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(57) ABSTRACT
An organic light emitting display device includes pixels
connected to scan lines, data lines, and emission control
lines to emit light components in response to amounts of
current that flow from a first driving power source to a
second driving power source, a sensing unit connected
between the first or second driving power source and the
pixels to measure to at least one of current and voltage, a
controller to sense a control signal in response to at least one
of the current and the voltage measured by the sensing unit,
a timing controller to supply a plurality of emission start
signals with different widths in a one frame period in
response to the control signal when the organic light emit-
ting display device is driven at a low frequency, and an
emission driver to supply emission control signals to the
emission control lines in response to the emission start
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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 from and the ben-
efit of Korean Patent Application No. 10-2017-0104918,
filed on Aug. 18, 2017, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] Exemplary embodiments relate to an organic light
emitting display device and a method of driving the same.

Discussion of the Background

[0003] With the development of information technology,
display devices have become important as connection medi-
ums between users and information. In line with this, uses of
display devices such as liquid crystal display devices and
organic light emitting display devices are increasing.
[0004] Among such display devices, an organic light emit-
ting display device displays an image by using organic light
emitting diodes (OLED) that generate light components by
re-combination of electrons and holes. The organic light
emitting display device has a high response speed and low
power consumption.

[0005] The organic light emitting display device includes
pixels connected to data lines and scan lines. Each of the
pixels commonly includes an OLED and a driving transistor
for controlling an amount of current that flows to the OLED.
The driving transistor controls an amount of current that
flows from a first driving power source to a second driving
power source via the OLED in response to a data signal. At
this time, the OLED generates light with predetermined
brightness in response to an amount of current from the
driving transistor.

[0006] Recently, a method of driving organic light emit-
ting display devices at both a high frequency and a low
frequency has been developed. When the organic light
emitting display device is driven at the low frequency (for
example, less than 60 Hz), power consumption may be
minimized. When the organic light emitting display device
is driven at the high frequency (for example, no less than 60
Hz), a moving picture may be clearly displayed.

[0007] However, when the organic light emitting display
device is driven at the low frequency, a one frame period is
set to be large so that a difference in brightness between
frames is recognized and that a flicker phenomenon may
occur.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0009] Exemplary embodiments of the invention may pro-
vide an organic light emitting display device that prevents or
reduces a flicker phenomenon from occurring.
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[0010] Exemplary embodiments of the invention may also
provide a method of driving the organic light emitting
display device to reduce or prevent a flicker phenomenon
from occurring.

[0011] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concept.

[0012] An exemplary embodiment discloses an organic
light emitting display device that includes pixels connected
to scan lines, data lines, and emission control lines and
configured to emit light components in response to amounts
of current that flow from a first driving power source to a
second driving power source, a sensing unit connected
between the first driving power source and the pixels or
between the second driving power source and the pixels and
configured to measure to at least one of current and voltage,
a controller configured to generate a control signal in
response to at least one of the current and the voltage
measured by the sensing unit, a timing controller configured
to supply a plurality of emission start signals with different
widths in a one frame period in response to the control signal
when the organic light emitting display device is driven at a
low frequency, and an emission driver configured to supply
emission control signals to the emission control lines in
response to the emission start signals.

[0013] When the organic light emitting display device is
driven at the low frequency, the one frame period may be
divided into a plurality of sub-periods with the same width
and emission periods of the pixels in the sub-periods are set
to be different from each other in response to the widths of
the emission start signals.

[0014] The widths of the emission start signals may be set
so that the emission periods of the pixels increase from the
first sub-period toward the last sub-period.

[0015] The organic light emitting display device may
further include an ammeter configured to measure the
amounts of the currents.

[0016] The controller may include a comparator config-
ured to accumulate the amounts of the currents from the
sensing unit in the emission period of the first sub-period in
the one frame period, to store the accumulated amounts of
the currents as a reference value, and to generate the control
signal when the reference value is equal to the amounts of
the currents measured by the sensing unit in the other
sub-periods and a storage unit configured to store the
reference value.

[0017] The emission period of the first sub-period may be
previously set to be no more than 80% of the first sub-period
and the emission periods of the other sub-periods are set in
response to the control signal.

[0018] The sensing unit may include a sensing resistor.
[0019] The controller may include a converter configured
to convert the voltage values from the sensing resistor into
the current values, a comparator configured to accumulate
the amounts of the currents from the converter in the
emission period of the first sub-period in the one frame
period, to store the accumulated amounts of the currents as
a reference value, and to generate the control signal when
the reference value is equal to the amounts of the currents
supplied from the converter in the other sub-periods, and a
storage unit configured to store the reference value.

[0020] The emission period of the first sub-period may be
previously set to be no more than 80% of the first sub-period
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and the emission periods of the other sub-periods are set in
response to the control signal.

[0021] A method of driving an organic light emitting
display device so that a one frame period is divided into a
plurality of sub-periods according to an exemplary embodi-
ment of the present invention includes accumulating
amounts of current that flow to pixels in an emission period
of a first sub-period and controlling emission periods of the
pixels so that the amounts of current that flow to the pixels
in remaining sub-periods excluding the first sub-period are
the same as the amounts of the current accumulated in the
first sub-period.

