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(57) ABSTRACT

Disclosed are an organic light emitting display and a method
of driving the same. A charging circuit supplies charging
voltages to organic light emitting diodes included in the
plurality of subpixels, wherein a different charging voltage
is supplied to at least one of the organic light emitting
diodes. The data driver supplies data signals to data lines of
the plurality of subpixels.
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ORGANIC LIGHT EMITTING DISPLAY
(OLED) AND METHOD OF DRIVING THE
SAME

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0166488, filed on Nov. 26,
2015, which is incorporated herein by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] Field of the invention

[0003] The present disclosure relates to an Organic Light
Emitting Display (OLED), and a method of driving the
same.

[0004] Discussion of Related Art

[0005] With the advancement of information technologies,
there is increasing demand for display devices as a medium
for a user to connect information. For example, an Organic
Light Emitting Display (OLED) is widely used.

[0006] An OLED includes a display panel having a plu-
rality of subpixels, a driver for outputting a driving signal to
drive a display panel, and a power supply unit for generating
power to be supplied to the driver. The driver includes a scan
driver for supplying a scan signal (or a gate signal) to the
display panel, and a data driver for supplying a data signal
to the display panel. The OLED is able to display an image
in a manner in which once driving signals, for example, a
scan signal and a data signal, are supplied to the subpixels
in the display panel, the selected subpixel emits light.
[0007] Such an OLED is typically desired to compensate
a driving transistor and an organic light emitting diode
included in the display panel (compensation for process
variation and deterioration). For this reason, there has been
a compensation method of sensing characteristics of the
driving transistor and the organic light emitting diode and
making compensation based on the sensed values.

[0008] Meanwhile, an organic light emitting diode shows
different emission efficiency and deterioration speed (time)
depending on the color emitted therefrom. However, the
conventional method may not consider the emission effi-
ciency and the deterioration speed depending on the color
emitted from the organic light emitting diode, and thus,
sensing and compensation may not be precisely performed.

SUMMARY

[0009] Accordingly, the present disclosure is directed to
an Organic Light Emitting Display (OLED) and a method of
driving the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0010] An advantage of the present disclosure is to pro-
vide an OLED with improved compensation for driving
transistors and organic light emitting diodes.

[0011] Additional features and advantages of the present
disclosure will be set forth in the description which follows,
and in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages of the present disclosure will be realized and attained
by the structure particularly pointed out in the written
description and claims hereof as well as the appended
drawings.

[0012] In one general aspect, there is provided an Organic
Light Emitting Display (OLED) including a plurality of
subpixels, a charging circuit, and a data driver. The charging
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circuit supplies a charging voltage to organic light emitting
diodes included in the plurality of subpixels, wherein a
different charging voltage is supplied to at least one of the
organic light emitting diodes. The data driver supplies a data
signal to data lines of the plurality of subpixels.

[0013] In another general aspect, there is provided an
Organic Light Emitting Display (OLED) including a plural-
ity of subpixels, a sensing circuit, and a data driver. The
sensing circuit senses a discharging voltage of organic light
emitting diodes included in the plurality of subpixels,
wherein a discharging voltage of at least one of the organic
light emitting diodes is sensed for a different sensing time.
The data driver supplies a data signal to data lines of the
plurality of subpixels.

[0014] In yet another general aspect, there is provided a
method of driving an Organic Light Emitting Display
(OLED). The method includes supplying a charging voltage
to organic light emitting diodes included in a plurality of
subpixels, wherein a different charging voltage is supplied to
at least one of the organic light emitting diodes, sensing the
organic light emitting diodes during a period in which
discharging voltages of the organic light emitting diodes
come to converge, and generating a compensation value
based on aging characteristics of the organic light emitting
diodes.

[0015] In yet another general aspect, there is provided a
method of driving an Organic Light Emitting Display
(OLED). The method includes supplying a charging voltage
to organic light emitting diodes included in a plurality of
subpixels, sensing discharging voltages of the organic light
emitting diodes, wherein a discharging voltage of at least
one of the organic light emitting diodes is sensed for a
different sensing time, and generating a compensation value
based on aging characteristics of the organic light emitting
diodes.

[0016] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompany drawings, which are included to
provide a further understanding of the invention and are
incorporated on and constitute a part of this specification
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0018] FIG. 1 is a block diagram illustrating an Organic
Light Emitting Display (OLED) according to a first embodi-
ment of the present disclosure.

[0019] FIG. 2 is a diagram illustrating a subpixel shown in
FIG. 1.
[0020] FIG. 3 is a circuit of a subpixel according to the

first embodiment of the present disclosure.

[0021] FIGS. 4 and 5 each is a circuit showing a charging/
discharging path of a subpixel according to the first embodi-
ment of the present disclosure.

[0022] FIG. 6 is a block diagram illustrating a data driver
according to the first embodiment of the present disclosure.
[0023] FIG. 7 is a charging/discharging curve graph for
explanation of a problem of a sensing method according to
a first experiment example.
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[0024] FIG. 8 is a sensing timing diagram for explanation
of a sensing method according to the first experiment
example.

