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(54) PIXEL CIRCUIT

(57)  Apixelcircuit,includes: an organic light-emitting
diode; a first transistor coupled between a second node
and a third node, wherein a gate electrode of the first
transistor is coupled to a first node; a second transistor
coupled between a data line and the second node, where-
in a gate electrode of the second transistor is coupled to
a first scan line; a fourth transistor coupled between the

first node and an initialization power source, wherein a

gate electrode of the fourth transistor is coupled to a sec-
ond scan line; a fifth transistor coupled between a first
power source and the second node, wherein a gate elec-
trode of the fifth transistor is coupled to a first emission
line; and a sixth transistor and an eighth transistor cou-
pled in series between the third node and the organic
light-emitting diode.
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Description
BACKGROUND
1. Field

[0001] Aspects of some embodiments of the present
disclosure relate to a pixel circuit.

2. Related Art

[0002] With the development of information technolo-
gy, the importance of a display device, which is a con-
necting medium between information and users, is being
emphasized. Accordingly, the use of display devices,
such as liquid crystal display devices, organic light-emit-
ting display devices, plasma display devices, and the like,
is increasing.

[0003] An organic light-emitting display device is con-
figured to display images using organic light-emitting di-
odes, which generate light through the recombination of
electrons and holes, and generally has a relatively fast
response time and may be driven with relatively low pow-
er consumption.

[0004] A method in which the driving transistor of a
pixel circuit, which drives an organic light-emitting diode,
is set to an on-bias state in advance may be utilized as
a method for solving a hysteresis issue and a step-effi-
ciency issue.

[0005] The Background section of the present Speci-
fication includes information that is intended to provide
context to embodiments, and the information in the
present Background section does not necessarily con-
stitute prior art.

SUMMARY

[0006] Aspects of some embodiments of the present
disclosure are directed to a pixel circuit that may be ca-
pable of preventing or reducing unintended light emission
and generation of overcurrent and reducing power con-
sumption by setting the driving transistor thereof to an
on-bias state.

[0007] According to some embodiment of the present
disclosure, a pixel circuit may include an organic light-
emitting diode, a first transistor coupled between a sec-
ond node and a third node and configured such that the
gate electrode thereofis coupled to a first node, a second
transistor coupled between a data line and the second
node and configured such that the gate electrode thereof
is coupled to a first scan line, a fourth transistor coupled
between the first node and an initialization power source
and configured such that the gate electrode thereof is
coupled to a second scan line, a fifth transistor coupled
between a first power source and the second node and
configured such thatthe gate electrode thereofis coupled
to afirstemission line, and a sixth transistor and an eighth
transistor coupled in series between the third node and
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the organic light-emitting diode, the sixth transistor being
configured such that the gate electrode thereofis coupled
to the first emission line, and the eighth transistor being
configured such that the gate electrode thereofis coupled
to a second emission line. Here, the phase of a first emis-
sion signal applied to the first emission line may be de-
layed relative to the phase of a second emission signal
applied to the second emission line.

[0008] The sixth transistor may be coupled between
the third node and one electrode of the eighth transistor,
and the eighth transistor may be coupled between one
electrode of the sixth transistor and the organic light-emit-
ting diode.

[0009] The eighth transistor may be coupled between
the third node and one electrode of the sixth transistor,
and the sixth transistor may be coupled between one
electrode of the eighth transistor and the organic light-
emitting diode.

[0010] The pixel circuit may further include a third tran-
sistor coupled between the first node and the third node
and configured such that the gate electrode thereof is
coupled to the first scan line.

[0011] The third transistor may include a plurality of
third sub-transistors that are coupled in series between
the first node and the third node, and the fourth transistor
may include a plurality of fourth sub-transistors that are
coupled in series between the first node and the initiali-
zation power source.

[0012] The phase of a first scan signal applied to the
first scan line may be delayed relative to the phase of a
second scan signal applied to the second scan line.
[0013] The turn-on level pulse of the first scan signal
may overlap the turn-off level pulse of the first emission
signal, and the turn-on level pulse of the second scan
signal may overlap the turn-off level pulse of the second
emission signal.

[0014] The turn-on level pulse of the second scan sig-
nal may be generated when the first emission signal is
at a turn-on level.

[0015] The pixel circuit may further include a seventh
transistor coupled between the initialization power
source and the organic light-emitting diode and config-
ured such that the gate electrode thereof is coupled to a
third scan line.

[0016] The phase of a third scan signal applied to the
third scan line may be identical to the phase of a second
scan signal applied to the second scan line.

[0017] The phase of a second scan signal applied to
the second scan line may be delayed relative to the phase
of a third scan signal applied to the third scan line.
[0018] The phase of a third scan signal applied to the
third scan line may be delayed relative to the phase of a
second scan signal applied to the second scan line.
[0019] The pixel circuit may further include a storage
capacitor coupled between the first power source and
the first node.

[0020] The pixel circuit may further include a first gate
insulating layer configured to cover the source elec-
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trodes, the drain electrodes, and the channels of the first,
second, fourth to sixth, and eighth transistors, and the
gate electrodes of the first, second, fourth to sixth, and
eighth transistors, the first and second scan lines, and
the first and second emission lines may be located on
the first gate insulating layer.

[0021] The second scanline, the first scan line, the first
emission line, and the second emission line may be se-
quentially located in afirst direction on an identical plane.
[0022] The second emission line may perpendicularly
overlap the source electrode and the drain electrode of
the eighth transistor.

[0023] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

FIG. 1 is a diagram illustrating a display device ac-
cording to some embodiments of the present disclo-
sure.

