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THIN FILM TRANSISTOR ARRAY
SUBSTRATE AND ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0022444, filed on
Feb. 28, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to a
thin film transistor array substrate and an organic light-emit-
ting display apparatus including the same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus is self-
emissive, and unlike a liquid crystal display apparatus, the
organic light-emitting display apparatus does not require a
separate light source, such as a backlight, thereby having
comparatively reduced thickness and weight. Also, the
organic light-emitting display apparatus has excellent char-
acteristics including low power consumption, high bright-
ness, a quick response time, or the like.

[0006] The organic light-emitting display apparatus
includes gate lines that are located on a substrate and that
extend in one direction, data lines that extend to cross the gate
lines, a pixel circuit that is electrically connected to each of
the gate lines and each of the data lines, and an organic light
emitting diode (OLED) that is electrically connected to the
pixel circuit. However, recently, the organic light-emitting
display apparatus is required to have high definition, such that
available space for the pixel circuit is decreased.

SUMMARY

[0007] Embodiments ofthe present invention provide a thin
film transistor array substrate and an organic light-emitting
display apparatus including the same, whereby crosstalk due
to coupling between a data line and a capacitor may be
reduced or prevented, and a driving voltage line may be
designed to have a mesh structure.

[0008] According to an aspect of embodiments of the
present invention, there is provided a thin film transistor array
substrate including a plurality of pixels, each of the pixels
including a capacitor comprising a first electrode, and a sec-
ond electrode located above the first electrode, a data line
extending in a first direction, configured to provide a data
signal, located above the capacitor, and overlapping a part of
the capacitor, and a driving voltage line configured to supply
a driving voltage, located between the capacitor and the data
line, and comprising a first line extending in the first direction,
and a second line extending in a second direction substan-
tially perpendicular to the first direction.

[0009] The second electrode of the capacitor may be elec-
trically coupled to the driving voltage line via a contact hole.
[0010]
[0011] The first line of the driving voltage line may be
coupled to ones of the pixels that are adjacent each other in the

The driving voltage line may have a mesh structure.
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first direction, and the second line of the driving voltage line
may be coupled to ones of the pixels that are adjacent each
other in the second direction.

[0012] The second line of the driving voltage line may
completely cover the capacitor.

[0013] The thin film transistor array substrate may further
include a first interlayer insulating layer and a second inter-
layer insulating layer stacked between the capacitor and the
driving voltage line. and a third interlayer insulating layer
between the driving voltage line and the data line.

[0014] Each of the plurality of pixels may further include a
driving thin film transistor (TFT) electrically coupled
between the driving voltage line and a light-emitting device,
and a switching TFT electrically coupled between the data
line and the driving TFT.

[0015] The driving TFT may include a semiconductor
layer, a gate electrode coupled to the first electrode of the
capacitor and located above the semiconductor layer at a
same layer as the second electrode of the capacitor, a source
electrode electrically coupled to the driving voltage line, and
a drain electrode electrically coupled to the light-emitting
device.

[0016] The switching TFT may include a semiconductor
layer, a gate electrode located above the semiconductor layer
at a same layer as the first electrode of the capacitor, and
coupled to a first scan line extending in the second direction,
a source electrode coupled to the data line, and a drain elec-
trode coupled to the driving TFT.

[0017] Each of the plurality of pixels may further include a
first scan line, a second scan line, and an emission control line
extending in the second direction at a same layer as the first
electrode of the capacitor, and an initialization voltage line
extending in the second direction between the driving voltage
line and the second electrode of the capacitor.

[0018] According to another aspect of embodiments of the
present invention, there is provided an organic light-emitting
display apparatus including a plurality of pixels each includ-
ing a first thin film transistor (TFT) on a substrate and includ-
ing a gate electrode, a second TFT on the substrate and includ-
ing a gate electrode, a capacitor including a first electrode at
a same layer as the gate electrode of the second TFT, and a
second electrode above the first electrode and at a same layer
as the gate electrode of the first TFT, a data line configured to
provide a data signal and located above, and overlapping a
part of, the capacitor, the data line extending in a first direc-
tion, and a driving voltage line located between the capacitor
and the data line and configured to supply a driving voltage,
the driving voltage line comprising a first line extending in the
first direction, and a second line extending in a second direc-
tion substantially perpendicular to the first direction.

[0019] The second electrode of the capacitor may be elec-
trically coupled to the driving voltage line via a contact hole.
[0020] The driving voltage line may have a mesh structure.
[0021] The first line of the driving voltage line may be
coupled to ones of the pixels that are adjacent each other in the
first direction, and the second line of the driving voltage line
may be coupled to ones of the pixels that are adjacent each
other in the second direction.

[0022] The second line of the driving voltage line may
completely cover the capacitor.

[0023] The organic light-emitting display apparatus may
further include a first interlayer insulating layer and a second
interlayer insulating layer stacked between the capacitor and
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the driving voltage line, and a third interlayer insulating layer
between the driving voltage line and the data line.

[0024] The first TFT may be electrically coupled between
the driving voltage line and a light-emitting device, and the
second TFT may be coupled between the dataline and the first
TFT.

[0025] The first TFT may further include a semiconductor
layer, a source electrode electrically coupled to the driving
voltage line, and a drain electrode electrically coupled to the
light-emitting device, and the gate electrode of the first TFT
may be located above the semiconductor layer at a same layer
as the second electrode of the capacitor, and may be coupled
to the first electrode of the capacitor.

[0026] Thesecond TFT may further include a semiconduc-
tor layer, a source electrode coupled to the data line, and a
drain electrode coupled to the first TFT, and the gate electrode
of the second TFT may be located above the semiconductor
layer at the same layer as the first electrode of the capacitor,
and may be coupled to a first scan line that extends in the
second direction.

