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ORGANIC LIGHT EMITTING DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Embodiments of the invention relate to an organic
light emitting display. More particularly, embodiments relate
to an organic light emitting display that may suppress image
sticking due to a decrease in efficiency of an organic light
emitting diode and may compensate for a threshold voltage of
a driving transistor.

[0003] 2. Description of the Prior Art

[0004] In general, an organic light emitting display is a
display that emits light by electrically exciting a fluorescent
or phosphorescent compound. The organic light emitting dis-
play may display an image by driving NxM organic light
emitting diodes (OLEDs). Each OLED may include an anode
electrode (indium tin oxide (ITO)), an organic thin-film layer,
and a cathode electrode (metal). To improve light emission
efficiency and a balance between electrons and holes, the
organic thin-film layer may have a multi-layer structure
including an emitting layer (EML), an electron transport layer
(ETL) and a hole transport layer (HTL). The organic thin-film
may include a separate electron injecting layer (EIL) and a
hole injecting layer (HIL).

[0005] In general, the anode electrode is coupled to a first
power supply to supply holes to the EML, and the cathode
electrode is coupled with a second power supply to supply
electrons to the EML. The second power supply has a lower
voltage than the first power supply. Thus, relative to cathode
electrode, the anode electrode has a positive (+) electric
potential and, relative to the anode electrode, the cathode
electrode has a (=) electrode potential.

[0006] The HTL accelerates hole(s) supplied from the
anode electrode and supplies the hole(s) to the EML. The ETL
accelerates electron(s) supplied from the cathode electrode
and supplies the electron(s) to the EML. As a result, at the
EML, the electron(s) supplied from the ETL and the hole(s)
supplied from the HTL may recombine with each other,
thereby generating a predetermined amount of light. The
EML layer may include organic material that may generate
oneofredlight, green light and blue light when the electron(s)
and hole(s) recombine therein.

[0007] In such OLEDs, because a voltage applied to the
anode electrode is always higher than a voltage applied to the
cathode electrode, negative (-) cartiers are positioned on the
anode electrode, and positive (+) carriers are positioned on
the cathode electrode. If the negative (-) carriers positioned
on the anode electrode and the positive (+) carriers positioned
on the cathode electrode are maintained for a long time,
movement of electron(s) and hole(s) may decrease. Thus,
efficiency of the OLED(s) may decrease the more the OLED
(s) is used. As a result, image sticking may occur and a life
span of the OLED(s) may be shortened.

SUMMARY OF THE INVENTION

[0008] Embodimentsofthe invention are therefore directed
to organic light emitting display(s) that substantially over-
comes one or more of the problems due to the limitations and
disadvantages of the related art.

[0009] It is therefore a feature of an embodiment of the
invention to provide an organic light emitting display that can
reduce and/or completely suppress image sticking due to a
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decrease in efficiency of an organic light emitting diode by
controlling the amount of a current supplied to an organic
light emitting diode.

[0010] It is therefore a separate feature of an embodiment
of the invention to provide an organic light emitting display
that may realize a high-grayscale organic light emitting dis-
play by substantially and/or completely compensating for
irregularity of a threshold voltage of a driving transistor.

[0011] At least one of the above and other features and
advantages of the invention may be realized by providing an
organic light emitting display, including a first switching
element including a control electrode electrically coupled to
a scan line and being electrically coupled between a data line
and a first voltage line, a driving transistor that is electrically
coupled between the first voltage line and a second voltage
line, a second switching element including a control electrode
electrically coupled to a light emission control line and being
electrically coupled between the first voltage line and the
driving transistor, a third switching element including a con-
trol electrode electrically coupled to the scan line and being
electrically coupled between the second switching element
and the driving transistor, a first storage capacitor that is
electrically coupled between the first voltage line and the
control electrode of the driving transistor, a second storage
capacitor that is electrically coupled between the first storage
capacitor and the second switching element, and an organic
light emitting diode that is electrically coupled between the
driving transistor and the second voltage line.

[0012] The first switching element may include a first elec-
trode electrically coupled to the data line, and a second elec-
trode electrically coupled to a first electrode of the driving
transistor. The second switching element may include a first
electrode electrically coupled between the third switching
element and the second storage capacitor, and a second elec-
trode electrically coupled to the first voltage line.

[0013] Thethird switching element may includea first elec-
trode electrically coupled to an anode of the organic light
emitting diode, and a second electrode electrically coupled to
a first electrode of the second switching element. The first
storage capacitor may include a first electrode electrically
coupled to the first voltage line and a second electrode elec-
trically coupled between a control electrode of the driving
transistor and a first electrode of the second storage capacitor.

[0014] The second storage capacitor may include a first
electrode electrically coupled to a control electrode of the
driving transistor and a second electrode electrically coupled
between a first electrode of the second switching element and
asecond electrode of the third switching element. The driving
transistor may include a control electrode electrically coupled
between the first storage capacitor and the second storage
capacitor, a first electrode electrically coupled between the
first switching element and the first voltage line, and a second
electrode electrically coupled to an anode of the organic light
emitting diode.

