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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0104560, filed
on Jul. 23, 2015 in the Korean Intellectual Property Office,
the entire content of which is incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] Aspects of embodiments of the present invention
relate to an organic light emitting display device.

[0004] 2. Description of the Related Art

[0005] Recently, various display devices having reduced
weight and volume compared to those of cathode ray tube
devices have been developed. These display devices include,
for example, liquid crystal display devices, field emission
display devices, plasma display panels, and organic light
emitting display devices.

[0006] Organic light emitting display devices include pix-
els that display images and apply currents to organic light
emitting diodes (OLEDs) included in the pixels to display
the images. The pixels emit light corresponding to data
signals supplied through data lines when scan signals are
supplied through scan lines. However, when data lines that
supply data signals to different pixels are adjacent to each
other (such as side-by-side or without any circuits between
them), coupling (such as capacitive coupling) may be gen-
erated between the data lines so that the pixels of the organic
light emitting display device may not emit light with desired
brightness.

SUMMARY

[0007] Embodiments of the present invention relate to
organic light emitting display devices capable of reducing or
preventing coupling (such as capacitive coupling) from
being generated between adjacent data lines and reducing or
preventing interference of data signals so that pixels emit
light with desired brightness.

[0008] According to an embodiment of the present inven-
tion, an organic light emitting display device is provided.
The organic light emitting display device includes a sub-
strate on which is included pixel columns extending in a
column direction and adjacent to each other in a row
direction, data lines extending in the column direction and
adjacent to each other and between the pixel columns in the
row direction, a power source line extending in the column
direction, a scan line extending in the row direction, a
switching transistor connected to the scan line and one of the
data lines, a driving transistor connected to the switching
transistor, an organic light emitting diode (OLED) con-
nected to the driving transistor, and a storage capacitor
including a first storage capacitor plate and a second storage
capacitor plate overlapping the first storage capacitor plate
in a thickness direction, connected to the power source line,
and having a portion extending in the column direction
between and not, overlapping the data lines in the thickness
direction.

[0009] On the substrate in the thickness direction may
further include a first gate insulating layer between a semi-
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conductor layer of the driving transistor and the first storage
capacitor plate, and a second gate insulating layer between
first storage capacitor plate and the second storage capacitor
plate.

[0010] The first storage capacitor plate may overlap the
semiconductor layer of the driving transistor in the thickness
direction.

[0011] The second storage capacitor plate may be con-
nected to the power source line through a contact hole.
[0012] On the substrate in the thickness direction may
further include an interlayer insulating layer between the
second storage capacitor plate and the data lines.

[0013] The data lines may constitute a same layer.
[0014] On the substrate in the thickness direction may
further include a data insulating layer between the interlayer
insulating layer and one of the data lines. Another one of the
data lines may be between the interlayer insulating layer and
the data insulating layer.

[0015] The power source line may further constitute a
same layer as the data lines on the interlayer insulating layer.
[0016] The second storage capacitor plate may have open-
ings exposing the data lines in the thickness direction.
[0017] The scan line may include a protrusion extending
in the column direction between and not overlapping the
data lines in the thickness direction.

[0018] On the substrate may further include an emission
control line extending in the row direction and an emission
control transistor between the driving transistor and the
OLED and connected to the emission control line. The
emission control line may include a protrusion extending in
the column direction between and not overlapping the data
lines in the thickness direction.

[0019] The scan line may include a same layer as the
second storage capacitor plate.

[0020] On the substrate may further include a previous
scan line extending in the row direction and an initializing
transistor between the driving transistor and an initializing
voltage line extending in the row direction and connected to
the previous scan line. The previous scan line may include
a protrusion extending in the column direction between and
not overlapping the data lines in the thickness direction.
[0021] In organic light emitting display devices according
to embodiments of the present invention, it is possible to
reduce or prevent coupling (e.g., capacitive coupling) from
being generated between adjacent data lines so that it is
possible to reduce or prevent interference of data signals.
Therefore, pixels may stably receive the data signals and
may emit light with desired brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic block diagram of an organic
light emitting display device according to an embodiment of
the present invention;

[0023] FIG. 2 is a conceptual view of a switching unit and
a display unit of FIG. 1 according to an embodiment of the
present invention;

[0024] FIG. 3 is a circuit view of a pixel of FIG. 2
according to an embodiment of the present invention;
[0025] FIG. 4 is a schematic layout diagram of a portion
of the display unit of FIG. 2 according to an embodiment of
the present invention;

[0026] FIG. 5 is a schematic layout diagram of a pixel of
FIG. 4 according to an embodiment of the present invention;
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[0027] FIG. 6 s a cross-sectional view taken along the line
I-I' of the pixel of FIG. 5 according to an embodiment of the
present invention;

[0028] FIG. 71is a cross-sectional view taken along the line
of the pixel of FIG. 5 according to an embodiment of the
present invention; and

[0029] FIG. 8is a schematic layout diagram of the display
unit of FIG. 2 according to another embodiment of the
present invention.

DETAILED DESCRIPTION

[0030] Embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings. The present invention may, however, be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided to more fully convey the scope of
the present invention to one of ordinary skill in the art.
[0031] In the drawing figures, dimensions may be exag-
gerated for clarity of illustration. It will be understood that
when an element is referred to as being “between” two
elements, it can be the only element between the two
elements, or one or more intervening elements may also be
present. Like or similar reference numerals refer to like or
similar elements throughout.