FIG. 2 is a diagram illustrating a pixel circuit accord-
ing to some embodiments of the present disclosure.
FIG. 3 is a diagram illustrating a pixel circuit accord-
ing to some embodiments of the present disclosure.
FIG. 4 is a diagram illustrating a pixel circuit accord-
ing to some embodiments of the present disclosure.
FIG. 5 is a diagram illustrating a method for driving
a pixel circuit according to some embodiments of the
present disclosure.

FIG. 6 is a diagram illustrating a method for driving
a pixel circuit according to some embodiments of the
present disclosure.

FIG. 7isadiagramllustrating a coupling relationship
between a scan driver and an emission driver ac-
cording to the embodiment of FIG. 6.

FIG. 8 is a view for explaining an layout of a pixel
circuit according to some embodiments of the
present disclosure.

FIG. 9 is a cross-sectional view taken along the line
I-I" of FIG. 8.

DETAILED DESCRIPTION

[0025] Aspects of some embodiments are illustrated
and described in the detailed description and the accom-
panying drawings.

[0026] The characteristics and features of some em-
bodiments of the present disclosure and methods of
achieving them will be more apparent from the following
embodiments to be described in more detail with refer-
ence to the accompanying drawings. However, it should
be noted that the present disclosure is not limited to the
following embodiments, and may be implemented in var-
ious forms. It is also noted that in this specification, "con-
nected/coupled" refers to one component not only direct-
ly coupling another component but also electrically cou-
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pling another component through an intermediate com-
ponent. Also, in the drawings, portions unrelated to the
present disclosure will be omitted in order to clarify the
description of the present disclosure, and the same ref-
erence numerals refer to like elements throughout.
[0027] FIG. 1 is a view illustrating a display device ac-
cording to some embodiments of the present disclosure.
[0028] Referring to FIG. 1, the display device 10 may
include a timing controller 11, a data driver 12, a scan
driver 13, an emission driver 14, and a pixel unit 15.
[0029] The timing controller 11 may provide grayscale
values and control signals to the data driver 12 so as to
be suitable for the specifications of the data driver 12.
Also, the timing controller 11 may provide a clock signal,
a scan start signal, and the like to the scan driver 13 so
as to be suitable for the specifications of the scan driver
13. Also, the timing controller 11 may provide a clock
signal, an emission stop signal, and the like to the emis-
sion driver 14 so as to be suitable for the specifications
of the emission driver 14.

[0030] The data driver 12 may generate data signals
to be provided to data lines D1 to Dn using grayscale
values and control signals, which are received from the
timing controller 11. For example, the data driver 12 may
sample the grayscale values using a clock signal and
apply data voltages, corresponding to the grayscale val-
ues, to the data lines D1 to Dn as the data signals. Here,
n may be a natural number greater than zero.

[0031] The scan driver 13 may receive a clock signal,
a scan start signal, and the like from the timing controller
11 and generate scan signals to be provided to scan lines
S1to Sm. For example, the scan driver 13 may sequen-
tially provide scan signals, each having a turn-on level
pulse, to the scan lines S1 to Sm. For example, the scan
driver 13 may take the form of a shift register, and may
generate scan signals such that a scan start signal in the
form of a turn-on level pulse is sequentially delivered to
the next stage circuit under the control of the clock signal.
Here, m may be a natural number greater than zero.
[0032] The emission driver 14 may receive a clock sig-
nal, an emission stop signal, and the like from the timing
controller 11 and generate emission signals to be pro-
vided to emission lines E1 to Eo. For example, the emis-
sion driver 14 may sequentially provide emission signals,
each having a turn-off level pulse, to the emission lines
E1 to Eo. For example, the emission driver 14 may take
the form of a shift register, and may generate emission
signals such that an emission stop signal in the form of
a turn-off level pulse is sequentially delivered to the next
stage circuit under the control of the clock signal. Here,
0 may be a natural number greater than zero.

[0033] The pixel unit 15 includes pixel circuits. Each
pixel circuit PXij may be coupled to a data line, a scan
line, and an emission line corresponding thereto. The
configuration and the driving method of the pixel circuit
PXij will be described in detail below. Here, i and j may
be natural numbers greater than zero.

[0034] FIG. 2 is a diagram illustrating a pixel circuit
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according to some embodiments of the present disclo-
sure, FIG. 3 is a diagram illustrating a pixel circuit ac-
cording to some embodiments of the present disclosure,
and FIG. 4 is a diagram illustrating a pixel circuit accord-
ing to some embodiments of the present disclosure.
[0035] Referring to FIGS. 2 to 4, a pixel circuit PXij
includes first to eighth transistors M1 to M8, a storage
capacitor Cst, and an organic light-emitting diode OLED.
[0036] Thefirsttransistor M1is coupled betweena sec-
ond node N2 and a third node N3. The gate electrode of
the first transistor M1 is coupled to a first node N1. The
first transistor M1 may be turned on or off in response to
the voltage of the first node N1. The first transistor M1
may be referred to as a driving transistor.

[0037] The second transistor M2 is coupled between
adataline Djand the second node N2. The gate electrode
of the second transistor M2 is coupled to a first scan line
Si. The second transistor M2 may be turned on or off in
response to a first scan signal supplied to the first scan
line Si. The second transistor M2 may be referred to as
a scan transistor or a switching transistor.

[0038] The third transistor M3 is coupled between the
first node N1 and the third node N3. The gate electrode
of the third transistor M3 is coupled to the first scan line
Si. The third transistor M3 may be turned on or off in
response to the first scan signal supplied to the first scan
line Si. According to some embodiments, the third tran-
sistor M3 may include a plurality of sub-transistors M3_1
and M3_2 that are coupled in series in order to prevent
leakage current, as shown in FIG. 3.

