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FIG. 3A
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FIG. 6A
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ORGANIC LIGHT-EMITTING DIODE
(OLED) DISPLAY

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 14/465,683, filed Aug. 21, 2014, which
claims priority under 35 U.S.C. 119 of Korean Patent
Application No. 10-2014-0027429, filed on Mar. 7, 2014, in
the Korean Intellectual Property Office, the disclosures of
which are incorporated by reference herein in their entire-
ties.

BACKGROUND

Field

[0002] The described technology generally relates to an
organic light-emitting diode (OLED) display.

Description of the Related Technology

[0003] Organic light-emitting diode (OLED) displays
include two electrodes and an organic emission layer inter-
posed therebetween. Electrons injected from one of the
electrodes and holes injected from the other electrode are
combined in the organic emission layer to generate excitons.
When the excitons fall from an excited state to a ground state
they emit light.

[0004] OLED displays include a plurality of pixels each
including an OLED which is a self-emissive component.
Each of the pixels also includes a plurality of thin film
transistors (TFTs) and at least one capacitor.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0005] One inventive aspect is an organic light-emitting
diode (OLED) display including at least one capacitor in a
pixel.

[0006] Another aspect is an OLED display including a

capacitor structure for maintaining and supplementing
capacitance in pixels having a high-resolution.

[0007] Another aspect is an OLED display including a
plurality of pixels. Each of the pixels includes a driving thin
film transistor (TET) provided on a substrate; a first storage
capacitor including a first electrode and a second electrode,
in which the first electrode is connected to a driving gate
electrode of the driving TFT and the second electrode is
provided on the first electrode and insulated from the first
electrode; and a second storage capacitor including a third
electrode and a fourth electrode, in which the third electrode
is electrically connected to the first electrode, provided on a
different layer from the first and second electrodes, and does
not overlap the second electrode of the first storage capaci-
tor, and the fourth electrode is provided on the third elec-
trode and insulated from the third electrode.

[0008] The driving gate electrode and the first electrode
may be integrally formed on the same layer.

[0009] The driving TFT may further include a driving
semiconductor layer that is provided below the driving gate
electrode and is insulated from the driving gate electrode by
a first gate insulating layer and a second gate insulating layer
that are sequentially stacked on the substrate.

[0010] The OLED display may further include an emis-
sion control TFT that is provided between the driving TFT
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and an OLED, and includes an emission control semicon-
ductor layer that is on the same layer as the driving semi-
conductor layer of the driving TFT; and an emission control
gate clectrode that is insulated from the emission control
semiconductor layer by the first gate insulating layer that
covers the emission control semiconductor layer.

[0011] The OLED display may further include a third gate
insulating layer provided between the first and second
electrodes.

[0012] The OLED display may further include a first
interlayer insulating layer provided between the second and
third electrodes, and in which the first and third electrodes
are electrically connected to each other via a contact hole
that is commonly formed in the third gate insulating layer
and the first interlayer insulating layer.

[0013] The OLED display may further include a second
interlayer insulating layer provided between the third and
fourth electrodes.

[0014] The second electrode may be connected to a driv-
ing voltage line that transmits a driving voltage for driving
the OLED.

[0015] The fourth electrode may be connected to an ini-
tialization voltage line that transmits an initialization voltage
for initializing the driving TFT.

[0016] The OLED display may further include a protec-
tion layer provided on the fourth electrode. The OLED may
include an anode electrode that is provided on the protection
layer, a cathode electrode facing the anode electrode, and an
intermediate layer formed between the anode and cathode
electrodes.

[0017] Another aspect is an OLED display including a
plurality of pixels. Each of the pixels includes: a driving thin
film transistor (TFT) provided on a substrate; a first storage
capacitor including a first electrode and a second electrode,
in which the first electrode is connected to a driving gate
electrode of the driving TFT and the second electrode is
provided on the first electrode and insulated from the first
electrode; and a second storage capacitor, which does not
overlap the first storage capacitor, including a third electrode
and a fourth electrode, in which the third electrode is
electrically connected to the first electrode, and the fourth
electrode is provided below the third electrode, insulated
from the third electrode, and is provided on the same layer
as the first electrode.

[0018] The driving gate electrode and the first electrode
may be integrally formed on the same layer.

[0019] The driving TFT may further include a driving
semiconductor layer that is provided below the driving gate
electrode and is insulated from the driving gate electrode by
a first gate insulating layer.