[0027] Each of the plurality of pixels may further include a
first scan line, a second scan line, and an emission control line
extending in the second direction and located at the same
layer as the first electrode of the capacitor, and an initializa-
tionvoltage line extending in the second direction and located
between the second electrode of the capacitor and the driving
voltage line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Theabove and other aspects of the present invention
will become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

[0029] FIG. 1 is a block diagram of a display apparatus
according to an embodiment of the present invention;

[0030] FIG.2isacircuit diagram of one pixel of the display
apparatus, according to an embodiment of the present inven-
tion;

[0031] FIG.3isaplane view illustrating the pixel of FIG. 2,
according to an embodiment of the present invention;

[0032] FIG. 4 is a cross-sectional view illustrating signal
lines shown in FIG. 3;

[0033] FIG. 51is a cross-sectional view of the structure of
FIG. 3, taken along the lines A-A', B-B', and C-C', according
to an embodiment of the present invention; and

[0034] FIG. 6 is a cross-sectional view of a comparative
example for comparison with the embodiment of the present
invention shown in FIG. 5.

DETAILED DESCRIPTION

[0035] Hereinafter, embodiments of the present invention
will be described in detail by explaining exemplary embodi-
ments of the invention with reference to the attached draw-
ings. The invention may, however, be embodied in many
different forms, and should not be construed as being limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the concept of the inven-
tion to those skilled in the art

[0036] In the following description, well-known functions
or constructions are not described in detail to avoid obscuring

Aug. 28,2014

the invention with unnecessary detail. Like reference numer-
als in the drawings denote like or similar elements throughout
the specification.

[0037] Also, thicknesses and sizes of elements in the draw-
ings may be arbitrarily shown for convenience of description,
thus, the spirit and scope of the present invention are not
necessarily defined by the drawings.

[0038] In the drawings, the thicknesses of layers and
regions may be exaggerated for clarity. Throughout the speci-
fication, it will also be understood that when an element such
as layer, region, or substrate is referred to as being “on”
another element, it can be directly on the other element, or one
or more intervening elements may also be present.

[0039] Also, when a part “includes” or “comprises” an
element, unless there is a particular description contrary
thereto, the part can further/additionally include other ele-
ments. In addition, throughout the specification, it will also be
understood that when an element is referred to as being
“above” a target element, it means that the element can be
above or below the target element, and does not necessarily
mean that the element is above the target element in a gravi-
tational direction.

[0040] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
[0041] FIG. 1isa block diagram of a display apparatus 100
according to an embodiment of the present invention.
[0042] Inthe present embodiment, the display apparatus 10
includes a display unit 100 including a plurality of pixels 1, a
scan driving unit 200, a data driving unit 300, an emission
control driving unit 400, and a control unit 500.

[0043] The display unit 100 includes the plurality of pixels
1 that are respectively at cross points/crossing regions of
respective ones of a plurality of scan lines SL1 through SLn,
a plurality of data lines DL1 through DLm, and a plurality of
control emission lines EL1 through ELn and that are arrayed
in a matrix. The plurality of scan lines SL.1 through SLn and
the plurality of control emission lines FL1 through ELn
extend in a second direction that is a row direction, and the
plurality of data lines DL1 through DLm extend in a first
direction that is a column direction. Driving voltage lines
ELVDDL have a mesh structure including vertical lines VL
that extend in the first direction and horizontal lines HL that
extend in the second direction. At one pixel line, an n value of
the plurality of scan lines SL1 through SLn may be different
from an n value of the plurality of control emission lines EL1
through ELn.

[0044] Each of the pixels 1 is connected to two scan lines
from among the plurality of scan lines SL.1 through SLn that
are connected to the display unit 100. The scan driving unit
200 generates and transmits two scan signals to each of the
pixels 1 via the plurality of scan lines ST.1 through SLn. That
is, the scan driving unit 200 sequentially supplies scan signals
to first scan lines (e.g., even scan lines) SL.2 through SLn or
second scan lines (e.g., odd scan lines) SL.1 through SLn-1.
Referring to FIG. 1, at each pixel 1, two scan lines are con-
nected to a corresponding pixel line, although the present
invention is not limited to thereto, and thus, in another
embodiment of the present invention, each pixel 1 may be
connected to one scan line of a corresponding pixel line and
another scan line of a previous pixel line.

[0045] Inthe present embodiment, an initialization voltage
line IL is electrically connected to the scan driving unit 200,
and may thus receive an initialization voltage from the scan
driving unit 200. However, in another embodiment of the
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present invention, the initialization voltage line IL. may
receive an initialization voltage from an external voltage sup-
ply source.

[0046] Also, each pixel 1 is electrically connected to one
data line from among the plurality of data lines DL1 through
DLm that are connected to the display unit 10, and is electri-
cally connected to one control emission line from among the
plurality of control emission lines EL1 through ELn that are
connected to the display unit 100.

[0047] The data driving unit 300 transmits a data signal to
each pixel 1 via a respective one of the plurality of data lines
DL1 through DLm. Whenever a scan signal is supplied via the
first scan lines SL.2 through SLn, the data signal is supplied to
acorresponding pixel 1 thatis selected in response to the scan
signal.

[0048] Theemission control driving unit 400 generates and
transmits an emission control signal to each pixel 1 via a
respective one of the plurality of control emission lines EL1
through ELn. The emission control signal controls an emis-
sion time of each pixel 1. In other embodiments of the present
invention, the emission control driving unit 400 may be omit-
ted according to an inner structure of each pixel 1.