[0032] It will be understood that, although the terms first
and second, etc., may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are mainly used to distinguish one
element from another element. For example, a first element
may be named a second element and similarly a second
element may be named a first element without departing
from the scope of the present invention.

[0033] It will also be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element, or intervening elements may also be
present. On the other hand, when an element is referred to
as being “immediately on” or as “directly contacting”
another element, it can be understood that intervening ele-
ments do not exist. Other expressions describing a relation-
ship between elements, for example, “between” and
“directly between” may be interpreted as described above.
[0034] Unless otherwise defined, terms such as “include”
and “have” are for representing that characteristics, num-
bers, steps, operations, elements, and parts described in the
specification or a combination of the above exist. It may also
be interpreted that one or more other characteristics, num-
bers, steps, operations, elements, parts, and combinations of
the above may also exist. Unless otherwise defined, all terms
(including technical and scientific terms) used herein have
the same meaning as commonly understood by one of
ordinary skill in the art to which the present invention
belongs.

[0035] Herein, the use of the term “may,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention.” In addition, the use
of alternative language, such as “or,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention” for each correspond-
ing item listed.

[0036] It will be understood that while the physical ele-
ments described herein exist in three dimensions, an element
will be said to “extend” in a particular direction when the
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element (or portion thereof being referred to) takes on its
greatest length in that direction, as would be apparent to one
of ordinary skill.

[0037] Hereinafter, embodiments of the present invention
will be described in further detail with reference to the
accompanying drawings.

[0038] FIG. 1 is a schematic block diagram of an organic
light emitting display device 10 according to an embodiment
of the present invention.

[0039] Referring to FIG. 1, the organic light emitting
display device 10 may include a timing controller 300, a
scan driver 400, a data driver 500, a switching unit 200, and
a display unit 100. The timing controller 300 may generate
a data driving control signal DCS and a scan driving control
signal SCS in response to synchronizing signals (for
example, a vertical synchronizing signal, a horizontal syn-
chronizing signal, a data enable signal, and an image data
signal) supplied from the outside.

[0040] The timing controller 300 may supply the data
driving control signal DCS to the data driver 500 and may
supply the scan driving control signal SCS to the scan driver
400. In addition, the timing controller 300 may supply image
data supplied from the outside to the data driver 500.
[0041] The scan driver 400 may supply (for example,
sequentially supply) scan signals to scan lines SL.1 to SLn in
accordance with the scan driving control signal SCS sup-
plied from the timing controller 300. The data driver 500
may generate data signals by using the image data input
from the timing controller 300 and the data driving control
signal DCS, and may respectively supply the generated data
signals to data lines DL1 to DLm. The data driver 500 may
be formed, for example, on a common substrate with the
display unit 100, or may be mounted on the substrate on
which the display unit 100 is fabricated in the form of an
integrated circuit (e.g., may be mounted next to the display
unit 100).

[0042] The switching unit 200 may include a demulti-
plexer circuit and may transmit the data signals received
from the data driver 500 to the display unit 100 in accor-
dance with a switching control signal. The switching unit
200 receives the data signals from the data driver 500
through the data lines D1 to Dm, selects auxiliary data lines
DL1a to DLmd that supply the data signals in accordance
with input control signals, and supplies the data signals to
the display unit 100 through the selected auxiliary data lines
DL1a to DLmd. A method of the switching unit 200 select-
ing the auxiliary data lines DI.1a to DLmd will be described
in further detail with reference to FIG. 2. It should be noted
that the switching unit 200 is optional, and the number of
auxiliary data lines (such as the number of auxiliary data
lines per data line) may vary between embodiments of the
switching unit 200.

[0043] The display unit 100 may include pixels that dis-
play a set or predetermined image and may display the
image in accordance with control of the timing controller
300. For example, when a scan signal is supplied to a scan
line (one of the scan lines SL.1 to SLn), each of the pixels of
the corresponding pixel row may receive a data signal from
a selected data line (one of the data lines DL1 to DLm and,
optionally, one of the auxiliary data lines DL1a to DLmd).
Each of the pixels may emit light with brightness corre-
sponding to the data signal.

[0044] A power source supplying unit is disposed outside
the display unit 100 and may generate a driving power
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source to be supplied to the timing controller 300 or each of
the pixels of the display unit 100. For example, a power
source supplying unit may receive a set or predetermined
voltage from a power source such as a battery, may convert
the received voltage into a first power source voltage
ELVDD and a second power source voltage ELVSS that are
used by the pixels, and may supply the first power source
voltage ELVDD and the second power source voltage
ELVSS to the pixels.

[0045] FIG. 2 is a conceptual view of the switching unit
200 and the display unit 100 of FIG. 1 according to an
embodiment of the present invention.

[0046] Referring to FIG. 2, the switching unit 200 selects
one of the auxiliary data lines DL1a to DLmd (e.g., one
auxiliary data line for each of the data lines DL1 to DLm)
in accordance with control signals CL1 to CLL4 and may
supply the data signals D1 to Dm from the respective data
lines DL1 to DLm to the pixels through the selected ones of
the auxiliary data lines DL1a to DLmd. For example, in the
embodiment of FIG. 2, there are four auxiliary data lines
DLia, DLib, DLic, and DLid for each data line DL1, each of
the four auxiliary data lines DLia to DLid being selected by
a corresponding one of the four control signals CL1 to CL4.
[0047] The switching unit 200 may include a plurality of
transistors turned on in accordance with inputs of the control
signals CL1 to CL4. When the control signals CL1 to CL4
at on levels are input to gate electrodes of transistors, data
signals supplied to first electrodes (e.g., source electrodes)
of the transistors may be supplied to auxiliary data lines
connected to second electrodes (e.g., drain electrodes) of the
transistors.