[0020] The OLED display may further include an emis-
sion control TFT that is provided between the driving TFT
and an OLED, and includes an emission control semicon-
ductor layer that is on the same layer as the driving semi-
conductor layer of the driving TFT; and an emission control
gate electrode that is insulated from the emission control
semiconductor layer by the first gate insulating layer that
covers the emission control semiconductor layer, and is
provided on the same layer as the driving gate electrode.
[0021] The OLED display may further include a second
gate insulating layer provided between the first and second
electrodes.
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[0022] The OLED display may further include a first
interlayer insulating layer, which is provided between the
third and fourth electrodes.

[0023] The second electrode may be connected to a driv-
ing voltage line that transmits a driving voltage for driving
the OLED.

[0024] The OLED display may further include an initial-
ization TFT that is provided between the driving TFT and an
initialization voltage line that transmits an initialization
voltage, turned on by a scan signal, and thus transmits the
initialization voltage to a driving gate electrode.

[0025] The fourth electrode may be connected to the scan
line that transmits the scan signal.

[0026] The OLED display may further include a protec-
tion layer provided on the fourth electrode. The OLED may
include an anode electrode that is provided on the protection
layer, a cathode electrode facing the anode electrode, and an
intermediate layer formed between the anode and cathode
electrodes.

[0027] Another aspect is an OLED display, comprising a
plurality of pixels, wherein each of the pixels comprises: a
driving thin film transistor (TFT) formed over a substrate
and including a driving gate electrode; a first storage capaci-
tor comprising a first electrode and a second electrode,
wherein the first electrode is electrically connected to the
driving gate electrode and wherein the second electrode is
formed over the first electrode and electrically insulated
from the first electrode: and a second storage capacitor
comprising a third electrode and a fourth electrode, wherein
the third electrode is electrically connected to the first
electrode, is formed on a different layer from each of the first
and second electrodes, and does not overlap the second
electrode and wherein the fourth electrode is formed over
the third electrode and electrically insulated from the third
electrode.

[0028] Each of the driving gate electrodes can be inte-
grally formed with the corresponding first electrode. Each of
the driving TFTs can further comprise a driving semicon-
ductor layer formed under the driving gate electrode,
wherein each of the driving semiconductor layers is electri-
cally insulated from the corresponding driving gate elec-
trode via a first gate insulating layer and a second gate
insulating layer that are sequentially stacked over the sub-
strate. Bach of the pixels can further comprise an OLED and
an emission control TFT that is formed between the driving
TFT and the OLED, wherein each of the emission control
TFTs comprises an emission control semiconductor layer
formed on the same layer as the driving semiconductor layer
and an emission control gate electrode electrically insulated
from the emission control semiconductor layer via the first
gate insulating layer. The OLED display can further com-
prise a third gate insulating layer formed between each of the
first and second electrodes. The OLED display can further
comprise a first interlayer insulating layer formed between
each of the second and third electrodes, wherein each of the
first electrodes is electrically connected to the corresponding
third electrode via a corresponding contact hole formed in
each of the third gate insulating layer and the first interlayer
insulating layer.

[0029] The OLED display can further comprise a second
interlayer insulating layer formed between each of the third
and fourth electrodes. Each of the second electrodes can be
electrically connected to a corresponding driving voltage
line configured to transmit a driving voltage for driving the
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corresponding OLED. Each of the fourth electrodes can be
electrically connected to a corresponding initialization volt-
age line configured to transmit an initialization voltage for
initializing the corresponding driving TFT. The OLED dis-
play can further comprise a protection layer formed over the
fourth electrode, wherein each of the OLEDs comprises an
anode electrode formed over the protection layer; a cathode
electrode facing the anode electrode; and an intermediate
layer interposed between the anode and cathode electrodes.

[0030] Another aspect is an OLED display, comprising a
plurality of pixels, wherein each of the pixels comprises: a
driving thin film transistor (TFT) formed over a substrate
and including a driving gate electrode; a first storage capaci-
tor comprising a first electrode and a second electrode,
wherein the first electrode is electrically connected to the
driving gate electrode and wherein the second electrode is
formed over the first electrode and electrically insulated
from the first electrode; and a second storage capacitor
comprising a third electrode and a fourth electrode, wherein
the second storage capacitor does not overlap the first
storage capacitor, wherein the third electrode is electrically
connected to the first electrode, and wherein the fourth
electrode is: formed under the third electrode, electrically
insulated from the third electrode, and formed on the same
layer as the first electrode.

