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PIXEL AND PIXEL DRIVING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0041825,
filed on Apr. 8, 2014, and entitled, “Pixel and Pixel Driving
Method,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments herein relate to a pixel
and a pixel driving method.

[0004] 2. Description of the Related Art

[0005] A display device is used in a variety of portable
information terminals (e.g., personal computers, mobile
phones, personal digital assistants, etc.) and in a variety of
monitors. Examples of the monitors include liquid crystal
display panels, organic light emitting display panels, and
plasma display panels. Among these, organic light emitting
display panels have excellent light emission efficiency, lumi-
nance and viewing angle, and quick response speed.

[0006] Organic light emitting display panels have a display
area which includes a plurality of pixels arranged on a sub-
strate in matrix form. The pixels are connected to scan lines
and data lines and emit light to form an image. The pixels emit
light using organic light emitting diodes, which generate light
having predetermined luminance based on data current.
[0007] When a defect is generated in a pixel circuit during
the manufacturing process, a repair process may be per-
formed by cutting the defective portion of the circuit and
remanufacturing it. However, this technique may result in a
low success rate of regeneration and a long tact time.

SUMMARY

[0008] In accordance with one embodiment, a pixel
includes a main circuit, a sub circuit, and an organic light
emitting diode, wherein each of the main circuit and the sub
circuit includes a switching transistor to switchably operate
based on a first scan signal, a driving transistor to receive a
data voltage through the switching transistor, and a storage
capacitor to store the data voltage, and wherein the organic
light emitting diode emits light based on current flowing
through one of the main circuit or the sub circuit.

[0009] Each of the main circuit and the sub circuit may
include an initialization transistor connected to a gate elec-
trode of the driving transistor and a second voltage source
line, the initialization transistor in each of the main circuit and
sub circuit to switchably operate based on a second scan
signal.

[0010] Each of the main circuit and the sub circuit may
include a compensation transistor connected to the gate elec-
trode and a drain electrode of the driving transistor, the com-
pensation transistor in each of the main circuit and sub circuit
to switchably operate based on the first scan signal.

[0011] Each of the main circuit and the sub circuit may
include a boost capacitor between a first scan line and the
driving transistor gate electrode. Each of the first scan signal
and the second scan signal may include an enable pulse, and
the enable pulse of the second scan signal may precede the
enable pulse of the first scan signal.

[0012] Each of the main circuit and the sub circuit may
include a first light emission transistor connected between a
source electrode of the driving transistor and a first voltage
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line; and a second light emission transistor connected
between the drain electrode of the driving transistor and the
organic light emitting diode. The first light emission transis-
tor and the second light emission transistor may be turned on
after the data signal is applied.

[0013] In accordance with another embodiment, a method
for driving a pixel includes setting a first set of wirings in a
disconnected state and a second set of wirings in a connected
state when a main circuit is in an abnormal state, turning on a
switching transistor based on a first scan signal, applying a
data signal to a gate electrode of a driving transistor through
the turned-on switching transistor, and maintaining a voltage
applied to the gate electrode of the driving transistor, based on
the data signal, at a storage capacitor, wherein: the first set of
wirings is connected to the main circuit, the second set of
wirings is connected to a sub circuit, the main circuit in a
disconnected state when the second set of wiring is in the
connected state and the sub circuit is in a connected state, the
first set of wirings is connected to at least one of the switching
transistor, the gate electrode of the driving transistor, or the
storage capacitor, and the second set of wirings is connected
to at least one of the switching transistor, the gate electrode of
the driving transistor, or the storage capacitor.

[0014] The sub circuit may include a compensation transis-
tor connected to the gate electrode and a drain electrode of the
driving transistor, and the driving method may include turn-
ing on the second compensation transistor based on the first
scan signal, and applying the data signal to the gate electrode
of the driving transistor through the turned-on switching tran-
sistor and the turned-on compensation transistor.

[0015] The sub circuit may include an initialization transis-
tor connected to the gate electrode of the driving transistor
and a second voltage source line, and the driving method may
include turning on the initialization transistor according to the
second scan signal, and applying an initialization voltage to
the gate electrode of the driving transistor and the storage
capacitor through the turned-on initialization transistor.
[0016] Applying the initialization voltage to the gate elec-
trode of the driving transistor and the storage capacitor
through the turned-on initialization transistor may be per-
formed before the switching transistor and the compensation
transistor are turned on.

[0017] The sub circuit may include a first light emission
transistor connected between a source electrode ofthe driving
transistor and the first voltage source, and a second light
emission transistor connected between the drain electrode of
the driving transistor and the organic light emitting diode, and
the driving method may include turning on the first light
emission transistor based on a light emission control signal,
and turning on the second light emission transistor based on a
light emission control signal, the organic light emitting diode
emitting light based on current flowing through the driving
transistor after the data signal is applied to the driving tran-
sistor gate electrode.