[0048] For example, the first control signal CL1, the
second control signal CL2, the third control signal CL3, and
the fourth control signal CL.4 may sequentially maintain the
on levels and the corresponding transistors that receive the
control signals CL1 to CL4 at the on levels may be sequen-
tially turned on. E.g., the first control signal CL1 may divert
data signals from the data lines DL.1, DL2, . . ., DLm to the
corresponding first auxiliary data lines DL.1a, DI.2a, . . .,
DLma, the second control signal CL2 may divert data
signals from the data lines DL1, DL2, . . . , DLm to the
corresponding second auxiliary data lines DL1b, DL2b, . . .
, DLmb, etc.

[0049] The display unit 100 may include a plurality of
pixels Px connected to the auxiliary data lines DI.1a to
DLmd and the scan lines SL1 to SLn (e.g., in a matrix
format, with rows of pixels corresponding to the scan lines
SL1 to SLn and columns of data lines each corresponding to
one or more (such as two) of the auxiliary data lines DL1a
to DLmd). When a scan signal is supplied through a scan
line (one of the scan lines ST.1 to SLn), each of the pixels Px
may emit light with brightness corresponding to a data
signal. A pixel according to the embodiment of the present
invention will be described in further detail with reference to
FIG. 3.

[0050] Here, for convenience sake, the pixels Px formed in
a direction in which the auxiliary data lines DL1a to DLmd
extend are referred to as a pixel column while the pixels Px
formed in a direction in which the scan lines SL1 to SLn
extend are referred to as a pixel row. Further, it will be
assumed that at least two auxiliary data lines DL1a to DLmd
are provided for each pixel column (e.g., between any two
adjacent pixel columns). Such (at least two) auxiliary data
lines between a pair of adjacent pixel columns will be

Jan. 26,2017

referred to as adjacent auxiliary data lines, where there are
no pixels between the adjacent auxiliary data lines (e.g., the
adjacent auxiliary data lines are side-by-side or have no
other circuits between them).

[0051] For example, the adjacent auxiliary data lines may
include two adjacent auxiliary data lines between each pair
of adjacent pixel columns. One of these two adjacent aux-
iliary data lines may be referred to as an odd auxiliary data
line and the other one may be referred to as an even auxiliary
data line. According to some embodiments, pixels Px dis-
posed in odd rows may be connected to odd (e.g., first and
third) auxiliary data lines DL1a, DL1c, . . ., and DLmc
disposed on one side and pixels Px disposed in even rows
may be connected to even (e.g., second and fourth) auxiliary
data lines DL1b, DL1d, . . ., and DLmd disposed on the
other side that faces the one side.

[0052] FIG. 3 is a circuit view of a pixel Px of FIG. 2
according to an embodiment of the present invention.
[0053] Referring to FIG. 3, the pixel Px may include an
organic light emitting diode (OLED) that emits light and a
pixel circuit Pc that supplies a driving current to the OLED.
The pixel circuit Pc may include a driving transistor T1, a
switching transistor T2, a compensating transistor T3, an
initializing transistor T4, an operation control transistor T5,
and an emission control transistor T6. In addition, the pixel
circuit Pc may include a storage capacitor Cst and an OLED.
Elements included in the pixel circuit Pc may be connected
to a plurality of signal lines.

[0054] The scan line SLn is connected to gate electrodes
of the switching transistor T2 and the compensating tran-
sistor T3 and supplies a scan signal Sn. The previous scan
line SL.n—1 is connected to a gate electrode of the initializing
transistor T4 and supplies a previous scan signal Sn-1. An
emission control line 123 is connected to gate electrodes of
the operation control transistor T5 and the emission control
transistor T6 and supplies an emission control signal En.
[0055] The second auxiliary data line DLmb (an even
auxiliary data line) is connected to a first electrode of the
switching transistor T2 and supplies the data signal Dm. In
other rows (e.g., the odd rows), the first auxiliary data line
DLma (an odd auxiliary data line) may instead be connected
to the first electrode of the switching transistor T2 to supply
the data signal Dm.

[0056] A first power source voltage line (power source
line) 172 is connected to a first electrode of the operation
control transistor T5 and a second terminal (plate) of the
storage capacitor Cst and supplies the first power source
voltage ELVDD. An initializing voltage line 124 is con-
nected to a second electrode of the initializing transistor T4
to supply an initializing voltage Vint that initializes the
driving transistor T1.

[0057] Hereinafter, a connection relationship between the
plurality of transistors T1 to T6 and the storage capacitor Cst
will be described in, further detail. The gate electrode of the
driving transistor T1 is connected to a first terminal (plate)
of the storage capacitor Cst, the first electrode thereof is
connected to a second node N2, and the second electrode
thereof is connected to a third node N3. The driving tran-
sistor T1 receives the data signal Dm in accordance with a
switching operation of the switching transistor T2 and may
supply a driving current Id to the OLED.

