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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS 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. 10-2014-0164423, filed on
Nov. 24,2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Oneor more embodiments relate to an organic light-
emitting display apparatus and a method of driving the
organic light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus dis-
plays an image by using an organic light-emitting diode
(OLED). Such an organic light-emitting display apparatus
provides a fast response and is driven with low power con-
sumption. The organic light-emitting display apparatus may
not be able to display an image having a desired brightness
due to an efficiency variation caused by degradation of the
OLED.

SUMMARY

[0006] Aspects of one or more exemplary embodiments
include an organic light-emitting display apparatus capable
of sensing degradation of an organic light emitting diode
(OLED) and, accordingly, capable of accurately correcting
image data, and a method of driving the organic light-emitting
display apparatus.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0008] According to one or more embodiments of the
present invention, there is provide an organic light-emitting
display apparatus including at least one pixel, the at least one
pixel including: an organic light emitting diode (OLED); a
first transistor including a gate electrode, a first electrode
connected to a connection line for providing a current, and a
second electrode; a second transistor including a gate elec-
trode, a first electrode connected to a power line, and a second
electrode connected to the second electrode of the first tran-
sistor; a third transistor including a gate electrode, a first
electrode connected to a data line, and a second electrode; a
fourth transistor including a gate electrode connected to the
second electrode of the third transistor, a first electrode con-
nected to the second electrode of the first transistor, and a
second electrode; a fifth transistor including a gate electrode,
a first electrode connected to the second electrode of the
fourth transistor, and a second electrode; a sixth transistor
including a gate electrode, a first electrode connected to the
gate electrode of the fifth transistor, and a second electrode
connected to the second electrode of the fifth transistor; a
seventh transistor including a gate electrode, a first electrode
connected to the second electrode of the fifth transistor, and a
second electrode connected to the OLED; a first capacitor
connected between the gate electrode and the first electrode of
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the fourth transistor; and a second capacitor connected
between the gate electrode and the first electrode of the fifth
transistor.

[0009] In an embodiment, during a first period, the fourth
transistor is turned on by a gate-on voltage supplied via the
data line when the third transistor is turned on, and a first
current is supplied from the connection line when the first
transistor is turned on, and the fifth transistor is diode-con-
nected when the sixth transistor is turned on, and thus a
voltage corresponding to the first current is stored in the
second capacitor.

[0010] In an embodiment, the first period is allocated
before one frame starts or in an initial part of one frame.
[0011] In an embodiment, the first current has a current
value corresponding to a maximum gray level expressed by
the pixel.

[0012] Inanembodiment, during a first period of each of a
plurality of sub-frames constituting one frame, the second
transistor and the third transistor are turned on to store a
voltage corresponding to a data signal applied from the data
line in the first capacitor.

[0013] In an embodiment, during a second period subse-
quent to the first period of each of the sub-frames, the second
transistor is turned on, the third transistor is turned off, and the
fourth transistor is turned on or off according to a voltage
stored in the first capacitor, when the fourth transistor is
turned off, the OLED does not emit light, and when the fourth
transistor is turned on, the OLED emits light having a bright-
ness corresponding to the voltage stored in the second capaci-
tor.

[0014] In an embodiment, the at least one pixel further
includes an eighth transistor including a gate electrode, a first
electrode connected to the second electrode of the second
transistor, and a second electrode connected to the OLED.
[0015] Inanembodiment, duringa third period, the second,
third, fourth, fifth, sixth, and seventh transistors are turned
off, the first transistor and the eighth transistor are turned on,
and a second current supplied from the connection line is
applied to the OLED.

[0016] Inanembodiment, the third period is allocated when
the organic light-emitting display apparatus is powered on
and/or off.

[0017] In an embodiment, the organic light-emitting dis-
play apparatus further includes: a sensing unit configured to
supply a first current to the connection line during a first
period to write the first current to the pixel and to supply a
second current to the connection line during a second period
to sense a degradation of the OLED; a controller configured to
generate corrected data by compensating for the sensed deg-
radation of the OLED; and a data driver configured to supply
additional data to the data line during the first period and to
supply corrected data to the data line during a third period.
[0018] In an embodiment, the additional data includes a
signal having a first level to turn on the fourth transistor, and
the corrected data includes a signal having a second level to
turn off the fourth transistor or the first level.

[0019] In an embodiment, a method of driving the organic
light-emitting display apparatus includes: supplying a first
current to the pixel to write a first current to the pixel; sup-
plying a data signal to the pixel to write a data signal to the
pixel; and emitting light having a brightness corresponding to
the first current or emitting no light, according to the data
signal, wherein the emitting of light or the emitting of no light
is performed in the pixel.
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[0020] Inanembodiment, inthe writing of the first current,
the fourth transistor is turned on by a gate-on voltage supplied
via the data line when the third transistor is turned on, and the
first current is supplied via the connection line when the first
transistor is turned on, and the fifth transistor is diode-con-
nected when the sixth transistor is turned on, and thus a
voltage corresponding to the first current is stored in the
second capacitor.

[0021] Inanembodiment, the writing of the first current is
performed before one frame starts or in an initial part of one
frame.

[0022] In an embodiment, the first current has a current
value corresponding to a maximum gray level expressed by
the pixel.