[0031] Each of the driving gate electrodes can be inte-
grally formed with the corresponding first electrode. Each of
the driving TFTs can further comprise a driving semicon-
ductor layer formed under the driving gate electrode,
wherein each of the driving semiconductor layers is electri-
cally insulated from the corresponding driving gate elec-
trode via a first gate insulating layer. Each of the pixels can
further comprise an OLED and an emission control TFT
formed between the driving TFT and the OLED, wherein
each of the emission control TFTs comprises an emission
control semiconductor layer formed on the same layer as the
driving semiconductor layer and an emission control gate
electrode electrically insulated from the emission control
semiconductor layer via the first gate insulating layer,
wherein the emission control gate electrode is formed on the
same layer as the driving gate electrode. The OLED display
can further comprise a second gate insulating layer formed
between the first and second electrodes. The OLED display
can further comprise an interlayer insulating layer formed
between the third and fourth electrodes.

[0032] Each of the second electrodes can be electrically
connected to a corresponding driving voltage line configured
to transmit a driving voltage for driving the corresponding
OLED. Each pixel can further comprise an initialization
TFT formed between the driving TFT and an initialization
voltage line configured to transmit an initialization voltage,
wherein each of the initialization TFTs is configured to be
turned on by a corresponding scan signal so as to transmit
the initialization voltage to the corresponding driving gate
electrode. The fourth electrode can be electrically connected
to a scan line configured to transmit the scan signal. The
OLED display can further comprise a protection layer
formed over the fourth electrode, wherein each of the
OLEDs comprises an anode electrode formed over the
protection layer; a cathode electrode facing the anode elec-
trode; and an intermediate layer interposed between the
anode and cathode electrodes.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a schematic block diagram of an OLED
display according to an embodiment.

[0034] FIG. 2 is an equivalent circuit diagram of a pixel of
the OLED display according to an embodiment.

[0035] FIGS. 3A and 3B are schematic plan views of the
pixel of FIG. 2.

[0036] FIG. 4 is a cross-sectional view taken along lines
A-A" and B-B' of FIG. 3A.

[0037] FIG.5 is an equivalent circuit diagram of a pixel of
an OLED display according to another embodiment.
[0038] FIGS. 6A and 6B are schematic plan views of the
pixel of FIG. 5.

[0039] FIG. 7 is a cross-sectional view taken along lines
C-C', D-D, and E-F' of FIG. 6A.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0040] Capacitors used in the pixels of an OLED display
typically include a lower electrode, an upper electrode, and
a dielectric material provided between the lower and upper
electrodes. The capacitance of such a capacitor is propor-
tionate to the overlapping area of the lower and upper
electrodes. Accordingly, as the overlapping area of the lower
and upper electrode decreases, the capacitance of the capaci-
tor also decreases. As the resolution of OLED displays
increases, more pixels are required to be included per unit
area, reducing the available area for each pixel. In order to
normally operate, OLED displays are required to include a
predetermined number of capacitors. Accordingly, capaci-
tors need a new design that is appropriate for high-resolution
OLED displays.

[0041] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
description. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0042] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another
layer, region, or component, it can be directly or indirectly
formed on the other layer, region, or component. That is, for
example, intervening layers, regions, or components may be
present.

[0043] The sizes of elements in the drawings may be
exaggerated for convenience of explanation. In other words,
since the sizes and thicknesses of components in the draw-
ings may be exaggerated, the following embodiments are
not limited thereto.

[0044] FIG. 1 is a schematic block diagram of an OLED
display 1000 according to an embodiment.

[0045] The OLED display 1000 includes a display unit 10
including a plurality of pixels 1, a scan driver 20, a data
driver 30, an emission control driver 40, and a controller 50,
[0046] The display unit 10 is located at the intersection
between a plurality of scan lines SL1 to SLn+1, a plurality
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of data lines DL1 to DLm, and a plurality of emission
control lines EL1 to ELn. The display unit 10 includes the
pixels 1 that are arranged in a matrix. The scan lines SL1 to
SLn+1 and the emission control lines EL1 to ELn extend in
a second direction, i.e., a row direction and the data lines
DL1 to DLm and driving voltage lines ELVDDL extend in
a first direction, i.e., a column direction. In each pixel line,
the n-value of the scan lines SL1 to SLn+1 may differ from
the n-value of the emission control lines EL1 to ELn.
[0047] Each pixel 1 is connected to three scan lines from
among the scan lines SL1 to SLn+1 that extend across the
display unit 10. The scan driver 20 transmits three scan
signals to each pixel 1 via the plurality of scan lines SL1 to
SLn+1. That is, the scan driver 20 sequentially supplies scan
signals via first scan lines SL.2 to SLn, second scan lines SL.1
to SLn-1, or third scan lines SL3 to SLn+1.