[0025] FIGS. 9A to 9C are graphs showing decrease in
luminance based on colors emitted from organic light emit-
ting diodes.

[0026] FIG. 10 is a graph showing life time of each color
of an organic light emitting diode.

[0027] FIG. 11 is a charging/discharging curve graph for
explanation of a sensing method according to the first
embodiment of the present disclosure.

[0028] FIG. 12 is a diagram illustrating sensing timing for
explanation of a sensing method according to the first
embodiment of the present disclosure.

[0029] FIG. 13 is a flowchart illustrating a sensing method
according to the first embodiment of the present disclosure.
[0030] FIG. 14 is a charging/discharging curve graph for
explanation of a problem of a sensing method according to
the second experiment example.

[0031] FIG. 15 is a graph showing sensing data margin for
explanation of a sensing method according to the second
experiment example.

[0032] FIG. 16 is a graph for explanation of a reliability
problem of a sensing method according to the second
experiment example.

[0033] FIG. 17 is a charging/discharging curve graph for
explanation of a sensing method according to the second
embodiment of the present disclosure.

[0034] FIG. 18 is a graph showing sensing data margin for
explanation of the sensing method according to the second
embodiment of the present disclosure.

[0035] FIG. 19 is a flowchart illustrating the second
method according to the second embodiment of the present
disclosure.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0036] Reference will now be made in detail embodiments
of the invention examples of which are illustrated in the
accompanying drawings.

[0037] Hereinafter, the detailed embodiments of the pres-
ent disclosure are described with the accompanying draw-
ings.

[0038] An Organic Light Emitting Display (OLED) is
implemented as a display panel in which one pixel unit
consists of a red subpixel, a green subpixel, and a blue
subpixel, or as a display panel in which one pixel unit
consists of a red subpixel, a green subpixel, a blue subpixel,
and a white subpixel. For convenience of explanation, there
is hereinafter provided description based on the display
panel in which one pixel unit consists of a red subpixel, a
green subpixel, and a blue subpixel. In addition, a transistor
described in the following may be referred to as a source
electrode or a drain electrode, except for a gate electrode,
according to a type thereof (N type or P type).

First Embodiment

[0039] FIG. 1 is a block diagram illustrating an OLED
according to a first embodiment of the present disclosure,
FIG. 2 is a diagram illustrating a subpixel shown in FIG. 1,
FIG. 3 is a circuit of a subpixel according to the first
embodiment of the present disclosure, FIGS. 4 and 5 each is
a circuit showing a charging/discharging path of a subpixel
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according to the first embodiment of the present disclosure;
and FIG. 6 is a block diagram illustrating a data driver
according to the first embodiment of the present disclosure.

[0040] As illustrated in FIG. 1, the OLED according to the
first embodiment of the present disclosure includes an image
supply unit 110, a timing controller 120, a scan driver 140,
a data driver 130, a display panel 150, a programmable
gamma unit 160, and a power supply unit 170.

[0041] The image supply unit 110 performs image pro-
cessing on a data signal DATA, and outputs the resulting
signal together with a vertical synchronization signal, a
horizontal synchronization signal, a data enable signal, a
clock signal, etc. The image supply unit 110 supplies the
vertical synchronization signal, the horizontal synchroniza-
tion signal, the data enable signal, the clock signal, and the
data signal DATA to the timing controller 120.

[0042] The timing controller 120 is supplied with the data
signal DATA and the like from the image supply unit 110,
and outputs a gate timing control signal GDC for controlling
an operation timing of the scan driver 140 and a data timing
control signal DDC for controlling an operation timing of
the data driver 130. The timing controller 120 supplies the
data signal DATA along with the data timing control signal
DDC to the data driver 130.

[0043] The scan driver 140 outputs a scan signal while
shifting a level of a gate voltage in response to the gate
timing control signal GDC supplied from the timing con-
troller 120. The scan driver 140 supplies the scan signal to
subpixels SPincluded in the display panel 150 through scan
lines GL1 to GLm. The scan driver 140 may be formed as
an integrated circuit (IC) type or as a Gate In Panel (GIP)
type on the display panel 150.

[0044] The data driver 130 samples and latches a data
signal DATA in response to a data timing control signal
DDC supplied from the timing controller 120, and converts
a digital signal into an analog signal in response to a gamma
reference voltage, and outputs the analog signal. The data
driver 130 supplies the data signal DATA to the subpixels SP
included in the display panel 150 through data lines DL1 to
DLn. The data driver 130 may be formed as an integrated
circuit (IC) type.

[0045] The programmable gamma unit 160 outputs a
gamma voltage GMA to be supplied to the data driver 130.
The programmable gamma unit 160 varies (changes) the
gamma voltage, which is to be output from itself, in response
to a value set by a user, a developer, a manufacturer, or the
like. For example, the programmable gamma unit 160 may
vary a gamma voltage GMA into a specific voltage value
under control of the timing controller 120, but aspects of the
present disclosure are not limited thereto.