[0022] When the first sub-period is set as 100%, the
emission period of the first sub-period may be set to be no
more than 80%.

[0023] The emission periods of the pixels may be set to be
larger from the first sub-period toward the last sub-period.
[0024] The pixels may maintain data signals supplied in
the first sub-period in the remaining sub-periods.

[0025] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are included
to provide a further understanding of the inventive concepts,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0027] FIG. 1 is a view illustrating an organic light emit-
ting display device according to an exemplary embodiment
of the present invention.

[0028] FIGS. 2A and 2B are views illustrating schematic
operation processes of the emission driver of FIG. 1.
[0029] FIG. 3 is a view illustrating an exemplary embodi-
ment of the pixel of FIG. 1.

[0030] FIG. 4 is a waveform diagram illustrating an exem-
plary embodiment of a method of driving the pixel of FIG.
3.

[0031] FIGS. 5A and 5B are views illustrating an exem-
plary embodiment of the sensing unit of FIG. 1.

[0032] FIG. 6 is a view illustrating a one frame period
when an organic light emitting display device is driven at a
low frequency.

[0033] FIG. 7A is a view illustrating an exemplary
embodiment of the controller of FIG.

[0034] FIG. 7B is a view illustrating another exemplary
embodiment of the controller of FIG. 1.

[0035] FIG. 8 is a view illustrating an exemplary embodi-
ment of an emission start signal supplied in sub-periods.
[0036] FIG. 9 is a view illustrating an organic light emit-
ting display device according to another exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0037] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
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details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0038] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0039] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. For the purposes of
this disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and 7 may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and 7, such as, for instance, XYZ,
XYY, YZ, and 7ZZ. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0040] Although the terms “first,” “second,” etc. may be
used herein to describe various elements, components,
regions, layers, and/or sections, these elements, components,
regions, layers, and/or sections should not be limited by
these terms. These terms are used to distinguish one element,
component, region, layer, and/or section from another ele-
ment, component, region, layer, and/or section. Thus, a first
element, component, region, layer, and/or section discussed
below could be termed a second element, component,
region, layer, and/or section without departing from the
teachings of the present disclosure.

[0041] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings is turned
over, elements described as “below” or “beneath” other
elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0042] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups

thereof.
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[0043] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0044] FIG. 1 is a view illustrating an organic light emit-
ting display device according to an exemplary embodiment
of the invention.

[0045] Referring to FIG. 1, the organic light emitting
display device according to the exemplary embodiment
includes a pixel unit 100, a scan driver 110, a data driver
120, an emission driver 130, a timing controller 140, a host
system 150, a sensing unit 160, and a controller 170.
[0046] The host system 150 supplies image data RGB to
the timing controller 140 through a predetermined interface.
In addition, the host system 150 supplies timing signals such
as a vertical synchronizing signal Vsync, a horizontal syn-
chromzing signal Hsync, a data enable signal DE, and a
clock signal CLK to the timing controller 140.

[0047] The timing controller 140 generates a scan driving
control signal SCS, a data driving control signal DCS, and
an emission driving control signal ECS based on the timing
signals such as the image data RGB, the vertical synchro-
nizing signal Vsync, the horizontal synchronizing signal
Hsync, the data enable signal DE, and the clock signal CLK
that are output from the host system 150. The scan driving
control signal SCS generated by the timing controller 140 is
supplied to the scan driver 110, the data driving control
signal DCS is supplied to the data driver 120, and the
emission driving control signal ECS is supplied to the
emission driver 130. The timing controller 140 realigns the
data RGB supplied from the outside and supplies the
realigned data RGB to the data driver 120.

[0048] In addition, the timing controller 140 controls
supply timing of an emission start signal supplied to the
emission driver 130 in response to a control signal CS
supplied from the controller 170 when the organic light
emitting display device is driven at a low frequency. For
example, the timing controller 140 may supply a plurality of
emission start signals with different widths to the emission
driver 130 in response to the control signal CS in a one frame
period, which will be described later.

[0049] The scan driving control signal SCS includes a
scan start signal and clock signals. The scan start signal
controls first timings of scan signals. The clock signals are
used for shifting the scan start signal.

[0050] The data driving control signal DCS includes a
source start signal and clock signals. The source start signal
controls a data sampling start point of time. The clock
signals are used for controlling sampling operations.
[0051] The emission driving control signal ECS includes
the emission start signal and the clock signals. The emission
start signal controls widths and supply timings of emission
control signals. The clock signals are used for shifting the
emission start signal.

[0052] The scan driver 110 supplies the scan signals to
scan lines S in response to the scan driving control signal
SCS. For example, the scan driver 110 may sequentially
supply the scan signals to the scan lines S. When the scan
signals are sequentially supplied to the scan lines S, pixels
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PXL are selected in units of horizontal lines. For this
purpose, the scan signals are set to have gate on voltages so
that transistors included in the pixels PXT may be turned on.