[0048] Initialization voltage lines IL receive an initializa-
tion voltage for initializing the display unit 10 from an
external power supply source VINT.

[0049] Each pixel 1 is also connected to one of the data
lines DL1 to DLm that extend across the display unit 10 and
one of the emission control lines EL1 to ELn that extend
across the display unit 10.

[0050] The data driver 30 transmits data signals to the
pixels 1 via the data lines DL1 to DLm. The data signals are
supplied to a pixel selected by a scan signal whenever the
scan signals are supplied via the first scan lines SL2 to
SLao+1.

[0051] The emission control driver 40 generates and trans-
mits emission control signals to the pixels 1 via the emission
control lines EL1 to ELn. The emission control signals
control the emission timing of the pixels 1. The emission
control driver 40 may be omitted depending on the internal
structure of the pixels 1.

[0052] The controller 50 converts a plurality of image
signals R, G, and B that are received from an external source
into a plurality of image data signals DR, DG, and DB and
transmits the image data signals DR, DG, and DB to the data
driver 30. Also, the controller 50 receives vertical synchro-
nization signals Vsync, horizontal synchronization signals
Hsyne, and clock signals MCLK, and generates and trans-
mits control signals for controlling the operation of the scan
driver 20, the data driver 30, and the emission control driver
40. That is, the controller 50 generates scan driver control
signals SCS for controlling the scan driver 20, data driver
control signals DCS for controlling the data driver 30, and
emission driver control signals ECS for controlling the
emission control driver 40, and transmits each signal to its
corresponding driver.

[0053] Each of the pixels 1 receives a first power voltage
ELVDD and a second power voltage ELVSS. The first
power voltage ELVDD may be a predetermined high level
voltage and the second power voltage ELVSS may be a
voltage that is lower than the first power voltage ELVDD or
a ground voltage. The first power voltage ELVDD is pro-
vided to the pixels 1 via the driving voltage lines ELVDDL.
[0054] Each of the pixels 1 emits light having a predeter-
mined brightness based on a driving current that is supplied
to OLEDs according to the data signals received via the data
lines DL1 to DLm.

[0055] FIG. 2 is an equivalent circuit diagram of the pixel
1 of the OLED display 1000 according to an embodiment.
[0056] The pixel 1 of the OLED display 1000 includes a
pixel circuit 2 that includes a plurality of thin film transistors
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(TFTs) T1 to T7 and two storage capacitors, namely, first and
second storage capacitors Cstl and Cst2. The pixel 1 also
includes an OLED that receives a driving current via the
pixel circuit 2 and thus emits light.

[0057] The TFTs T1 to T7 include a driving TFT T1, a
switching TFT T2, a compensation TFT T3, a first initial-
ization TFT T4, a first emission control TFT T5, a second
emission control TFT T6, and a second initialization TFT
T7.

[0058] The pixel 1 includes a first scan line 14 that
transmits a first scan signal Sn to the switching TFT T2 and
the compensation TFT T3, a second scan line 24 that
transmits a second scan signal Sn-1 to the first initialization
TFT T4, and a third scan line 34 that transmits a third scan
signal Sn+1 to the second initialization TFT T7. The pixel 1
also includes an emission control line 15 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 intersects the first scan line 14 and transmits a data
signal Dm, a driving voltage line 26 that transmits the first
power voltage ELVDD, and an initialization voltage line 20
that transmits an initialization voltage VINT to initialize the
driving TFT T1.

[0059] A gate electrode G1 of the driving TFT T1 is
connected to a first electrode C1 of the first storage capacitor
Cstl and a third electrode C3 of the second storage capacitor
Cst2. A source electrode S1 of the driving TFT T1 1is
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 based on a switching operation
of the switching TFT T2 and supplies a driving current Ioled
to the OLED.