[0039] The fourth transistor M4 is coupled between the
first node N1 and an initialization power source VINT.
The gate electrode of the fourth transistor M4 is coupled
to a second scan line S(i-1) or a third scan line S(i-2).
The fourth transistor M4 may be turned on or off in re-
sponse to a second scan signal supplied to the second
scan line S(i-1) or a third scan signal supplied to the third
scan line S(i-2). Also, according to an embodiment, the
fourth transistor M4 may include a plurality of sub-tran-
sistors M4 _1 and M4_2 that are coupled in series in order
to prevent leakage current, as shown in FIG. 3.

[0040] Thefifthtransistor M5 is coupled between afirst
power source ELVDD and the second node N2. The gate
electrode of the fifth transistor M5 is coupled to a first
emission line Ei. The fifth transistor M5 may be turned
on or off in response to a first emission signal supplied
to the first emission line Ei.

[0041] The sixth transistor M6 is coupled between the
third node N3 and the anode electrode of the organic
light-emitting diode OLED. The gate electrode of the sixth
transistor M6 is coupled to the first emission line Ei. The
sixth transistor M6 may be turned on or off in response
to the first emission signal supplied to the first emission
line Ei.

[0042] The seventh transistor M7 is coupled between
the initialization power source VINT and the anode elec-
trode of the organic light-emitting diode OLED. The gate
electrode of the seventh transistor M7 is coupled to the
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third scan line S(i-2). The seventh transistor M7 may be
turned on or off in response to the third scan signal sup-
plied to the third scan line S(i-2). According to some em-
bodiments, the gate electrode of the seventh transistor
M7 may be alternatively coupled to the second scan line
S(i-1).

[0043] The eighth transistor M8 is coupled between
the third node N3 and the anode electrode of the organic
light-emitting diode OLED. In some embodiments of the
present disclosure, the eighth transistor M8 may be cou-
pled between the sixth transistor M6 and the anode elec-
trode of the organic light-emitting diode OLED, as shown
in FIG. 2. Alternatively, in some embodiments of the
present disclosure, the eighth transistor M8 may be cou-
pled between the third node N3 and the sixth transistor
M6, as shown in FIG. 4.

[0044] The gate electrode of the eighth transistor M8
is coupled to a second emission line. The eighth transistor
M8 may be turned on or off in response to a second emis-
sion signal supplied to the second emission line. Here,
the second emission line may be, forexample, the (i-1)-th
emission line E(i-1) or the (i-2)-th emission line E(i-2).
[0045] The storage capacitor Cst is coupled between
the first power source ELVDD and the first node N1.
[0046] The organic light-emitting diode OLED may be
configured such that the anode electrode thereof is cou-
pled to one electrode of the seventh transistor M7 and
one electrode of the eighth transistor M8 and such that
the cathode electrode thereofis coupled to a second pow-
er source ELVSS.

[0047] The first emission signal applied to the first
emission line Ei may differ from the second emission sig-
nal applied to the second emission line E(i-1) or E(i-2).
For example, the first emission line Ei may be the i-th
emission line E(i), and the second emission line may be
the (i-2)-th emission line E(i-2).

[0048] The first scan signal applied to the first scan line
Si may differ from the second scan signal applied to the
second scan line S(i-1). For example, the first scan line
Si may be the i-th scan line, and the second scan line
S(i-1) may be the (i-1)-th scan line.

[0049] The third scan signal applied to the third scan
line S(i-2) may differ from the first and second scan sig-
nals. For example, the third scan line S(i-2) may be the
(i-2)-th scan line.

[0050] FIG.5isadiagramillustrating a method for driv-
ing a pixel circuit according to some embodiments of the
present disclosure. In FIG. 5, a method for driving a pixel
circuit in which the second emission line of FIG. 2 is the
(i-1)-th emission line E(i-1) and in which the gate elec-
trode of the fourth transistor M4 is coupled to the second
scan line S(i-1) is illustrated.

[0051] Referringto FIG.2andFIG. 5, the first emission
signal applied to the first emission line Ei, the second
emission signal applied to the second emission line E(i-
1), the first scan signal applied to the first scan line Si,
the second scan signal applied to the second scan line
S(i-1), and the third scan signal applied to the third scan
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line S(i-2) are illustrated.

[0052] The phase of the first emission signal may be
delayed relative to the phase of the second emission sig-
nal. The phase of the first scan signal may be delayed
relative to the phase of the second scan signal, and the
phase of the second scan signal may be delayed relative
to the phase of the third scan signal. In further embodi-
ments, the phase of the third scan signal S(i-2) may be
delayed relative to the phase of the second scan signal
S(i-1). In yet further embodiments, the phase of the sec-
ond scan signal S(i-1) may be identical to the phase of
the third scan signal S(i-2).

[0053] A period during which the pulse of the third scan
signal has a turn-on level may overlap a period during
which the pulse of the first emission signal has a turn-off
level. A period during which the pulse of the third scan
signal has the turn-on level may overlap a period during
which the pulse of the second emission signal has the
turn-off level. The turn-on level pulse of the second scan
signal may be generated when the second emission sig-
nal is at the turn-off level. The turn-on level pulse of the
first scan signal may be generated when the first and
second emission signals are at the turn-off level.
[0054] First, the third scan signal is switched to the
turn-on level at a first time point t1.

[0055] Inresponse to the third scan signal, the seventh
transistor M7 is turned on. Accordingly, the anode elec-
trode of the organic light-emitting diode OLED is coupled
to the initialization power source VINT, and electric
charge stored in the anode electrode is initialized to the
voltage of the initialization power source VINT.