[0015] The organic light emitting diode may include an
anode electrically coupled between a first electrode of the
third switching element and a second electrode of the driving
transistor and a cathode electrically coupled to the second
voltage line. The driving transistor may be electrically
coupled to a fourth switching element adapted to initialize a
voltage stored in the first and second storage capacitors by
applying an initialization voltage to a control electrode of the
driving transistor.
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[0016] The fourth switching element may include a control
electrode electrically coupled to a previous scan line, a first
electrode electrically coupled between the first storage
capacitor and the second storage capacitor, and a second
electrode electrically coupled to a third voltage line. The
driving transistor may be electrically coupled to a fifth
switching element that connects the driving transistor in a
diode-coupled manner.

[0017] The fifth switching element may include a control
electrode electrically coupled to the scan line, a first electrode
electrically coupled to a control electrode of the driving tran-
sistor, and a second electrode electrically coupled between an
anode of the organic light emitting diode and a second elec-
trode of the driving transistor. The driving transistor may be
electrically coupled 1o a sixth switching element that applies
a first voltage to the driving transistor.

[0018] The sixth switching element may include a control
electrode electrically coupled to the light emission control
line, a first electrode electrically coupled between the first
switching element and the driving transistor, and a second
electrode electrically coupled between the first voltage line
and the first storage capacitor.

[0019] Thedisplay may further include a seventh switching
element that is adapted to apply a driving current to the
organic light emitting diode and is electrically coupled
between the driving transistor and the organic light emitting
diode. The seventh switching element may include a control
electrode electrically coupled to the light emission control
line, a first electrode electrically coupled between the driving
transistor and a fifth switching element, and a second elec-
trode electrically coupled between the organic light emitting
diode and the third switching element.

[0020] The display may further include a fourth switching
element that is electrically coupled between the first storage
capacitor and a third voltage line and includes a control elec-
trode electrically coupled to a previous scan line, a fifth
switching element adapted to connect the driving transistor is
a diode-coupled manner, a sixth switching element including
a control electrode electrically coupled to the light emission
control line and being electrically coupled between the driv-
ing transistor and the first voltage line, and a seventh switch-
ing element including a control electrode electrically coupled
to the light emission control line and being electrically
coupled between the driving transistor and the organic light
emitting diode.

[0021] The fourth switching element may include a first
electrode electrically coupled between the first storage
capacitor and the second storage capacitor, and a second
electrode electrically coupled to the third voltage line. The
sixth switching element may include a first electrode electri-
cally coupled between the first switching element and the
driving transistor, and a second electrode electrically coupled
between the first voltage line and the first storage capacitor.
[0022] The seventh switching element may include a first
electrode electrically coupled to the driving transistor, and a
second electrode electrically coupled between the organic
light emitting diode and the third switching element. A sec-
ond voltage of the second voltage line may be lower than a
first voltage of the first voltage line.

[0023] The display may further include a fourth switching
element that is electrically coupled between the first storage
capacitor and a previous scan line and includes a control
electrode electrically coupled to the previous scan line, a fifth
switching element that is adapted to diode-couple the driving
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transistor, a sixth switching element including a control elec-
trode electrically coupled to the light emission control line
and being electrically coupled between the driving transistor
and the first voltage line, and a seventh switching element
including a control electrode electrically coupled to the light
emission control line and being electrically coupled between
the driving transistor and the organic light emitting diode.
[0024] The fourth switching element may include a first
electrode electrically coupled between the first storage
capacitor and the second storage capacitor, and a second
electrode electrically coupled to the previous scan line. The
sixth switching element may include a first electrode electri-
cally coupled between the first switching element and the
driving transistor, and a second electrode electrically coupled
between the first voltage line and the first storage capacitor.
[0025] The seventh switching element may include a first
electrode electrically coupled to the driving transistor, and a
second electrode electrically coupled between the organic
light emitting diode and the third switching element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

[0027] FIG. 1 illustrates a block diagram of an exemplary
organic light emitting display according to an exemplary
embodiment of the invention;

[0028] FIG. 2 illustrates a circuit diagram of an exemplary
pixel circuit employable by an organic light emitting display
according to an exemplary embodiment of the present inven-
tion;

[0029] FIG. 3 illustrates a timing diagram of exemplary
signals employable to drive the pixel circuit of FIG. 2;
[0030] FIG. 4 illustrates an operating state of the pixel
circuit of FIG. 2 during an initialization period (T1);

[0031] FIG. 5 illustrates an operating state of the pixel
circuit of FIG. 2 during a data recording period (T2);

[0032] FIG. 6 illustrates an operating state of the pixel
circuit of FIG. 2 during a light emitting period (T3);

[0033] FIG. 7 illustrates a circuit diagram of another exem-
plary pixel circuit employable by an organic light emitting
display according to another embodiment of the invention;
and

[0034] FIG. 8 illustrates a timing diagram of exemplary
signals employable for driving the pixel circuit of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Korean Patent Application No. 10-2007-0020736,
filed on Mar. 2, 2007, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Display,” is
incorporated by reference herein in its entirety.