[0053] The data driver 120 supplies data signals to data
lines D in response to the data driving control signal DCS.
The data signals supplied to the data lines D are supplied to
the pixels PXL selected by the scan signals. For this purpose,
the data driver 120 may supply the data signals to the data
lines D in synchronization with the scan signals.

[0054] The emission driver 130 supplies the emission
control signals to emission control lines E in response to the
emission driving control signal ECS. For example, the
emission driver 130 may sequentially supply the emission
control signals to the emission control lines E. When the
emission control signals are sequentially supplied to the
emission control lines E. the pixels PXL do not emit light
components in units of horizontal lines. For this purpose, the
emission control signals are set to have gate off voltages so
that the transistors included in the pixels PXT may be turned
off.

[0055] In addition, an emission control signal supplied to
an ith (i is a natural number) emission control line Ei may
overlap a scan signal supplied to an ith scan line Si. Then,
in a period in which data signals are supplied to pixels PXL
positioned in an ith horizontal line, the pixels PXL posi-
tioned in the ith horizontal line are set to be in a non-
emission state so that it is possible to prevent undesired light
components from being generated by the pixels PXL.

[0056] In addition, the emission driver 130 respectively
supplies the plurality of emission control signals to the
emission control lines E in response to control of the timing
controller 140 in one frame period when the organic light
emitting display device is driven at the low frequency. Here,
the plurality of emission control signals respectively sup-
plied to the emission control lines E in the one frame period
are set to have different widths, which will be described in
detail later.

[0057] On the other hand, in FIG. 1, the scan driver 110
and the emission driver 130 are illustrated as separate
drivers. However, exemplary embodiments are not limited
thereto. For example, the scan driver 110 and the emission
driver 130 may be formed of one driver. The scan driver 110
and/or the emission driver 130 may be mounted on a
substrate through a thin film process. In addition, the scan
driver 110 and/or the emission driver 130 may be positioned
at both sides with the pixel unit 100 interposed.

[0058] The pixel unit 100 includes the pixels PXL posi-
tioned to be connected to the data lines D, the scan lines S,
and the emission control lines E. The pixels PXL receive a
first driving power source ELVDD and a second driving
power source ELVSS from the outside.

[0059] The pixels PXL are selected when the scan signals
are supplied to the scan lines S connected thereto and receive
the data signals from the data lines D. The data signals that
the pixels PXL receives controls the amounts of current that
flow from the first driving power source ELVDD to the
second driving power source ELVSS via organic light emit-
ting diodes (OLED) (not shown). At this time, the OLEDs
generate light components with predetermined brightness
components in response to the amounts of the current the
OLED receives. In addition, the first driving power source
ELVDD is set to have a voltage higher than that of the
second driving power source ELVSS.
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[0060] On the other hand, in FIG. 1, it is illustrated that
each of the pixels PXL is connected to one scan line S, one
data line D, and one emission control line E. However,
exemplary embodiments are not limited thereto. That is, in
response to a circuit structure of each of the pixels PXL, the
signal lines S, D, and E connected to the pixels PXL may set
vary. In addition, according to the exemplary embodiment,
the pixels PXL may be implemented by currently known
various circuits.

[0061] The sensing unit 160 is connected between the
pixels PXL and the second driving power source ELVSS.
The sensing unit 160 senses a current and/or a voltage
between the pixels PXL and the second driving power
source ELVSS.

[0062] The controller 170 supplies the control signal CS to
the timing controller 140 in response to the current and/or
the voltage sensed by the sensing unit 160. Here, the
controller 170 supplies the control signal CS only when the
organic light emitting display device is driven at the low
frequency and does not supply the control signal CS when
the organic light emitting display device is driven at a high
frequency.

[0063] That is, the organic light emitting display device
may be driven at the high frequency by various known
methods. Detailed description thereof will not be given.
[0064] In addition, in FIG. 1, the controller 170 is illus-
trated as being separate from the timing controller 140.
However, exemplary embodiments are not limited thereto.
For example, the controller 170 may be included in the
timing controller 140.

[0065] FIGS. 2A and 2B are views illustrating schematic
operation processes of the emission driver of FIG. 1.

[0066] Referring to FIGS. 2A and 2B, the emission driver
130 according to the exemplary embodiment sequentially
supplies the emission control signals to the emission control
lines E1 through En in response to the emission start signal
ESP. Here, widths of the emission control signals supplied to
the emission control lines E1 through En and the number of
times of the emission control signals are supplied are
controlled by the emission start signal ESP.

[0067] For example, when the emission start signal ESP is
supplied once in a one frame 1F period, the emission control
signals are respectively supplied to the emission control
lines E1 through En once. When the emission start signal
ESP is supplied twice in the one frame 1F period, the
emission control signals are respectively supplied to the
emission control lines E1 through En twice.

[0068] In addition, the widths of the emission control
signals respectively supplied to the emission control lines E1
through En are set to be the same as or similar to a width of
the emission start signal ESP. Therefore, the widths of the
emission control signals and the number of times the emis-
sion control signals are supplied to the emission control lines
E1 through En may be controlled by controlling the width of
the emission start signal ESP and number of times the
emission start signal ESP is supplied in the one frame 1F
period.