[0046] The power supply unit 170 generates and outputs
power to be supplied to the timing controller 120, the scan
driver 140, the data driver 130, and the display panel 150.
However, the following description is about an example in
which the power supply unit 170 generates and outputs first
and second power voltages EVDD and EVSS to be supplied
to the display panel 150.

[0047] The display panel 150 displays an image in
response to a scan signal output from a driver including the
scan driver 140 and the data driver 130 and the power
EVDD and EVSS output from the power supply unit 170.
The display panel 150 is implemented as a top-emission
type, a bottom-emission type, or a dual-emission type. The
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display panel 150 includes subpixels SP that emit light or
does not emit light in order to display an image.

[0048] As illustrated in FIG. 2, one subpixel is defined by
a scan line GL1, a data line DL1, a first power line EVDD,
and a second power line EVSS. Each subpixel may include
a switching transistor T1, a capacitor Cst, a driving transistor
DT, an organic light emitting diode, and a compensation
circuit CC. The compensation circuit CC is provided to
compensate for process variation or deterioration of the
driving transistor DT and the organic light emitting diode
included in the subpixel.

[0049] According to a configuration of the compensation
circuit CC, the subpixel may have three transistors and one
capacitor (3T1C), four transistors and two capacitors
(4T2C), six transistors and one capacitor (6T1C), seven
transistors and two capacitors (7T2C), or the like. In addi-
tion, according to a configuration of the compensation
circuit CC, the sub pixel may include a first compensation
circuit inside the subpixel and a second compensation circuit
outside the subpixel. Hereinafter, the following description
is about an example of a compensation circuit CC which
includes the first compensation circuit and the second com-
pensation circuit.

[0050] As illustrated in FIG. 3, one subpixel SP may
include a first switching transistor T1, a first capacitor Cst,
a second switching transistor T2, a driving transistor DT, and
an organic light emitting diode.

[0051] The first switching transistor T1 transmits a data
voltage Vdata, which is supplied from a N-th data line DL,
to the capacitor Cst in response to a first scan signal. The first
switching transistor T1 is configured such that a gate elec-
trode thereof is connected to a first scan line G1, a first
electrode thereof is connected to the N-th data line DL, and
a second electrode thereof is connected to one end of the
capacitor Cst.

[0052] The second switching transistor T2 electrically
connects an anode electrode of the organic light emitting
diode and a N-th sensing line SL in response to a second
scan signal. The second switching transistor T2 is configured
such that a gate electrode thereof is connected to a second
scan line G2, a first electrode thereof is connected to the
organic light emitting diode, and a second electrode thereof
is connected to the N-th sensing line SL. The second
switching transistor T2 may be driven in the need of sensing
(electrical) characteristics of the organic light emitting
diode.

[0053] In response to a data voltage Vdata stored in the
capacitor Cst, the driving transistor DT generates a driving
current that enables the organic light emitting diode to emit
light. The driving transistor DT is configured such that a gate
electrode thereof is connected to the other end of the
capacitor Cst, a first electrode thereof is connected to a first
power line EVDD, and a second electrode thereof is con-
nected to a first electrode of a fourth switching transistor T4.
[0054] In response to a driving current generated by the
driving transistor DT, the organic light emitting diode emits
light in red, green, or blue. The organic light emitting diode
is configured such that an anode electrode thereof is con-
nected to a second electrode of the fourth switching tran-
sistor T4, and a cathode electrode thereof is connected to a
second power line EVSS.

[0055] The first capacitor Cst stores a data voltage Vdata
supplied through the N-th data line DL, and supplies the
stored data voltage Vdata to the gate electrode of the driving
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transistor DT. The first capacitor Cst is configured such that
one end thereof is connected to the second electrode of the
first switching transistor T1, and the other end thereof is
connected to the gate electrode of the driving transistor DT.

[0056] The aforementioned second switching transistor T2
is included in the first compensation circuit which is added
inside the subpixel SP. The second compensation circuit,
such as a first transistor Ms, a second transistor Md, and a
second capacitor Css, is added outside the subpixel SP.

[0057] In response to a first selection signal, the first
transistor Ms electrically connects a N-th th input/output
channel of the data driver 130 to the N-th sensing line SL.
The first transistor Ms is configured such that a gate elec-
trode thereof is connected to a first selection signal line
S_Mux, a first electrode thereof is connected to a N-th
input/output channel of the data driver 130, and a second
electrode thereof is connected to the N-th sensing line SL.
The first transistor Ms may be driven in the need of sensing
characteristics of the driving transistor DT or the organic
light emitting diode during a sensing period.

[0058] Inresponse to a second selection signal, the second
transistor Md connects the N-th input/output channel of the
data driver 130 and the N-th data line DL. The second
transistor Md is configured such that a gate electrode thereof
is connected to a second selection signal line D_Mux, a first
electrode 1s connected to a N-th input/output channel of the
data driver 130, and a second electrode thereof is connected
to the N-th data line DL. The second transistor Md may be
driven in the need of supplying a data voltage through the
N-th data line DL.