[0036] Embodiments of the invention will now be
described more fully hereinafter with reference to the accom-
panying drawings, in which exemplary embodiments of the
invention are illustrated. The invention may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art.
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[0037] Elements having similar constitutions and/or opera-
tions are denoted by the same and/or like reference numerals
throughout the specification. Furthermore, it should be under-
stood that electrical coupling between a certain component
and another component includes direct electrical coupling
between them as well as indirect electrical coupling between
them by an interposed component. It will also be understood
that, unless specified otherwise, when an element is referred
to as being “between” two elements, it can be the only ele-
ment between the two elements, or one or more intervening
elements may also be present.

[0038] FIG.1illustrates a block diagram ofan organic light
emitting display 100, as an exemplary flat panel display,
according to an exemplary embodiment of the invention.

[0039] Referring to FIG. 1, the organic light emitting dis-
play 100 may include a scan driver 110, a data driver 120, a
light emission control driver 130, an organic light emitting
display panel 140 (hereinafter, referred to as a “panel”), a first
voltage supply 150, a second voltage supply 160 and a third
voltage supply 170.

[0040] The scan driver 110 may sequentially apply a scan
signal(s) to the panel 140 through a plurality of scan lines
(Scan[1], Scan[2], . . ., and Scan [n]).

[0041] Thedatadriver 120 may apply a data signal(s) to the
panel 140 through a plurality of data lines (Data[ 1], Data[2],
..., and Data[m]).

[0042] The light emission control driver 130 may sequen-
tially apply a light emission control signal(s) to the panel 140
through a plurality of light emission control lines (Em[I],
Em([2], ..., and Em[n]).

[0043] The panel 140 may include the plurality of scan
lines (Scan[1], Scan|2],. .., and Scan [n]) and the plurality of
light emission control lines (Em[1], Em[2], . . ., and Em[n])
arranged in a column direction, the plurality of data lines
(Data[1], Data[2], . . ., and Data[m]) arranged in a row
direction, and a plurality of pixel circuit(s) 141.

[0044] The pixel circuits 141 may be at least partially
defined by respective portions of the plurality of scan lines
(Scan[1], Scan|2], . . ., and Scan [n]), the plurality of data
lines (Data[1], Data[2], . . . ,and Data|m]) and the plurality of
light emission control lines (Em[1], Em[2], . .., and Em][n]).
More particularly, each of the pixel circuits 141 may be
formed in a region defined by respective portions of two
neighboring ones of the plurality of scan lines (Scan[1], Scan
[2],. .., and Scan [n]) (or two neighboring ones of the light
emission control lines (Em[1], Em[2], . . ., and Em[n])) and
two neighboring ones of the plurality of data lines (Data[1],
Data[2], . .., and Data[m]).

[0045] The pixel circuits 141 may be driven by respective
ones of the plurality scan lines (Scan[1], Scan[2], . . ., Scan
[n]), the plurality of data lines (Data[1], Data[2], . . ., Data
[m]), and the plurality of light emission control lines (Em[1],
Em[2],...,Em][n]). As described above, a scan signal(s) from
the scan driver 110 may be applied to the respective one of the
scan lines (Scan[1], Scan[2], .. ., and Scan [n]), and a data
signal(s) from the data driver 120 may be applied to a respec-
tive one of the data lines (Data[1], Data[2], . . ., and Data[m]),
and a light emission control signal(s) from the light emission
control driver 130 may be applied to a respective one of the
light emission control lines (Em[1], Em[2], . . ., and Em][n]).
[0046] The first voltage supply 150, the second voltage
supply 160, and the third voltage supply 170 may respectively

Sep. 4, 2008

supply a first voltage ELVDD, a second voltage ELVSS, and
athird voltage Vinit to the respective pixel circuits 141 of the
panel 140.

[0047] FIG. 2 illustrates a circuit diagram of an exemplary
pixel circuit 241 employable by an organic light emitting
display according to an exemplary embodiment ofthe present
invention. For example, one, some or all of the pixel circuits
141 of the organic light emitting display of FIG. 1 may cor-
respond to the pixel circuit 241 illustrated in FIG. 2. For ease
of description, the pixel circuit 241 is illustrated as being
coupled to the nth scan line (Scan|n]), the mth data line
(Data[m]) and the nth light emission control line (Em[n]) of
the organic light emitting display 100 of FIG. 1.

[0048] More particularly, referring to FI1G. 2, the pixel cir-
cuit 241 may be coupled to nth scan line (Scan[n]), a previous
scan line (Scan [n-1]), the mth data line (Data[m]), the nth
light emission control line (Em[n]), a first voltage line sup-
plying the first voltage (ELVDD), a second voltage line sup-
plying the second voltage (ELVSS), and a third voltage line
supplying the third voltage (Vinit). The pixel circuit 241 may
include a first switching element (S1), a second switching
element (S2), a third switching element (S3), a fourth switch-
ing element (S4), a fifth switching element (S5), a sixth
switching element (S6), a seventh switching element (S7), a
first storage capacitor (C1), a second storage capacitor (C2),
a driving transistor (M1), and an organic light emitting diode
(OLED).