[0060] A gate electrode G2 of the switching TFT T2 is
connected to the first scan line 14. 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 to the
driving voltage line 26 via the first emission control TFT T5.
The switching TFT T2 is turned on based on the first scan
signal Sn received via the first scan line 14 and performs a
switching operation in which the data signal Dm received
via the data line 16 is transmitted to the source electrode S1
of the driving TFT T1.

[0061] A gate electrode G3 of the compensation TFT T3 is
connected to the first scan line 14. A source electrode S3 of
the compensation TFT T3 is connected to the drain electrode
D1 of the driving TFT T1 and 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 C1 of the first storage capacitor Cstl, the
third electrode C3 of the second storage capacitor Cst2, a
drain electrode D4 of the first initialization TFT T4, and the
gate electrode G1 of the driving TFT T1. The compensation
TFT T3 is turned on based on the first scan signal Sn
received via the first scan line 14 and connects the driving
TFT T1 to form a diode connection by connecting the gate
electrode G1 and the drain electrode D1 of the driving TFT
T1.

[0062] A gate electrode G4 of the first initialization TFT
T4 is connected to the second scan line 24. A source
electrode S4 of the first initialization TFT T4 is connected to
the initialization voltage line 20. The drain electrode D4 of
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the first initialization TFT T4 is connected to the first
electrode C1 of the first storage capacitor Cstl, the third
electrode C3 of the second storage capacitor Cst2, the drain
electrode D3 of the compensation TFT T3, and the gate
electrode G1 of the driving TFT T1. The first initialization
TFT T4 is turned on based on the second scan signal Sn-1
received via the second scan line 24 and performs an
initialization operation in which the initialization voltage
VINT is transmitted to the gate electrode G1 of the driving
TFT T1 and thus initializes the voltage of the gate electrode
G1 of the driving TFT T1.

[0063] A gate electrode G5 of the first emission control
TFT TS is connected to the emission control line 15. A
source electrode S5 of the first emission control TFT T5 is
connected 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.

[0064] A gate electrode G6 of the second emission control
TFT Té6 is connected to the emission control line 15. A
source electrode S6 of the second emission control TFT T6
is connected 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
electrically connected to the anode electrode of the OLED.
The first and second emission control TFTs T5 and Té6 are
substantially simultaneously turned on based on the emis-
sion control signal En received via the emission control line
15. Then, the first power voltage ELVDD is transmitted to
the OLED, and thus, the driving current Ioled flows in the
OLED.

[0065] A gate electrode G7 of the second initialization
TET T7 is connected to the third scan line 34. A source
electrode S7 of the second initialization TEF'T T7 is connected
to the anode electrode of the OLED. A drain electrode D7 of
the second initialization TFT T7 is connected to the initial-
ization voltage line 20. The second initialization TFT T7 is
turned on based on the third scan signal Sn+1 received via
the third scan line 34 and initializes the anode electrode of
the OLED.

[0066] A second electrode C2 of the first storage capacitor
Cstl is connected to the driving voltage line 26. The first
electrode C1 of the first storage capacitor Cstl is connected
to the gate electrode G1 of the driving TFT T1, the third
electrode C3 of the second storage capacitor Cst2, the drain
electrode D3 of the compensation TFT T3, and the drain
electrode D4 of the first initialization TFT T4.

[0067] The third electrode C3 of the second storage
capacitor Cst2 is connected to the gate electrode G1 of the
driving TFT T1, the first electrode C1 of the first storage
capacitor Cstl, the drain electrode D3 of the compensation
TFT T3, and the drain electrode D4 of the first initialization
TFT T4. A fourth electrode C4 of the second storage
capacitor Cst2 is connected to the initialization voltage line
20.

[0068] The second power voltage ELVSS is applied to a
cathode electrode of the OLED. The OLED displays an
image by receiving the driving current loled from the
driving TFT T1 and thus emits light.

[0069] FIGS. 3A and 3B are schematic plan views of the
pixel 1 of FIG. 2, according to an embodiment. FIGS. 3A
and 3B each illustrate two pixels 1 that are adjacent to each
other (hereinafter, referred to as “two adjacent pixels 17).
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[0070] Referring FIG. 3A, the pixel 1 includes the driving
TFT T1, the switching TFT T2, the compensation TFT T3,
the first initialization TFT T4, the first emission control TFT
T5, the second emission control TFT T6, the second initial-
ization TFT T7, the first storage capacitor Cstl, and the
second storage capacitor Cst2. The OLED is omitted from
the illustration of FIG. 3A.