[0023] Inanembodiment, in the writing of the data signal,
during a first period of each of a plurality of sub-frames
constituting one frame, the second transistor and the third
transistor are turned on to store a voltage corresponding to a
data signal applied from the data line in the first capacitor.
[0024] In an embodiment, in the emitting of light or the
emitting of no light in the pixel, during a second period
subsequent to the first period of each of the sub-frames, the
second transistor is turned on, the third transistor is turned off,
and the fourth transistor is turned on or off according to a
voltage stored in the first capacitor, and when the fourth
transistor is turned off, the OLED emits no light, and, when
the fourth transistor is turned on, the OLED emits light having
abrightness corresponding to the voltage stored in the second
capacitor.

[0025] In an embodiment, the pixel further includes an
eighth transistor including a gate electrode, a first electrode
connected to the second electrode of the second transistor,
and a second electrode connected to the OLED.

[0026] In an embodiment, the method further includes
applying a second current supplied from the connection line
to the OLED when the second to seventh transistors are
turned off and the first transistor and the eighth transistor are
turned on; and sensing degradation of the OLED based on the
second current.

[0027] Inanembodiment, the sensing of the degradation is
performed when the organic light-emitting display apparatus
is powered on and/or off.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0029] FIG. 1 is a block diagram of a display apparatus
according to an embodiment of the present invention;
[0030] FIG.2isa circuit diagram illustrating a circuit struc-
ture of a pixel of the display apparatus of FIG. 1,

[0031] FIG. 3 is a timing diagram for illustrating a driving
timing of a pixel, according to an embodiment of the present
invention;

[0032] FIGS.4-7 are circuit diagrams forillustrating opera-
tions of the pixel according to the driving timing of FIG. 3;
[0033] FIG. 8illustrates a sensor and a controller included
in the display apparatus of FIG. 1; and

[0034] FIG. 9 is a timing diagram for illustrating a method
of driving a display apparatus, according to an embodiment of
the present invention.
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DETAILED DESCRIPTION

[0035] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

[0036] Itwill beunderstood that, although the terms “first”,
“second”, “third”, 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 distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section, without departing from the spirit and scope
of the inventive concept.

[0037] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the inventive concept. As used herein, the singular
forms “a” and “an” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “include,” “including,”
“comprises,” and/or “comprising,” when used in this specifi-
cation, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Bxpressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list. Further, the use of “may”
when describing embodiments of the inventive concept refers
to “one or more embodiments of the inventive concept.” Also,
the term “exemplary” is intended to refer to an example or
illustration.

[0038] It will be understood that when an element or layer
is referred to as being “on”, “connected to”, “coupled t0”, or
“adjacent to” another element or layer, it can be directly on,
connected to, coupled to, or adjacent to the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer is referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent to” another element or layer, there
are no intervening elements or layers present.

[0039] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the inher-
ent variations in measured or calculated values that would be
recognized by those of ordinary skill in the art.

[0040] As used herein, the terms “use,” “using,” and “used”
may be considered synonymous with the terms “utilize,” “uti-
lizing,” and “utilized,” respectively.

[0041] The organic light-emitting display apparatus and/or
any other relevant devices or components according to
embodiments of the present invention described herein may
be implemented utilizing any suitable hardware, firmware
(e.g. an application-specific integrated circuit), software, ora
suitable combination of software, firmware, and hardware.
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For example, the various components of the organic light-
emitting display apparatus may be formed on one integrated
circuit (IC) chip or on separate IC chips. Further, the various
components of the organic light-emitting display apparatus
may be implemented on a flexible printed circuit film, a tape
carrier package (TCP), a printed circuit board (PCB), or
formed on a same substrate as the organic light-emitting
display apparatus. Further, the various components of the
organic light-emitting display apparatus may be a process or
thread, running on one or more processors, in one or more
computing devices, executing computer program instructions
and interacting with other system components for performing
the various functionalities described herein. The computer
program instructions are stored in a memory which may be
implemented ina computing device using a standard memory
device, such as, for example, a random access memory
(RAM). The computer program instructions may also be
stored in other non-transitory computer readable media such
as, for example, a CD-ROM, flash drive, or the like. Also, a
person of skill in the art should recognize that the function-
ality of various computing devices may be combined or inte-
grated into a single computing device, or the functionality of
a particular computing device may be distributed across one
or more other computing devices without departing from the
scope of the exemplary embodiments of the present inven-
tion.

[0042] FIG.1isablock diagram of a display apparatus 100
according to an embodiment of the present invention.
[0043] Referring to FIG. 1, the display apparatus 100
includes a display unit 10, a scan driver 20, a data driver 30, a
controller 50, a power supply unit (or power supply) 60, a
sensing unit (or sensor) 70, and a switch unit (or switch) 80.
The display apparatus 100 may be an organic light-emitting
display apparatus.