[0049] The nth scan line (Scan[n]) may apply a respective
scan signal from the scan driver 110 (see FIG. 1) to a control
electrode of the first switching element (S1). The pixel circuit
241 may be selected to emit light during a driving period by
supplying the scan signal thereto. For example, in embodi-
ments in which the first switching transistor (S1) is a p-type
transistor, the scan signal may be described as “supplied’
when the scan signal has a low voltage level. When the scan
signal is supplied to the pixel circuit 241, the OLED thereof
may emit light during the respective driving period. The nth
scan line (Scan[n]) is electrically coupled to the scan driver
110, which may produce the respective scan signal(s).
[0050] The previous, e.g., (n-1)th, scan line (Scan[n-1])
may apply a previous scan signal supplied during a prior
scanning period to the (n-1)th scan line to a control electrode
of the fourth switching element (S4). Thus, the previous scan
signal may control the fourth switching element (S4). When
the fourth switching element is in an on state, the fourth
switching element (S4) may apply the third voltage (Vinit) to
the first and second storage capacitors (C1 and C2) and ini-
tialize a stored voltage therein.

[0051] Themth dataline (Data[m]) may apply a data signal
(voltage), from the data driver 120 (see FIG. 1) to the first
storage capacitor (C1) and the driving transistor (M1). The
voltage of the data signal may be proportional to a light
emission brightness of the OLED of the pixel circuit 241. The
mth data line (Data[m]) may be electrically coupled to the
data driver 120, which may produce the respective data signal
(s).

[0052] The nth light emission control line (Em[n]) may be
electrically coupled to a control electrode of the seventh
switching element (S7) and may apply a light emission con-
trol signal to pixel circuit 241. The light emission control
signal may control a light emission time of the OLED of the
pixel circuit 241. The nth light emission control line (Em[n])
may be electrically coupled to control electrodes of the sec-
ond and fifth switching elements (S2 and S5), and may con-
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trol the second and fifth switching elements (S2 and S5). The
nth light emission control line (Em[n]) may be electrically
coupled to the light emission control driver 130 (see FIG. 1),
which produces the respective light emission control signal
().

[0053] The first voltage line may enable the first voltage
(ELVDD) to be applied to the OLED of the pixel circuit 241.
The first voltage line may be coupled to the first voltage
supply 150 (see FIG. 1), which may supply the first voltage
(ELVDD).

[0054] The second voltage line may enable the second volt-
age (ELVSS) to be applied to the OLED of the pixel circuit
241. The second voltage line may be coupled to the second
voltage supply 160 (see FIG. 1), which may supply the second
voltage (ELVSS). The first voltage (ELVDD) may be higher
than the second voltage (ELVSS).

[0055] The third voltage line may enable the third voltage
(Vinit) to be applied to the first and second storage capacitors
(C1 and C2). The third voltage line may be coupled to the
third voltage supply 170 (see FIG. 1), which may supply the
third voltage (Vinit).

[0056] Referring to FIG. 2, the first switching element (S1)
may include a first electrode electrically coupled to the mth
data line (Data[m]), a second electrode electrically coupled to
a first electrode of the driving transistor (M1), and a control
electrode electrically coupled to the nth scan line (Scan[n]).
The first switching element (S1) may be turned on when a
scan signal of a low level is applied, via the nth scan line
(Scan[n]), to the control electrode thereof. When the first
switching element (S1) is turned on, a respective data signal
supplied to the mth data line (Data[m]) may be applied to the
first electrode of the driving transistor (M1).

[0057] The second switching element (S2) may include a
first electrode electrically coupled between the second stor-
age capacitor (C2) and the third switching element (S3), a
second electrode electrically coupled to the first voltage line,
and a control electrode electrically coupled to the nth light
emission control line (Em[n]). The second switching element
(S2) may be turned on when a light emission control signal of
a low level is applied, via the nth light emission control line
(Em[n]), to the control electrode thereof. When the second
switching element is turned on, the first voltage (ELVDD)
may be applied to a second electrode of the second storage
capacitor (C2).

[0058] Thethird switching element (S3) may include a first
electrode electrically coupled between the seventh switching
element (S7) and the OLED, a second electrode electrically
coupled between the second storage capacitor (C2) and the
second switching element (S2), and a control electrode elec-
trically coupled to the nth scan line (Scan[n]). The third
switching element (S3) may be turned on when a scan signal
of alow level is applied, via the nth scan line (Scan[n]), to the
control electrode thereof. When the third switching element
(S3) is turned on, a threshold voltage of the OLED may be
applied to the second electrode (A) of the second storage
capacitor (C2).

[0059] The fourth switching element (S4) may include a
first electrode electrically coupled to the second electrode of
the first storage capacitor (C1) and the first electrode of the
second storage capacitor (C2), a second electrode electrically
coupled to the third voltage line, and a control electrode
electrically coupled to the previous, e.g., (n-1)th, scan line.
The fourth switching element (S4) may be turned on when a
scan signal of a low level is applied, via the previous scan line
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(Scan[n-11]), to the control electrode thereof. When the fourth
switching element (S4) is turned on, a voltage stored in the
first storage capacitor (C1) and the second storage capacitor
(C2) may be initialized.