[0056] Meanwhile, because the first and second emis-
sion signals are at the turn-on level at the first time point
t1, the fifth, sixth, and eighth transistors M5, M6 and M8
maintain the turn-on state. Accordingly, a current path
that connects the first power source ELVDD, the fifth,
first, sixth, eighth, and seventh transistors M5, M1, M6,
M8 and M7, and the initialization power source VINT may
be generated. However, because the fourth transistor
M4 in the turn-off state prevents the voltage of the initial-
ization power source from being applied to the gate elec-
trode of the first transistor M1 at the first time point t1,
overcurrent does not flow in the current path. That is,
because a data voltage corresponding to a relevant gray-
scale is being applied to the gate electrode of the first
transistor M1, the amount of current corresponding to the
grayscale flows therein, whereby the amount of con-
sumed current is not increased.

[0057] Ata second time point t2, the second scan sig-
nal is switched to the turn-on level, and the second emis-
sion signal is at the turn-off level.

[0058] In response to the second scan signal and the
second emission signal, the fourth transistor M4 is turned
on and the eighth transistor M8 is turned off. Because
the fourth transistor M4 is turned on, the voltage of the
initialization power source VINT is applied to the first node
N1, that is, the gate electrode of the first transistor M1.
Because the voltage of the initialization power source
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VINT is set lower than the turn-on level, the first transistor
M1 may be turned on. Here, the fifth transistor M5 and
the sixth transistor M6 are in the turn-on state by the first
emission signal at the turn-on level. Accordingly, one
electrode of the first transistor M1 is coupled to the first
power source ELVDD, and the gate electrode thereof is
coupled to the initialization power source VINT, whereby
the first transistor M1 is set to an on-bias state.

[0059] Meanwhile, because the eighth transistor M8 in
the turn-off state interrupts the current path that connects
the fifth, first, sixth, and seventh transistors M5, M1, M6,
and M7, and the initialization power source VINT, inci-
dences of an increase in the amount of consumed current
may be prevented or reduced.

[0060] Also, because the eighth transistor M8 is turned
off, the organic light-emitting diode OLED does not emit
light, whereby unintended light emission is prevented in
the organic light-emitting diode OLED during the on-bias
state. For example, when it is necessary for a pixel circuit
PXij to display a black grayscale in a corresponding
frame, the organic light-emitting diode OLED may emit
light so as to be suitable for the target luminance.
[0061] Also, not the data voltage of the previous step,
which changes each frame, but the same voltage of the
initialization power source is applied to the gate electrode
of the first transistor M1, whereby the first transistor M1
may be stably set to the on-bias state.

[0062] At a third time point t3, the first scan signal is
switched to the turn-on level, and the first and second
emission signals are at the turn-off level.

[0063] Inresponse to the first scan signal and the first
and second emission signals, the second and third tran-
sistors M2 and M3 are turned on, and the fifth, sixth, and
eighth transistors M5, M6 and M8 are turned off. Because
the second and third transistors M2 and M3 are turned
on, adata signal is applied to one electrode of the storage
capacitor Cst via the data line Dj and the second, first,
and third transistors M2, M1 and M3, and the storage
capacitor Cst stores the difference between the voltage
of the data signal and the voltage of the first power source
ELVDD. Here, the reduced threshold voltage of the first
transistor M1 may be reflected in the stored voltage.
[0064] Subsequently, when the second and first emis-
sion signals are sequentially set to the turn-on state at a
fourth time point t4, the eighth transistor M8 is turned on,
and then the fifth and sixth transistors M5 and M6 are
turned on. Accordingly, a current path that connects the
first power source ELVDD, thefifth, sixth, and eighth tran-
sistors M5, M6, and M8, the organic light-emitting diode
OLED, and the second power source ELVSS is gener-
ated. The amount of current flowing in the current path
may be setdepending on the voltage stored in the storage
capacitor Cst that is coupled to the gate electrode of the
first transistor M1.

[0065] FIG.6isadiagramillustrating a method for driv-
ing a pixel circuit according to some embodiments of the
present disclosure. In FIG. 6, a method for driving a pixel
circuit in which the second emission line of FIG. 2 is the
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(i-2)-th emission line E(i-2) and in which the gate elec-
trode of the fourth transistor M4 is coupled to the third
scan line S(i-2) is illustrated.

[0066] Referringto FIG.2and FIG. 6, the first emission
signal applied to the first emission line Ei, the second
emission signal applied to the second emission line E(i-
2), the first scan signal applied to the first scan line Si,
and the third scan signal applied to the third scan line
S(i-2) are illustrated. The second scan signal applied to
the second scan line S(i-1) is illustrated in order to com-
pare the phase thereof with the phases of the first scan
signal and the third scan signal.

[0067] The phase of the first emission signal may be
delayed relative to the phase of the second emission sig-
nal. The phase of the first scan signal S(i) may be delayed
relative to the phase of the second scan signal S(i-1).
The phase of the second scan signal S(i-1) may be de-
layed relative to the phase of the third scan signal S(i-2).
[0068] A period during which the pulse of the third scan
signal has the turn-on level may overlap a period during
which the pulse of the second emission signal has the
turn-off level. A period during which the pulse of the sec-
ond scan signal has the turn-on level may overlap a pe-
riod during which the pulse of the second emission signal
has the turn-off level. The turn-on level pulses of the third
and second scan signals may be generated when the
first emission signal is at the turn-on level. The turn-on
level pulse of the first scan signal may be generated when
the first and second emission signals are at the turn-off
level.

[0069] First, at a first time point t1, the third scan signal
is switched to the turn-on level, and the second emission
signal is at the turn-off level.