[0058] The gate electrode of the switching transistor T2 is
connected to the scan line SLn, the first electrode thereof is
connected to the second auxiliary data line DLmb, and the
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second electrode thereof is connected to the second node N2.
The switching transistor T2 is turned on in accordance with
the scan signal Sn received through the scan line SLn and
may perform the switching operation of supplying the data
signal Dm transmitted to the second auxiliary data line
DLmb to the first electrode of the driving transistor T1.
[0059] The gate electrode of the compensating transistor
T3 is connected to the scan line SLn, the first electrode
thereof is connected to the first node N1, and the second
electrode thereof is connected to the third node N3. The
compensating transistor T3 is turned on in accordance with
the scan signal Sn received through the scan line SLn and
may connect the gate electrode and the second electrode of
the driving transistor T1 so that the driving transistor T1 may
be diode-connected.

[0060] The gate electrode of the initializing transistor T4
is connected to the previous scan line SLn-1, the first
electrode thereof is connected to the first node N1, and the
second electrode thereof is connected to the initializing
voltage line 124. The initializing transistor T4 is turned on
in accordance with the previous scan signal Sn-1 received
through the previous scan line SLn-1 and may transmit the
initializing voltage Vint to the gate electrode of the driving
transistor T1 so that the initializing transistor T4 may
perform an initializing operation of initializing a voltage of
the gate electrode of the driving transistor T1.

[0061] The gate electrode of the operation control transis-
tor T5 is connected to the emission control line 123, the first
electrode thereof is connected to the first power source
voltage line 172, and the second electrode thereof is con-
nected to the second node N2. The gate electrode of the
emission control transistor T6 is connected to the emission
control line 123, the first electrode thereof is connected to
the third node N3, and the second electrode thereof is
electrically connected to an anode of the OLED. The opera-
tion control transistor T5 and the emission control transistor
T6 are concurrently (e.g., simultaneously) turned on in
accordance with the emission control signal En transmitted
through the emission control line 123 and supply the first
power source voltage ELVDD to the OLED so that the
driving current Id flows to the OLED.

[0062] The second terminal (plate) of the storage capacitor
Cst is connected to the first power source voltage line 172
and the first terminal (plate) thereof is connected to the first
node N1. The anode of the OLED is connected to the second
electrode of the emission control transistor T6 and a cathode
thereof is connected to the second power source voltage
ELVSS. The OLED receives the driving current Id from the
driving transistor T1 and emits light so that an image may be
displayed.

[0063] FIG. 4 is a schematic layout diagram of a portion
of the display unit 100 of FIG. 2 according to an embodi-
ment of the present invention. FIG. 5 is a schematic layout
diagram of a pixel of FIG. 4 according to an embodiment of
the present invention. The portion of the display unit of FIG.
4 includes two pixels extending in a row direction. For ease
of description, these pixels are assumed to be even row
pixels, and are connected to even auxiliary data lines. Other
pixels (e.g., odd row pixels) may be connected to odd
auxiliary data lines as would be apparent to one of ordinary
skill.

[0064] Referring to FIGS. 4 and 5, the pixel Px of the
organic light emitting display device may be connected to
the second auxiliary data line DLmb (or the fourth auxiliary
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data line DL.md) and the first power source voltage line 172
that are disposed in a first direction (a y axis direction, along
with the first and third auxiliary data lines DL.ma and DLmc)
and may respectively receive the data signal Dm and the first
power source voltage ELVDD.

[0065] In addition, the pixel Px may be connected to the
scan line SLn, the previous scan line SLn-1, the emission
control line 123, and the initializing voltage line 124 that
cross the first auxiliary data line DLma in a second direction
(an x-axis direction, along with the second storage capacitor
plate 127, which is connected in common across the pixels
of the same row) and may respectively receive the scan
signal Sn, the previous scan signal Sn-1, the emission
control signal En, and the initializing voltage Vint. For
convenience sake, an X axis direction and a row direction are
the same and the y axis direction and a column direction are
the same.

[0066] In addition, the driving transistor T1, the switching
transistor T2, the compensating transistor T3, the initializing
transistor T4, the operation control transistor T5, the emis-
sion control transistor T6, the storage capacitor Cst, and the
OLED may be disposed in the pixel Px. The driving tran-
sistor T1, the switching transistor T2, the compensating
transistor T3, the initializing transistor T4, the operation
control transistor T5, and the emission control transistor T6
may be disposed along driving, switching, compensating,
initializing, operation control, and emission control semi-
conductor layers 131a to 131/, respectively (e.g., formed
from a common semiconductor layer and etched into sepa-
rate portions constituting the driving, switching, compen-
sating, initializing, operation control, and emission control
semiconductor layers 131a to 131f).

[0067] Each of the driving, switching, compensating, ini-
tializing, operation control, and emission control semicon-
ductor layers 1314 to 131/ may be formed of polysilicon and
include a channel region that is not doped with impurities
and a source region and a drain region formed by doping
impurities on both sides of the channel region. Here, the
impurities may vary in accordance with a kind of the
transistors and n-type impurities or p-type impurities may be
doped on the channel region.

[0068] The driving, switching, compensating, initializing,
operation control, and emission control semiconductor lay-
ers 131a¢ to 131/ may include the driving semiconductor
layer 131a disposed in the driving transistor T1, the switch-
ing semiconductor layer 1316 formed in the switching
transistor T2, the compensating semiconductor layer 131¢
formed in the compensating transistor T3, the initializing
semiconductor layer 1314 formed in the initializing transis-
tor T4, the operation control semiconductor layer 131e
formed in the operation control transistor T5, and the
emission control semiconductor layer 131/ formed in the
emission control transistor T6.