[0060] The fifth switching element (S5) may include a first
electrode electrically coupled to the control electrode of the
driving transistor (M1), a second electrode electrically
coupled between the driving transistor (M1) and the seventh
switching element (S7), and a control electrode electrically
coupled to the nth scan line (Scan[n]). The fifth switching
element (S5) may be turned on when a scan signal of a low
level 1s applied, via the scan line (Scan[n]), to the control
electrode thereof. When the fifth switching element is turned
on, the driving transistor (M1) may be in a diode-coupled
state.

[0061] The sixth switching element (S6) may include a first
electrode electrically coupled to the first electrode of the
driving transistor (M1), a second electrode electrically
coupled between the first voltage line and a first electrode of
the first storage capacitor (C1), and a control electrode elec-
trically coupled to the mth light emission control line (Em
[n]). The sixth switching element (S6) may be turned on when
alight emission control signal of a low level is applied, via the
light emission control line (Em[n]), to the control electrode
thereof. When the sixth switching element (S6) is turned on,
the first voltage (ELVDD) may be supplied to the driving
transistor (M1) via the first voltage line.

[0062] The seventh switching element (S7) may include a
first electrode electrically coupled between the driving tran-
sistor (M1) and the fifth switching element (S5), a second
electrode electrically coupled between the first electrode of
the third switching element (S3) and an anode of the OLED,
and a control electrode electrically coupled to the nth light
emission control line (Em[n]). The seventh switching ele-
ment (S7) may be turned on when a light emission control
signal of a low level is applied, via the light emission control
line (Em[n]), to the control electrode thereof. When the sev-
enth switching element (S7) is turned on, a current may be
transferred from the driving transistor (M1) to the OLED.
[0063] The first storage capacitor (C1) may include a first
electrode electrically coupled to the first voltage line, and the
second electrode electrically coupled between the first elec-
trode of the second storage capacitor (C2) and the control
electrode of the driving transistor (M1) at a node (B).

[0064] The second storage capacitor (C2) may include the
node (B) electrically coupled between the driving transistor
(M1) and the first storage capacitor (C1), and a node (A)
electrically coupled between the second switching element
(52) and the third switching element (83).

[0065] Thedriving transistor (M1) may include a first elec-
trode electrically coupled with the first voltage line, a second
electrode electrically coupled to the anode of the OLED, and
acontrol electrode electrically coupled to the first electrode of
the fourth switching element (S4). The driving transistor
(M1) may be a p-type channel transistor and may be turned on
when a data signal of a low level (or a negative voltage) is
applied to the control electrode thereof. When the driving
transistor (M1) is turned on, a predetermined amount of cur-
rent may be supplied from the first voltage line (ELVDD)
toward the OLED. Because the data signal of a low level (or
a negative voltage) may be applied to the first and second
storage capacitors (C1 and C2) and charges them, even when
the first switching element (S1) is turned off, the data signal of
a low level (or a negative voltage) may be continuously
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applied to the control electrode of the driving transistor (M1)
for a predetermined time as a result of a charged voltage of the
first and second storage capacitors (C1 and C2).

[0066] In the exemplary embodiment illustrated in FIG. 2,
the first, second, third, fourth, fifth, sixth and seventh switch-
ing elements (S1, S2, S3, S4, S5, S6, S7) and the driving
transistor (M1) are illustrated as p-type transistors. Embodi-
ments of the invention are not limited thereto.

[0067] FIG. 3 illustrates a timing diagram of exemplary
signals employable to drive the pixel circuit 241 of FIG. 2.
Referring to FIG. 3, a driving period for driving the pixel
circuit 241 may include an initialization period (T1), a first
delay period (D1), a data recording period (T2), a second
delay period (D2), and a light emitting period (T3). Herein-
after, an exemplary operation of a pixel circuit of an organic
light emitting display according to an exemplary embodiment
of the invention will be described with reference to FIGS. 2 to
6.

[0068] FIG. 4 illustrates an operating state of the pixel
circuit 241 of FIG. 2 during the initialization period (T1).
[0069] During the initialization period (T1), a previous
scan signal of a low level may be applied to the pixel circuit
241 via the previous scan line (Scan[n-1]). During the ini-
tialization period (T1), the fourth switching element (S4) may
be turned on. Referring to FIG. 2, when fourth switching
element (S4) is turned on, the third voltage (Vinit) may be
transferred to the control electrode of the driving transistor
(M1). At this time, a voltage stored in the first storage capaci-
tor (C1) and a voltage stored in the second storage capacitor
(C2), that is, a voltage of the control electrode of the driving
transistor (M1), may be initialized.

[0070] During the first delay period (D1) between the ini-
tialization period (T1) and the data recording period (T2), a
data voltage (V,7,) supplied to the mth data line (Data[m])
may be changed to a data voltage (V,7,) corresponding to
the respective one of the pixel circuits, e.g., 241, which is
electrically coupled to the nth scan line (Scan[n]), while a
scan signal of the scan line (Scan[n]) is maintained at a high
level. If there is no first delay period (D1), a previous data
voltage, which was applied to the mth data line (Data[m]),
may be applied to the driving transistor (M1) through the first
switching element (S1) when a scan signal of the nth scan line
(Scan[n]) becomes low level before the present data voltage
(Vpars) is applied. Accordingly, the first delay period (D1)
may prevent such a situation.