[0044] Thedisplay unit 10 includes a plurality of pixels PX
arranged in a matrix. Each pixel PX is connected to a scan line
SL, a dataline DL, a plurality of control lines CL, and a power
line which applies a first power supply voltage ELVDD.
[0045] Thedisplay unit10includes scan lines SL.1-SLnand
control lines CL1-CLn connected to the scan driver 20, data
lines DL1-DLm connected to the data driver 30, and connec-
tion lines AL1-ALm connected to the sensing unit 70. The
display unit 10 further includes a power line network for
applying the first power supply voltage ELVDD and/or the
second power supply voltage ELVSS to the pixels PX. Each
of the scan lines SL1-SLn and each of the control lines CL11-
CLn5 are connected to pixels PX arranged on a same row, and
each of the data lines DL1-DLm and each of the connection
lines AL1-ALm are connected to pixels PX arranged on a
same column. The pixels PX emit light or emit no light
according to the logic levels of data signals that are received
via the data lines DL1-DLm, in response to scan signals
received via the scan lines SL1-SLn. In this case, the display
unit 10 operates in a digital driving manner.

[0046] The scan driver 20 drives the scan lines SL.1-SLn
according to an order (e.g., a preset or predetermined order)
within one frame, under the control of the controller 50. For
example, the first scan line SL.1 is driven by the scan driver 20
a plurality of number of times within one frame. In other
words, the scan driver 20 outputs a scan signal to the first scan
line SL1 a plurality of number of times during one frame. One
frame includes a plurality of sub-frames, and the scan driver
20 outputs as many scan signals as the number of sub-frames
to the first scan line SL.1 during one frame.
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[0047] The scan driver 20 drives the control lines CL11-
CLn5 under the control of the controller 50. Although one
control line is illustrated for one pixel row in FIG. 1, this is for
convenience of illustration, and thus each control line shown
may represent five control lines. For example, a control line
on an n-th pixel row may include first to fifth control lines
CLn1-CLnS5.

[0048] The data driver 30 receives corrected data DATA2
from the controller 50 and applies the corrected data DATA2
as a data signal to the pixel PX via the data lines DL.1-DLm.
The data signal is a digital signal having a low level or a high
level, and the pixel PX having received the data signal for
each sub-frame emits light or emits no light according to the
logic level of the data signal.

[0049] It is assumed herein that the pixel PX having
received a data signal having a first logic level emits light and
the pixel PX having received a data signal having a second
logic level emits no light. According to a circuit structure of
the pixel PX, the first logic level may be a low level and the
second logic level may be a high level, or the first logic level
may be a high level and the second logic level may be a low
level.

[0050] The data driver 30 may apply an additional signal
having the first logic level to the pixel PX via the data lines
DL1-DLm during an allocated time period, before a frame
starts or in an initial part of a frame.

[0051] The power supply unit 60 receives external power
and/or internal power, converts the received external power
and/or internal power into voltages of various suitable levels
that are used for operations of the components of the display
apparatus 100, and supplies a suitable voltage to the display
unit 10. The power supply unit 60 may be mounted on a
printed circuit board (PCB) and may be electrically con-
nected to the display unit 10 via a flexible PCB.

[0052] The power supply unit 60 may generate the first
power supply voltage ELVDD and the second power supply
voltage ELVSS under the control of the controller 50. The
power supply unit 60 provides the first power supply voltage
ELVDD and the second power supply voltage ELVSS to the
display unit 10. A voltage level of the first power supply
voltage ELVDD is higher than that of the second power
supply voltage ELVSS. For example, when the first power
supply voltage ELVDD is applied to an anode of an organic
light emitting diode (OLED) and the second power supply
voltage ELVSS is applied to a cathode thereof, the OLED
emits light.

[0053] The sensing unit 70 extracts information about the
degree of degradation of a light emitting device, namely, an
OLED, included in each of the pixels PX. The time when the
sensing unit 70 extracts the information about the degradation
of the pixels PX is not limited to a particular time. For
example, the sensing unit 70 may extract the information
about the degradation of the pixels PX every time the display
apparatus 100 is powered on and/or off. The sensing unit 70
may apply a sensing current to the pixel PX and sense a
current that flows in the OLED of the pixel PX. The sensing
unit 70 may be connected to the connection line AL and to the
pixels PX via the switch unit 80.

[0054] The sensing unit 70 may apply a programming cur-
rent to each of the pixels PX during an allocated period (e.g.,
an allocated preset or predetermined time period) before or
after a frame starts. The programming current may reduce
(e.g., minimize) a voltage drop of a power line that applies the
first power supply voltage ELVDD when the pixel PX emits
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light. As for the 8-bit image data, the programming current
may be a current corresponding to a gray level of 255, which
is a maximum gray level from among gray levels of 1 to 255.
[0055] The switch unit 80 may connect the data driver 30 to
the data lines DL1-DLm or connect the sensing unit 70 to the
connection lines AL1-ALm.

[0056] The controller 50 controls the scan driver 20, the
data driver 30, the sensing unit 70, and the switch unit 80. The
controller 50 generates and outputs a plurality of driving
control signals.

[0057] The controller 50 may generate a scan driving con-
trol signal SCS and a gate control signal GCS and transmit the
scan driving control signal SCS and the gate control signal
GCS to the scan driver 20. The scan driving control signal
SCS may control the scan driver 20 to provide the scan signal
to each of the scan lines SL1-SLn. The gate control signal
GCS may control the scan driver 20 to provide a control signal
to each of the control lines CL11-CLn5,

[0058] The controller 50 may generate a data driving con-
trol signal DCS and transmit the data driving control signal
DCS to the data driver 30. The data driving control signal
DCS may control the data driver 30 to provide, as in the data
signal, corresponding corrected data DATA2 to each of the
data lines DL.1-DLn1.