[0059] The second capacitor Css stores and discharges a
charging voltage. In response to a turning-on or turning-off
operation of the first transistor Ms, the second capacitor Css
may store or discharge the charging voltage. A path along
which a charging voltage is stored in the second capacitor
Css is the charging path shown in FIG. 4. A path along which
the charging voltage stored in the second capacitor Css is
discharged is a discharging path shown in FIG. 5.

[0060] According to the above description, the first com-
pensation circuit T2 is added inside every subpixel. On the
other hand, the second compensation circuits Ms, Md, and
Css is provided as a group within a pair of a data line DL and
a sensing line SL. The example shown in the drawings is
about a case where the second compensation circuits are
added outside a subpixel. However, at least one of (or
selected from among) the second compensation circuits Ms,
Md, and Css may be provided inside the data driver 130.

[0061] As illustrated in FIG. 6, a sensing circuit of the
driving driver 130 includes a mux unit MUX, a sample
holder SH, a scaler SCAL, an amplifier AMP, a buffer, BUF,
switch units SWa to SWc, and an analog-digital converter
ADC. The sensing circuit of the data driver 130 is configured
to sense process variation and deterioration of the driving
transistor DT and the organic light emitting diode included
in the subpixel.

[0062] Besides the sensing circuit, a compensation value
generation circuit for generating a compensation value based
on a sensed value may exist inside the data driver 130.
However, the compensation value generation circuit may be
disposed in a timing controller, so a drawing and description
of the compensation value generation circuit is omitted.
Hereinafter, the configuration of the sensing circuit is
described briefly.
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[0063] The mux unit MUX selectively senses one of a red
subpixel SPr, a green subpixel SPg, and a blue subpixel SPb.
The sample holder SH samples a sensed value of the selected
subpixel. The scaler SCAL scales the sampled value (e.g.,
up-scaling computation for improving accuracy and resolu-
tion of the sensed value).

[0064] The amplifier AMP amplifies a scaled sensed value
and outputs the amplified value. The analog-digital con-
verter ADC converts a sampled analog value into a digital
value and outputs the digital value. The first to third switch
units SWa to SWe perform a switching operation in response
to an internal signal. The first to third switch units SWa to
SWe controls operation of a circuit provided inside the data
driver 130, such as the sample holder SH, the scaler SCAL,
and the amplifier AMP.

[0065] As illustrated in FIGS. 3 to 6, the data driver 130
may drive a voltage output switches SCS and PRE, which
are provided inside the data driver 130, to output a data
voltage of a charging voltage (or a pre-charge voltage)
through its N-th input/output channel The voltage output
switches SCS and PRE and a charge power source VPREO
are included in a charge circuit of the data driver 130. The
charge power source VPREO outputs a voltage, with or
without varying the voltage, based on a voltage supplied
from an external device (e.g., a power supply unit or a
programmable gamma unit)

[0066] In addition, the data driver 130 may drive a voltage
sensing switch SEN, which is included therein, to sense
characteristics of the driving transistor DT and the organic
light emitting diode through its N-th input/output channel
The voltage sensing switch SEN and the analog-digital
converter ADC are included in the sensing circuit of the data
driver 130.

[0067] Meanwhile, there is a conventional compensation
method of sensing characteristics of a driving transistor and
an organic light emitting diode and compensating for the
sensed value. An organic light emitting diode has different
emission efficiency and deterioration speed (time) based on
a color emitted therefrom. However, the conventional
method does not consider the emission efficiency and the
deterioration speed based on colors emitted from the organic
light emitting diodes, and thus, sensing and compensation
are performed inaccurately.

[0068] Hereinafter, an experiment is conducted on an
OLED implemented using the conventional compensation
method, and the results are explored, as compared to an
OLED implemented according to the first embodiment of
the present disclosure.

First Experiment Example

[0069] FIG. 7 is a charging/discharging curve graph for
explanation of a problem of a sensing method according to
a first experiment example, FIG. 8 is a sensing timing
diagram for explanation of a sensing method according to
the first experiment example, FIGS. 9A to 9C are graphs
showing decrease in luminance based on colors emitted
from organic light emitting diodes, and FIG. 10 is a graph
showing life time of each color of an organic light emitting
diode.

[0070] As illustrated in FIGS. 7 and 8, in the first experi-
ment example, a charging voltage aV is applied for a
predetermined time t0 in order to sense organic light emit-
ting diodes. Then, when the organic light emitting diodes are
discharging, the organic light emitting diodes are sensed
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with reference to a sensing reference voltage Vavref after a
predetermined time tl in accordance with an analog-to-
digital conversion (ADC) scale. Accordingly, a data driver
senses a degree of deterioration of an organic light emitting
diode of each subpixel.

[0071] In the first experiment example, a single voltage
output from a power supply unit is used as a charging
voltage aV. The same charging voltage aV is supplied to a
red organic light emitting diode (R), a green organic light
emitting diode (G), and a blue organic light emitting diode
(B). In this case, the ADC scale is provided in consideration
of sensing variation of the red organic light emitting diode
(R), the green organic light emitting diode (G), and the blue
organic light emitting diode (B).