[0071] FIG. 5 illustrates an operating state of the pixel
circuit of FIG. 2 during the data recording period (T2).
[0072] During the data recording period (12), a scan signal
of a low level may be applied, via the scan line (Scan[n]), to
the pixel circuit 241. During the data recording period (T2),
the first switching element (S1), the third switching element
(S3) and the fifth switching element (S5) are turned on.
[0073] When the first switching element (S1) is turned on,
a data signal supplied to the data line (Data[m]) may be
applied to the driving transistor (M1). When the third switch-
ing element (S3) is turned on, a threshold voltage (V4
(orep)) of OLED may be applied to the second electrode of
the second storage capacitor (C2) via the node (A). When the
fifth switching element (S5) is turned on, the driving transis-
tor (M1) may be in a diode-coupled state. When the driving
transistor (M1) is in the diode-coupled state, a differential
voltage between a data voltage (Vp,7,) applied to the mth
data line (Data[m]) and the threshold voltage (V) of the
driving transistor (M1) may be applied to the second and first
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electrodes of the first and second storage capacitors (C1 and
C2), respectively, via the node (B), which may also corre-
spond to the control electrode of the driving transistor (M1).
Thus, the threshold voltage of the driving transistor (M1) may
be compensated.

[0074] During the second delay period (D2) between the
data recording period (12) and the light emitting period (T3),
ascan signal of the nth scan line (Scan[n]) may be maintained
at a high level for a predetermined period of time before a
light emission control signal of the nth light emission control
line (Em[n]) becomes a low level. The delay of the second
delay period (D2) may correspond to an inherent delay that
may occur due to operation of respective elements of the pixel
circuit 241. Thus, the second delay period (D2) may prevent
an error in controlling the light emission of the OLED.
[0075] FIG. 6 illustrates an operating state of the pixel
circuit 241 of FIG. 2 during a light emitting period (T3).
[0076] During the light emitting period (T3), a light emis-
sion control signal of a low level may be applied, via the nth
light emission control line (Em[n]), to the pixel circuit 241.
During the light emitting period (T3), the second switching
element (S2), the sixth switching element (S6), and the sev-
enth switching element (S7) may be turned on.

[0077] When the second switching element (S2) is turned
on, the first voltage (ELVDD) may be applied to the second
electrode (A) of the second storage capacitor (C2). Here, a
voltage variance AV , corresponding to the voltage difference
between the data recording period (T2) and the light emitting
period (T3) ((T2)—(T3)) of the second electrode of the sec-
ond storage capacitor (C2), i.e., the node (A) may be as
follows:

AV, =EINDD-V rorsn [Formula 1]

[0078] Here, ELVDD is the first voltage, and V 101 1) 18
athreshold voltage of the OLED. That is, the voltage variance
AV, may be represented with a voltage difference between
the first voltage ELVDD during the light emitting period (T3)
and a voltage V oz zpy during the data recording period
(T2).

[0079] By the voltage variance AV , of the second electrode
(A) of the second storage capacitor (C2), a voltage variance
AV (12)—(T3) at the control electrode of the driving tran-
sistor (M1), that is, at the second and first electrodes of the
first and second storage capacitors (C1 and C2), respectively,
i.e., the node (B) is as follows:

C, [Formula 2]

AVp = AV,
BTy g

C,
= ELVDD -V, )
o Cz( THOLED )

[0080] When the sixth switching element (S6), for supply-
ing the first voltage (ELVDD) to the driving transistor (M1),
and the seventh switching element (S7) are turned on, a cur-
rent (I o; z1) corresponding to a gate-source voltage (V g) of
the driving transistor (M1) may be applied to the OLED, and
the OLED may emit light. The current (I ) is as follows:

B [Formula 3]
lorep = E(Vcs - Vru)?
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-continued

(Vsg = Vrnl)?

(Vs = (Vg + AVg) = [VpulP

W Wi ™

- [ELVDD— (Voars - Vo)) -
Cy
Ci+

= g[ELVDD— Voars —

2
(ELVDD - Viyorep) — |VTH|]

Cy
Ci+ G

(ELVDD - VrHOLED)]

[0081] Here, ELVDD is the first voltage, V ; is a control
electrode (gate) voltage of the driving transistor (M1), Vgisa
source voltage of the driving transistor (M1), V 7y oz 18 @
threshold voltage of the OLED, V., is a data voltage, and
V_,is a threshold voltage of the driving transistor (M1).
[0082] As can be seen from Formula 3, in some embodi-
ments of the invention, if a threshold voltage (Vurorzm)
increases due to, e.g., deterioration of the OLED, a driving
current (I oz zp) supplied to the OLED may increase. Hence,
in embodiments of the invention, if the efficiency of the
OLED is reduced, a driving current (I, zp)) applied to the
OLED may be increased to substantially and/or completely
compensate for the reduction in efficiency of the OLED.
Accordingly, some embodiments of the invention may enable
image sticking due to a decrease in efficiency ofthe OLED to
be reduced and/or prevented.

