises:

a second transistor comprising a control electrode con-
nected to a scan line, a first electrode connected to a
data line and a second electrode connected to the
control electrode of the first transistor; and

a third transistor comprising a control electrode connected
to a sensing scan line, a first electrode connected to a
sensing line, and a second electrode connected to the
second electrode of the first transistor.

3. The organic light emitting display device of claim 1,
wherein the pixel circuit further comprises a storage capaci-
tor connected between the control electrode of the first
transistor and the second electrode of the first transistor.

4. The organic light emitting display device of claim 2,
wherein the sensing line is configured to transfer the initial
voltage to the pixel circuit, wherein multiple ones of the
pixel circuits adjacent to the pixel circuit share the sensing
line.

5. The organic light emitting display device of claim 2,
further comprising:

a first scan driver configured to:

generate a scan signal having a first on voltage period
in which the second transistor is turned on; and
apply the scan signal to the scan line; and

a second scan driver configured to:
generate a sensing scan signal having a second on

voltage period prior to the first on voltage period in
which the third transistor is turned on; and
apply the sensing scan signal to the sensing scan line.

6. The organic light emitting display device of claim 5,
wherein the second on voltage period of the sensing scan
signal has a first period and a second period, wherein the first
period is prior to the second on voltage period and the
second period overlaps with the second on voltage period.

7. The organic light emitting display device of claim 1,
wherein the initial voltage determiner comprises:
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a representative calculator configured to divide image
data of the frame into a plurality of blocks and calculate
a plurality of representative luminance values of the
plurality of blocks;

a luminance difference calculator configured to calculate
a maximum luminance value and a minimum lumi-
nance value of the representative luminance values and
calculate a luminance difference value between the
maximum luminance value and the minimum lumi-
nance value; and

a voltage level adjuster configured to adjust the level of
the initial voltage based on the luminance difference
value of the frame.

8. The organic light emitting display device of claim 7,

wherein the voltage level adjuster is configured to:
decrease the level of the initial voltage when the lumi-
nance difference value of the frame increases; and
increase the level of the initial voltage when the lumi-
nance difference value of the frame decreases.

9. The organic light emitting display device of claim 1,
wherein the sensor is configured to:

receive a sensing signal corresponding to a threshold
voltage of the first transistor from the pixel circuit; and

digital-to-analog convert the sensing signal to a sensing
data.

10. The organic light emitting display device of claim 9,

further comprising:

a timing controller configured to calculate a correction
value for compensating the threshold voltage of the first
transistor using the sensing data and to generate cor-
rected image data based on the correction value.

11. The organic light emitting display device of claim 10,
wherein the initial voltage determiner is configured to cor-
rect the level of the initial voltage based on the correction
value.

12. A method of driving an organic light emitting display
device, the organic light emitting display device comprising:

a display part comprising a plurality of pixel circuits,
wherein a pixel circuit of the pixel circuits comprises
an organic light emitting diode and a first transistor, the
first transistor comprising a first electrode configured to
receive a power source voltage and a second electrode
connected to the organic light emitting diode, the
method comprising:

changing a level of an initial voltage using image data of
a frame;

applying the changed initial voltage the second electrode
of the first transistor; and

applying a data voltage to a control electrode of the first
transistor.

13. The method of claim 12, wherein the pixel circuit

further comprises:

a second transistor comprising a control electrode con-
nected to a scan line, a first electrode connected to a
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data line and a second electrode connected to a control
electrode of the first transistor; and

a third transistor comprising a control electrode connected

to a scan line, a first electrode connected to a sensing
line and a second electrode connected to the second
electrode of the first transistor, and

the method further comprises:

applying a scan signal having a first on voltage period in

which the second transistor is turned on, to the scan
line; and

applying a sensing scan signal having a second on voltage

period prior to the first on voltage period in which the
third transistor is turned on, to a sensing scan line.

14. The method of claim 13, wherein the second on
voltage period of the sensing scan signal has a first period
and a second period,

wherein the first period is prior to the second on voltage

period and the second period is overlapped with the
second on voltage period.

15. The method of claim 13, wherein the initial voltage is
applied to the pixel circuit through the sensing line, and a
plurality of pixel circuits adjacent to the pixels circuit shares
the sensing line.

16. The method of claim 12, wherein changing the level
of the initial voltage comprises:

dividing image data of the frame into a plurality of blocks

and calculating a plurality of representative luminance
values of the plurality of blocks;

calculating a maximum luminance value and a minimum

luminance value of the representative luminance values
and calculate a luminance difference value between the
maximum luminance value and the minimum lumi-
nance value; and

adjusting the level of the initial voltage based on the

luminance difference value of the frame.

17. The method of claim 16, further comprising:

decreasing the level of the initial voltage when the lumi-

nance difference value of the frame increases, and
increasing the level of the initial voltage when the lumi-
nance difference value of the frame decreases.

18. The method of claim 12, further comprising:

receiving a sensing signal corresponding to a threshold

voltage of the first transistor from the pixel circuit; and
digital-to-analog converting the sensing signal to a sens-
ing data.

19. The method of claim 18, further comprising:

calculating a correction value for compensating the

threshold voltage of the first transistor using the sensing
data; and

generating corrected image data based on the correction

value.

20. The method of claim 19, further comprising:

correcting the level of the initial voltage based on the

correction value.
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