[0069] The driving transistor T1 may include the driving
semiconductor layer 1314, a driving gate electrode 125a, a
driving source electrode 176a, and a driving drain electrode
177a. Because the driving transistor T1 has a source elec-
trode whose signal is generated internally to the pixel circuit
Pc (and not supplied directly from a signal line external the
pixel circuit Pc), a driving source region doped with impu-
rities in the driving semiconductor layer 131a may serve as
and be referred to as the driving source electrode 176a. The
same explanation may also apply to other electrodes of this
and other transistors of the pixel circuit Pc. For example, a
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driving drain region doped with impurities in the driving
semiconductor layer 131a may serve as and be referred to as
the driving drain electrode 177a.

[0070] The storage capacitor Cst may be formed from a
second storage capacitor plate 127 on the driving gate
electrode 125a (serving as a first storage capacitor plate
125a) to overlap the driving gate electrode 1254 in a plan
view (e.g., a thickness direction). In the storage capacitor
Cst, a first surface (terminal or plate) may be implemented
by the driving gate electrode 125¢ and a second surface
(terminal or plate) may be implemented by the second
storage capacitor plate 127. For convenience sake, the
driving gate electrode 1254 may be referred to as the first
storage capacitor plate 125a.

[0071] Here, capacitance of the storage capacitor Cst is
determined by factors such as a voltage difference and a
distance between the first storage capacitor plate 1254 and
the second storage capacitor plate 127, and a corresponding
charge may be accumulated by the storage capacitor Cst.
The storage capacitor Cst may be formed by overlapping
(e.g., in the thickness direction) a part of the second storage
capacitor plate 127 and the first storage capacitor plate 125a.
[0072] The second storage capacitor plate 127 of the
storage capacitor Cst may be formed in the same layer as the
scan line SLn, the previous scan line SLn-1, the emission
control line 123, a switching gate electrode 1255, a com-
pensating gate electrode 125¢, an initializing gate electrode
1254, an operation control gate electrode 125¢, and an
emission control gate electrode 125f. In addition, the second
storage capacitor plate 127 of the storage capacitor Cst may
be formed of the same material as the scan line SLn, the
previous scan line SLn-1, the emission control line 123, the
switching gate electrode 1255, the compensating gate elec-
trode 125¢, the initializing gate electrode 1254, the operation
control gate electrode 125¢, and the emission control gate
electrode 1251

[0073] The second storage capacitor plate 127 may be
connected to the first power source voltage line 172 through
one or more contact holes CH disposed in an interlayer
insulating layer 160 (see FI1G. 6) and may receive a constant
voltage (such as the first power source voltage ELVDD)
from the first power source voltage line 172. In addition, the
second storage capacitor plates 127 of the pixels Px of the
same row may be connected together by extension lines
(e.g., first extension line 1275 and second extension line
127¢ extending from opposite ends of the second storage
capacitor plate 127 in the row direction) in the same layer as,
and formed from the same material as, the second storage
capacitor plate 127.

[0074] The second storage capacitor plate 127 may further
include an extension unit 127« that extends between, is in
the same layer and formed from the same material as, and
connects the first extension line 1275 and the second exten-
sion line 127¢ in the column direction, and lies between
(e.g., in the thickness direction and without overlapping) and
in a different layer than the first auxiliary data line DLma
and the second auxiliary data line DLmb in the row direc-
tion. Since a constant voltage (e.g., the first power source
voltage ELVDD) is applied to the extension unit 127« of the
second storage capacitor plate 127, it is possible to reduce or
prevent coupling (such as capacitive coupling) from being
generated between the first auxiliary data line DLma and the
second auxiliary data line DLmb that are adjacent to each
other.
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[0075] For example, when the data signal Dm is supplied
to the first auxiliary data line DLma, the second storage
capacitor plate 127 (via the extension unit 127a) may block
interference generated by the second auxiliary data line
DLmb. The second storage capacitor plate 127 may be
formed in the same layer as the initializing voltage line 124.
In addition, the second storage capacitor plate 127 may be
formed of the same material as the initializing voltage line
124.

[0076] The switching transistor T2 may include the
switching semiconductor layer 1315, the switching gate
electrode 1255, the switching source electrode 1765, and a
switching drain electrode 177b. The switching source elec-
trode 1765 may protrude from the second auxiliary data line
DLmb, and be connected to a switching source region doped
with impurities in the switching semiconductor layer 1315
via a contact hole 165. For pixels in other rows (e.g., odd
rows), the switching source electrode 1765 may instead
protrude from the first auxiliary data line DLma as would be
apparent to one of ordinary skill. The switching drain
electrode 177b may be a switching drain region doped with
impurities in the switching semiconductor layer 1315.
[0077] The compensating transistor T3 may include the
compensating semiconductor layer 131¢, the compensating
gate electrode 125¢, a compensating source electrode 176¢,
and a compensating drain electrode 177¢. The compensating
source electrode 176¢ may be a compensating source region
doped with impurities in the compensating semiconductor
layer 131¢. The compensating drain electrode 177¢ may be
a compensating drain region doped with impurities in the
compensating semiconductor layer 131c.

[0078] The initializing transistor T4 may include the ini-
tializing semiconductor layer 1314, an initializing gate elec-
trode 1254, an initializing source electrode 1764, and an
initializing drain electrode 177d. The initializing drain elec-
trode 177d may be an initializing drain region doped with
impurities in the initializing semiconductor layer 131d.
[0079] The initializing source electrode 1764 may be an
initializing source region doped with impurities in the ini-
tializing semiconductor layer 1314, and may be connected to
the initializing voltage line 124 through an initializing
connection line 78. For example, one end of the initializing
connection line 78 may be connected to the initializing
voltage line 124 through a contact hole 161, and the other
end of the initializing connection line 78 may be connected
to the initializing source electrode 1764 through a contact
hole 162.