[0069] As described above, the emission driver 130,
according to the exemplary embodiment, controls the widths
of the emission control signals and number of times the
emission control signals are supplied in response to the
emission start signal ESP. The emission driver 130 may be
implemented by various known circuits.
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[0070] FIG. 3 is a view illustrating an exemplary embodi-
ment of the pixel of FIG. 1. In FIG. 3, for convenience sake,
the pixel PXL positioned in the ith horizontal line will be
illustrated.

[0071] Referring to FIG. 3, the pixel PXL, according to the
exemplary embodiment, includes an OLED OLED and a
pixel circuit 202 for controlling an amount of current
supplied to the OLED OLED.

[0072] An anode electrode of the OLED OLED is con-
nected to the pixel circuit 202 and a cathode electrode
thereof is connected to the second driving power source
ELVSS. The OLED OLED generates light with predeter-
mined brightness in response to the amount of the current
supplied from the pixel circuit 202. On the other hand, the
cathode electrode of the OLED OLED is connected to the
second driving power source ELVSS via the sensing unit
160. However, in FIG. 3, for convenience sake, it is illus-
trated that the cathode electrode of the OLED OLED is
directly connected to the second driving power source
ELVSS.

[0073] The pixel circuit 202 controls the amount of the
current supplied to the OLED OLED in response to the data
signal supplied from the data line Dm. For this purpose, the
pixel circuit 202 includes a driving transistor MD, first
through sixth transistors M1 through M6, and a storage
capacitor Cst.

[0074] A first electrode of the driving transistor MD is
connected to a first node N1 and a second electrode thereof
is connected to a first electrode of the sixth transistor M6. A
gate electrode of the driving transistor MD is connected to
a second node N2. The driving transistor MD controls the
amount of the current that flows from the first driving power
source ELVDD to the second driving power source ELVSS
via the OLED OLED in response to a voltage charged in the
storage capacitor Cst.

[0075] The first transistor M1 is connected between the
anode electrode of the OLED OLED and a first power source
Vint. A gate electrode of the first transistor M1 is connected
to the ith scan line Si. The first transistor M1 is turned on
when the scan signal is supplied to the ith scan line Si and
electrically connects the anode electrode of the OLED
OLED and the first power source Vint.

[0076] In addition, the gate electrode of the first transistor
M1 may receive one of the scan signals that overlap the
emission control signal supplied to the ith emission control
line Fi. For example, when the emission control signal
supplied to the ith emission control line Ei overlaps the scan
signals supplied to the (i-1)th scan line Si-1, the ith scan
line Si, and the (i+1)th scan line Si+1, the gate electrode of
the first transistor M1 may be electrically connected to one
of the (i-1)th scan line Si-1, the ith scan line Si, and the
(i+1)th scan line Si+1.

[0077] The second transistor M2 is connected between the
data line Dm and the first node N1. A gate electrode of the
second transistor M2 is connected to the ith scan line Si. The
second transistor M2 is turned on when the scan signal is
supplied to the ith scan line Si and electrically connects the
data line Dm and the first node N1.

[0078] The third transistor M3 is connected between the
second node N2 and the first power source Vint. A gate
electrode of the third transistor M3 is connected to the
(i-1)th scan line Si-1. The third transistor M3 is turned on
when the scan signal is supplied to the (i-1)th scan line Si-1
and supplies a voltage of the first power source Vint to the
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first power source Vint. Here, the voltage of the first power
source Vint is set to be lower than that of the data signal
supplied to the data line Dm.

[0079] The fourth transistor M4 is connected between the
second electrode of driving transistor MD and the second
node N2. The gate electrode of the fourth transistor M4 is
connected to the ith scan line Si. The fourth transistor M4 is
turned on when the scan signal is supplied to the ith scan line
Si and diode-connects the driving transistor MD.

[0080] The fifth transistor M5 is connected between the
first driving power source ELVDD and the first node N1. A
gate electrode of the fifth transistor M5 is connected to the
ith emission control line Fi. The fifth transistor M5 is turned
off when the emission control signal is supplied to the ith
emission control line Ei and is turned on in the other case.
When the fifth transistor M5 is turned on, a voltage of the
first driving power source ELVDD is supplied to the first
node N1.

[0081] The sixth transistor M6 is connected between the
second electrode of the driving transistor MD and the anode
electrode of the OLED OLED. A gate electrode of the sixth
transistor M6 is connected to the ith emission control line Ei.
The sixth transistor M6 is turned off when the emission
control signal is supplied to the ith emission control line Ei
and is turned on in the other case. When the sixth transistor
M6 is turned on, the second electrode of the driving tran-
sistor MD and the anode electrode of the OLED OLED are
electrically connected to each other.

[0082] The storage capacitor Cst is connected between the
first driving power source ELVDD and the second node N2.
The storage capacitor Cst charges the data signal and a
voltage corresponding to a threshold voltage of the driving
transistor MD.

[0083] FIG. 4 is a waveform diagram illustrating an exem-
plary embodiment of a method of driving the pixel of FIG.
3.