[0083] As can be seen from Formula 3, a driving current
(Iorer) applied to the OLED may be completely and/or
substantially indifferent to a threshold voltage of the driving
transistor (M1). That is, in embodiments, a threshold voltage
of the driving transistor (M1) may be offset by a gate voltage
(Vpaza—IV ) of the driving transistor (M1) stored during
the data recording period (T2). Hence, in some embodiments
of the invention, the OLED of each pixel circuit 141 (see FIG.
1) emits light of the same brightness irrespective of a differ-
ence between threshold voltage (V ;) values of the respective
driving transistors (M1), and thus it is possible to realize a
high-grayscale organic light emitting display.

[0084] FIG. 7 illustrates a circuit diagram of another exem-
plary pixel circuit 341 employable by an organic light emit-
ting display according to another embodiment of the inven-
tion. For example, one, some, or all of the pixel circuits 141 of
the organiclight emitting display of FIG. 1 may correspond to
the pixel circuit 341 illustrated in FIG. 7. For ease of descrip-
tion, the pixel circuit 341 is illustrated as being coupled to the
nth scan line (Scan[n]), the mth data line (Data[m]) and the
nth light emission control line (Em[n]) of the organic light
emitting display 100 of FIG. 1.

[0085] As described in FIG. 7, the pixel circuit 341 may
have the same structure as the exemplary pixel circuit 241 of
FIG. 2. In general. only differences between the pixel circuit
341 of FIG. 7 and the pixel circuit 241 of FIG. 2 will be
described below. In the pixel circuit 341, a fourth switching
element (S4a4) may include a first electrode electrically
coupled to the control electrode of the driving transistor (M1),
and a second electrode and a control electrode electrically
coupled to the previous scan line (Scan[n-1]) such that the
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fourth switching element (S4a) may be in a diode-coupled
state. When the fourth switching element (S4a) is turned on to
transfer a previous scan signal to the control electrode of the
driving transistor (M1), a voltage stored in the first storage
capacitor (C1) and the second storage capacitor (C2) may be
initialized.

[0086] FIG. 8 illustrates a timing diagram of exemplary
signals employable for driving the pixel circuit 341 of FIG. 7.
[0087] In general, operation of the pixel circuit 341 of FIG.
7 is the same as that of the pixel circuit 241 of FIG. 2, except
for an initialization period (T1"). More specifically, during an
initialization period (T1"), a scan signal of a low level may be
applied from the previous scan line (Scan[n-1]), and thus the
fourth switching element (S4a) may be turned on. When the
fourth switching element (Sda) is turned on, a scan signal of
the previous scan line (Scan[n-1]) may be transferred to the
control electrode of the driving transistor (M1). More particu-
larly, when the fourth switching element (S4q) is turned on, a
voltage stored in the first storage capacitor (C1) and a voltage
stored in the second storage capacitor (C2), that is, a voltage
of the control electrode of the driving transistor (M1), may be
initialized.

[0088] As described above, an organic light emitting dis-
play employing one or more aspects of the invention may be
advantageous by reducing and/or preventing image sticking
due to a decrease in efficiency of an organic light emitting
diode by controlling an amount of a current supplied to the
organic light emitting diode.

[0089] Embodiments of the invention may provide an
organic light emitting display that may be advantageous by
realizing high-grayscale by compensating forirregularity ofa
threshold voltage of a driving transistor of a pixel circuit.
[0090] Exemplary embodiments of the present invention
have been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a generic
and descriptive sense only and not for purpose of limitation.
Accordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made without departing from the spirit and scope of the
present invention as set forth in the following claims.

What is claimed is:

1. An organic light emitting display, comprising;

a first switching element including a control electrode elec-
trically coupled to a scan line and being electrically
coupled between a data line and a first voltage line;

a driving transistor electrically coupled between the first
voltage line and a second voltage line;

a second switching element including a control electrode
electrically coupled to a light emission control line and
being electrically coupled between the first voltage line
and the driving transistor;

a third switching element including a control electrode
electrically coupled to the scan line and being electri-
cally coupled between the second switching element and
the driving transistor;

a first storage capacitor electrically coupled between the
first voltage line and the control electrode of the driving
transistor;

asecond storage capacitor electrically coupled between the
first storage capacitor and the second switching element;
and

an organic light emitting diode electrically coupled
between the driving transistor and the second voltage
line.
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2. The organic light emitting display as claimed in claim 1,
wherein the first switching element includes a first electrode
electrically coupled to the data line, and a second electrode
electrically coupled to a first electrode of the driving transis-
tor.

3. The organic light emitting display as claimed in claim 1,
wherein the second switching element includes a first elec-
trode electrically coupled between the third switching ele-
ment and the second storage capacitor, and a second electrode
electrically coupled to the first voltage line.

4. The organic light emitting display as claimed in claim 1,
wherein the third switching element includes a first electrode
electrically coupled to an anode of the organic light emitting
diode, and a second electrode electrically coupled to a first
electrode of the second switching element.

5. The organic light emitting display as claimed in claim 1,
wherein the first storage capacitor includes a first electrode
electrically coupled to the first voltage line and a second
electrode electrically coupled between a control electrode of
the driving transistor and a first electrode of the second stor-
age capacitor.

6. The organic light emitting display as claimed in claim 1,
wherein the second storage capacitor includes a first electrode
electrically coupled to a control electrode of the driving tran-
sistor and a second electrode electrically coupled between a
first electrode of the second switching element and a second
electrode of the third switching element.