[0018] In accordance with another embodiment, a pixel
includes a main circuit, a sub circuit, and an organic light
emitting diode, wherein the main circuit includes a switching
transistor configured to switchably operate based on a first
scan signal, a first driving transistor configured to receive a
data voltage through the switching transistor, and a first stor-
age capacitor configured to store the data voltage, and
wherein the sub circuit includes a second driving transistor
configured to receive a data voltage through the switching
transistor and a second storage capacitor configured to store
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the data voltage, wherein the organic light emitting diode
emits light based on current flowing through one of the main
circuit or the sub circuit. The data voltage may be stored in
one of the first storage capacitor or the second storage capaci-
tor.

[0019] In accordance with another embodiment, a method
for driving a pixel includes turning on a switching transistor
based on a first scan signal, applying a data signal to a gate
electrode of one ofa first driving transistor or a second driving
transistor through the turned-on switching transistor, and
maintaining a voltage, applied to the gate electrode of one of
the first driving transistor or the second driving transistor
according to the data signal, at one of a first storage capacitor
or a second storage capacitor, wherein the pixel includes a
main circuit, a sub circuit, and an organic light emitting diode,
the sub circuit includes the switching transistor to switchably
operate based on the first scan signal, the first driving transis-
tor is configured to receive a data voltage through the switch-
ing transistor, and the first storage capacitor is configured to
store the data voltage, and the sub circuit includes the second
driving transistor configured to receive a data voltage through
the switching transistor and the second storage capacitor con-
figured to store the data voltage.

[0020] In accordance with another embodiment, a pixel
includes a main circuit including a first transistor and a sub
circuit including a second transistor, wherein the first transis-
tor is connected to a first wiring, the second transistor is
connected to a second wiring, the first and second wirings are
provided to carry a same signal, the second wiring is in a
connected state to carry the signal to the second transistor
when the first wiring and the main circuit are in a discon-
nected state. The signal may be a scan signal, a data signal, or
an emission signal. The main circuit and the sub circuit may
have a same structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0022] FIG. 1 illustrates an embodiment of a display
device;
[0023] FIG. 2A illustrates an embodiment of a pixel, and

FIG. 2B illustrates an embodiment of a switching circuit in or
coupled to the pixel in FIG. 2A;

[0024] FIG. 3 illustrates an embodiment of a method for

driving a pixel,

[0025] FIG. 4 illustrates another embodiment of a pixel;

and

[0026] FIG. 5 illustrates another embodiment of a pixel.
DETAILED DESCRIPTION

[0027] Example embodiments are described more fully

hereinafter with reference to the accompanying drawings;
however, they may 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 exemplary implementations to those skilled in the art.
[0028] FIG. 1 shows an embodiment of a display device 1
whichincludes adisplay unit 10, a scan driver 20, adata driver
30, a light emission driver 40, and a signal controller 50. The
display unit 10 includes a plurality of pixels PX connected to
scan lines S1-Sn extending in a first direction (e.g., row direc-
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tion) and a plurality of data lines D1-Dm extending in a
second direction (e.g., column direction). Connection struc-
tures of the scan lines S1-Sn, the data lines, and voltage
supply lines may be different from that shown in FIG. 1.
[0029] Each of the pixels PX may include multiple (e.g.,
three) subpixels emitting light of different colors, e.g., red R,
green G, and blue B. Each pixel PX is activated in accordance
with a scan signal transmitted through a respective one of the
scan lines scan lines S1-Sn. Each subpixel emits light based
on adriving current corresponding to a data signal transmitted
through a respective one of the data lines D1-Dm, to thereby
display an image.

[0030] The signal controller 50 receives image signals
(e.g., R, G, and B) from an external source and an input
control signal for controlling display thereof. The image sig-
nals R, G, and B contain luminance information on each pixel
PX. The luminance information may include data indicating
a gray scale value of a corresponding pixel among a prede-
termined range of gray scale values, e.g., 1024 (=2'°),) 256
(=2%) or 64 (=2°) gray scale values. The input contro] signal
includes a vertical synchronization signal Vsyne, a horizontal
synchronizing signal Hsync, and a main clock MCLK.
[0031] Thesignal controller 50 processes the image signals
R, G, and B based on an operation condition of the display
unit 10 and the input control signal, to generate an image data
for input into the data driver 30. The signal controller 50 also
generates a data control signal CONT1, a scan control signal
CONT?2, a light emission control signal line CONT3. The
signal controller 50 transmits the scan control signal CONT2
to the scan driver 20, and transmits the data control signal
CONT1 and image data signals DAT to the data driver 30.
[0032] The scan driver 20 supplies a plurality of scan sig-
nals S[1]-S[n] to respective ones of the scan lines S1-Sn
according to the scan control signal CONT2.