[0049] The control unit 500 converts a plurality of image
signals R, G, and B from an external source into a plurality of
image data signals DR, DG, and DB, and transmits the plu-
rality of image data signals DR, DG, and DB to the data
driving unit 300. Also, the control unit 500 generates control
signals to control driving of the scan driving unit 200, the data
driving unit 300, and the emission control driving unit 400, in
response to receiving a vertical synchronization signal Vsync,
a horizontal synchronization signal Hsync, and a clock signal
MCLK, and then transmits the control signals to the scan
driving unit 200, the data driving unit 300, and the emission
control driving unit 400, respectively. That is, the control unit
500 generates and transmits a scan driving control signal SCS
for controlling the scan driving unit 200, a data driving con-
trol signal DCS for controlling the data driving unit 300, and
an emission driving control signal ECS for controlling the
emission control driving unit 400.

[0050] Each of the pixels 1 receives a first power voltage
ELVDD and a second power voltage ELVSS from an external
source. The first power voltage ELVDD may be a high-level
voltage (e.g., a predetermined high-level voltage), and the
second power voltage ELVSS may be lower than the first
power voltage ELVDD, or may be a ground voltage. The first
power voltage ELVDD is supplied to the pixels 1 via respec-
tive ones of the driving voltage lines ELVDDL.

[0051] The pixels 1 emit light (e.g., light having a prede-
termined brightness) due to a driving current that is supplied
to emission devices in response to data signals supplied via
respective ones of the plurality of data lines DL1 through
DLm.

[0052] FIG. 2 is a circuit diagram of one pixel 1 of the
display apparatus 10, according to an embodiment of the
present invention.

[0053] Inthe present embodiment, the pixel 1 ofthe display
apparatus 10 has a pixel circuit 2 that includes a plurality of
thin film transistors (TFTs) T1 through T6 and a storage
capacitor Cst. The pixel 1 includes an organic light-emitting
diode (OLED) that receives a driving current (e.g., loled)
from the pixel circuit 2, and thus emits light.

[0054] TheTFTsT1 through T6 respectively include a driv-
ing TFT T1, a switching TFT T2, a compensation TFT T3, an
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initialization TFT T4, a first emission control TFT T5, and a
second emission control TFT T6.

[0055] Thepixel 1includes afirst scanline 24 that transmits
a first scan signal Sn to the switching TFT T2 and the com-
pensation TFT T3; a second scan line 14 that transmits a
second scan signal Sn-1 to the initialization TFT T4; an
emission control line 34 that transmits an emission control
signal En to the first emission control TFT T5 and the second
emission control TFT T6; a data line 16 that crosses the first
scan line 24 and that transmits a data signal Dm; a driving
voltage line 26 that transmits a first power voltage ELVDD;
and an initialization voltage line 20 that transmits an initial-
ization voltage VINT for initializing the driving TFT T1.
[0056] A gate electrode G1 of the driving TFT T1 is con-
nected to afirst electrode Cst 1 of the storage capacitor Cst. A
source electrode S1 of the driving TFT T1 is electrically
connected to the driving voltage line 26 via the first emission
control TFT T5. A drain electrode D1 of the driving TFT T1
is electrically connected to an anode electrode of the OLED
via the second emission control TFT T6. The driving TFT T1
receives the data signal Dm according to a switching opera-
tion by the switching TFT T2, and then supplies a driving
current loled to the OLED.

[0057] A gate electrode G2 of the switching TFT T2 is
connected to the first scan line 24. A source electrode S2 of the
switching TFT T2 is connected to the data line 16. A drain
electrode D2 of the switching TFT T2 is connected to the
source electrode S1 of the driving TFT T1 and is electrically
connected to the driving voltage line 26 via the first emission
control TFT T5. The switching TFT T2 is turned on in
response to the first scan signal Sn that is transmitted via the
first scan line 24, and thus performs a switching operation for
transmitting the data signal Dm via the data line 16 to the
source electrode S1 of the driving TFT T1.

[0058] A gateelectrode G3 of the compensation TFT T3 is
connected to the first scanline 24. A source electrode S3 of the
compensation TFT T3 is connected to the drain electrode D1
of the driving TFT T1 and is electrically connected to the
anode electrode of the OLED via the second emission control
TFT T6. A drain electrode D3 of the compensation TFT T3 is
connected to the first electrode Cstl of the storage capacitor
Cst, to a drain electrode D4 of the initialization TFT T4, and
to the gate electrode G1 of the driving TFT T1. The compen-
sation TFT T3 is turned on in response to the first scan signal
Sn that is transmitted via the first scan line 24, and thus
diode-connects the driving TFT T1 by electrically connecting
the gate electrode G1 of the driving TFT T1 to the drain
electrode D1 of the driving TFT T1.

[0059] A gate electrode G4 of the initialization TFT T4 is
connected to the second scan line 14. A source electrode S4 of
the initialization TFT T4 is connected to the initialization
voltage line 20. The drain electrode D4 of the initialization
TFT T4 is connected to the first electrode Cstl1 of the storage
capacitor Cst, to the drain electrode D3 of the compensation
TFT T3, and to the gate electrode G1 of the driving TFT T1.
The initialization TFT T4 is turned on in response to the
second scan signal Sn-1 that is transmitted via the second
scan line 14, and thus performs an initialization operation for
initializing a voltage of the gate electrode G1 of the driving
TFT T1 by transmitting the initialization voltage VINT to the
gate electrode G1 of the driving TFT T1.