[0071] The driving TFT T1 includes a driving semicon-
ductor layer Al, a driving gate electrode G1, a driving
source electrode S1, and a driving drain electrode D1. The
driving source electrode S1 is a driving source area in the
driving semiconductor layer A1 which is doped with impu-
rities and the driving drain electrode D1 is a driving drain
area in the driving semiconductor layer A1 which is doped
with impurities. The driving gate electrode G1 is connected
to the first electrode C1 of the first storage capacitor Cstl,
the third electrode C3 of the second storage capacitor Cst2,
a compensation drain electrode D3 of the compensation TFT
T3, and a first initialization drain electrode D4 of the first
mnitialization TFT T4. In the FIG. 3A embodiment, the
driving gate electrode G1 and the first electrode C1 are
integrally formed. Also, the driving gate electrode G1 and
the third electrode C3 are connected via a first contact hole
51. In order to connect the driving gate electrode G1 and the
third electrode C3 via the first contact hole 51, the second
electrode C2 does not completely overlap the first electrode
C1, but includes an opening OP that exposes the first
electrode C1. The driving gate electrode G1, the compen-
sation drain electrode D3, and the first initialization drain
electrode D4 are connected via the third electrode C3
formed in the first contact hole 51 and a second contact hole
52.

[0072] The switching TFT T2 includes a switching semi-
conductor layer A2, a switching gate electrode G2, a switch-
ing source electrode S2, and a switching drain electrode D2.
The switching source electrode S2 is a switching source area
in the switching semiconductor layer A2 which is doped
with impurities and the switching drain electrode D2 is a
switching drain area in the switching semiconductor layer
A2 which is doped with impurities. The switching source
electrode S2 is connected to the data line 16 via a third
contact hole 53. The switching gate electrode G2 is formed
as a portion of the first scan line 14.

[0073] The compensation TFT T3 includes a compensa-
tion semiconductor layer A3, a compensation gate electrode
G3, a compensation source electrode S3, and the compen-
sation drain electrode D3. The compensation source elec-
trode S3 is a compensation source area in the compensation
semiconductor layer A3 which is doped with impurities and
the compensation drain electrode D3 is a compensation
drain area in the compensation semiconductor layer A3
which is doped with impurities. The compensation gate
electrode G3 is formed as a portion of the first scan line 14.
[0074] The first initialization TFT T4 includes a first
initialization semiconductor layer A4, a first initialization
gate electrode G4, a first initialization source electrode S4,
and the first initialization drain electrode D4. The first
initialization source electrode S4 is a first initialization
source area in the first initialization semiconductor layer A4
which is doped with impurities and the first initialization
drain electrode D4 is a first initialization drain area in the
first initialization semiconductor layer A4 which is doped
with impurities. The first initialization source electrode S4
may be connected to the initialization voltage line 20 by
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using a first contact metal CM1 formed in a fourth contact
hole 54. The first initialization drain electrode D4 may be
connected to the third electrode C3 of the second storage
capacitor Cst2 via the second contact hole 52. The first
initialization gate electrode G4 is formed as a portion of the
second scan line 24. A dual gate electrode is formed by
overlapping the first initialization semiconductor layer Ad
and the first initialization gate electrode G4 twice.

[0075] The first emission control TFT T5 includes a first
emission control semiconductor layer A5, a first emission
control gate electrode G5, a first emission control source
electrode S5, and a first emission control drain electrode D5.
The first emission control source electrode S5 is a first
emission control source area in the first emission control
semiconductor layer AS which is doped with impurities and
the first emission control drain electrode D5 is a first
emission control drain area in the first emission control
semiconductor layer A5 which is doped with impurities. The
first emission control source electrode S5 may be connected
to the driving voltage line 26 via a fifth contact hole 55. The
first emission control gate electrode G5 is formed as a
portion of the emission control line 15.

[0076] The second emission control TFT T6 includes a
second emission control semiconductor layer A6, a second
emission control gate electrode G6, a second emission
control source electrode S6, and a second emission control
drain electrode D6. The second emission control source
electrode S6 is a second emission control source area in the
second emission control semiconductor layer A6 which is
doped with impurities and the second emission control drain
electrode D6 is a second emission control drain area in the
second emission control semiconductor layer A6 which is
doped with impurities. The second emission control drain
electrode D6 is connected to the anode electrode of the
OLED by using a second contact metal CM2 formed
through a sixth contact hole 56 and a via hole VIA, both of
which are filled with the second contact metal CM2. The
second emission control gate electrode G6 is formed as a
portion of the emission control line 15.