[0033] The data driver 30 generates a plurality of data sig-
nals (e.g., data voltages) according to the image data signals
DAT input based on the data control signal CONTI. The data
signals are supplied to respective ones of the data lines
D1-Dm. For example, the data driver 30 is synchronized at a
time when the scan signal of a gate-on voltage corresponding
to each frame is supplied, and transmits a plurality of data
signals for controlling an emission degree of each of the
pixels PX through the data lines D1-Dm. A gate-on voltage
corresponds to a level for turning on a switching transistor in
each pixel PX.

[0034] The light emission driver 40 supplies a plurality of
light emission signals EM[1]-EM[n]) to respective ones of a
plurality of light emission control lines E1-En.

[0035] Each pixel PX is connected to two scan lines among
the scan lines S1-Sn, a light emission control line among the
emission control lines E1-En, and a data line among the data
lines D1-Dm. Data voltages corresponding to the image data
signal DAT are transmitted to the pixels PX through respec-
tive data lines D1-Dm. A scan signal is transmitted to each
pixel PX through a respective scan line. A light emission
signal for controlling light emission of an organic light emit-
ting diode (OLED) of each pixel PX is transmitted through a
respective light emission control line.

[0036] The scan driver 20, the data driver 30, the light
emission driver 40, and the signal controller 50 may be elec-
trically connected to the display unit 10. For example, each of
the drivers 20, 30, and 40 and the signal controller 50 may be
included in one or more integrated chip mounted on a flexible
printed circuit or a film attached and electrically connected to
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the display unit 10. Alternatively, the scan driver 20, the data
driver 30, the light emission driver 40, and the signal control-
ler 50 may be directly mounted on a glass substrate of the
display unit 10, and/or may be formed on the same layers as
those of the scan line, the data line, the voltage supply line,
and the thin film transistor.

[0037] FIG. 2A illustrates an embodiment of a pixel PX,
which, for example, may be connected to an (n-1)* scan line
S(n-1), a n” scan line Sn, a n™ light emission control signal
line En, and am™ data line Dm. The other pixels PX may have
a similar structure.

[0038] As shown in FIG. 2A, the pixel PX includes a main
circuit MC, a sub circuit SC, an OLED, and wirings [.1-L8.
The main circuit MC and the sub circuit SC may perform the
same functions. In other embodiments, the main circuit MC
and the sub circuit SC may perform at least one common
function and at least one different function.

[0039] During normal operation of the main circuit MC, the
scan line, the light emission control signal line, and the data
line corresponding to the wirings 1.1-L.4 are in a connected
state and the wirings L5 to L8 are in a disconnected state.
When the main circuit MC is not operating normally, the
wirings L1-1.4 are in a disconnected state, and the scan line,
the light emission control signal line, and the data line corre-
sponding to the wirings [.1-[.4 are in a disconnected state, to
thereby allow the sub circuit SC to replace the main circuit
MC.

[0040] Themain circuit MC includes a switching transistor
Msl1, adriving transistor Md1, a compensation transistor M2,
an initialization transistor M1, light emission transistors M3
and M4, a storage capacitor C1, a boost capacitor C2, and the
wirings [1-[ 4.

[0041] A driving voltage for performing light emission of
the OLED in the pixel PX is applied to a first voltage supply
line ELVDD. In one embodiment, the voltage values of the
driving voltage applied to the first voltage supply line
ELVDD may be different, e.g., may be voltage values preset
by the signal controller 50. Although the transistors in FIG.
2A are illustrated as p-channel metal oxide semiconductor
(PMOS) transistors, NMOS or a combination of PMOS and
NMOS transistors may be used in other embodiments.
[0042] The switching transistor Ms1 may include a gate
electrode connected to the scan line Sn, a source electrode
connected to the data line Dm, and a drain electrode con-
nected to a source electrode of the driving transistor Mdl.
When the switching transistor Ms1 is turned on by the scan
signal S[n], the data signal D[m] applied to the data line Dm
is transmitted to the source electrode of the driving transistor
Mdl.

[0043] The driving transistor Md1 may include the source
electrode to which the data voltage is transferred during a
turn-on period of the switching transistor Ms1, a gate elec-
trode connected to a first end of the storage capacitor C1, and
a drain electrode connected to a source of the light emission
transistor M4.

[0044] The first end of the storage capacitor C1 is con-
nected to a gate electrode of the driving transistor Md1, and a
second end is connected to the first voltage supply line
ELVDD to which the driving voltage is applied.

[0045] The initialization transistor M1 may include gate
electrode connected to the scan line S(n-1), a drain electrode
connected to an initialization voltage supply line VINT to
which an initialization voltage, and a source electrode con-
nected to the gate electrode of the driving transistor Md1
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[0046] A first end of the boost capacitor C2 is connected to
the scan line Sn, and a second end is connected to the source
electrode of the initialization transistor M1.