[0084] Referring to FIG. 4, first, when the emission con-
trol signal is supplied to the ith emission control line Ei, the
fifth transistor M5 and the sixth transistor M6 are turned off.
When the fifth transistor M5 is turned off, the first driving
power source ELVDD and the first node N1 are electrically
isolated from each other. When the sixth transistor M6 is
turned off, the driving transistor MD and the OLED OLED
are electrically isolated from each other. Therefore, in a
period in which the emission control signal is supplied, the
pixel PXL is set to be in a non-emission state.

[0085] Then, the scan signal is supplied to the (i-1)th scan
line Si-1. When the scan signal is supplied to the (i-1)th
scan line Si-1, the third transistor M3 is turned on. When the
third transistor M3 is turned on, the voltage of the first power
source Vint is supplied to the second node N2.

[0086] After the voltage of the first power source Vint is
supplied to the second node N2, the scan signal is supplied
to the ith scan line Si. When the scan signal is supplied to the
ith scan line Si, the first transistor M1, the second transistor
M2, and the fourth transistor M4 are turned on.

[0087] When the first transistor M1 is turned on, the
voltage of the first power source Vint is supplied to the anode
electrode of the OLED OLED. When the voltage of the first
power source Vint is supplied to the anode electrode of the
OLED OLED, an organic capacitor Coled equivalently
formed in the OLED OLED is discharged so that black
display ability increases.
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[0088] When the fourth transistor M4 is turned on, the
driving transistor MD is diode-connected. When the second
transistor M2 is turned on, the data signal from the data line
Dm is supplied to the first node N1. At this time, since the
second node N2 is set to have the voltage of the first power
source Vint lower than that of the data signal, the driving
transistor MD is turned on.

[0089] When the driving transistor MD is turned on, the
data signal supplied to the first node N1 is supplied to the
second node N2 via the diode-connected driving transistor
MD. At this time, the second node N2 is set as the data signal
and the voltage corresponding to the threshold voltage of the
driving transistor MD. The storage capacitor Cst stores the
voltage applied to the second node N2.

[0090] After the data signal and the voltage corresponding
to the threshold voltage of the driving transistor MD are
charged in the storage capacitor Cst, supply of the emission
control signal to the ith emission control line Ei stops. When
the supply of the emission control signal to the ith emission
control line Ei stops, the fifth transistor M5 and the sixth
transistor M6 are turned on.

[0091] When the fifth transistor M5 is turned on, the first
driving power source ELVDD and the first node N1 are
electrically connected to each other. When the sixth transis-
tor M6 is turned on, the driving transistor MD and the anode
electrode of the OLED OLED are electrically connected to
each other. At this time, the driving transistor MD controls
the amount of the current that flows from the first driving
power source ELVDD to the second driving power source
ELVSS via the OLED OLED in response to the voltage
applied to the second node N2.

[0092] On the other hand, as described above, emission
time of the pixel PXL according to the exemplary embodi-
ment is determined in response to the width of the emission
control signal supplied to the ith emission control line Ei.
For example, as the width of the emission control signal
supplied to the ith emission control line Ei is set to be larger,
the emission time of the pixel PXL is set to be smaller.
[0093] FIGS. 5A and 5B are views illustrating an exem-
plary embodiment of the sensing unit of FIG. 1.

[0094] Referring to FIG. 5A, the sensing unit 160 accord-
ing to the exemplary embodiment includes an ammeter 162.
The ammeter 162 is positioned between the second driving
power source ELVSS and the pixels PXL and measures the
amounts of the current supplied from the pixels PXL to the
second driving power source ELVSS. The amounts of the
current measured by the ammeter 162 are supplied to the
controller 170.

[0095] Referring to FIG. 5B, the sensing unit 160 accord-
ing to another exemplary embodiment includes a sensing
resistor SR. The sensing resistor SR is positioned between
the second driving power source ELVSS and the pixels PXL.
A voltage corresponding to the amounts of the current
supplied from the pixels PXL to the second driving power
source ELVSS is applied to the sensing resistor SR. The
voltage applied to the sensing resistor SR is supplied to the
controller 170.

[0096] FIG. 6 is a view illustrating a one frame period
when an organic light emitting display device is driven at a
low frequency.

[0097] Referring to FIG. 6, when the organic light emit-
ting display device is driven at the low frequency, the one
frame 1F period is divided into a plurality of sub-periods
SF1, SF2, SF3, and SF4. Here, the plurality of sub-periods



US 2019/0057650 A1

SF1, SF2, SF3, and SF4 are set as the same period. In FIG.
6, for convenience sake, the one frame 1F period is illus-
trated as being divided into the four sub-periods SF1, SF2,
SF3, and SF4. However, exemplary embodiments are not
limited thereto. For example, the one frame 1F period may
be divided into at least two sub-periods.

[0098] The brightness curve of FIG. 6 represents bright-
ness when the pixel PXL emits light while maintaining a
data signal in the one frame period. As illustrated in FIG. 6,
the brightness of the pixel PXL is reduced with the lapse of
time. That is, a voltage of the gate electrode of the driving
transistor MD included in the pixel PXL is changed by
leakage current so that the brightness of the pixel PXL is
reduced with the lapse of time.