[0072] An organic light emitting diode has different emis-
sion efficiency due to luminance degraded based on a color
emitted from the organic light emitting diode, as illustrated
in FIGS. 9A to 9C. In addition, the organic light emitting
diode has different deterioration speed based on a color
emitted therefrom, as shown in FIG. 10. Therefore, the
discharging curves of the red organic light emitting diode
(R), the green organic light emitting diode (G). and the blue
organic light emitting diode (B) become different over time
(see Dis-charging graph with respect to R, G, and B in FIG.
7.

[0073] In the first experiment example, as shown in FIG.
7, the same charging voltage aV is supplied to all of the red
organic light emitting diode (R), the green organic light
emitting diode (G), and the blue organic light emitting diode
(B). Thus, in the case of performing sensing after the
predetermined time t1, the sensing range A4V with respect
to the red organic light emitting diode (R), the green organic
light emitting diode (G), and the blue organic light emitting
diode (B) becomes wider. That is, because sensing is pet-
formed with reference to the same reference voltage Vavref
in the first experiment example, the sensing range becomes
wider and therefore the sensing accuracy is reduced (10Bit
Resolution, A4V:1 LSB=4 mV).

[0074] In addition, at a time when first and second scan
signal G1 and G2 become logic low, sensing is continuously
(or sequentially) performed on the red organic light emitting
diode (R), the green organic light emitting diode (G), and the
blue organic light emitting diode (B). Therefore, a long
sensing time is beneficial in the first experiment example.

[0075] For example, a red organic light emitting diode
included in a red subpixel is sensed if SMux3 signal drops
from logic high to logic low, a green light emitting diode
included in a green subpixel is sensed if SMux2 signal drops
from logic high to logic low, and a blue light emitting diode
included in a blue subpixel is sensed if SMux1 signal drops
from logic high to logic low. In FIG. 5, each numeric value
1 to 5 indicates the number of times of sensing.

[0076] In the first experiment example, when sensing is
performed using the same charging voltage aV, it is not
possible to vary a voltage according to characteristics of an
organic light emitting diode. In addition, as the same charg-
ing voltage aV is applied to a red light emitting diode (R),
a green light emitting diode (G), and a blue light emitting
diode (G) in the first experiment example, it is not possible
to perform independent sensing of those organic light emit-
ting diodes. Furthermore, as the same charging voltage aV
is applied to the red light emitting diode (R), the green light



US 2017/0154577 Al

emitting diode (G), and the blue light emitting diode (G),
sensing accuracy is reduced and a long sensing time is
beneficial.

First Embodiment

[0077] FIG. 11 is a charging/discharging curve graph for
explanation of a sensing method according to the first
embodiment of the present disclosure, FIG. 12 is a diagram
illustrating sensing timing for explanation of a sensing
method according to the first embodiment of the present
disclosure, and FIG. 13 is a flowchart illustrating a sensing
method according to the first embodiment of the present
disclosure.

[0078] As illustrated in FIGS. 11 to 13, a sensing method
according to the present disclosure uses a different charging
voltage based on aging characteristics of organic light emit-
ting diodes.

[0079] The sensing method according to the first embodi-
ment of the present disclosure includes supplying discharg-
ing voltages based on colors emitted from organic light
emitting diodes in S110, sensing organic light emitting
diodes during a period in which discharging voltages of the
organic light emitting diodes come to converge in $S120, and
generating a compensation value based on aging of the
organic light emitting diodes in S130.

[0080] In the first embodiment of the present disclosure,
first to third charging voltages aV to ¢V are applied for a
predetermined time t0 so as to sense organic light emitting
diodes independently. Accordingly, a red organic light emit-
ting diode (R), a green organic light emitting diode (G), and
a blue organic light emitting diode (B) are supplied with
different charging voltages based on a color emitted there-
from.

[0081] The red organic light emitting diode (R), the green
organic light emitting diode (G), and the blue organic light
emitting diode (B) have different discharging curves based
on a color emitted therefrom. In the first embodiment of the
present disclosure, after the predetermined time t1, a voltage
output from a programmable gamma unit 160 may be used
as a charging voltage to reduce a sensing range. However,
aspects of the present disclosure are not limited thereto.
[0082] When the programmable gamma unit 160 is used,
it is possible to vary a charging voltage to independently
sense the red organic light emitting diode (R), the green
organic light emitting diode (G), and the blue organic light
emitting diode (B). However, aspects of the present disclo-
sure are not limited thereto, and any device capable of
varying a charging voltage may be used.

[0083] The levels of charging voltages may be in a rela-
tionship of the first charging voltage aV>the second charg-
ing voltage bV<the third charging voltage cV. The first
charging voltage aV may be used for a blue organic light
emitting diode, the second charging voltage vB may be used
for a green organic light emitting diode, and the third
charging voltage ¢V may be used for a red organic light
emitting diode.

[0084] However, the above example is a case where each
organic light emitting diode has different characteristics.
Therefore, if two organic light emitting diodes have the
same characteristics and only one organic light emitting
diode has different characteristics, the levels of charging
voltages may be in a relationship of the first charging voltage
(aV)=the second charging voltage (bV)<the third charging
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voltage (cV) or in a relationship of the first charging voltage
(aV)=the second charging voltage (bV)>the third charging
voltage (cV).