[0047] The compensation transistor M2 may include a gate
electrode connected to the scan line, a drain electrode con-
nected to the gate electrode of the driving transistor Mdl, and
a source electrode connected to the drain electrode of the
driving transistor Md1. The compensation transistor M2 may
be turned on by the scan signal, applied to the scan line Sn, to
facilitate a diode-connection of the driving transistor Md1.
[0048] Thelight emission transistor M3 may include a gate
electrode connected to the light emission control signal line
En, a source electrode connected to the first voltage supply
line ELVDD to which the driving voltage is applied, and a
drain electrode connected to the source of the driving transis-
tor Md1.

[0049] Thelight emission transistor M4 may include a gate
electrode connected to the light emission control signal line
En, a source electrode connected to the drain electrode of the
driving transistor Md1, and a drain electrode connected to an
anode electrode of the OLED.

[0050] The sub circuit SC may include a switching transis-
tor Ms2, a driving transistor Md2, a compensation transistor
M12, an initialization transistor M22, light emission transis-
tors M32 and M42, and a storage capacitor C12, and a boost
capacitor C22.

[0051] The function of the switching transistor Ms2, the
driving transistor Md2, the storage capacitor C12, the com-
pensation transistor M12, the boost capacitor C22, the initial-
ization transistor M22, the light emission transistor M32, and
the light emission transistor M42 may be the same as in the
main circuit MC. Also, the switching transistor Ms2, the
driving transistor Md2, the storage capacitor C12, the com-
pensation transistor M12, the boost capacitor C22, the initial-
ization transistor M22, the light emission transistor M32, and
the light emission transistor M42 may be in a connected state
and a disconnected state.

[0052] Thewiring .1 may be between the data line Dm and
the source electrode of the switching transistor Ms1, in order
to connect the data line Dm with the source electrode of the
switching transistor Ms1.

[0053] The wiring .2 may be between the scan line Sn and
the gate electrodes of the switching transistor Ms1 and the
compensation transistor M2, in order to connect the scan line
with the gate electrodes of the switching transistor Ms1 and
the compensation transistor M2.

[0054] The wiring L3 may be between the scan line S(n-1)
and the gate electrode of the initialization transistor M1, in
order to connect the scan line S(n—1) with the gate electrode
of the initialization transistor M1.

[0055] The wiring .4 may be between the light emission
control signal line En and the gate electrodes of the light
emission transistors M3 and M4, in order to connect the light
emission control signal line En with the gate electrodes of the
light emission transistors M3 and M4.

[0056] The wirings L1 to L4 may be in the connected state
when the main circuit MC is operating normally, and may be
in the disconnected state when the main circuit MC is opet-
ating abnormally.

[0057] Thewiring L5 may be between the data line Dm and
the source electrode of the switching transistor Ms2, in order
to connect the data line Dm with the source electrode of the
switching transistor Ms2 when the wiring .1 is in the discon-
nected state.
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[0058] The wiring L6 may be between the scan line Sn and
the gate electrodes of the switching transistor Ms2 and the
compensation transistor M22, in order to connect the scan
line Sn with the gate electrodes of the switching transistor
Ms2 and the compensation transistor M22 when the wiring
L2 is in the disconnected state.

[0059] The wiring L7 may be located the scan line S(n-1)
and the gate electrode of the initialization transistor M12, in
order to connect the scan line S(n—1) with the gate electrode
of the imtialization transistor M12 when the wiring 1.3 is in
the disconnected state.

[0060] The wiring L8 may be between the light emission
control signal line En and the gate electrodes of the light
emission transistors M32 and M42, in order to connect the
light emission control signal line En with the gate electrodes
of the light emission transistors M32 and M42 when the
wiring 1.4 is in the disconnected state.

[0061] The wirings [5-L.8 are not in the connected state
when the main circuit MC is operating normally, and may be
in the connected state to enable the sub circuit SC to replace
the main circuit MC when the wiring L1 to L4 are in the
disconnected state by an error of the main circuit MC.
[0062] The operational status of the main circuit MC may
be determined in a number of ways. For example, the opera-
tional status of the main circuit MC may be determined by a
quality control test performed by the manufacturer. When the
main circuit MC is determined to be operating abnormally,
the main circuit MC may be placed in the disconnected state
and the sub circuit SC may be placed in the connected state.
This may be accomplished, for example, by cutting lines
L1-L4 using a cutting tool (e.g., a laser) and by connecting
lines 1.5-18, for example, by depositing conductive material
to connect wirings [.5-1.8 to the sub circuit SC.