[0059] The controller 50 may generate a sensing control
signal TCS and transmit the sensing control signal TCS to the
sensing unit 70. The sensing control signal TCS may control
the sensing unit 70 to output the programming current or the
sensing current and sense a current that flows in the OLED.
[0060] The controller 50 may generate a switching control
signal SWCS and transmit the switching control signal
SWCS to the switch unit 80. The switching control signal
SWCS may control at least one switch constituting the switch
unit 80 to be turned on or off so that the data driver 30 is
connected to the data lines DL.1-DLm or the sensing unit 70 is
connected to the connection lines AL1-ALm.

[0061] The controller 50 receives image data DATA1 from
an external source, generates corrected data DATA2 by com-
pensating for the degradation of the OLED that is sensed by
the sensing unit 70 from the image data DATA1, and outputs
the corrected data DATA2 to the data driver 30.

[0062] FIG.2isacircuit diagram illustrating a circuit struc-
ture of a pixel PX of the display apparatus 100 of FIG. 1.

[0063] For convenience of explanation, FIG. 2 illustrates a
pixel PX at a location corresponding to an n-th pixel row and
an m-th pixel column in the display unit 10. The pixel PX is
connected to an n-th scan line SLn, first to fifth control lines
CLn1-CLn5 on the n-th pixel row, an m-th data line DL.m, and
an m-th connection line ALm. The pixel PX receives an
additional signal or a data signal via the data line DL.m. The
pixel PX receives a programming current or a sensing current
via the connection line ALm.

[0064] The pixel PX includes first to eighth transistors
T1-T8, first and second capacitors C1 and C2, and an OLED.
The pixel PX includes a first node N1 to which the first
transistor T1, the second transistor T2, and the fourth transis-
tor T4 are connected, a second node N2 to which a gate
electrode of the fourth transistor T4 is connected, a third node
N3 to which the fourth transistor T4 and the sixth transistor T6
are connected, a fourth node N4 to which a gate electrode of
the sixth transistor T6 is connected, and a fifth node N5 to
which the sixth transistor T6 and the eighth transistor T8 are
connected.
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[0065] The first transistor T1 includes a gate electrode con-
nected to the first control line CLnl, a first electrode con-
nected to the connection line ALm, and a second electrode
connected to the firstnode N1. The first transistor T1 controls
the programming current or the sensing current to be applied
to the pixel PX via the connection line ALm.

[0066] The second transistor T2 includes a gate electrode
connected to the second control line CLn2, a first electrode
connected to a power line that provides the first power supply
voltage ELVDD, and a second electrode connected to the first
node N1.

[0067] The third transistor T3 includes a gate electrode
connected to the scan line SLn, a first electrode connected to
the data line DLm, and a second electrode connected to the
second node N2.

[0068] The fourth transistor T4 includes the gate electrode
connected to the second node N2, a first electrode connected
to the first node N1, and a second electrode connected to the
third node N3. The fourth transistor T4 is turned on or off
according to a voltage applied to the gate electrode.

[0069] The fifthtransistor T5 includes a gate electrode con-
nected to the third control line CLn3, a first electrode con-
nected to the first node N1, and a second electrode connected
to an anode of the OLED. The fifth transistor T5 transmits the
sensing current.

[0070] The sixth transistor T6 includes the gate electrode
connected to the fourth node N4, a first electrode connected to
the third node N3, and a second electrode connected to the
fifth node NS5. The sixth transistor T6 is a driving transistor.
The programming current applied via the first transistor T1
may compensate for a threshold voltage of the sixth transistor
T6.

[0071] The seventh transistor T7 includes a gate electrode
connected to the fourth control line CLn4, a first electrode
connected to the fourth node N4, and a second electrode
connected to the fifth node N5.

[0072] The sixth transistor T6 and the seventh transistor T7
are transistors for writing a current to the second capacitor
(i.e. for charging the second capacitor with a voltage corre-
sponding to the current).

[0073] The eighth transistor T8 includes a gate electrode
connected to the fifth control line CLn5, a first electrode
connected to the fifth node N5, and a second electrode con-
nected to the anode of the OLED.

[0074] The first capacitor C1 is connected between the first
node N1 and the second node N2. The first capacitor C1 is
charged with a voltage corresponding to a data signal that is
applied for each sub-frame.

[0075] The second capacitor C2 is connected between the
third node N3 and the fourth node N4. The second capacitor
C2 is charged with a voltage corresponding to a programming
current that is applied before one frame starts. The program-
ming current is a current having a maximum gray level that
can be expressed by the pixel PX.

[0076] The OLED may include a first electrode, a second
electrode opposite to the first electrode, and an emission layer
interposed between the first electrode and the second elec-
trode. The first and second electrodes may be an anode and a
cathode, respectively. The anode of the OLED is connected to
the second electrode of the eighth transistor T8, and the cath-
ode thereof receives the second power supply voltage ELVSS.
[0077] FIG. 3 is a timing diagram for illustrating a driving
timing of a pixel, according to an embodiment of the present
invention. FIGS. 4-7 are circuit diagrams for illustrating
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operations of the pixel according to the driving timing of FIG.
3. The pixel PX of FIG. 2 will now be illustrated as an
example.