[0085] In acase where an independent charging voltage is
used just like the first embodiment of the present disclosure,
discharging curves are formed in which the discharging
voltages of the red organic light emitting diode (R), the
green organic light emitting diode (G), and the blue organic
light emitting diode (B) almost converge after the predeter-
mined time t1. That is, dependent charging voltages are
selected to enable the discharging voltages of the red organic
light emitting diode (R), the green organic light emitting
diode (G), and the blue organic light emitting diode (B) to
converge after the predetermined time T1. Therefore, the
time t1 or the vicinity thereof may be defined as a conver-
gence period in which the discharging voltages of the red
organic light emitting diode (R), the green organic light
emitting diode (G), and the blue organic light emitting diode
(B) all come to converge.

[0086] To allow the dependent charging voltages to con-
verge for the same convergence period, preliminary experi-
ments may be conducted to find out the respective discharg-
ing voltages of the red organic light emitting diode (R), the
green organic light emitting diode (G), and the blue organic
light emitting diode (B) and to make settings based on the
found values. However, aspects of the present disclosure are
not limited thereto.

[0087] In the first embodiment of the present disclosure,
the independent charging voltages aV, bV, and ¢V are
respectively supplied to the red red organic light emitting
diode (R), the green organic light emitting diode (G), and the
blue organic light emitting diode (B), as shown in FIG. 11.
Therefore, if sensing is performed after the predetermined
time t1, a sensing range A2V with respect to the red OLED
(R), the green OLED (G), and the blue OLED (B) may be
reduced. Since the sensing range is reduced, the sensing
accuracy may improve in the first embodiment of the present
disclosure (10Bit Resolution, A2V:1L.SB=2 mV).

[0088] In addition, in the first embodiment of the present
disclosure, whenever the first and second scan signals G1
and G2 become logic low, the red organic light emitting
diode (R), the green organic light emitting diode (G), and the
blue organic light emitting diode (B) are independently
(selectively) sensed. As such, it is possible to select a target
to sense in the first embodiment of the present disclosure,
and thus, a short sensing time is beneficial.

[0089] For example, a red organic light emitting diode
included in a red subpixel is sensed if SMux3 drops from
logic high to logic low, a green organic light emitting diode
included in a green subpixel drops from logic high to logic
low if SMux2 signal drops from logic high to logic low, and
a blue organic light emitting diode included in a blue
subpixel is sensed if SMux1 drops from logic high to logic
low. In FIG. 10, each numeric value 1 to 5 indicates the
number of times of sensing.

[0090] In the first embodiment of the present disclosure,
organic light emitting diodes are sensed using independent
charging voltages aV, bV, and ¢V based on colors emitted
therefrom, and thus, it is possible to vary a voltage according
to characteristics (e.g., aging characteristics) of each organic
light emitting diode. In addition, as independent charging
voltages aV, bV, and ¢V are respectively applied to a red
organic light emitting diode (R), a green organic light
emitting diode (G), and a blue organic light emitting diode
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(B), it is possible to independently sense the red organic light
emitting diode (R), the green organic light emitting diode
(G), and the blue organic light emitting diode (B). Further-
more, as the independent voltages aV, bV, and ¢V are applied
to the red organic light emitting diode (R), the green organic
light emitting diode (G), and the blue organic light emitting
diode (B), sensing accuracy improves and a short sensing
time is beneficial.

[0091] Meanwhile, the first embodiment of the present
disclosure is about an example in which independent charg-
ing voltages are used to improve accuracy in sensing organic
light emitting diodes. However, the following second
embodiments may be used to improve the accuracy in
sensing organic light emitting diodes.

[0092] Hereinafter, an experiment is conducted on an
OLED implemented using the conventional compensation
method based, and the results are explored, as compared to
an OLED implemented according to the second embodiment
of the present disclosure.

Second Experiment Example

[0093] FIG. 14 is a charging/discharging curve graph for
explanation of a problem of a sensing method according to
the second experiment example, FIG. 15 is a graph showing
sensing data margin for explanation of a sensing method
according to the second experiment example, and FIG. 16 is
a graph for explanation of a reliability problem of a sensing
method according to the second experiment example.
[0094] As illustrated in FIGS. 14 to 16, in the second
experiment example, a charging voltage Vpre is applied to
an organic light emitting diode for a predetermined time t0
in order to sense the organic light emitting diode. Then,
when the organic light emitting diode is discharging, the
OLED is sensed with respect to a sensing reference voltage
Vavref in accordance with an analog-to-digital conversion
(ADC) scale. Accordingly, a data driver senses a degree of
deterioration of an organic light emitting diode of each
subpixel.

[0095] 1In the second experiment example, a single voltage
is used as a charging voltage Vpre. In addition, the same
charging voltage Vpre is supplied to a red organic light
emitting diode (R), a green organic light emitting diode (G),
and a blue organic light emitting diode (B). In this case, the
ADC scale is provided by considering sensing variation of
the red organic light emitting diode (R), the green organic
light emitting diode (G), and the blue organic light emitting
diode (B).