[0099] When the organic light emitting display device is
driven at a high frequency, for example, 60 Hz, the one
frame 1F period is set as Yo second. That is, when the
organic light emitting display device is driven at the high
frequency, the one frame 1F period is set to be small so that
a change in brightness of the pixel PXL is not recognized by
a user.

[0100] However, when the organic light emitting display
device is driven at the low frequency, for example, 15 Hz,
the one frame 1F period is set as %5 second. That is, when
the organic light emitting display device is driven at the low
frequency, the one frame 1F period is set to be large. Then,
brightness of the former half of the one frame 1F period is
different from that of the latter half of the one frame 1F
period so that a difference in brightness between frames may
be recognized by the user.

[0101] In order to solve the problem, according to the
exemplary embodiment, the one frame 1F period is divided
into the plurality of sub-periods SF1, SF2, SF3, and SF4 and
the emission time of the pixel PXL is set to vary in each
sub-period. That is, the emission time may be set to be larger
from the first sub-period SF1 toward the fourth sub-period
SF4. For this purpose, when the first sub-period SF1 is set
to be 100%, the emission time of the first sub-period SF1
may be set to be no more than 80%.

[0102] In the first sub-period SF1, the pixel PXL emits
light in a first period T1. In the second sub-period SF2, the
pixel PXL may emit light in a second period T2 larger than
the first period T1. In the third sub-period SF3, the pixel
PXL emits light in a third period T3 larger than the second
period T2. In the fourth sub-period SF4, the pixel PXL may
emit light in a fourth period T4 larger than the third period
T3.

[0103] That is, the emission time of the pixel PXL
increases from the first sub-period SF1 toward the fourth
sub-period SF4. When the emission time of the pixel PXL
increases from the first sub-period SF1 toward the fourth
sub-period SF4, it is possible to minimize the difference in
brightness between the former half and the latter half of the
one frame 1F period so that it is possible to improve display
quality.

[0104] The brightness curve of the pixel PXL of FIG. 6
varies in accordance with a process deviation and a tem-
perature characteristic. Therefore, it is necessary to addi-
tionally improve the display quality by controlling the pixel
PXL to generate light components with the same brightness
in the respective sub-periods SF1, SF2, SF3, and SF4
regardless of the process deviation and the temperature
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characteristic. According to the exemplary embodiment, for
this purpose, the sensing unit 160 and the controller 170 are
provided.

[0105] FIG. 7A s a view illustrating an embodiment of the
controller of FIG. 1. In FIG. 7A, the sensing unit 160 is
illustrated as including the ammeter 162.

[0106] Referring to FIG. 7A, the controller 170 according
to the exemplary embodiment includes a comparator 172
and a storage unit 174.

[0107] In the first sub-period SF1, the comparator 172
receives current from the ammeter 162. The comparator 172
that receives the current from the ammeter 162 accumulates
the current and stores the accumulated current value in the
storage unit 174 as a reference value. Here, an amount of the
accumulated current in the first sub-period SF1 may be
described as an area of A1 of FIG. 6. On the other hand, the
emission time, that is, the first period T1 of the first
sub-period SF1 is previously set. For example, the first
period T1 may be set to be no more than 80% of the first
sub-period SF1.

[0108] The emission start signal ESP supplied from the
timing controller 140 to the emission driver 130 in the first
sub-period SF1 is set to have a first width W1 as illustrated
in

[0109] FIG. 8 so that the pixels PXL may emit light
components in the first period T1. Here, the emission start
signal ESP supplied in the first sub-period SF1 maintains a
previously set value regardless of the temperature charac-
teristic and the process deviation.

[0110] In the second sub-period SF2, the comparator 172
receives the current from the ammeter 162 and accumulates
the current value. Then, the comparator 172 generates the
control signal CS when the reference value stored in the
storage unit 174 is equal to the accumulated current value
and supplies the generated control signal CS to the timing
controller 140. Here, an amount of the current accumulated
in the second sub-period SF2 may be set as an area of A2 of
FIG. 6. Then, the comparator 172 generates the control
signal CS when the area of A2 is equal the area of Al and
supplies the generated control signal CS to the timing
controller 140.

[0111] On the other hand, that the current value accumu-
lated by the comparator 172 is equal to the reference value
means that the amounts of the current that flow in the pixels
PXL in the second sub-period SF2 are equal to the amounts
of the current that flow in the pixels PXL in the first
sub-period SF1 and that the brightness in the first sub-period
SF1 is equal to that in the second sub-period SF2.

[0112] The timing controller 140 that receives the control
signal CS supplies the emission start signal ESP to the
emission driver 130. Here, the width of the emission start
signal ESP is determined in response to a point of time at
which the control signal CS is received.

[0113] Specifically, when it is assumed that the sub-peri-
ods SF1, SF2, SF3, and SF4 are set as 1 ms, the control
signal CS may be supplied at a point of time 0f 0.3 ms of the
second sub-period SF2. In this case, the timing controller
140 supplies the emission start signal ESP set to have a
width of 0.7 ms to the emission driver 130.