[0080] The operation control transistor TS may include the
operation control semiconductor layer 131e, the operation
control gate electrode 125e, an operation control source
electrode 176e, and an operation control drain electrode
177e. The operation control source electrode 176e is a part
of the first power source voltage line 172, and may be
connected to an operation control source region doped with
impurities in the operation control semiconductor layer 131e
via a contact hole 164. The operation control drain electrode
177e may be an operation control drain region doped with
impurities in the operation control semiconductor layer
131e.

[0081] The emission control transistor T6 may include the
emission control semiconductor layer 131f; the emission
control gate electrode 125/, an emission control source
electrode 176/, and an emission control drain electrode 177f.
The emission control source electrode 176/ may be an
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emission control source region doped with impurities in the
emission control semiconductor layer 131f. The emission
control drain electrode 177 may be connected to an emis-
sion control drain region doped with impurities in the
emission control semiconductor layer 131f°via a contact hole
163, and to the pixel electrode 191 (of an OLED) via a
contact hole 181.

[0082] One end of the driving semiconductor layer 131a
(e.g., a source end) of the driving transistor T1 may be
connected to the switching semiconductor layer 1315 (e.g.,
at a drain end) and the operation control semiconductor layer
131e (e.g., at a drain end), and the other end of the driving
semiconductor layer 131a (e.g., a drain end) of the driving
transistor T1 may be connected to the compensating semi-
conductor layer 131¢ (e.g., at a source end) and the emission
control semiconductor layer 131f (e.g., at a source end).
Therefore, the driving source electrode 176a may be con-
nected to the switching drain electrode 1776 and the opera-
tion control drain electrode 177e, and the driving drain
electrode 177a may be connected to the compensating
source electrode 176¢ and the emission control source
electrode 176f.

[0083] The first storage capacitor plate 1254 of the storage
capacitor Cst may be connected to the compensating drain
electrode 177¢ and the initializing drain electrode 1774
through a connection member 174. The connection member
174 may be formed in the same layer as the first to fourth
auxiliary data lines DLma to DLmd. One end of the con-
nection member 174 may be connected to the compensating
drain electrode 177¢ and the initializing drain electrode 1774
through a contact hole 166, and the other end of the
connection member 174 may be connected to the first
storage capacitor plate 1254 through a contact hole 167. In
further detail, the other end of the connection member 174
may be connected to the first storage capacitor plate 1254 via
the contact hole 167 through a storage opening 27 disposed
in the second storage capacitor plate 127.

[0084] In addition, the second storage capacitor plate 127
may include openings 41 exposing the first auxiliary data
line DL ma and the second auxiliary data line DLmb (and
defining the extension unit 1274) in a plan view (e.g., a
thickness direction). Since the openings 41 are disposed on
the first auxiliary data line DLma and the second auxiliary
data line DLmb, coupling generated between the second
storage capacitor plate 127 and the first and second auxiliary
data lines DLma and DL mb may be reduced or minimized.
[0085] The switching transistor T2 may be used as a
switching element that selects a pixel from which it is
desired to emit light. The switching gate electrode 1255 is
connected to the scan line SLn, the switching source elec-
trode 1764 is connected to the second auxiliary data fine
DLmb, and the switching drain electrode 1776 may be
connected to the driving transistor T1 and the operation
control transistor T5.

[0086] The emission control drain electrode 177f may be
connected to a pixel electrode 191 of an OLED 70 (see FIG.
6) through a contact hole 181 formed in a protective layer
180 (see FIG. 6).

[0087] FIG. 6 s a cross-sectional view taken along the line
I-I' of the pixel of FIG. 5 according to an embodiment of the
present invention.

[0088] Referring to FIGS. 5 and 6, a buffer layer 111 is
disposed on a substrate 110. For example, the substrate 110
may be an insulating substrate formed of glass, quartz,
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ceramic, and plastic. The driving semiconductor layer 131a
and the emission control semiconductor layer 131f are
disposed on the buffer layer 111.

[0089] The driving semiconductor layer 1314 includes the
driving source region 1764 and the driving drain region
177a that face each other with a driving channel region
131a1 (see FIG. 7) interposed. The emission control semi-
conductor layer 131/ includes an emission control channel
region 131/1, the emission control source region 176/, and
an emission control drain region 133f.

[0090] A first gate insulating layer 141 formed of, for
example, SiN,_ or SiO, may be disposed on the driving
semiconductor layer 131a and the emission control semi-
conductor layer 131f. The first storage capacitor plate 125a
and the emission control gate electrode 125f may be dis-
posed on the first gate insulating layer 141. In addition, a
second gate insulating layer 142 may cover the first storage
capacitor plate 125a and the emission control gate electrode
125f. The second gate insulating layer 142 may be formed of
SiN,, or Si0,.

[0091] The second storage capacitor plate 127 is disposed
on the second gate insulating layer 142. The second storage
capacitor plate 127 may overlap the first storage capacitor
plate 1254 to form the storage capacitor Cst.

[0092] The interlayer insulating layer 160 is disposed on
the second gate insulating layer 142 and the second storage
capacitor plate 127. The first gate insulating layer 141, the
second gate insulating layer 142, and the interlayer insulat-
ing layer 160 may have a contact hole 163 that exposes the
emission control drain region 133/ of the emission control
semiconductor layer 131f. The interlayer insulating layer
160 may be formed of a ceramic-based material such as SiN,
and SiO,.