[0063] The OLED may include an anode electrode con-
nected to the drain electrodes of the light emission transistors
M4 and M42, and a cathode electrode connected to a second
voltage supply line ELVSS to which a voltage is supplied.
When the light emission transistors M3 and M32 (or M4 and
M42) are turned on by a light emission signal transferred
through the light emission control signal line En, the OLED
emits light according to a current flowing through the driving
transistor Md1 (or Md2) to display a corresponding image.
[0064] FIG. 3 illustrates an embodiment of a method for
driving a pixel, which, for example, may be the pixel PX in
FIG. 2A. In this figure, operation of the main circuit MC may
be shown based on a timing diagram that includes signals for
a predetermined period including one frame period 1F.
[0065] The signals include a scan signal S[n-1], a scan
signal S[n], and a light emission signal E[n]. Each of the scan
signals S[n-1] and S[n] includes an enable pulse, and the
enable pulses for the scan lines are sequentially generated. In
this embodiment, because the transistors in the main circuit
MC are a p-channel type transistors, an enable level corre-
sponds to a low level.

[0066] Referring to FIG. 3, the light emission signal En is
applied to the light emission signal line En at a time point T1
of an initialization period P1. As a result, the light emission
transistors M3 and M4 are turned off to block current from
flowing through the driving transistor Md1.

[0067] At the time point T1 of the initialization period P1,
the scan signal S[n-1] of a low level is applied to the scan line
S(n-1) to turn on the initialization transistor M1 during the
initialization period P1. When the initialization transistor M1
is turned on, an initialization voltage VINT is applied to the

Oct. 8, 2015

gate electrode of the driving transistor Md1 to initialize the
driving transistor Md1, and the storage capacitor C1 is ini-
tialized by the (ELVDD-VINT) voltage.

[0068] At a time point T2 of a scan period P2, the scan
signal of a low level S[n] is applied to the scan line Sn. As a
result, the switching transistor Ms1 and compensation tran-
sistor M2 are turned on during the scan period. When the
compensation transistor M2 is turned on, the driving transis-
tor Md1 is placed in a diode-connected state, e.g., the gate
electrode and the drain electrode of the driving transistor Md1
are connected to each other by the turned-on compensation
transistor M2. Accordingly, the voltage between the gate elec-
trode and the source electrode of the driving transistor Md1l
becomes a threshold voltage of the driving transistor Mdl1.
[0069] The data signal D[K] is applied from the data line
Dm to the source electrode of the driving transistor Md1.
When the voltage of the data signal D[k] is Vdata and the
threshold voltage of the driving transistor Mdl is Vth (nega-
tive voltage), the gate voltage of the driving transistor Mdl
becomes Vdata+Vth. The voltage applied to the gate elec-
trode of the driving transistor Md1 is maintained by the stor-
age capacitor C1.

[0070] At a time point T3 of a light emission period P3,
when the scan signal of a high level S[n] is applied to the scan
line Sn, a voltage VR of the scan signal Sn is divided based on
the capacitances of the storage capacitor C1 and the boost
capacitor C2. For example, when the capacitance of the stor-
age capacitor C1 is c1 and the capacitance of the boost capaci-
tor C2 is ¢2, the gate voltage of the driving transistor Mdl1 is
increased by A(c1/(c1+c2))VR).

[0071] The light emission signal of a low level E[n] is
applied to the light emission control line En. During the light
emission period P3, the light emission transistors M3 and M4
are turned on. The gate-source voltage of the driving transis-
tor Md1 may be determined by Equation 1. During the light
emission period P3, when the driving transistor Md1 is turned
on, the OLED emits light based on the current flowing
through the driving transistor Mdl.

Vgs=(Vdata+Vith+AV)-ELVDD o)

[0072] InEquation 1, Vgs is the gate-source voltage of the
driving transistor Md1, Vth is the threshold voltage of the
driving transistor Md1, and Vdata is the data voltage trans-
ferred from the data line Dm.

[0073] The current flowing in the OELD through the driv-
ing transistor Md1, and a value of the current flowing through
the OLED may be determined by Equation 2.

IOLED = B/ 2(Vgs — Vih)* @
= B/ 2((Vdata + Vth+ AV — ELVDD) - Vthy*

= B/2(Vdata+ AV — ELVDDY?

In Equation 2, IOLED is the current flowing through the
OLED and f3 is a predetermined constant value.

[0074] In operation, deviation may be generated in the
threshold voltage Vth of a thin film transistor per pixel PX
based on non-uniformity of the manufacturing process. As a
result, the amount of current supplied to the OLED may
changed, which may change or otherwise adversely affect
light emission luminance. However, in accordance with one
embodiment, as recognized by the Equation 2, even when the
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threshold voltage of the driving transistor Md1 varies from
each other in different pixels, adverse effects of the threshold
voltages may be excluded. As a result, it is possible to supply
a constant current to the OLED:s in the pixels.

[0075] In FIG. 3, the enable pulses of the scan signals
S[1]-S[n] have the same width. In other embodiments, the
scan signals S[1]-S[n] may have different widths.

[0076] When the main circuit MC is operating normally,
the wirings [.1-[.4 are in a connected state as previously
described. Operation of the sub circuit SC when wirings
[5-1.8 are in a connected state (e.g., when since the main
circuit MC is operating abnormally because of a defect or
malfunction) may be substantially the same as the main cir-
cuit MC.