[0078] The pixel PX operates in a current programming
mode for writing a programming current during a first period
X1, operates in a data programming mode for writing a data
signal, operates in a light-emitting mode for emitting light or
emitting no light in correspondence with the data signal dur-
ing a second period X2, and operates in a current sensing
mode for sensing degradation of an OLED during a third
period X3.

[0079] Thefirstperiod X1 may be allocated as a time period
(e.g.,apreset or predetermined time period) before one frame
starts or in an initial part of one frame. FIG. 3 illustrates an
example in which the first period X1 is allocated before one
frame starts.

[0080] The second period X2 is allocated within the one
frame, and the pixel PX operates in the data programming
mode and in the light-emitting mode during each of sub
frames SF1-SFX that constitute the one frame. A time interval
between the end of the first period X1 and the start of the
second period X2 may be controlled.

[0081] The third period X3 may be allocated as a period of
time (e.g., a preset or predetermined period of time) when the
display apparatus 100 is powered on and/or off.

[0082] Referring to FIGS. 3 and 4, during the first period
X1 in which the pixel PX operates in the current program-
ming mode, the data driver 30 is connected to the data line
DLm by the switch unit 80 and the sensing unit 70 is con-
nected to the connection line ALm.

[0083] During the first period X1, a first control signal CS1,
ascansignal S, a fourth control signal CS4, and a fifth control
signal CS5 of a gate-on voltage (e.g., a low level voltage) are
provided to the first control line CLnl, the scan line SLn, the
fourth control line CLnd, and the fifth control line CLn5,
respectively. Accordingly, the first transistor T1, the third
transistor T3, the seventh transistor T7, and the eighth tran-
sistor T8 are turned on. An additional signal A having the first
logic level provided to the data line DL when the third tran-
sistor T3 1s turned on is applied to the gate electrode of the
fourth transistor T4, and thus the fourth transistor T4 is turned
on. The first logic level may correspond to the gate-on volt-
age. Thus, a voltage of the gate electrode of the sixth transistor
T6 is determined based on a programming current I_PG that
flows from the connection line ALm to the first transistor T1
and the fourth transistor T4. The sixth transistor T6 is diode-
connected when the seventh transistor T7 is turned on. After
the lapse of a period of time (e.g., a preset or predetermined
period of time), the second capacitor C2 is charged with a
charge corresponding to the programming current I_PG. In
other words, a voltage corresponding to the programming
current I_PGis stored in the second capacitor C2. The voltage
stored in the second capacitor C2 does not depend on the
threshold voltage of the sixth transistor T6. At this time,
because the second transistor T2 is turned off, the OLED does
not emit light. The programming current I_PG is a current
corresponding to a maximum gray level that is expressed by
the pixel PX. For example, as for the 8-bit image data, the
programming current I_PG may be a current I_255 having a
gray level of 255.

[0084] During the first period X1, the second transistor T2
and the fifth transistor T5 are in a turned off state according to
asecond control signal CS2 and a third control signal CS3 of
a gate off voltage (e.g., a high level voltage).
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[0085] The first period X1 may be set as a period of time
that is required for a charging current of the second capacitor
C2 to stop flowing because an output current in the second
electrode of the fourth transistor T4 equals to that in the
second electrode of the sixth transistor T6.

[0086] The second period X2 includes a (2-1)th period X21
during which the pixel PX operates in the data programming
mode, and a (2-2)th period X22 during which the pixel PX
operates in the light emitting mode. During one frame, the
(2-Dthperiod X21 and the (2-2)th period X22 repeat as many
times as the number of sub-frames that constitute one frame.
The respective (2-2)th periods X22 of the sub-frames may
have different lengths.

[0087] During the second period X2, the data driver 30 is
connected to the data line DLm by the switch unit 80, and the
sensing unit 70 is disconnected from the connection line
ALm, and thus the connection line AL.m is in a high imped-
ance state High 7.

[0088] Referring to FIGS. 3 and 5, during the (2-1)th period
X21 in which the pixel PX operates in the data programming
mode, the scan signal S and the second control signal CS2 of
the gate-on voltage (e.g., a low level voltage) are supplied to
the scan line SLn and the second control line CLn2. Accord-
ingly, the third transistor T3 and the second transistor T2 are
turned on, and a data signal D is transmitted from the data line
DLm to the gate electrode of the fourth transistor T4 by the
third transistor T3. A voltage corresponding to the data signal
D is stored in the first capacitor C1. The data signal D corre-
sponds to the first logic level or the second logic level.
[0089] During the (2-1)th period X21, the first transistor
T1, the fifth transistor T5, the seventh transistor T7, and the
eighth transistor T8 are turned off according to the first con-
trol signal CS1, the third control signal CS3, the fourth con-
trol signal CS4, and the fifth control signal CS5 of the gate off
voltage (e.g., a high level voltage).