[0093] The first auxiliary data line DLma, the second
auxiliary data line DLmb, the first power source voltage line
172, the connection member 174, and the emission control
drain electrode 177f are disposed on the interlayer insulating
layer 160. The extension unit 127a of the second storage
capacitor plate 127 may be disposed between the first
auxiliary data line DL.ma and the second auxiliary data line
DLmb and the second storage capacitor plate 127 includes
the openings 41 (on both sides of the extension unit 1274)
that overlap the first auxiliary data line DLLma and the second
auxiliary data line DLmb (e.g., in the thickness direction).
[0094] According to another embodiment, the organic
light emitting display device may further include a data
insulating layer disposed on the interlayer insulating layer
160. The first auxiliary data line DLma may be disposed on
the interlayer insulating layer 160. The data insulating layer
may be disposed on the first auxiliary data line DLma. The
second auxiliary data line DLmb may be disposed on the
data insulating layer. In another embodiment, the order of
the first auxiliary data line DLma and the second auxiliary
data line DLmb with respect to the data insulating layer may
be reversed.

[0095] The emission control drain electrode 177f is con-
nected to the emission control drain region 133/ of the
emission control semiconductor layer 131f'through the con-
tact hole 163 disposed in the interlayer insulating layer 160,
the first gate insulating layer 141, and the second gate
insulating layer 142. The first power source voltage line 172
is connected to the second storage capacitor plate 127
through the contact holes CH disposed in the interlayer
insulating layer 160.



US 2017/0025487 A1l

[0096] The protective layer 180 that covers the first aux-
iliary data line DLma, the second auxiliary data line DLmb,
the first power source voltage line 172, and the emission
control drain electrode 177f may be disposed on the intet-
layer insulating layer 160. The pixel electrode 191 may be
disposed on the protective layer 180 and the pixel electrode
191 may be connected to the emission control drain elec-
trode 177f through the contact hole 181 formed in the
protective layer 180.

[0097] Abarrier 350 may be formed at an edge of the pixel
electrode 191 and on the protective layer 180 (e.g., to define
the corresponding pixel). The barrier 350 includes a barrier
opening 351 that exposes the pixel electrode 191. The
barrier 350 may be formed of a resin or silica-based inor-
ganic material such as polyacrylates resin and polyimides.
[0098] An organic light emitting layer 370 is disposed on
the pixel electrode 191 exposed through the barrier opening
351, and a common electrode 270 is disposed on the organic
light emitting layer 370. The OLED 70 includes the pixel
electrode 191, the organic light emitting layer 370, and the
common electrode 270.

[0099] Here, the pixel electrode 191 may be an anode
(e.g., a hole injection electrode) and the common electrode
270 may be a cathode (e.g., an electron injection electrode).
However, the present invention is not limited thereto. In
another embodiment, the pixel electrode 191 may be the
cathode and the common electrode 270 may be the anode.
[0100] Light is emitted when holes and electrons are
respectively injected from the pixel electrode 191 and the
common electrode 270 into the organic light emitting layer
370 and excitons (in which the injected holes and electrons
are combined with each other) transition from an excited
state to a base state.

[0101] The organic light emitting layer 370 may be
formed of a low-molecular organic material or a polymer
organic material such as poly 3,4-ethylenedioxythiophene
(PEDOT). In addition, the organic light emitting layer 370
may be formed of a multi-layer including one or more
among a light emitting layer, a hole injection layer (HIL), a
hole transporting layer (HTL), an electron transporting layer
(ETL), and an electron injection layer (EIL).

[0102] FIG. 7is a cross-sectional view taken along the line
II-IT" of the pixel of FIG. 5§ according to an embodiment of
the present invention.

[0103] Referring to FIG. 5 and FIG. 7, the buffer layer 111
is formed on the substrate 110 and the driving semiconduc-
tor layer 131a (including the driving channel region 131a1)
is formed on the buffer layer 111. The first gate insulating
layer 141 and the second gate insulating layer 142 may be
sequentially formed of, for example, SiN, or SiO, on the
driving semiconductor layer 131a.

[0104] In addition, the emission control line 123 and the
first storage capacitor plate 125 are formed on the second
gate insulating layer 142 and a third gate insulating layer 143
is formed on the first storage capacitor plate 125a. The
second storage capacitor plate 127 is formed on the third
gate insulating layer 143 and forms the storage capacitor Cst
with the first storage capacitor plate 125q.

[0105] The interlayer insulating layer 160 is formed on the
second storage capacitor plate 127. The first storage capaci-
tor plate 1254 is connected to the connection member 174
through the contact hole 167 formed in the third gate
insulating layer 143 and the interlayer insulating layer 160.
In addition, the emission control drain electrode 177f is

Jan. 26,2017

formed on the interlayer insulating layer 160. The protective
layer 180 along with the pixel electrode 191, the organic
light emitting layer 370, and the common electrode 270 (that
make up the OLED 70) are sequentially formed on the
second storage capacitor plate 127.

[0106] FIG. 81s a schematic layout diagram of the display
unit of FIG. 2 according to another embodiment of the
present invention.

[0107] Since the display unit of FIG. 8 has substantially
the same configuration as the display unit of FIG. 4 other
than a scan line SLn', a previous scan line SLn-1', and an
emission control line 123', repeated description may be
omitted.