[0077] Inthe pixel PX in FIG. 2B, a switching circuit may
be included to control the connected and disconnected states
of wirings L1-1.4 and wirings L5-L8. For example, when
main circuit MC is operating normally, the switching circuit
may assume a first switching state to place wirings 1.1-L4 in
a connected state, e.g., may allow the data signal, the scan
signals, and emission signal to flow through respective wir-
ings [1-1.4 to transistors Ms1, M1, M2, and M3 in the main
circuit MC. The wirings 5-1.8 may be in a disconnected state
in the first switching state.

[0078] When main circuit MC is operating abnormally, the
switching circuit may assume a second switching state to
place wirings [.5-1.8 in a connected state, e.g., may allow the
data signal, the scan signals, and the emission signal to flow
through respective wirings [.5-1.8 to transistors Ms2, M12,
M22, and M32 in sub circuit SC. The wirings [.1-L.4 may be
in a disconnected state in the second switching state. The
switching circuit may be controlled to assume the first switch-
ing state or the second switching state based on a control
signal, for example, from signal controller 50.

[0079] FIG. 2B illustrates an example of the switching cir-
cuit SW connected to the main circuit MC and sub circuit SC.
When the main circuit MC is operating normally, the switch-
ing circuit SW receive a control signal having a first value to
cause the switching circuit to assume the first switching state.
When the main circuit MC is operating abnormally, the
switching circuit SW may receive a control signal having a
second value to cause the switching circuit to assume the
second switching state.

[0080] In an alternative embodiment, the switching circuit
may have a default state corresponding to the first switching
state and may assume the second switching state when a
control signal is received. The switching circuit may be
locally located in each pixel in the display panel 10. In an
alternative embodiment, the switching circuit may be
replaced with a fuse circuit which receives a control signal
from a controller (e.g., signal controller 50) to disconnect
wirings L.1-L.4. The switching circuit SW or fuse circuit may
be considered as a selector.

[0081] FIG. 4illustrates another embodiment ofa pixel PX'
which includes scan lines S(n-1) and Sn, a data line Dm, a
light emission control signal line En, a main circuit MC
connected to an anode electrode of an OLED, a sub circuit
SC', the OLED, and wirings [L1-1.4, 1.9, and [.10. The wirings
L1 to L4 may be the same as in FIG. 2.

[0082] The sub circuit SC' may include a switching transis-
tor Ms2', a driving transistor Md2', and a storage capacitor
C12. The switching transistor Ms2', the driving transistor
Md2', and the storage capacitor C12 may be the same as the
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switching transistor Ms2, the driving transistor Md2, and the
storage transistor C12 as in FIG. 2.

[0083] The wiring .9 may be between the scan line Sn and
a gate electrode of the switching transistor Ms2', in order to
connect the scan line Sn with the gate electrode of the switch-
ing transistor Ms2' when the wiring L1 is in the disconnected
state.

[0084] The wiring L.10 may be between the data line Dm
and a source electrode of the switching transistor Ms2', in
order to connect the data line Dm with the source electrode of
the switching transistor Ms2' when the wiring .10 is in the
disconnected state.

[0085] The wirings 1.9 and L.10 are not in the connected
state when the main circuit MC is operating normally. How-
ever, when the wirings [.1-L.4 are in the disconnected state,
the wiring L9 connects the scan line Sn with the gate electrode
of the switching transistor Ms2', and the wiring .10 connects
the data line Dm with the source electrode of the switching
transistor Ms2'. As a result, the switching transistor Ms2, the
driving transistor Md2, and the storage transistor C12 of the
sub circuit SC' may respectively replace the switching tran-
sistor MS1, the driving transistor Md1, and the storage
capacitor C1 of the main circuit SC.

[0086] Thepixel PX'in F1G. 4 may include or be coupled to
a switching circuit similar to the one in FIG. 2B or a fuse
circuit to control the connected and disconnected states of
wirings L1 and L.2 and the connected and disconnected states
of wirings .9 and [L10.

[0087] FIG. 5 illustrates another embodiment of a pixel
PX" which include a switching transistor Msl, a driving
transistor Mdl, a compensation transistor M2, an initializa-
tion transistor M1, light emission transistors M3 and M4, a
storage capacitor C1, a boost capacitor C2, wirings 1.11-1.14,
and sub circuit SC". The switching transistor Ms1, the tran-
sistor Md1, the compensation transistor M2, the initialization
transistor M1, the light emission transistors M3 and M4, the
storage capacitor C1, the boost capacitor C2 may be the same
as in FIG. 2.

[0088] The circuit SC" may include a driving transistor
Md3 and a storage capacitor C3. When the driving transistor
Md1 or the storage capacitor C1 is defective, the driving
transistor Md3 or the storage capacitor C3 of the sub circuit
SC" may replace the driving transistor Md1 or the storage
capacitor C1 of the PX'.