[0090] Referring to FIGS. 3 and 6, during the (2-2)th period
X22 in which the pixel PX operates in the light emitting
mode, the scan signal S of the gate off voltage is supplied to
the scan line SLn and thus the third transistor T3 is turned off.
The fifth control signal CS5 of the gate-on voltage is supplied
to the fifth control line CLn5, and thus the eighth transistor T8
is turned on. The second transistor T2 keeps being turned on
and supplies the first power supply voltage ELVDD, and the
fourth transistor T4 is turned on or off according to the logic
level of the data signal D, namely, the voltage stored in the
first capacitor C1. When the fourth transistor T4 is turned on,
a current corresponding to the voltage stored in the second
capacitor C2 flows into the OLED, and the OLED emits light
having a brightness cotresponding to the current.

[0091] By using the voltage charged in the second capacitor
C2 by the programming current 1_PG, a voltage drop of a
power line that provides the first power supply voltage
ELVDD during the (2-2)th period X22 may be reduced.
[0092] During the (2-2)th period X22, the third transistor
T3, the first transistor T1, the fifth transistor T5, and the
seventh transistor T7 are turned off according to the scan
signal S, the first control signal CS1, the third control signal
CS3, and the fourth control signal CS4 of the gate off voltage
(e.g., a high level voltage).

[0093] Referring to FIGS. 3 and 7, during the third period
X3 in which the pixel PX operates in the current sensing
mode, the data driver 30 is connected to the dataline DLm by
the switch unit 80 and the sensing unit 70 is connected to the
connection line AL.m.
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[0094] The first control signal CS1 and the third control
signal CS3 of the gate-on voltage are supplied to the first
control line CLn1 and the third control line CLn3, and thus
the first transistor T1 and the third transistor T3 are turned on.
A sensing current I_SS supplied to from the connection line
ALm is applied to the OLED via the first transistor T1 and the
fifth transistor T5, and thus the OLED emits light. Because
the magnitude of the sensing current I_SS varies according to
the degree of degradation of the OLED, the sensing unit 70
may sense the degree of degradation of the OLED from the
sensing current I_SS flowing into the OLED.

[0095] FIG. 8 illustrates the sensing unit 70 and the con-
troller 50 of FIG. 1.

[0096] For convenience of illustration, FIG. 8 illustrates a
pixel PX connected to the m-th data line DLm from among
the data lines DL.1-DLm and the m-th connection line ALm
from among the connection lines AL1-ALm.

[0097] An output and current-sensing unit 701 and an ana-
log-to-digital convertor (ADC) 703 are included in each
channel (connection line) of the sensing unit 70.

[0098] The output and current-sensing unit 701 is a circuit
that is connected to the connection line ALm via the switch
unit 80. When the pixel PX operates in the current program-
ming mode, the output and current-sensing unit 701 outputs
the programming current to the pixel PX and the program-
ming current is written to the pixel PX. When the pixel PX
operates in the current sensing mode, the output and current-
sensing unit 701 senses a current that flows into an OLED of
the pixel PX. In the current sensing mode, the current sensed
by the output and current-sensing unit 701 represents the
degree of degradation of the OLED and is transmitted to the
ADC 703.

[0099] The switch unit 80 includes a first switch SW1 and
a second switch SW2. The first switch SW1 is located on the
m-th data line DL.m connected to the data driver 30. When the
first switch SW1 is turned on, the corrected data DATA2 is
transmitted as a data signal to the pixel PX via the m-th data
line DLm. The first switch SW1 may not be included. The
second switch SW2 is located on the m-th connection line
ALm connected to the output and current-sensing unit 701.
When the second switch SW2 is turned on, the programming
current I_PG and the sensing current I_SS output by the
output and current-sensing unit 701 are transmitted to the
pixel PX via the m-th connection line AL.m.

[0100] The output and current-sensing unit 701 may be
implemented by using an integrating circuit that uses an
operational amplifier (OA), however, embodiments of the
present invention are not limited thereto. A first input terminal
(+) of the OA is connected to a supply source of a reference
voltage, and a second input terminal (=) thereof is connected
to the m-th connection line ALm. An output terminal of the
OA may be connected to the ADC 703 via the switch unit 80.
A capacitor is included between the second input terminal (-)
and the output terminal. When the reference voltage is applied
to the first input terminal (+), a currentI is applied via the m-th
connection line ALm by a voltage difference between the
second input terminal (-) and the output terminal. By adjust-
ing the reference voltage, the magnitude of the current I
flowing via the m-th connection line ALm may be adjusted.
For example, by adjusting the reference voltage, the program-
ming current I_PG or the sensing current I_SS may flow via
the m-th connection line ALm. The sensing current I_SS
flowing via the m-th connection line ALm may be calculated
based on a difference between a voltage of the output terminal
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and the reference voltage, and may vary according to the
degree of degradation of the OLED.

[0101] The ADC 703 converts a current (a sensing current)
of the OLED sensed by the output and current-sensing unit
701 into a digital value. The single ADC 703 may be used for
a plurality of channels of all channels, or all channels may
share the single ADC 703.

[0102] The controller 50 may include a memory 501 and a
transformer 503.

[0103] The memory 501 receives the digital value associ-
ated with the degradation of the OLED of each pixel from the
ADC 703 and stores the received digital value. The memory
501 may include a look-up table (LUT) that stores a degra-
dation compensation value corresponding to the digital value
associated with the degradation.

[0104] The transformer 503 generates the corrected data
DATA2 by correcting the input data DATA1 so that the deg-
radation of the OLED is compensated for by using the digital
value stored in the memory 501. The corrected data DATA2 is
supplied to the data driver 30.