[0070] Inresponse to the third scan signal, the seventh
transistor M7 is turned on. Accordingly, the anode elec-
trode of the organic light-emitting diode OLED is coupled
to the initialization power source VINT, and electric
charge stored in the anode electrode is initialized to the
voltage of the initialization power source VINT.

[0071] Also, in response to the third scan signal and
the second emission signal, the fourth transistor M4 is
turned on and the eighth transistor M8 is turned off. Be-
cause the fourth transistor M4 is turned on, the voltage
of the initialization power source VINT is applied to the
first node N1, that is, the gate electrode of the first tran-
sistor M1. Because the voltage of the initialization power
source VINT is set lower than the turn-on level, the first
transistor M1 may be turned on. Here, the fifth transistor
M5 and the sixth transistor M6 are in the turn-on state by
the first emission signal at the turn-on level. One elec-
trode of the first transistor M1 is coupled to the first power
source ELVDD, and the gate electrode thereofis coupled
to the initialization power source VINT, whereby the first
transistor M1 is set to an on-bias state.

[0072] Meanwhile, the eighth transistor M8 in the turn-
off state interrupts the current path that connects the fifth,
first, sixth, and seventh transistors M5, M1, M6, and M7,
and the initialization power source VINT, whereby inci-
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dences of an increase in the amount of consumed current
may be prevented or reduced.

[0073] Also, because the eighth transistor M8 is turned
off, the organic light-emitting diode OLED does not emit
light, whereby unintended light emission is prevented in
the organic light-emitting diode OLED during the on-bias
state. For example, when it is necessary for a pixel circuit
PXij to display a black grayscale in a corresponding
frame, the organic light-emitting diode OLED may emit
light so as to be suitable for the target luminance.
[0074] Also, not the data voltage of the previous step,
which changes each frame, but the same voltage of the
initialization power source VINT is applied to the gate
electrode of the first transistor M1, whereby the first tran-
sistor M1 may be stably set to the on-bias state.

[0075] At a second time point t2, the first scan signal
is switched to the turn-on level, and the first and second
emission signals are at the turn-off level.

[0076] Inresponse to the first scan signal and the first
and second emission signals, the second and third tran-
sistors M2 and M3 are turned on, and the fifth, sixth, and
eighth transistors M5, M6, and M8 are turned off. Be-
cause the second and third transistors M2 and M3 are
turned on, a data signal is applied to one electrode of the
storage capacitor Cst via the data line Dj and the second,
first, and third transistors M2, M1 and M3, and the storage
capacitor Cst stores the difference between the voltage
of the data signal and the voltage of the first power source
ELVDD. Here, the reduced threshold voltage of the first
transistor M1 may be reflected in the stored voltage.
[0077] Subsequently, when the second and first emis-
sion signals are sequentially set to the turn-on state at a
third time point t3, the eighth transistor M8 is turned on,
and then the fifth and sixth transistors M5 and M6 are
turned on. Accordingly, a current path that connects the
first power source ELVDD, thefifth, sixth, and eighth tran-
sistors M5, M6, and M8, the organic light-emitting diode
OLED, and the second power source ELVSS is gener-
ated. The amount of current flowing in the current path
may be setdepending on the voltage stored in the storage
capacitor Cst that is coupled to the gate electrode of the
first transistor M1.

[0078] FIG. 7 is a diagram illustrating a coupling rela-
tionship between a scan driver and an emission driver
according to the embodiment of FIG. 6.

[0079] Referring to FIG. 7, in some embodiments of
the present disclosure, the scan driver 13 may include
multiple stages SSTi, SST(i+1), SST(i+2), SST(i+3), ...
coupledto corresponding ones of pixel rows PXi, PX(i+1),
PX(i+2), PX(i+3), .... Each of the stages SSTi, SST(i+1),
SST(i+2), SST(i+3), ... may operate as a shift register.
The respective stages SSTi, SST(i+1), SST(i+2),
SST(i+3), ... may supply scan signals to the pixel rows
PXi, PX(i+1), PX(i+2), PX(i+3), ... corresponding thereto
through the respective scan lines Si, S(i+1), S(i+2),
S(i+3), ....

[0080] In some embodiments of the present disclo-
sure, each of the pixel rows PXi, PX(i+1), PX(i+2),
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PX(i+3), ... may be supplied with a first scan signal from
a corresponding one of the stages SSTi, SST(i+1),
SST(i+2), SST(i+3), ... through a corresponding one of
the scan lines Si, S(i+1), S(i+2), S(i+3), .... Also, each of
the pixel rows PXi, PX(i+1), PX(i+2), PX(i+3), ... may be
supplied with a second scan signal and/or a third scan
signal from the previous stage. Inthe embodiment of FIG.
7, each of the pixel rows PXi, PX(i+1), PX(i+2), PX(i+3),
... may be supplied with the (i-2)-th scan signal as the
third scan signal by being coupled to the scan line of the
stage before the previous stage.

[0081] In some embodiments of the present disclo-
sure, the emission driver 14 may include multiple stages
ESTi, EST(i+2), .... coupled to the pixel rows PXi,
PX(i+1), PX(i+2), PX(i+3), .... In the present disclosure,
each of the stages ESTi, EST(i+2), ... is coupled to two
pixel rows selected from among the pixel rows PXi,
PX(i+1), PX(i+2), PX(i+3), .... Each of the stages ESTi,
EST(i+2), ... may supply an emission signal to pixel rows
corresponding thereto, among the pixel rows PXi,
PX(i+1), PX(i+2), PX(i+3), ... through emission lines cor-
responding thereto, among the emission lines Ei, E(i+1),
E(i+2), E(i+3), .... In this embodiment, emission signals
that are supplied to two pixel rows coupled to the same
stage may have the same waveform.