[0114] In this case, the timing controller 140 supplies the
emission start signal ESP set to have a second width W2 (see
FIG. 8) smaller than the first width W1 to the emission driver
130. Then, the emission driver 130 supplies the emission
control signals corresponding to the second width W2 (see
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FIG. 8) to the emission control lines E1 through En. On the
other hand, the emission start signal ESP supplied in the
second sub-period SF2 is set so that the pixel PXL emits
light in the second period T2.

[0115] Here, the second period T2 is set to be larger than
the first period T1 and is set so that the pixel PXL emits light
with the same brightness as in the first period T1. That is, the
second period T2 is set so that the same current as in the first
period T1 is supplied to the pixel PXL. Therefore, the pixel
PXL generates light with the same brightness as in the first
sub-period SF1 in the second sub-period SF2.

[0116] In the third sub-period SF3, the comparator 172
receives the current from the ammeter 162 and accumulates
the current value. Then, the comparator 172 generates the
control signal CS when the reference value stored in the
storage unit 174 is equal to the accumulated current value
and supplies the generated control signal CS to the timing
controller 140. Here, an amount of the current accumulated
in the third sub-period SF3 may be set as an area of A3 of
FIG. 6. Then, the comparator 172 generates the control
signal CS when the area of A3 is equal to the area of Al and
supplies the generated control signal CS to the timing
controller 140.

[0117] The timing controller 140 that receives the control
signal CS supplies the emission start signal ESP set to have
a third width W3 (see FIG. 8) smaller than the second width
W2 (see FIG. 8) to the emission driver 130. Then, the
emission driver 130 supplies the emission control signals
corresponding to the third width W3 (see FIG. 8) to the
emission control lines E1 through En. On the other hand, the
emission start signal ESP supplied in the third sub-period
SF3 is set so that the pixel PXL emits light in the third period
T3.

[0118] Here, the third period T3 is set to be larger than the
second period T2 and is set so that the pixel PXL emits light
with the same brightness as in the first period T1. That is, the
third period T3 is set so that the same current as in the first
period T1 is supplied to the pixel PXL. Therefore, the pixel
PXL generates light with the same brightness as in the first
sub-period SF1 in the third sub-period SF3.

[0119] In the fourth sub-period SF4, the comparator 172
receives the current from the ammeter 162 and accumulates
the current value. Then, the comparator 172 generates the
control signal CS when the reference value stored in the
storage unit 174 is equal to the accumulated current value
and supplies the generated control signal CS to the timing
controller 140. Here, an amount of the current accumulated
in the fourth sub-period SF4 may be set as an area of A4 of
FIG. 6. Then, the comparator 172 generates the control
signal CS when the area of A4 is equal to the area of Al and
supplies the generated control signal CS to the timing
controller 140.

[0120] The timing controller 140 that receives the control
signal CS supplies the emission start signal ESP set to have
a fourth width W4 (see FIG. 8) smaller than the third width
W3 (see FIG. 8) to the emission driver 130. Then, the
emission driver 130 supplies the emission control signals
corresponding to the fourth width W4 (see FIG. 8) to the
emission control lines E1 through En.

[0121] Here, the fourth period T4 is set to be larger than
the third period T3 and is set so that the pixel PXL emits
light with the same brightness as in the first period T1. That
is, the fourth period T4 is set so that the same current as in
the first period T1 is supplied to the pixel PXL. Therefore,
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the pixel PXL generates light with the same brightness as in
the first sub-period SF1 in the fourth sub-period SF4.

[0122] As described above, when the brightness compo-
nents of the pixels PXL are set to be the same in the first,
second, third, and fourth sub-periods SF1, SF2, SF3, and
SF4, the difference in brightness between the frames is not
recognized by the user so that it is possible to improve the
display quality.

[0123] On the other hand, it is described above that light
components with the same brightness are generated by the
pixels PXL in the first, second, third, and fourth sub-periods
SF1, SF2, SF3, and SF4, which is only ideal. Actually, the
brightness components of the pixels PXT may not be set to
be the same but may be set to be similar to each other in the
first, second, third, and fourth sub-periods SF1, SF2, SF3,
and SF4 due to various conditions (wiring line resistance,
noise, etc.). However, since the emission time of the pixel
PXL is basically determined by the current value (the same
current value) accumulated in the first, second, third, and
fourth sub-periods SF1, SF2, SF3, and SF4, although the
brightness of the pixel PXL slightly varies in each of the
first, second, third, and fourth sub-periods SF1, SF2, SF3,
and SF4, the user may not recognize the brightness differ-
ence.

[0124] FIG. 7B is a view illustrating another exemplary
embodiment of the controller of FIG. 1. FIG. 7B illustrates
that the sensing unit 160 includes the sensing resistor SR. In
FIG. 7B, the same elements as those of FIG. 7A are denoted
by the same reference numerals and detailed description
thereof will not be given.

[0125] Referring to FIG. 7B, the controller 170 according
to the exemplary embodiment includes a converter 176, a
comparator 172, and a storage unit 174.

[0126] The converter 176 converts a voltage value applied
to the sensing resistor SR into a current value and supplies
the converted current value to the comparator 172. That is,
a configuration of the controller 170 according to another
exemplary embodiment is the same as the controller 170 of
FIG. 7A excluding that the controller 170 according to
another exemplary embodiment further includes the con-
verter 176 for converting the voltage into the current.
Therefore, detailed description thereof will not be given.