[0105] FIG. 9is a timing diagram for explaining a method
of driving a display apparatus, according to an embodiment of
the present invention.

[0106] Referring to FIG. 9, during each of sub frames SF1-
SFX of one frame, a scan signal is applied to the scan lines
SL1-SLn. Before one frame starts, namely, prior to the first
sub-frame SF1, the scan signal is applied to the scan lines
SL.1-SLn during the first period X1 in which a pixel operates
in the current programming mode. The width of the scan
signal applied during the first period X1 may be equal to or
different from that of the scan signal applied during each of
the sub-frames SF1-SFX.

[0107] Because a digitally-driven pixel including current-
writing transistors and current-sensing transistors according
to embodiments of the present invention receives a program-
ming current and a sensing current from a same or a substan-
tially identical source, compensation data according to deg-
radation of an OLED of the pixel may be calculated with
increased accuracy. The digitally-driven pixel according to
embodiments of the present invention may address a drop of
a power supply voltage.

[0108] According to an embodiment of the present inven-
tion, the transistors of a pixel circuit are P-type transistors. In
this case, a gate-on voltage that turns on the transistors is alow
level voltage, and a gate off voltage that turns off the transis-
tors is a high level voltage. Embodiments of the present
invention are not limited thereto, and the transistors of the
pixel circuit may be N-type transistors. In this case, a gate-on
voltage that turns on the transistors is a high level voltage, and
a gate off voltage that turns off the transistors is a low level
voltage.

[0109] A transistor according to an embodiment of the
present invention may be an amorphous silicon thin film
transistor (amorphous-Si TFT), a low temperature poly-sili-
con (LTPS) TFT, or an oxide TFT. The oxide TFT may
include oxide such as amorphous indium-gallium-zinc-oxide
(IGZ0), zinc-oxide (ZnO), or titanium oxide (Ti0), as an
active layer.

[0110] An organic light-emitting display apparatus accord-
ing to an embodiment of the present invention may sense
degradation of OLEDs and accordingly accurately correct
image data. Moreover, the organic light-emitting display
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apparatus according to an embodiment of the present inven-
tion may be digitally driven without a drop of a power supply
voltage.

[0111] Itshould be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0112] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various suitable changes in form and details may
be made therein without departing from the spirit and scope of
the present invention as defined by the following claims, and
equivalents thereof.

What is claimed is:

1. An organic light-emitting display apparatus comprising
at least one pixel, the at least one pixel comprising:

an organic light emitting diode (OLED);

a first transistor comprising a gate electrode, a first elec-
trode connected to a connection line for providing a
current, and a second electrode;

a second transistor comprising a gate electrode, a first
electrode connected to a power line, and a second elec-
trode connected to the second electrode of the first tran-
sistor;

a third transistor comprising a gate electrode, a first elec-
trode connected to a data line, and a second electrode;

afourth transistor comprising a gate electrode connected to
the second electrode of the third transistor, a first elec-
trode connected to the second electrode of the first tran-
sistor, and a second electrode;

a fifth transistor comprising a gate electrode, a first elec-
trode connected to the second electrode of the fourth
transistor, and a second electrode;

a sixth transistor comprising a gate electrode, a first elec-
trode connected to the gate electrode of the fifth transis-
tor, and a second electrode connected to the second
electrode of the fifth transistor;

a seventh transistor comprising a gate electrode, a first
electrode connected to the second electrode of the fifth
transistor, and a second electrode connected to the
OLED;

a first capacitor connected between the gate electrode and
the first electrode of the fourth transistor; and

a second capacitor connected between the gate electrode
and the first electrode of the fifth transistor.

2. The organic light-emitting display apparatus of claim 1,

wherein during a first period,

the fourth transistor is turned on by a gate-on voltage
supplied via the data line when the third transistor is
turned on, and

afirst current is supplied from the connection line when the
first transistor is turned on, and the fifth transistor is
diode-connected when the sixth transistor is turned on,
and thus a voltage corresponding to the first current is
stored in the second capacitor.

3. The organic light-emitting display apparatus of claim 2,
wherein the first period is allocated before one frame starts or
in an initial part of one frame.

4. The organic light-emitting display apparatus of claim 2,
wherein the first current has a current value corresponding to
a maximum gray level expressed by the pixel.
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5. The organic light-emitting display apparatus of claim 1,
wherein, during a first period of each of a plurality of sub-
frames constituting one frame, the second transistor and the
third transistor are turned on to store a voltage corresponding
to adata signal applied from the data line in the first capacitor.

6. The organic light-emitting display apparatus of claim 5,
wherein during a second period subsequent to the first period
of each of the sub-frames, the second transistor is turned on,
the third transistor is turned off, and the fourth transistor is
turned on or off according to a voltage stored in the first
capacitor,

when the fourth transistor is turned off, the OLED does not
emit light, and

when the fourth transistor is turned on, the OLED emits
light having a brightness corresponding to the voltage
stored in the second capacitor.

7. The organic light-emitting display apparatus of claim 1,
wherein the at least one pixel further comprises an eighth
transistor comprising a gate electrode, a first electrode con-
nected to the second electrode of the second transistor, and a
second electrode connected to the OLED.