[0082] In some embodiments of the present disclo-
sure, each of the pixel rows PXi, PX(i+1), PX(i+2),
PX(i+3), ... may be supplied with a first emission signal
from the stage corresponding thereto, among the stages
ESTi, EST(i+2), ... through emission lines corresponding
thereto, among the emission line Ei, E(i+1), E(i+2),
E(i+3), .... Also, each of the pixel rows PXi, PX(i+1),
PX(i+2), PX(i+3), ... may be supplied with a second emis-
sion signal from the previous stage.

[0083] In the embodiment of FIG. 7, each of the pixel
rows PXi, PX(i+1), PX(i+2), PX(i+3), ... may be supplied
with the second emission signal by being coupled to the
emission line of the previous stage or the stage before
the previous stage. For example, in FIG. 7, the (i+2)-th
pixel row PX(i+2) is supplied with the (i-1)-th emission
signal by being coupled to the second emission line
E(i+1), and the (i+3)-th pixel row PX(i+3) may be supplied
with the (i-2)-th emission signal by being coupled to the
second emission line E(i+1).

[0084] FIG. 8isaview for explainingan example layout
of a pixel circuit according to some embodiments of the
present disclosure. In particular, FIG. 8 shows the layout
of a pixel circuit in which the third transistor M3 is con-
figured with sub-transistors M3_1 and M3_2 and in which
the fourth transistor M4 is configured with sub-transistors
M4_1 and M4_2, as shown in FIG. 3. FIG. 9 is a cross-
sectional view taken along the line I-I' of FIG. 8.

[0085] ReferringtoFIG.8andFIG. 9, a substrate SUB
may be a rigid substrate or a flexible substrate.

[0086] The rigid substrate may include a glass sub-
strate, a quartz substrate, a glass ceramic substrate, and
a crystalline glass substrate.

[0087] The flexible substrate may include a film sub-
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strate including a polymer organic material and a plastic
substrate including a polymer organic material. For ex-
ample, the flexible substrate may include one of poly-
ethersulfone (PES), polyacrylate, polyetherimide (PEI),
polyethylene naphthalate (PEN), polyethylene tereph-
thalate (PET), polyphenylene sulfide (PPS), polyarylate
(PAR), polyimide (PI), polycarbonate (PC), triacetate cel-
lulose (TAC), and cellulose acetate propionate (CAP).
Also, the flexible substrate may include fiber glass rein-
forced plastic (FRP).

[0088] A buffer layer BUF may cover the substrate
SUB. The buffer layer BUF may prevent impurities from
diffusing into an active layer ACT from the substrate SUB.
The buffer layer BUF may be an inorganic insulating lay-
er. For example, the buffer layer BUF may be made of
silicon nitride (SiN,), silicon oxide (SiO,), silicon oxyni-
tride (SiOXNy), ora combination thereof, and may be omit-
ted depending on the material of the substrate SUB and
process conditions.

[0089] The active layer ACT may be provided on the
buffer layer BUF. The active layer ACT may be made of
a semiconductor material. For example, the active layer
ACT may include polysilicon, amorphous silicon, oxide
semiconductor, and the like. The portion thatis not doped
with an impurity in the active layer ACT configures the
channels CH1 to CH7 of the transistors M1 to M7, and
the portion doped with an impurity in the active layer ACT
may configure electrodes SE1 to SE7 and DE1 to DE7
or lines. The impurity may be a p-type impurity. According
to some embodiments, the impurity may be at least one
of a p-type impurity, an n-type impurity, or metal.
[0090] A first gate insulating layer GI1 may cover the
substrate SUB and the active layer ACT. The first gate
insulating layer GI1 may cover the source electrodes SE1
to SE7 of the transistors M1 to M7, the drain electrodes
DE1 to DE7 thereof, and the channels CH1 to CH7 there-
of. The first gate insulating layer GI1 may be an inorganic
insulating layer. For example, the first gate insulating lay-
er GI1 may be made of silicon nitride (SiN,), silicon oxide
(SiO,), silicon oxynitride (SiO,Ny), or a combination
thereof.

[0091] The gate electrodes GE1 to GE7 of the transis-
tors M1 to M7, the first to third scan lines Si, S(i-1), and
S(i-2), the first and second emission lines Ei and E(i-1),
the initialization power source VINT, and the first elec-
trode LE of the storage capacitor Cst may be located on
the first gate insulating layer Gl1. The electrodes and
lines on the first gate insulating layer GI1 may be made
of the same conductive material. For example, the elec-
trodes and lines on the first gate insulating layer GI1 may
be made of molybdenum (Mo), titanium (Ti), aluminum
(Al), silver (Ag), gold (Au), copper (Cu), or a combination
thereof.

[0092] A second gate insulating layer GI2 may cover
the first gate insulating layer GI1, the gate electrodes
GE1 to GE7 of the transistors M1 to M7, the first to third
scanlines Si, S(i-1), and S(i-2), the first and second emis-
sion lines Ei and E(i-1), the initialization voltage source
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VINT, and the first electrode LE of the storage capacitor
Cst. The second gate insulating layer GI12 may be an
inorganic insulating layer. For example, the second gate
insulating layer GI12 may be made of silicon nitride (SiN,),
silicon oxide (SiO,), silicon oxynitride (SiOXNy), or acom-
bination thereof.

[0093] The second electrode UE of the storage capac-
itor Cst may be located on the second gate insulating
layer GI2. For example, the second electrode UE of the
storage capacitor Cst may be made of molybdenum (Mo),
titanium (Ti), aluminum (Al), silver (Ag), gold (Au), copper
(Cu), or a combination thereof.