[0127] FIG. 9 is a view illustrating an organic light emit-
ting display device according to another exemplary embodi-
ment. In FIG. 9, the same elements as those of FIG. 1 are
denoted by the same reference numerals and detailed
description thereof will not be given.

[0128] Referring to FIG. 9, the organic light emitting
display device according to another exemplary embodiment
includes a sensing unit 160" connected between the pixels
PXL and the first driving power source ELVDD. The sensing
unit 160" senses currents and/or voltages between the first
driving power source ELVDD and the pixels PXL and
supplies the sensed currents and/or voltages to the controller
170.

[0129] Here, the sensing unit 160’ is configured to include
the ammeter 162 or the sensing resistor SR as illustrated in
FIGS. 5A and 5B. That is, operation processes of the organic
light emitting display device according to another exemplary
embodiment are the same as those of the organic light
emitting display device of FIG. 1 excluding that the sensing
unit 160" is positioned between the first driving power source
ELVDD and the pixels PXL.
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[0130] In the organic light emitting display device and the
method of driving the same according to the exemplary
embodiment, one frame is divided into a plurality of sub-
periods when the organic light emitting display device is
driven at a low frequency. Here, emission periods of pixels
are controlled so that light components with the same
brightness may be generated in the plurality of sub-periods.
Therefore, it is possible to prevent a flicker phenomenon
from occurring.

[0131] Although certain embodiments and implementa-
tions have been described herein, other embodiments and
modifications will be apparent from this description.
Accordingly, the inventive concepts are not limited to such
embodiments, but rather to the broader scope of the pre-
sented claims and various obvious modifications and equiva-
lent arrangements.

What is claimed is:

1. An organic light emitting display device, comprising:

pixels connected to scan lines, data lines, and emission
control lines and configured to emit light components
in response to amounts of current that flow from a first
driving power source to a second driving power source;

a sensing unit connected between the first driving power
source and the pixels or between the second driving
power source and the pixels and configured to measure
to at least one of current and voltage;

a controller configured to generate a control signal in
response to at least one of the current and the voltage
measured by the sensing unit;

a timing controller configured to supply a plurality of
emission start signals with different widths in a one
frame period in response to the control signal when the
organic light emitting display device is driven at a low
frequency; and

an emission driver configured to supply emission control
signals to the emission control lines in response to the
emission start signals.

2. The organic light emitting display device of claim 1,
wherein, when the organic light emitting display device is
driven at the low frequency, the one frame period is divided
into a plurality of sub-periods with the same width and
emission periods of the pixels in the sub-periods are set to
be different from each other in response to the widths of the
emission start signals.

3. The organic light emitting display device of claim 2,
wherein the widths of the emission start signals are set so
that the emission periods of the pixels increase from a first
sub-period toward a last sub-period.

4. The organic light emitting display device of claim 2,
further comprising an ammeter configured to measure the
amounts of the current.

5. The organic light emitting display device of claim 4,
wherein the controller comprises:
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a comparator configured to accumulate the amounts of the
current from the sensing unit in the emission period of
a first sub-period in the one frame period, to store the
accumulated amounts of the current as a reference
value, and to generate the control signal when the
reference value is equal to the amounts of the current
measured by the sensing unit in other sub-periods; and

a storage unit configured to store the reference value.

6. The organic light emitting display device of claim 5,
wherein the emission period of the first sub-period is pre-
viously set to be no more than 80% of the first sub-period
and the emission periods of the other sub-periods are set in
response to the control signal.

7. The organic light emitting display device of claim 2,
wherein the sensing unit comprises a sensing resistor.

8. The organic light emitting display device of claim 7,
wherein the controller comprises:

a converter configured to convert voltage values from the

sensing resistor into current values;

a comparator configured to accumulate the current values
from the converter in the emission period of a first
sub-period in the one frame period, to store the accu-
mulated curtent values as a reference value, and to
generate the control signal when the reference value is
equal to the current values supplied from the converter
in other sub-periods; and

a storage unit configured to store the reference value.

9. The organic light emitting display device of claim 8,
wherein the emission period of the first sub-period is pre-
viously set to be no more than 80% of the first sub-period
and the emission periods of the other sub-periods are set in
response to the control signal.

10. A method of driving an organic light emitting display
device driven so that a one frame period is divided into a
plurality of sub-periods, the method comprising:

accumulating amounts of current that flow to pixels in an
emission period of a first sub-period; and

controlling emission periods of the pixels so that the
amounts of current that flow to the pixels in remaining
sub-periods excluding the first sub-period are the same
as the amounts of current accumulated in the first
sub-period.

11. The method of claim 10, wherein, when the first
sub-period is set as 100%, the emission period of the first
sub-period is set to be no more than 80%.

12. The method of claim 10, wherein the emission periods
of the pixels are set to increase from the first sub-period
toward a last sub-period.

13. The method of claim 10, wherein the pixels maintain
data signals supplied in the first sub-period in the remaining
sub-periods.
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