7. The organic light emitting display as claimed in claim 1,
wherein the driving transistor includes a control electrode
electrically coupled between the first storage capacitor and
the second storage capacitor, a first electrode electrically
coupled between the first switching element and the first
voltage line, and a second electrode electrically coupled to an
anode of the organic light emitting diode.

8. The organic light emitting display as claimed in claim 1,
wherein the organic light emitting diode includes an anode
electrically coupled between a first electrode of the third
switching element and a second electrode of the driving tran-
sistor and a cathode electrically coupled to the second voltage
line.

9. The organic light emitting display as claimed in claim 1,
wherein the driving transistor is electrically coupled to a
fourth switching element adapted to initialize a voltage stored
in the first and second storage capacitors by applying an
initialization voltage to a control electrode of the driving
transistor.

10. The organic light emitting display as claimed in claim
9, wherein the fourth switching element includes a control
electrode electrically coupled to a previous scan line, a first
electrode electrically coupled between the first storage
capacitor and the second storage capacitor, and a second
electrode electrically coupled to a third voltage line.

11. The organic light emitting display as claimed in claim
1, wherein the driving transistor is electrically coupled to a
fifth switching element that connects the driving transistor in
a diode-coupled manner.

12. The organic light emitting display as claimed in claim
11, wherein the fifth switching element includes a control
electrode electrically coupled to the scan line, a first electrode
electrically coupled to a control electrode of the driving tran-
sistor, and a second electrode electrically coupled between an
anode of the organic light emitting diode and a second elec-
trode of the driving transistor.
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13. The organic light emitting display as claimed in claim
1, wherein the driving transistor is electrically coupled to a
sixth switching element that applies a first voltage to the
driving transistor.

14. The organic light emitting display as claimed in claim
13, wherein the sixth switching element includes a control
electrode electrically coupled to the light emission control
line, a first electrode electrically coupled between the first
switching element and the driving transistor, and a second
electrode electrically coupled between the first voltage line
and the first storage capacitor.

15. The organic light emitting display as claimed in claim
1, further comprising a seventh switching element that is
adapted to apply adriving current to the organic light emitting
diode and is electrically coupled between the driving transis-
tor and the organic light emitting diode.

16. The organic light emitting display as claimed in claim
15, wherein the seventh switching element includes a control
electrode electrically coupled to the light emission control
line, a first electrode electrically coupled between the driving
transistor and a fifth switching element, and a second elec-
trode electrically coupled between the organic light emitting
diode and the third switching element.

17. The organic light emitting display as claimed in claim
1, further comprising:

a fourth switching element that is electrically coupled
between the first storage capacitor and a third voltage
line and includes a control electrode electrically coupled
to a previous scan line;

a fifth switching element adapted to connect the driving
transistor is a diode-coupled manner;

a sixth switching element including a control electrode
electrically coupled to the light emission control line and
being electrically coupled between the driving transistor
and the first voltage line; and

a seventh switching element including a control electrode
electrically coupled to the light emission control line and
being electrically coupled between the driving transistor
and the organic light emitting diode.

18. The organic light emitting display as claimed in claim
17, wherein the fourth switching element includes a first
electrode electrically coupled between the first storage
capacitor and the second storage capacitor, and a second
electrode electrically coupled to the third voltage line.

19. The organic light emitting display as claimed in claim
17, wherein the sixth switching element includes a first elec-
trode electrically coupled between the first switching element
and the driving transistor, and a second electrode electrically
coupled between the first voltage line and the first storage
capacitor.

20. The organic light emitting display as claimed in claim
17, wherein the seventh switching element includes a first
electrode electrically coupled to the driving transistor, and a
second electrode electrically coupled between the organic
light emitting diode and the third switching element.

21. The organic light emitting display as claimed in claim
1, wherein a second voltage of the second voltage line is lower
than a first voltage of the first voltage line.

22. The organic light emitting display as claimed in claim
1, further comprising:

a fourth switching element that is electrically coupled
between the first storage capacitor and a previous scan
line and includes a control electrode electrically coupled
to the previous scan line;
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a fifth switching element that is adapted to diode-couple
the driving transistor;

a sixth switching element including a control electrode
electrically coupled to thelight emission control line and
being electrically coupled between the driving transistor
and the first voltage line; and

a seventh switching element including a control electrode
electrically coupled to thelight emission control line and
being electrically coupled between the driving transistor
and the organic light emitting diode.

23. The organic light emitting display as claimed in claim

22, wherein the fourth switching element includes a first
electrode electrically coupled between the first storage
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capacitor and the second storage capacitor, and a second
electrode electrically coupled to the previous scan line.

24. The organic light emitting display as claimed in claim
22, wherein the sixth switching element includes a first elec-
trode electrically coupled between the first switching element
and the driving transistor, and a second electrode electrically
coupled between the first voltage line and the first storage
capacitor.

25. The organic light emitting display as claimed in claim
22, wherein the seventh switching element includes a first
electrode electrically coupled to the driving transistor, and a
second electrode electrically coupled between the organic
light emitting diode and the third switching element.
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