[0094] Aninterlayerinsulating layer ILD may cover the
second gate insulating layer GI2 and the second elec-
trode UE of the storage capacitor Cst. The interlayer in-
sulating layer ILD may be an inorganic insulating layer.
For example, the interlayer insulating layer ILD may be
made of silicon nitride (SiN,), silicon oxide (SiO,), silicon
oxynitride (SiOXNy), or a combination thereof.

[0095] The data line Dj and the power supply line of
the first power source ELVDD may be located on the
interlayer insulating layer ILD. The electrodes and lines
on the interlayer insulating layer ILD may be made of the
same material. For example, the electrodes and lines on
the interlayer insulating layer ILD may be made of mo-
lybdenum (Mo), titanium (Ti), aluminum (Al), silver (Ag),
gold (Au), copper (Cu), or a combination thereof.
[0096] A via layer VIA may cover the interlayer insu-
lating layer ILD, the data line Dj, and the power supply
line of the first power source ELVDD. The via layer VIA
may be an organic insulating layer. For example, the via
layer VIA may include at least one of polystyrene,
polymethylmethacrylate  (PMMA), polyacrylonitrile
(PAN), polyamide (PA), polyimide (PI), polyarylether
(PAE), heterocyclic polymer, parylene, epoxy, benzocy-
clobutene (BCB), siloxane-based resin, or silane-based
resin. In some embodiments, the via layer VIA may be
an inorganic insulating layer, or a multi-layer structure in
which an organic insulating layer and an inorganic insu-
lating layer are alternately stacked.

[0097] The second scan line S(n-1), the first scan line
Sn, the first emission line Ei, and the second emission
line E(i-2) may be sequentially located in a first direction
DR1 onthe same plane. The same plane may be referred
to as an identical plane, or merely a plane. Put more
simply, the second scan line S(n-1), the first scan line
Sn, the first emission line Ei, and the second emission
line E(i2) may be sequentially located in a first direction
DR1 on a plane. The second scan line S(n-1), the first
scan line Sn, the first emission line Ei, and the second
emission line E(i-2) may extend in a second direction
DR2.

[0098] The second emission line E(i-2) may perpen-
dicularly overlap the source electrode SE8 and the drain
electrode DES8 of the eighth transistor M8. In other words,
the second emission line E(i-2) may perpendicularly
overlap a part that is in contact with the source electrode
SE8 and the drain electrode DES8 of the eighth transistor
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M8. Reference to the perpendicular overlap is described
with reference to a plan view of the pixel circuit PXij. In
other words, the second emission line E(i-2) may per-
pendicularly overlap the source electrode SE8 and the
drain electrode DES8 of the eighth transistor M8 when
viewed in a plan view.

[0099] The pixel circuit according to some embodi-
ments of the present disclosure is configured to set the
driving transistor thereof to an on-bias state, thereby pre-
venting unintended light emission and generation of over-
current and reducing power consumption.

[0100] While aspects of some embodiments of the
present disclosure have been described in some detail
with reference to the drawings, it will be understood by
those skilled in the art that the present disclosure can be
implemented in other specific forms without changing es-
sential features of the present disclosure. Therefore, it
should be noted that the forgoing embodiments are mere-
ly illustrative in all aspects and are not to be construed
as limiting the present disclosure. The scope of the
present disclosure is defined by the appended claims
rather than the detailed description of the present disclo-
sure.

Claims
1. A pixel circuit, comprising:

an organic light-emitting diode;

afirsttransistor coupled between a second node
and a third node, wherein a gate electrode of
the first transistor is coupled to a first node;

a second transistor coupled between a data line
and the second node, wherein a gate electrode
of the second transistor is coupled to a first scan
line;

a fourth transistor coupled between the first
node and an initialization power source, wherein
a gate electrode of the fourth transistor is cou-
pled to a second scan line;

a fifth transistor coupled between a first power
source and the second node, wherein a gate
electrode of the fifth transistor is coupled to a
first emission line; and

a sixth transistor and an eighth transistor cou-
pled in series between the third node and the
organic light-emitting diode, wherein a gate
electrode of the sixth transistor is coupled to the
first emission line, and a gate electrode of the
eighth transistor is coupled to a second emission
line,

wherein a phase of a first emission signal ap-
plied to the first emission line is delayed relative
to a phase of a second emission signal applied
to the second emission line.

2. The pixel circuit according to claim 1, wherein:
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the sixth transistor is coupled between the third
node and one electrode of the eighth transistor,
and

the eighth transistor is coupled between one
electrode of the sixth transistor and the organic
light-emitting diode.

3. The pixel circuit according to claim 1, wherein:

the eighth transistor is coupled between the third
node and one electrode of the sixth transistor,
and

the sixth transistor is coupled between one elec-
trode of the eighth transistor and the organic
light-emitting diode.

The pixel circuit according to any preceding claim,
further comprising:

a third transistor coupled between the first node and
the third node and configured such that a gate elec-
trode thereof is coupled to the first scan line.

The pixel circuit according to claim 4, wherein:

the third transistor includes a plurality of third
sub-transistors coupled in series between the
first node and the third node, and

the fourth transistor includes a plurality of fourth
sub-transistors coupled in series between the
first node and the initialization power source.

The pixel circuit according to any preceding claim,
wherein a phase of a first scan signal applied to the
first scan line is delayed relative to a phase of a sec-
ond scan signal applied to the second scan line.

The pixel circuit according to claim 6, wherein:

aturn-on level pulse of the first scan signal over-
laps a turn-off level pulse of the first emission
signal, and

a turn-on level pulse of the second scan signal
overlaps a turn-off level pulse of the second
emission signal.