[0060] A gate electrode G5 of the first emission control
TFT T5 is connected to the emission control line 34. A source
electrode S5 of the first emission control TFT T5 is connected
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to the driving voltage line 26. A drain electrode D5 of the first
emission control TFT T5 is connected to the source electrode
S1 of the driving TFT T1 and the drain electrode D2 of the
switching TFT T2.

[0061] A gate electrode G6 of the second emission control
TFT T6 is connected to the emission control line 34. A source
electrode S6 of the second emission control TFT T6 is con-
nected to the drain electrode D1 of the driving TFT T1 and the
source electrode S3 of the compensation TFT T3. A drain
electrode D6 of the second emission control TFT T6 is elec-
trically connected to the anode electrode of the OLED. The
first emission control TFT T5 and the second emission control
TFT T6 are simultaneously turned on in response to an emis-
sion control signal En that is transmitted via the emission
control line 34, so that the first power voltage ELVDD is
supplied to the OLED, and thus the driving current loled flows
in the OLED.

[0062] A second electrode Cst2 of the storage capacitor Cst
is connected to the driving voltage line 26. The first electrode
Cstl of the storage capacitor Cst is connected to the gate
electrode G1 of the driving TFT T1, to the drain electrode D3
of the compensation TFT T3, and to the drain electrode D4 of
the initialization TFT T4.

[0063] A cathodeelectrode ofthe OLED is connected to the
second power voltage ELVSS. The OLED receives the driv-
ing current loled from the driving TFT T1 and then emits
light, so that an image is displayed.

[0064] FIG. 3 isa plane view illustrating the pixel 1 of FIG.
2, according to an embodiment of the present invention. FIG.
4 is a cross-sectional view illustrating signal lines shown in
FIG. 3. Here, F1G. 3 illustrates two pixels 1 that are adjacent
each other.

[0065] As illustrated in FIG. 3, the pixel 1 of the display
apparatus 10 includes a first scan line 24, a second scan line
14, an emission control line 34, and an initialization voltage
line 20 that are formed in a second direction and that respec-
tively apply a first scan signal Sn, a second scan signal Sn-1,
an emission control signal En, and an initialization voltage
VINT. Also, the pixel 1 of the display apparatus 100 includes
adataline 16 that is formed in a first direction and crosses all
of the first scan line 24, the second scan line 14, the emission
control line 34, and the initialization voltage line 20, and that
applies a data signal Dm to the pixel 1. In addition, the pixel
1 includes a driving voltage line 26 that applies a first power
voltage ELVDD.

[0066] The driving voltage line 26 includes a vertical line
VL that is formed in the first direction so as to be substantially
parallel to the data line 16, and a horizontal line HL that is
formed in the second direction so as to be substantially per-
pendicular to the data line 16. The vertical line VL of the
driving voltage line 26 is electrically connected with other
vertical lines VL of other pixels that are adjacent in the first
direction, and the horizontal line HL is electrically connected
with other horizontal lines HL of other pixels that are adjacent
in the second direction, and crosses the data line 16, so that the
vertical lines VL. and the horizontal lines HL. have a mesh
structure. The driving voltage line 26 is located at a layer
between the storage capacitor Cst and the data line 16,
thereby functioning as a metal shield. Also, the horizontal line
HL of the driving voltage line 26 has an area that completely
covers the storage capacitor Cst, and thus completely over-
laps with the storage capacitor Cst.

[0067] Referring to FIG. 4, the first scan line 24, the second
scan line 14, and the emission control line 34 are formed on a
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first gate insulating layer GI1 on a substrate 101, and are
included in a first gate wiring GL1. The initialization voltage
line 20 is formed above a first interlayer insulating layer ILD1
and a second gate insulating layer GI2 that is located on the
first gate insulating layer G11. The initialization voltage line
20 isincluded in a second gate wiring GL2. Since the first gate
wiring GL1 and the second gate wiring GL.2 are located at
different layers by having the second gate insulating layer
(12 and the first interlayer insulating layer ILD1 interposed
therebetween, a distance between the neighbouring first and
second gate wirings GLL1 and GL2 that are located at the
different layers may be decreased, so that more pixels 1 may
be formed in a same region. That is, it is possible to form the
display apparatus 10 to have high definition.

[0068] A second interlayer insulating layer ILD2 is
stacked/layered on/above the first gate wiring GL1 and the
second gate wiring GL2.

[0069] The driving voltage line 26 is located on the second
interlayer insulating layer ILD2, and the data line 16 is
located on a third interlayer insulating layer ILD3 that is on
the second interlayer insulating layer ILD2 and partially over-
laps the driving voltage line 26. A protective layer PL is
formed on the data line 16.

[0070] Referring back to FIG. 3, the pixel 1 includes a
driving TFT T1,a switching TFT T2, acompensation TFT T3,
an initialization TFT T4, a first emission control TFT T5, and
a second emission control TFT T6. In FIG. 3, an OLED is
omitted.

[0071] The driving TFT T1 includes a semiconductor layer
Al, a gate electrode G1, a source electrode S1, and a drain
electrode D1. The source electrode S1 corresponds to a
source region of the driving semiconductor layer Al that is
doped with impurities, and the drain electrode D1 corre-
sponds to a drain region of the semiconductor layer A1 that is
doped with impurities. The gate electrode G1 is connected to
a first electrode Cstl of the storage capacitor Cst, a drain
electrode D3 of the compensation TFT T3, and a drain elec-
trode D4 of the initialization TFT T4 via a connection mem-
ber 40 and contact holes 41 through 44. A projection portion
that projects from the vertical line VL of the driving voltage
line 26 is located on the gate electrode G1 of the driving TFT
T1.