8. The organic light-emitting display apparatus of claim 7,
wherein, during a third period, the second, third, fourth, fifth,
sixth, and seventh transistors are turned off, the first transistor
and the eighth transistor are turned on, and a second current
supplied from the connection line is applied to the OLED.

9. The organic light-emitting display apparatus of claim 8,
wherein the third period is allocated when the organic light-
emitting display apparatus is powered on and/or off.

10. The organic light-emitting display apparatus ofclaim 7,
further comprising:

a sensing unit configured to supply a first current to the
connection line during a first period to write the first
current to the pixel and to supply a second current to the
connection line during a second period to sense a deg-
radation of the OLED;

a controller configured to generate corrected data by com-
pensating for the sensed degradation of the OLED; and

a data driver configured to supply additional data to the
data line during the first period and to supply corrected
data to the data line during a third period.

11. The organic light-emitting display apparatus of claim

10,

wherein the additional data comprises a signal having a
first level to turn on the fourth transistor, and

wherein the corrected data comprises a signal having a
second level to turn off the fourth transistor or the first
level.

12. A method of driving the organic light-emitting display

apparatus of claim 1, the method comprising:

supplying a first current to the pixel to write a first current
to the pixel,

supplving a data signal to the pixel to write a data signal to
the pixel; and

emitting light having a brightness corresponding to the first
current or emitting no light, according to the data signal,
wherein the emitting of light or the emitting of no light is
performed in the pixel.

13. The organic light-emitting display apparatus of claim

12, wherein, in the writing of the first current,

the fourth transistor is turned on by a gate-on voltage
supplied via the data line when the third transistor is
turned on, and
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the first current is supplied via the connection line when the
first transistor is turned on, and the fifth transistor is
diode-connected when the sixth transistor is turned on,
and thus a voltage corresponding to the first current is
stored in the second capacitor.

14. The method of claim 13, wherein the writing of the first
current is performed before one frame starts or in an initial
part of one frame.

15. The method of claim 12, wherein the first current has a
current value corresponding to a maximum gray level
expressed by the pixel.

16. The method of claim 12, wherein, in the writing of the
data signal, during a first period of each of a plurality of
sub-frames constituting one frame, the second transistor and
the third transistor are turned on to store a voltage correspond-
ing to a data signal applied from the data line in the first
capacitor.

17. The method of claim 16, wherein, in the emitting of
light or the emitting of no light in the pixel,

during a second period subsequent to the first period of

each of the sub-frames,
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the second transistor is turned on, the third transistor is
turned off, and the fourth transistor is turned on or off
according to a voltage stored in the first capacitor, and

when the fourth transistor is turned off, the OLED emits
no light, and, when the fourth transistor is turned on,
the OLED emits light having a brightness correspond-
ing to the voltage stored in the second capacitor.

18. The method of claim 12, wherein the pixel further
comprises an eighth transistor comprising a gate electrode, a
first electrode connected to the second electrode of the second
transistor, and a second electrode connected to the OLED.

19. The method of claim 18, further comprising applying a
second current supplied from the connection line to the
OLED when the second to seventh transistors are turned off
and the first transistor and the eighth transistor are turned on;
and

sensing degradation of the OLED based on the second

current.

20. The method of claim 19, wherein the sensing of the
degradation is performed when the organic light-emitting
display apparatus is powered on and/or off.

I S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

L5
H M2 TF S0k
S\EREERR

BEG®)

—FENERKRETERE , QFEL —MSFOLEDHRE | EEINEREL
ME—REE K ERIRRENE_SG4E K ERIFE-F4E  EE
IBBELNE=RMEE A FHREEERIE=-REE  HERIE-
RAEE  FERAEERIENRAEE K FARMEERIERLRKE

g ERIFRRAE  FLREEERIFLREEE , HEEIIOLED
F-NFE_—BRRIINEREFHNELRBENBIRZE,

BNAKEREERERS 5E

US20160148572A1

US14/708071

ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

YOO YOUNGWOOK
KOMIYA NAOAKI

YOO, YOUNGWOOK
KOMIYA, NAOAKI

G09G3/32

patsnap

2016-05-26

2015-05-08

G09G3/3258 G09G3/3291 G09G2320/043 G09G3/3283 G09G2320/0233 G09G3/3233 G09G2300
/0819 G09G2300/0852 G09G2300/0861 G09G2320/0223 G09G2320/029 G09G2320/045

1020140164425 2014-11-24 KR

US9646534

Espacenet USPTO

DATA1

CONTROLLER

50

DATA2

|oo

GGS
SCs

70

80

—10

oL DATA DRIVER
[ res
I SENSING UNIT
IAU lALz . |ALm
SWCS SWITCH UNIT
20 | DL1 | IDL2| IDLml
sL1
CL11~CL15
sL2
scan | c2i~cizs e
DRIVER LPX
stn
5 CLn1~CLn5
ELVDD
A ’ IELVSS

' POWER SUPPLY UNIT

e



https://share-analytics.zhihuiya.com/view/84aa3aab-c849-4f86-a9cb-d9ed17c71c2c
https://worldwide.espacenet.com/patent/search/family/056010816/publication/US2016148572A1?q=US2016148572A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160148572%22.PGNR.&OS=DN/20160148572&RS=DN/20160148572