The pixel circuit according to claim 7, wherein the
turn-on level pulse of the second scan signal is gen-
erated when the first emission signal is at a turn-on
level.

The pixel circuit according to any preceding claim,
further comprising:

a seventh transistor coupled between the initializa-
tion power source and the organic light-emitting di-
ode, wherein a gate electrode of the seventh tran-
sistor is coupled to a third scan line.

10. The pixel circuit according to claim 9, wherein a
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1.

12.

13.

14.

15.

16.

phase of a third scan signal applied to the third scan
line is identical to a phase of a second scan signal
applied to the second scan line.

The pixel circuit according to claim 9, wherein a
phase of a second scan signal applied to the second
scan line is delayed relative to a phase of a third scan
signal applied to the third scan line.

The pixel circuit according to claim 9, wherein a
phase of a third scan signal applied to the third scan
line is delayed relative to a phase of a second scan
signal applied to the second scan line.

The pixel circuit according to any preceding claim,
further comprising:

a storage capacitor coupled between the first power
source and the first node.

The pixel circuit according to claim 9 or any claim
dependent thereon, further comprising:

a first gate insulating layer covering source elec-
trodes, drain electrodes, and channels of the
first, second, fourth to sixth, and eighth transis-
tors,

wherein the gate electrodes of the first, second,
fourth to sixth, and eighth transistors, the first
and second scan lines, and the first and second
emission lines are on the first gate insulating lay-
er.

The pixel circuit according to claim 14, wherein the
second scan line, the first scan line, the first emission
line, and the second emission line are sequentially
arranged in a first direction on a plane.

The pixel circuit according to claim 15, wherein the
second emission line perpendicularly overlaps the
source electrode and the drain electrode of the
eighth transistor.
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1. claims: 1-4, 6-13

A pixel circuit, comprising:

an organic light-emitting diode;

a first transistor coupled between a second node and a third
node, wherein a gate electrode of the first transistor is
coupled to a first node;

a second transistor coupled between a data line and the
second node, wherein a gate electrode of the second
transistor is coupled to a first scan line;

a fourth transistor coupled between the first node and an
initialization power source, wherein a gate electrode of the
fourth transistor is coupled to a second scan line;

a fifth transistor coupled between a first power source and
the second node, wherein a gate electrode of the fifth
transistor is coupled to a first emission line; and

a sixth transistor and an eighth transistor coupled in
series between the third node and the organic light-emitting
diode, wherein a gate electrode of the sixth transistor is
coupled to the first emission line, and a gate electrode of
the eighth transistor is coupled to a second emission line,
wherein a phase of a first emission signal applied to the
first emission line is delayed relative to a phase of a
second emission signal applied to the second emission line;
wherein: the sixth transistor is coupled between the third
node and one electrode of the eighth transistor, andthe
eighth transistor is coupled between one electrode of the
sixth transistor and the organic Tight-emitting diode.

2. claim: 5

A pixel circuit, comprising:

an organic light-emitting diode;

a first transistor coupled between a second node and a third
node, wherein a gate electrode of the first transistor is
coupled to a first node;

a second transistor coupled between a data line and the
second node, wherein a gate electrode of the second
transistor is coupled to a first scan line;

a fourth transistor coupled between the first node and an
initialization power source, wherein a gate electrode of the
fourth transistor is coupled to a second scan line;

a fifth transistor coupled between a first power source and
the second node, wherein a gate electrode of the fifth
transistor is coupled to a first emission line; and

a sixth transistor and an eighth transistor coupled in
series between the third node and the organic light-emitting
diode, wherein a gate electrode of the sixth transistor is
coupled to the first emission line, and a gate electrode of
the eighth transistor is coupled to a second emission line,

page 1 of 2
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wherein a phase of a first emission signal applied to the
first emission line is delayed relative to a phase of a
second emission signal applied to the second emission line;
further comprising:

a third transistor coupled between the first node and the
third node and configured such that a gate electrode thereof
is coupled to the first scan line, wherein the third
transistor includes a plurality of third sub-transistors
coupled in series between the first node and the third node,
and the fourth transistor includes a plurality of fourth
sub-transistors coupled in series between the first node and
the initialization power source.

3. claims: 14-16

A pixel circuit, comprising:an organic light-emitting
diode;a first transistor coupled between a second node and a
third node, wherein a gate electrode of the first transistor
is coupled to a first node;a second transistor coupled
between a data Tine and the second node, wherein a gate
electrode of the second transistor is coupled to a first
scan line;a fourth transistor coupled between the first node
and an initialization power source, wherein a gate electrode
of the fourth transistor is coupled to a second scan line;a
fifth transistor coupled between a first power source and
the second node, wherein a gate electrode of the fifth
transistor is coupled to a first emission line; anda sixth
transistor and an eighth transistor coupled in series
between the third node and the organic light-emitting diode,
wherein a gate electrode of the sixth transistor is coupled
to the first emission line, and a gate electrode of the
eighth transistor is coupled to a second emission
line,wherein a phase of a first emission signal applied to
the first emission Tine is delayed relative to a phase of a
second emission signal applied to the second emission line;
further comprising: a seventh transistor coupled between the
initialization power source and the organic light-emitting
diode, wherein a gate electrode of the seventh transistor is
coupled to a third scan line;

further comprising: a first gate insulating layer covering
source electrodes, drain electrodes, and channels of the
first, second, fourth to sixth, and eighth
transistors,wherein the gate electrodes of the first,
second, fourth to sixth, and eighth transistors, the first
and second scan lines, and the first and second emission
lines are on the first gate insulating layer.

page 2 of 2
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