[0072] The switching TFT T2 includes a semiconductor
layer A2, a gate electrode G2, a source electrode S2, and a
drain electrode D2. The source electrode S2 corresponds to a
source region of the semiconductor layer A2 that is doped
with impurities, and the drain electrode D2 corresponds to a
drain region of the semiconductor layer A2 that is doped with
impurities. The source electrode S2 is connected to the data
line 16 via a contact hole 45. The gate electrode G2 is formed
as a part of the first scan line 24.

[0073] The compensation TFT T3 includes a semiconduc-
tor layer A3, a gate electrode G3, a source electrode S3, and
the drain electrode D3. The source electrode S3 corresponds
to a source region of the semiconductor layer A3 thatis doped
with impurities, and the drain electrode D3 corresponds to a
drain region of the semiconductor layer A3 that is doped with
impurities. The gate electrode G3 is formed as dual gate
electrodes by a part of the first scan line 24 and a part of a line
that extends while projecting from the first scan line 24, so
that the gate electrode G3 prevents a leakage current.

[0074] The initialization TFT T4 includes a semiconductor
layer Ad, a gate electrode G4, a source electrode S4, and the
drain electrode D4. The source electrode S4 corresponds to a
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source region of the semiconductor layer A4 that is doped
with impurities, and the drain electrode D4 corresponds to a
drain region of the semiconductor layer A4 that is doped with
impurities. The source electrode S4 may be connected to the
initialization voltage line 20 via a contact hole 46. The gate
electrode G4 is formed as a part of the second scan line 14.

[0075] The first emission control TFT T3 includes a semi-
conductor layer A5, a gate electrode G5, a source electrode
S8, and a drain electrode D5. The source electrode S5 corre-
sponds to a source region of the semiconductor layer A5 that
is doped with impurities, and the I drain electrode D5 corre-
sponds to a drain region of the semiconductor layer A5 that is
doped with impurities. The source electrode S5 may be con-
nected to the driving voltage line 26 via a contact hole 47. The
gate electrode G5 is formed as a part of the emission control
line 34.

[0076] The second emission control TFT Té includes a
semiconductor layer A6, a gate electrode G6, a source elec-
trode S6, and a drain electrode D6. The source electrode S6
corresponds to a source region of the semiconductor layer A6
that is doped with impurities, and the drain electrode D6
corresponds to a drain region of the semiconductor layer A6
that is doped with impurities. The drain electrode D6 is con-
nected to an anode electrode of the OLED via a contact metal
CM through a contact hole 48 and then a via hole VIA through
the contact metal CM. The gate electrode G#6 is formed as a
part of the emission control line 34.

[0077] The first electrode Cst1 of the storage capacitor Cst
is connected to the drain electrode D3 of the compensation
TFT T3, to the drain electrode D4 of the initialization TFT T4,
and to the gate electrode G1 of the driving TFT T1 by using
the connection member 40.

[0078] A second electrode Cst2 of the storage capacitor Cst
is connected to the driving voltage line 26 by using a contact
metal CM formed in a contact hole 49, and thus receives a
driving voltage ELVDD from the driving voltage line 26.

[0079] FIG. 5 is a cross-sectional view of the structure of
FIG. 3, taken along the lines A-A', B-B', and C-C', according
to an embodiment of the present invention. Of those among
the TFTs T1 through T6, FIG. 5 illustrates the driving TFTT1,
the switching TFT T2, and the second emission control TET
T6, and the storage capacitor Cst.

[0080] Referring to FIG. 5, the semiconductor layer Al of
the driving TFT T1, the semiconductor layer A2 of the switch-
ing TFT T2, and the semiconductor layer A6 of the second
emission control TFT T6 are formed on the substrate 101. The
aforementioned semiconductor layers Al, A2, and A6 may be
formed of polysilicon, and include a channel region that is not
doped with impurities, and a source region and a drain region
that are formed at sides of the channel region and that are
doped with impurities. Here, the impurities vary according to
types of a TFT, and may include N-type impurities or P-type
impurities. Although not illustrated, the semiconductor layer
A3 ofthe compensation TFT T3, the semiconductor layer A4
of the initialization TFT T4, and the semiconductor layer A5
of the first emission control TFT T5 may be formed with the
semiconductor layer A1, the semiconductor layer A2, and the
semiconductor layer A6 (e.g., Al, A2 and A6 may be formed
simultaneously as, or may be formed at about the same time
as, A3, A4, and A5).

[0081] Although not illustrated, a buffer layer may be fur-
ther formed between the substrate 101 and the semiconductor
layers Al through A6. The buffer layer reduces or prevents
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diffusion of impurity ions and penetration of external mois-
ture or air, and functions as a barrier layer and/or a blocking
layer to planarize a surface.

[0082] The first gate insulating layer GI1 is stacked on the
semiconductor layers A1 through A6, and is above an entire
surface ofthe substrate 101. The first gate insulating layer GI1
may be formed of an organic insulating material or an inor-
ganic insulating material, or may have a multi-stack structure
of alternately formed organic insulating material and the inor-
ganic insulating material.

[0083] The gate electrode G2 of the switching TFT T2, and
the gate electrode G6 of the second emission control TFT T6
are formed on the first gate insulating layer GI1. Also, the first
electrode Cstl of the storage capacitor Cst is formed.
Although not illustrated, the gate electrode G3 of the com-
pensation TFT T3, the gate electrode G4 of the initialization
TFT T4, and the gate electrode G5 of the first emission control
TFT T5 may be formed at the same layer as the gate electrode
G2 and the gate electrode G6, and may be of the same material
as well. The gate electrode G2, the gate electrode G3, the gate
electrode G4, the gate electrode G5, the gate electrode G6,
and the first electrode Cstl of the storage capacitor Cst are
formed of a first gate wiring material, and hereinafter. they are
referred to as first gate electrodes. The first gate wiring mate-
rial may include, for example, one or more metal materials
selected from the group consisting of aluminium (A1), plati-
num (Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L), caleium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu). The first scan line 24, the
second scan line 14, and the emission control line 34 may be
formed from the same layer as the first gate electrodes by
using the first gate wiring material.