[0108] Referring to FIG. 8, the scan line SLn' may include
a protrusion SLna that extends upward (as oriented in FIG.
8) between the third auxiliary data line DL.mc and the fourth
auxiliary data line DLmd in the first direction (the column
direction) and a similar protrusion that extends upward
between the first auxiliary data line DLma and the second
auxiliary data line DLmb, and the previous scan line SLn-1'
may include a protrusion SLn-la that extends upward
between the third auxiliary data line DLmc and the fourth
auxiliary data line DLmd in the first direction (the column
direction) and a similar protrusion that extends upward
between the first auxiliary data line DLma and the second
auxiliary data line DLmb.

[0109] In addition, the emission control line 123' may
include a protrusion 123a that extends downward between
the third auxiliary data line DLmc and the fourth auxiliary
data line DLmd in the first direction (the column direction)
and a similar protrusion that extends downward between the
first auxiliary data line DL.ma and the second auxiliary data
line DLmb. The protrusions SLna, SLn-1a, and 1234 may
be collinear with the extension units 127a of the second
storage capacitor plates 127 (see FIG. 5).

[0110] Here, when the scan signal Sn is applied to pro-
trusions SLna of the scan line SLn', it is possible to reduce
or prevent coupling from being generated by the scan signal
Sn applied at a constant voltage level between the third
auxiliary data line DLmc and the fourth auxiliary data line
DLmd that are adjacent to each other, and between the first
auxiliary data line DL.ma and the second auxiliary data line
DLmb that are adjacent to each other.

[0111] In addition, when the previous scan signal Sn-1 is
applied to the protrusions SLn-1a of the previous scan line
SLn-1', it is possible to reduce or prevent coupling from
being generated by the previous scan signal Sn-1 applied at
a constant voltage level between the third auxiliary data line
DLme¢ and the fourth auxiliary data line DLmd that are
adjacent to each other, and between the first auxiliary data
line DL.ma and the second auxiliary data line DL.mb that are
adjacent to each other.

[0112] Further, when the emission control signal En is
applied to the protrusions 123a of the emission control line
123', it is possible to reduce or prevent coupling from being
generated by the emission control signal En applied at a
constant voltage level between the third auxiliary data line
DLmc and the fourth auxiliary data line DLmd that are
adjacent to each other, and between the first auxiliary data
line DL.ma and the second auxiliary data line DLmb that are
adjacent to each other.

[0113] Example embodiments of the present invention
have been disclosed herein, and although specific terms are
employed, they are to be interpreted in a generic and
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descriptive sense only and not for purposes of limitation. In
some instances, as would be apparent to one of ordinary 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 embodiments unless
otherwise specifically 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, and their equivalents.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate on which comprises:

pixel columns extending in a column direction and
adjacent to each other in a row direction;

data lines extending in the column direction and adja-
cent to each other and between the pixel columns in
the row direction;

a power source line extending in the column direction;

a scan line extending in the row direction;

a switching transistor connected to the scan line and
one of the data lines;

a driving transistor connected to the switching transis-
tor;

an organic light emitting diode (OLED) connected to
the driving transistor; and

a storage capacitor comprising a first storage capacitor
plate and a second storage capacitor plate overlap-
ping the first storage capacitor plate in a thickness
direction, connected to the power source line, and
having a portion extending in the column direction
between and not overlapping the data lines in the
thickness direction.

2. The organic light emitting display device of claim 1, on
which the substrate further comprises in the thickness direc-
tion a first gate insulating layer between a semiconductor
layer of the driving transistor and the first storage capacitor
plate, and a second gate insulating layer between first
storage capacitor plate and the second storage capacitor
plate.

3. The organic light emitting display device of claim 2,
wherein the first storage capacitor plate overlaps the semi-
conductor layer of the driving transistor in the thickness
direction.
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4. The organic light emitting display device of claim 1,
wherein the second storage capacitor plate is connected to
the power source line through a contact hole.

5. The organic light emitting display device of claim 1, on
which the substrate further comprises in the thickness direc-
tion an interlayer insulating layer between the second stor-
age capacitor plate and the data lines.

6. The organic light emitting display device of claim 5,
wherein the data lines constitute a same layer.

7. The organic light emitting display device of claim 5, on
which the substrate further comprises in the thickness direc-
tion a data insulating layer between the interlayer insulating
layer and one of the data lines, wherein another one of the
data lines is between the interlayer insulating layer and the
data insulating layer.

8. The organic light emitting display device of claim 5,
wherein the power source line constitutes a same layer as the
data lines on the interlayer insulating layer.

9. The organic light emitting display device of claim 1,
wherein the second storage capacitor plate has openings
exposing the data lines in the thickness direction.

10. The organic light emitting display device of claim 1,
wherein the scan line comprises a protrusion extending in
the column direction between and not overlapping the data
lines in the thickness direction.

11. The organic light emitting display device of claim 1,
on which the substrate further comprises an emission control
line extending in the row direction and an emission control
transistor between the driving transistor and the OLED and
connected to the emission control line, wherein the emission
control line comprises a protrusion extending in the column
direction between and not overlapping the data lines in the
thickness direction.

12. The organic light emitting display device of claim 1,
wherein the scan line comprises a same layer as the second
storage capacitor plate.

13. The organic light emitting display device of claim 1,
on which the substrate further comprises a previous scan line
extending in the row direction and an initializing transistor
between the driving transistor and an initializing voltage line
extending in the row direction and connected to the previous
scan line, wherein the previous scan line comprises a pro-
trusion extending in the column direction between and not
overlapping the data lines in the thickness direction.
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