[0096] In the second experiment example, the same charg-
ing voltage Vpre is supplied to all of the red organic light
emitting diode (R), the green organic light emitting diode
(G), and the blue organic light emitting diode (B), as shown
in FIG. 14, and sensing data is obtained from each of the red
organic light emitting diode (R), the green organic light
emitting diode (G), and the blue organic light emitting diode
(B) for the same sensing time after a predetermined time t1.
However, sensing data VR, VG, and VB are obtained with
variation (VR=VG=VB) due to different characteristics of
the red organic light emitting diode (R), the green organic
light emitting diode (G), and the blue organic light emitting
diode (B),

[0097] It is because an organic light emitting diode has
different emission efficiency due to luminance degraded
based on a color emitted from the organic light emitting
diode, as shown in FIGS. 9A to 9C. In addition, the organic
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light emitting diode has different deterioration speed based
on a color emitted therefrom, as shown in FIG. 10. In
addition, it is because emission efliciency and deterioration
speed are different according to luminance Therefore, even
though the red organic light emitting diode (R), the green
organic light emitting diode (G), and the blue organic light
emitting diode (B) are sensed after the same time t1, there
may be variation (VR=VG=VB) in sensing data, as shown
in FIG. 15.

[0098] In addition, in the second experiment example, a
sensing variation range set in the ADC scale is wide, but
there is a lack of sensing data margin due to sensing
variation AV by temperature.

[0099] This problem happens because a color emitted
from an organic light emitting diode determines how much
the organic light emitting diode is affected by temperature,
as shown in FIG. 16. For example, as shown in (a) of FIG.
16, when the discharging time is 1 ms, sensing data Green
of a green organic light emitting diode is affected signifi-
cantly by temperature (decreasing reliability). On the other
hand, as shown in (b) of FIG. 16, when the discharging time
is 10 ms, the sensing data Green of the green organic light
emitting diode is less affected by temperature (increasing
reliability).

[0100] The opposite result is obtained in the experiment
regarding a blue organic light emitting diode. For example,
as shown in (a) of FIG. 16, when the discharging time is 1
ms, sensing data Green of a blue organic light emitting diode
is less affected by temperature (increasing reliability). On
the other hand, as shown in (b) of FIG. 16, when the
discharging time is 10 ms, the sensing data Green of the blue
organic light emitting diode is significantly affected by
temperature (decreasing reliability.

[0101] In the above second experiment example, when a
single charging voltage Vpre is used, it is impossible to
perform voltage sensing according to characteristics (degree
of deterioration, and change caused by aging) of an organic
light emitting diode. In addition, if environment change,
such as temperature, occurs in the second experiment
example, it is difficult to uniformly sense voltage levels of
the red organic light emitting diode (R), the green organic
light emitting diode (G), and the blue organic light emitting
diode (B), and thus, sensing accuracy is reduced.

Second Embodiment

[0102] FIG. 17 is a charging/discharging curve graph for
explanation of a sensing method according to the second
embodiment of the present disclosure, FIG. 18 is a graph
showing sensing data margin for explanation of the sensing
method according to the second embodiment of the present
disclosure, and FIG. 19 is a flowchart illustrating the second
method according to the second embodiment of the present
disclosure.

[0103] As illustrated in FIGS. 17 and 19, the sensing
method according to the second embodiment of the present
disclosure uses a different sensing time based on aging
characteristics of organic light emitting diodes.

[0104] The sensing method according to the second
embodiment of the present disclosure includes supplying
charging voltages to organic light emitting diodes in S210,
sensing discharging voltages of the organic light emitting
diodes based on colors emitted therefrom in S220, and
generating a compensation value based on aging of the
organic light emitting diodes in S230.
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[0105] 1In the second embodiment of the present disclo-
sure, a charging voltage Vpre is applied for a predetermined
time TO in order to independently sense an organic light
emitting diode (in other words, to obtain the optimal elec-
trical characteristics of each device). A red organic light
emitting diode (R), a green organic light emitting diode (G),
a blue organic light emitting diode (B) may be all supplied
with the same charging voltage, or at least one of them may
be supplied with a different charging voltage.

[0106] In the second embodiment of the present disclo-
sure, the same charging voltage Vpre is applied to the red
organic light emitting diode (R), the green organic light
emitting diode (G), and the blue organic light emitting diode
(B) for the predetermined time T0, and then the red organic
light emitting diode (R), the green organic light emitting
diode (G), and the blue organic light emitting diode (B) are
discharged. Each of the red organic light emitting diode (R),
the green organic light emitting diode (G), and the blue
organic light emitting diode (B) has a different discharging
curve, and therefore, sensing data is obtained from those
organic light emitting diodes for different sensing time TB,
TG, or TR.