[0084] The second gate insulating layer GI2 is stacked on
the first gate electrodes and is located above the entire surface
of the substrate 101. The second gate insulating layer GI2
may be formed of an organic insulating material, may be
formed of an inorganic insulating material, or may have a
multi-stack structure in which organic insulating material and
inorganic insulating material are alternately formed.

[0085] The gate electrode G1 of the driving TFT T1 is
formed on the second gate insulating layer GI2. Also, the
second electrode Cst2 of the storage capacitor Cst is formed
on the second gate insulating layer GI2. The gate electrode
(1, and the second electrode Cst2 of the storage capacitor Cst
are formed of a second gate wiring material, and hereinafter,
they are referred to as second gate electrodes. Similarly, as the
first gate wiring material, the second gate wiring material may
include, for example, one or more metal materials selected
from the group consisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd,
Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

[0086] The first interlayer insulating layer ILD1 is stacked
on the second gate electrodes and is located above the entire
surface of the substrate 101. The first interlayer insulating
layer ILD1 may be formed of an organic insulating material,
may be formed of an inorganic insulating material, or may
have a multi-stack structure in which layers of organic insu-
lating material and inorganic insulating material are alter-
nately formed.

[0087] A first contact metal CM1 is formed at each of the
contact holes 45, 48, and 49 in the first interlayer insulating
layer ILD1, and thus is connected to the second electrode
Cst2 of the storage capacitor Cst, to the source electrode S2 of
the switching TFT T2, and to the drain electrode D6 of the
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second emission control TFT T6. The first contact metal CM1
may include, for example, one or more metal materials
selected from the group consisting of Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu. The first contact
metal CM1 may include a multi-stack metal layer, and in the
present embodiment, the first contact metal CM1 has a three-
layer structure of Ti/Al/Ti in which titanium is formed above
and below Al. However, the one or more embodiments of the
present invention are not limited thereto, and thus the first
contact metal CM1 may be a multi-stack layer formed of
various materials. Further, the initialization voltage line 20
may include the material of the first contact metal CM1 and
may be formed on the first interlayer insulating layer ILD1.
[0088] The second interlayer insulating layer ILD2 is
stacked on the first contact metal CM1 and is located above
the entire surface of the substrate 101. The second interlayer
insulating layer ILD2 may be formed of an organic insulating
material or of an inorganic insulating material, or may have a
multi-stack structure in which alternating layers of organic
insulating material and inorganic insulating material are
formed.

[0089] The driving voltage line 26 is formed on the second
interlayer insulating layer ILD2 and is connected to the sec-
ond electrode Cst2 of the storage capacitor Cst via the first
contact metal CM1. Also, a second contact metal CM2 is
formed at each of the contact holes 45 and 48 in the second
interlayer insulating layer ILD2, and thus is connected to the
source electrode S2 of the switching TFT T2 and to the drain
electrode D6 of the second emission control TFT T6. The
driving voltage line 26 and the second contact metal CM2
may include, for example, one or more metal materials
selected from the group consisting of Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

[0090] Thesecondcontact metal CM2 may include a multi-
stack metal layer, and in the present embodiment, the second
contact metal CM2 has a three-layer structure of Ti/Al/Ti in
which titanium is formed above and below Al, However, the
one or more embodiments of the present invention are not
limited thereto and thus the second contact metal CM2 may
have a multi-stack layer formed of various materials.

[0091] The third interlayer insulating layer IL.D3 is formed
on the driving voltage line 26 and on the second contact metal
CM2, and is located above the entire surface of the substrate
101. The third interlayer insulating layer ILD3 may be
formed of an organic insulating material, of an inorganic
insulating material, or may have a multi-stack structure in
which an organic insulating material is alternately formed
with an inorganic insulating material.

[0092] The data line 16 is formed on the third interlayer
insulating layer ILD3. The data line 16 is connected to the
source electrode S2 of the switching TFT T2 via the first
contact metal CM1 and the second contact metal CM2 in the
contact hole 45 in the first and second interlayer insulating
layers ILD1 and ILD2. A part of the storage capacitor Cst
overlaps with the data line 16, and the driving voltage line 26
is formed at a region corresponding to where the data line 16
and the storage capacitor Cst overlap. Also, a third contact
metal CM3 is formed in the contact hole 48 in the third
interlayer insulating layer ILD3, and thus is electrically con-
nected to the drain electrode D6 of the second emission con-
trol TFTT6. The data line 16 and the third contact metal CM3
may include, for example, one or more metal materials
selected from the group consisting of Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu. The third contact
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metal CM3 may include a multi-stack metal layer, and in the
present embodiment, the third contact metal CM3 has a three-
layer structure of Ti/Al/Ti in which titanium is formed above
and below Al. However, the one or more embodiments of the
present invention are not limited thereto and thus the third
contact metal CM3 of other embodiments of the present
invention may have a multi-stack layer formed of various
materials.

[0093] A planarization layer PL is formed on the data line
16 and the third contact metal CM3. The planarization layer
PL may be formed to planarize a surface above the substrate
101 on which the TFTs T1 through T6 are formed, and may be
formed as a single insulating layer or as a multi-stack insu-
lating layer. The planarization layer PL may include, for
example, one or more materials selected from the group con-
sisting of polyimide, polyamide, acryl resin, benzocy-
clobutene (BCB), and phenol resin.