[0089] The driving transistor Md3 may include a source
electrode to which a data voltage is transferred while the
switching transistor Ms1 is turned on, a gate electrode con-
nected to a first end of the storage capacitor C1, and a drain
electrode connected to a source electrode of the light emis-
sion transistor M4.

[0090] A first end of the storage capacitor C3 is connected
to a gate electrode of the driving transistor Md1, and a second
end is connected to the first voltage supply line ELVDD to
which the driving voltage is applied.

[0091] The wiring 1.11 may be between the first end of the
storage capacitor C3 and the gate electrode of the driving
transistor Mdl, in order to connect the first end of the storage
capacitor C3 with the gate electrode of the driving transistor
Md1 when the wiring 1.13 is in the disconnected state.
[0092] The wiring [.12 may be between the gate electrode
of the driving transistor Md3 and the first end of the storage
capacitor C1, in order to connect the gate electrode of the
driving transistor Md3 with the first end of the storage capaci-
tor C1 when the wiring [.14 is in the disconnected state.
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[0093] The wiring 1.13 may be between the first end of the
storage capacitor C1 and the gate electrode of the driving
transistor Md1, in order to correct the first end of the storage
capacitor C1 with the gate electrode of the driving transistor
Md.
[0094] The wiring .14 may be between the gate electrode
of the driving transistor Mdl and the first end of the storage
capacitor Mdl, in order to correct the gate electrode of the
driving transistor Md1 with the first end of the storage capaci-
tor Md1.
[0095] When the driving transistor Md1 is operating nor-
mally, the wiring L.14 is in the connected state and the wiring
[12 is in the disconnected state, which may facilitate opera-
tion of the driving transistor Md1. When the driving transistor
Mdl is operating abnormally, the wiring .12 is in the con-
nection state and the wiring [.14 is in the disconnected state,
which may facilitate operation of the driving transistor Md3.
[0096] When the storage capacitor C1 is operating not-
mally operated, the wiring .13 is in the connected state and
the wiring 11 is in the disconnected state, which may facili-
tate operation of the storage capacitor C1. When the storage
capacitor C1 is operating abnormally, the wiring [.11 is in the
connected state and the wiring [.13 is in the disconnected
state, which may facilitate operation of the storage capacitor
C3. The function of the driving transistor Md3 or the storage
capacitor C3 may be the same as described in FIG. 2.
[0097] The pixel PX" in FIG. 5 may include or be coupled
to a switching circuit similar to the one in FIG. 2B, or a fuse
circuit, to control the connected and disconnected states of
wirings L11 and L12 and the connected and disconnected
states of wirings L.13 and L.14.
[0098] By way of summation and review, When a defect is
generated in a pixel circuit during a manufacturing process, a
repair process may be performed by cutting the defective
portion of the circuit and remanufacturing it. However, this
technique may resultin a low success rate of regeneration and
a long tact time.
[0099] In accordance with one or more of the aforemen-
tioned embodiments, each pixel in a display device includes a
main circuit and a sub circuit. When the main circuit is deter-
mined to be in a defective state after manufacture (e.g., by
performing a quality control test), the main circuit is placed in
a disconnected state and the sub circuit is placed in a con-
nected state. As a result, the defective pixel operates normally
and remanufacturing does not have to be performed.
[0100] Example embodiments 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. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of 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. A pixel, comprising:

amain circuit;

a sub circuit; and

an organic light emitting diode,
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wherein each of the main circuit and the sub circuit
includes a switching transistor to switchably operate
based on a first scan signal, a driving transistor to receive
a data voltage through the switching transistor, and a
storage capacitor to store the data voltage, and wherein
the organic light emitting diode emits light based on
current flowing through one of the main circuit or the sub
circuit.

2. The pixel as claimed in claim 1, wherein each of the main

circuit and the sub circuit includes:

an initialization transistor connected to a gate electrode of
the driving transistor and a second voltage source line,
the initialization transistor in each of the main circuit
and sub circuit to switchably operate based on a second
scan signal.

3. The pixel as claimed in claim 2, wherein each of the main

circuit and the sub circuit includes:

a compensation transistor connected to the gate electrode
and a drain electrode of the driving transistor, the com-
pensation transistor in each of the main circuit and sub
circuit to switchably operate based on the first scan
signal.

4. The pixel as claimed in claim 3, wherein each of the main
circuit and the sub circuit includes a boost capacitor between
a first scan line and the driving transistor gate electrode.

5. The pixel as claimed in claim 4, wherein:

each of the first scan signal and the second scan signal
includes an enable pulse, and

the enable pulse of the second scan signal precedes the
enable pulse of the first scan signal.