[0107] However, the above example is a case where each
organic light emitting diode has different characteristics.
Thus, if two organic light emitting diodes have the same
characteristics and only one organic light emitting diode has
different characteristics, the sensing time may be in a
relationship of the second sensing time=the third sensing
time<the first sensing time or in a relationship of the second
sensing time=the third sensing time>the first sensing time.
[0108] As such, if each OLED has an independent sensing
discharging time, the sensing data VR, VG, and VG may be
sensed similarly as if characteristic variation of the red
organic light emitting diode (R), the green organic light
emitting diode (G), and the blue organic light emitting diode
(B) is removed (VR=VG=~VB). That is, a sensing voltage is
at a level close to that of a sensing reference voltage Vavref.
[0109] In addition, in the second embodiment of the
present disclosure, sensing data from each of the red organic
light emitting diode (R), the green organic light emitting
diode (G), and the blue organic light emitting diode (B) is
provided in a narrow voltage level range, and thus, a sensing
variation range AV by temperature is narrow and sensing
data margin may be secured. In addition, a sensing voltage
range (sensing range) set in the ADC scale may be reduced,
and thus, sensing accuracy may improve.

[0110] In the above second embodiment of the present
disclosure, sensing data from organic light emitting diodes is
provided in a narrow voltage level range, and thus, a sensing
variation range AV is narrow and sensing data margin may
be secured. In addition, despite environment change, such as
temperature, it is possible to uniformly sense a voltage of
each of the red organic light emitting diode (R), the green
organic light emitting diode (G), and the blue organic light
emitting diode (B). Furthermore, the sensing voltage range
(sensing range) may be reduced, thereby improving sensing
accuracy.

[0111] As disclosed, an embodiment of the present disclo-
sure is capable of improving sensing accuracy by perform-
ing sensing independently based on colors emitted from
organic light emitting diodes. In addition, an embodiment of
the present disclosure is capable of reducing sensing time by
performing sensing independently based on colors emitted
from organic light emitting diodes. Besides, an embodiment
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of the present disclosure is capable of performing uniform
sensing despite environment change such as temperature.
Furthermore, an embodiment of the present disclosure is
capable of securing sensing data margin by reducing sensing
variation range and sensing voltage range.

What is claimed is:

1. An Organic Light Emitting Display (OLED) compris-
ing:

a plurality of subpixels;

a charging circuit configured to supply charging voltages
to organic light emitting diodes included in the plurality
of subpixels, wherein a different charging voltage is
supplied to at least one of the organic light emitting
diodes; and

adata driver configured to supply data signals to data lines
of the plurality of subpixels.

2. An Organic Light Emitting Display (OLED) compris-

ing:

a plurality of subpixels;

a sensing circuit configured to sense discharging voltages
of organic light emitting diodes included in the plural-
ity of subpixels, wherein one of the discharging volt-
ages is sensed during a different sensing time; and

a data driver configured to supply data signals to data lines
of the plurality of subpixels.

3. The OLED device of claim 1, wherein the charging
circuit supplies the different charging voltage based on aging
characteristics of the organic light emitting diodes included
in the plurality of subpixels.

4. The OLED device of claim 2, wherein the sensing
circuit uses the different sensing time based on aging char-
acteristics of the organic light emitting diodes included in
the plurality of subpixels.

5. The OLED device of claim 1, further comprising a
sensing circuit configured to sense discharging voltages of
the organic light emitting diodes,

wherein the sensing circuit performs independent sensing
based on a color emitted from each of the plurality of
subpixels.

6. The OLED device of claim 2, further comprising a
charging circuit configured to supply a charging voltage of
the organic light emitting diodes,

wherein the charging circuit supplies the same charging
voltage to the plurality of subpixels, or supplies a
different charging voltage to at least one of the plurality
of subpixels.

7. The OLED device of claim 1, further comprising a
programmable gamma unit configured to supply a gamma
voltage to the data driver,

wherein the charging circuit supplies the charging voltage
based on a voltage output from the programmable
gamma unit.

8. The OLED device of claim 1, further comprising a
sensing circuit configured to sense discharging voltages of
the organic light emitting diodes,

wherein the sensing circuit performs sensing during a
period in which discharging voltages of the organic
light emitting diodes come to converge.

9. Amethod of driving an Organic Light Emitting Display

(OLED), the method comprising:

supplying charging voltages to organic light emitting
diodes included in a plurality of subpixels, wherein a
different charging voltage is supplied to at least one of
the organic light emitting diodes;
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sensing the organic light emitting diodes during a period
in which discharging voltages of the organic light
emitting diodes come to converge; and

generating a compensation value based on aging charac-

teristics of the organic light emitting diodes.

10. The method of claim 9, wherein the supplying of the
charging voltage comprises supplying a different charging
voltage based on the aging characteristics of the organic
light emitting diodes.

11. A method of driving an Organic Light Emitting
Display (OLED), the method comprising:

supplving charging voltages to organic light emitting

diodes included in a plurality of subpixels;
sensing discharging voltages of the organic light emitting
diodes, wherein one of the discharging voltages is
sensed during a different sensing time; and

generating a compensation value based on aging charac-
teristics of the organic light emitting diodes.

12. The method of claim 11, wherein the sensing of the
discharging voltages comprises performing sensing for a
different sensing time based on the aging characteristics of
the organic light emitting diodes.
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