[0094] An anode electrode 120 is formed on the planariza-
tion layer PL. The anode electrode 120 is connected to the
third contact metal CM3 located in the contact hole 48 via a
via hole VIA in the planarization layer PL, and thus is elec-
trically connected to the drain electrode D6 of the second
emission control TFT T6.

[0095] InFIG. 5, source and drain electrodes among those
of the TFTs T1 through T6 that are not connected to other
lines are formed from the same layers as the semiconductor
layers Al through A6, respectively. That is, the source and
drain electrodes of each of the TFTs T1 through T6 may be
formed of polysilicon that is selectively doped. However, the
one or more embodiments of the present invention are not
limited thereto, and thus, in another embodiment, respective
source and drain electrodes of a TFT may be formed from
respective layers different from a semiconductor layer, and
may be connected to respective source and drain regions of
the semiconductor layer via respective contact holes.

[0096] FIG. 6 is a cross-sectional view of a comparative
example for comparison with the embodiment shown in FIG.
5.

[0097] Thecomparative example of FIG. 6 is different from
the embodiment of FIG. 5 in that a data line 16" and a driving
voltage line 26" are formed on the same layer, and a storage
capacitor Cst overlaps with the driving voltage line 26" but
does not overlap with the data line 16". Thus, the comparative
example of FIG. 6 will be described in consideration of its
different features from the embodiment of F1G. 5.

[0098] As in the comparative example of FIG. 6, when the
driving voltage line 26" overlaps with the storage capacitor
Cst, coupling (e.g., inductive or capacitive coupling) is
incurred between the data line 16" and the storage capacitor
Cst, such that crosstalk occurs. Thus, the storage capacitor
Cst is formed not to overlap with the data line 16". However,
when the storage capacitor Cst does not overlap with the data
line 16", it is difficult to assure sufficient capacitance of the
storage capacitor Cst. Also, since the data line 16" and the
driving voltage line 26" are formed on the same layer, it is
difficult to assure a sufficient amount space between lines, so
that the driving voltage line 26" would not be formed as a
horizontal line, thus making it difficult to realize a mesh
structure, and thus making crosstalk due to a voltage drop of
a first power voltage ELVDD possible.

[0099] On the other hand, according to the present embodi-
ment shown in FIG. 5, the data line 16 and the driving voltage
line 26 are formed on different layers, and the driving voltage
line 26 is located between the data line 16 and the storage
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capacitor Cst. Accordingly, the driving voltage line 26 may be
connected to pixels that are adjacent each other in the row
direction (i.e., the second direction), and thus may be formed
in amesh structure. Thus, due to the driving voltage line 26 of
the mesh structure, the voltage drop of the first power voltage
ELVDD may be reduced or prevented. Also. since the hori-
zontal line HL of the driving voltage line 26 has an area that
completely covers the storage capacitor Cst, the horizontal
line HL. may shield the storage capacitor Cst against the data
line 16, so that coupling between the data line 16 and the
storage capacitor Cst may be reduced or prevented, and suf-
ficient capacitance of the storage capacitor Cst may be
assured.

[0100] According to the one or more embodiments of the
present invention, since a data line and a driving voltage line
are stacked, a capacitor may be located to overlap with the
data line, so that coupling between the data line and the
capacitor may be reduced or prevented, and the capacitance of
the capacitor may be assured.

[0101] While embodiments of the present invention have
been particularly shown and described with reference to
exemplary embodiments thereof, it will be understood by
those of ordinary skill in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the present invention as defined by the
following claims, and their equivalents.

What is claimed is:

1. A thin film transistor array substrate comprising a plu-
rality of pixels, each of the pixels comprising:

a capacitor comprising a first electrode, and a second elec-

trode located above the first electrode;

a data line extending in a first direction, configured to
provide a data signal, located above the capacitor, and
overlapping a part of the capacitor; and

a driving voltage line configured to supply a driving volt-
age, located between the capacitor and the data line, and
comprising a first line extending in the first direction,
and a second line extending in a second direction sub-
stantially perpendicular to the first direction.

2. The thin film transistor array substrate of claim 1,
wherein the second electrode of the capacitor is electrically
coupled to the driving voltage line via a contact hole.

3. The thin film transistor array substrate of claim 1,
wherein the driving voltage line has a mesh structure.

4. The thin film transistor array substrate of claim 1,
wherein the first line of the driving voltage line is coupled to
ones of the pixels that are adjacent each other in the first
direction, and

wherein the second line of the driving voltage line is
coupled to ones of the pixels that are adjacent each other
in the second direction.

5. The thin film transistor array substrate of claim 1,
wherein the second line of the driving voltage line completely
covers the capacitor.

6. The thin film transistor array substrate of claim 1, further
comptrising:

a first interlayer insulating layer and a second interlayer
insulating layer stacked between the capacitor and the
driving voltage line; and

a third interlayer insulating layer between the driving volt-
age line and the data line.

7. The thin film transistor array substrate of claim 1,

wherein each of the plurality of pixels further comprises:
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a driving thin film transistor (TFT) electrically coupled
between the driving voltage line and a light-emitting
device; and

aswitching TFT electrically coupled between the data line
and the driving TFT.

8. The thin film transistor array substrate of claim 7,

wherein the driving TFT comprises:

a semiconductor layer;

a gate electrode coupled to the first electrode of the capaci-
tor and located above the semiconductor layer at a same
layer as the second electrode of the capacitor;

a source electrode electrically coupled to the driving volt-
age line; and

a drain electrode electrically coupled to the light-emitting
device.