6. The pixel as claimed in claim 5, wherein each of the main

circuit and the sub circuit includes:

a first light emission transistor connected between a source
electrode of the driving transistor and a first voltage line;
and

a second light emission transistor connected between the
drain electrode of the driving transistor and the organic
light emitting diode.

7. The pixel as claimed in claim 6, wherein the first light
emission transistor and the second light emission transistor
are turned on after the data voltage is applied.

8. A method for driving a pixel, the method comprising:

setting a first set of wirings in a disconnected state and a
second set of wirings in a connected state when a main
circuit is in an abnormal state;

turning on a switching transistor based on a first scan
signal,

applying a data signal to a gate electrode of a driving
transistor through the turned-on switching transistor;
and

maintaining a voltage applied to the gate electrode of the
driving transistor, based on the data signal, at a storage
capacitor, wherein:

the first set of wirings is connected to the main circuit,

the second set of wirings is connected to a sub circuit,

the main circuitin a disconnected state when the second set
of wiring is in the connected state and the sub circuit is
in a connected state,

the first set of wirings is connected to at least one of the
switching transistor, the gate electrode of the driving
transistor, or the storage capacitor, and

the second set of wirings is connected to at least one of the
switching transistor, the gate electrode of the driving
transistor, or the storage capacitor.
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9. The method as claimed in claim 8, wherein:

the sub circuit includes a compensation transistor con-
nected to the gate electrode and a drain electrode of the
driving transistor, and
the driving method includes turning on the compensation
transistor based on the first scan signal, and applying the
data signal to the gate electrode of the driving transistor
through the turned-on switching transistor and the
turned-on compensation transistor.
10. The method as claimed in claim 9, wherein:
the sub circuit includes an initialization transistor con-
nected to the gate electrode of the driving transistor and
a second voltage source line, and

the driving method includes turning on the initialization
transistor according to a second scan signal, and apply-
ing an initialization voltage to the gate electrode of the
driving transistor and the storage capacitor through the
turned-on initialization transistor.

11. The method as claimed in claim 10, wherein applying
the initialization voltage to the gate electrode of the driving
transistor and the storage capacitor through the turned-on
initialization transistor is performed before the switching
transistor and the compensation transistor are turned on.
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wherein the organic light emitting diode emits light based
on current flowing through one of the main circuit or the
sub circuit.

14. The pixel as claimed in claim 13, wherein the data

voltage is stored in one of the first storage capacitor or the
second storage capacitor.

15. A method for driving a pixel, the method comprising:

turning on a switching transistor based on a first scan
signal;

applying a data signal to a gate electrode of one of a first
driving transistor or a second driving transistor through
the turned-on switching transistor; and

maintaining a voltage, applied to the gate electrode of one
of the first driving transistor or the second driving tran-
sistor according to the data signal, at one of a first storage
capacitor or a second storage capacitor, wherein:

the pixel includes a main circuit, a sub circuit, and an
organic light emitting diode,

the sub circuit includes the switching transistor to switch-
ably operate based on the first scan signal,

the first driving transistor is to receive a data voltage
through the switching transistor, and

12. The method as claimed in claim 11, wherein:

the sub circuit includes a first light emission transistor
connected between a source electrode of the driving
transistor and a first voltage source, and a second light
emission transistor connected between the drain elec-
trode of the driving transistor and an organic light emit-
ting diode in the pixel, and

the driving method includes turning on the first light emis-
sion transistor based on a light emission control signal,
and turning on the second light emission transistor based
on a light emission control signal, the organic light emit-
ting diode emitting light based on current flowing
through the driving transistor after the data signal is
applied to the driving transistor gate electrode.

13. A pixel, comprising:

amain circuit;

a sub circuit; and

an organic light emitting diode,

wherein the main circuit includes a switching transistor to
switchably operate based on a first scan signal, a first
driving transistor to receive a data voltage through the
switching transistor, and a first storage capacitor to store
the data voltage, and

wherein the sub circuit includes a second driving transistor
configured to receive a data voltage through the switch-
ing transistor and a second storage capacitor configured
to store the data voltage,

the first storage capacitor is to store the data voltage, and

the sub circuit includes the second driving transistor to
receive a data voltage through the switching transistor
and the second storage capacitor configured to store the
data voltage.

16. A pixel, comprising:

a main circuit including a first transistor; and

a sub circuit including a second transistor, wherein:

the first transistor is connected to a first wiring,

the second transistor is connected to a second wiring,

the first and second wirings are provided to carry a same
signal,

the second wiring is in a connected state to carry the signal
to the second transistor when the first wiring and the
main circuit are in a disconnected state.

17. The pixel as claimed in claim 16, wherein the signal is
a scan signal.

18. The pixel as claimed in claim 16, wherein the signal is
a data signal.

19. The pixel as claimed in claim 16, the signal is an
emission signal.

20. The pixel as claimed in claim 16, wherein the main
circuit and the sub circuit have a same structure.
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