9. The thin film transistor array substrate of claim 7,

wherein the switching TFT comprises:

a semiconductor layer;

a gate electrode located above the semiconductor layer at a
same layer as the first electrode of the capacitor, and
coupled to a first scan line extending in the second direc-
tion;

a source electrode coupled to the data line; and

a drain electrode coupled to the driving TFT.

10. The thin film transistor array substrate of claim 1,
wherein each of the plurality of pixels further comprises:

afirstscan line, a second scan line, and an emission control
line extending in the second direction at a same layer as
the first electrode of the capacitor; and

an initialization voltage line extending in the second direc-
tion between the driving voltage line and the second
electrode of the capacitor.

11. An organic light-emitting display apparatus compris-

ing a plurality of pixels each comprising:

a first thin film transistor (TFT) on a substrate and com-
prising a gate electrode;

a second TFT on the substrate and comprising a gate elec-
trode;

a capacitor comprising:

a first electrode at a same layer as the gate electrode of
the second TFT; and

asecond electrode above the first electrode and at a same
layer as the gate electrode of the first TFT;

a data line configured to provide a data signal and located
above, and overlapping a part of, the capacitor, the data
line extending in a first direction; and

adriving voltage line located between the capacitor and the
data line and configured to supply a driving voltage, the
driving voltage line comprising a first line extending in
the first direction, and a second line extending in a sec-
ond direction substantially perpendicular to the first
direction.

12. The organic light-emitting display apparatus of claim
11, wherein the second electrode of the capacitor is electri-
cally coupled to the driving voltage line via a contact hole.

13. The organic light-emitting display apparatus of claim
11, wherein the driving voltage line has a mesh structure.

14. The organic light-emitting display apparatus of claim
11, wherein the first line of the driving voltage line is coupled
to ones of the pixels that are adjacent each other in the first
direction, and

wherein the second line of the driving voltage line is
coupled to ones of the pixels that are adjacent each other
in the second direction.
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15. The organic light-emitting display apparatus of claim
11, wherein the second line of the driving voltage line com-
pletely covers the capacitor.

16. The organic light-emitting display apparatus of claim
11, further comprising:

a first interlayer insulating layer and a second interlayer
insulating layer stacked between the capacitor and the
driving voltage line; and

a third interlayer insulating layer between the driving volt-
age line and the data line.

17. The organic light-emitting display apparatus of claim
11, wherein the first TFT is electrically coupled between the
driving voltage line and a light-emitting device, and

wherein the second TFT is coupled between the data line
and the first TFT.

18. The organic light-emitting display apparatus of claim
17, wherein the first TFT further comprises:

a semiconductor layer;

a source electrode electrically coupled to the driving volt-

age line; and

a drain electrode electrically coupled to the light-emitting
device,
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wherein the gate electrode of the first TFT is located above
the semiconductor layer at a same layer as the second
electrode of the capacitor, and is coupled to the first
electrode of the capacitor.

19. The organic light-emitting display apparatus of claim

17, wherein the second TFT further comprises:

a semiconductor layer;

a source electrode coupled to the data line; and

a drain electrode coupled to the first TFT,

wherein the gate electrode of the second TFT is located
above the semiconductor layer at the same layer as the
first electrode of the capacitor, and is coupled to a first
scan line that extends in the second direction.

20. The organic light-emitting display apparatus of claim

11, wherein each of the plurality of pixels further comprises:

afirstscan line, a second scan line, and an emission control
line extending in the second direction and located at the
same layer as the first electrode of the capacitor; and

an initialization voltage line extending in the second direc-
tion and located between the second electrode of the
capacitor and the driving voltage line.

L S T T



patsnap

TREMOF) BERERAEMIIERNSBEENEINLAXEREE
[F(RE)E US20140239270A1 K (aH)A 2014-08-28
BRiES US13/961823 % A 2013-08-07

FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = EDISPLAY CO., LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA KO MOON SOON
LEE IL JUNG
IM CHOONG YOUL
KWON DO HYUN
YOON JU WON
WOO MIN WOO

RAAN KO, MOON-SOON
LEE, IL-JUNG
IM, CHOONG-YOUL
KWON, DO-HYUN
YOON, JU-WON
WOO, MIN-WOO

IPCH =S HO1L27/12 HO1L27/32

CPCH¥%(= HO1L27/1255 HO1L27/3225

i 1020130022444 2013-02-28 KR

H AN FF 32k US9231000

SNEBEEE Espacenet USPTO

BE(GR) RGB__S?UI — 3?505 M
BIRREEMINERTESNEE B/ EECELESE  ZLEHT @ﬁg:mlmm - DATA DRIVING UNIT |
FE-R, HTE-RRLHNE=SR, HE—SEOLRORE e B M el Fr @
%, ATRHUEBEES  NTeRsELs , AEEEREN—BoE = \

B UREENRHBRNBENRINBEL , L TBEIBNBELZ ] o0

B, HESERE—ARERNE—% K UREFRNE-_LEEREE 52 N

THE-FANE=AME L,

SCAN s- - EMISSION
DRIVING EL2 [CONTROL

UNIT DRVING
UNT

m
s

IL
Stn-1

FIRST
DIRECTION

El
Stn SECOND

DIRECTION
] 1
200 w s ELVSS



https://share-analytics.zhihuiya.com/view/4799d4e8-6f48-4afc-a439-f5f4899bd7f8
https://worldwide.espacenet.com/patent/search/family/051387224/publication/US2014239270A1?q=US2014239270A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140239270%22.PGNR.&OS=DN/20140239270&RS=DN/20140239270