[0077] The second initialization TFT T7 includes a second
initialization semiconductor layer A7, a second initialization
gate electrode G7, a second initialization source electrode
S7, and a second initialization drain electrode D7. The
second initialization source electrode S7 is a second initial-
ization source area in the second initialization semiconduc-
tor layer A7 which is doped with impurities and the second
initialization drain electrode D7 is a second initialization
drain area in the second initialization semiconductor layer
A7 which is doped with impurities. The second initialization
drain electrode D7 is connected to the initialization voltage
line 20 via the first contact metal CM1 formed through the
fourth contact hole 54. The second initialization source
electrode S7 is connected to the anode electrode of the
OLED via the second contact metal CM2 formed in the sixth
contact hole 56 and a third contact metal CM3 that is
connected to the second contact metal CM2. The second
initialization gate electrode G7 is formed as a portion of the
third scan line 34.

[0078] The first electrode C1 of the first storage capacitor
Cstl is directly connected to the driving gate electrode G1
and may be connected to the third electrode C3 of the second
storage capacitor Cst2 via the first contact hole 51. Also, the
first electrode C1 of the first storage capacitor Cstl is
connected to the first initialization TFT T4 and the compen-
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sation TFT T3 via the third electrode C3 and the first and
second contact holes 51 and 52. The first electrode C1 may
have a floating electrode form and may overlap the driving
semiconductor layer Al.

[0079] Although the second electrode C2 of the first
storage capacitor Cstl overlaps the first electrode Cl1, the
second electrode C2 does not completely cover the first
electrode C1. The second electrode C2 includes the opening
OP that exposes a portion of the first electrode C1. The
opening OP may be the first contact hole 51. The second
electrodes C2 that are formed in the two adjacent pixels 1
may be connected to each other. The driving voltage line 26
may be connected to the center of the second electrodes C2
that are formed in the two adjacent pixels 1 via a seventh
contact hole 57 and thus substantially simultaneously trans-
mits the first power voltage ELVDD to the two adjacent
pixels 1. That is, the two adjacent pixels 1 receive the driving
voltage ELVDD from a single driving voltage line 26 by
using the second electrodes C2 that are formed in the two
adjacent pixels 1.

[0080] The third electrode C3 of the second storage
capacitor Cst2 is connected to the first electrode C1 of the
first storage capacitor Cstl via the first contact hole 51. Also,
the third electrode C3 is connected to the compensation TFT
T3 and the first initialization TFT T4 via the second contact
hole 52. The third electrode C3 and the data line 16 may be
formed on the same layer and the third electrode C3 may
have a floating electrode form. The third electrode C3 may
overlap a portion of the second electrode C2 of the first
storage capacitor Cstl, but does not overlap the first elec-
trode C1. Therefore, as illustrated in FIG. 3B, the second
storage capacitor Cst2 may be separated from the first
storage capacitor Cstl, and the second storage capacitor
Cst2 may have a different storage capacity than the storage
capacity of the first storage capacitor Cstl. Accordingly, it is
possible to solve the problem of decreasing storage capacity
due to increasing resolution in OLED displays. Thus, the
storage capacity in the pixel may be maintained at a similar
level to lower resolution displays.

[0081] The fourth electrode C4 of the second storage
capacitor Cst2 overlaps the third electrode C3. The fourth
electrode C4 is connected to the initialization voltage line 20
that is formed on the same layer as the fourth electrode C4.
In particular, the initialization voltage line 20 and the fourth
electrode C4 may be formed integrally. Since the initializa-
tion voltage line 20 is connected to the first and second
initialization TFTs T4 and T7 via the fourth contact hole 54,
the fourth electrode C4 may also be connected to the first
and second initialization TFTs T4 and T7.

[0082] The first to third scan lines 14, 24, and 34 and the
emission control line 15 are all formed on the same layer and
extend in the second direction. The first to third scan lines
14, 24, and 34 and the emission control line 15 may be
formed between semiconductor layers and first gate elec-
trodes such that the first to third scan lines 14, 24, and 34 and
the emission control line 15 are insulated from the semi-
conductor layers and the first gate electrodes.

[0083] The data line 16 is formed on the same layer as the
third electrode C3 of the second storage capacitor Cst2 and
extends in the first direction.

[0084] The driving voltage line 26 and the initialization
voltage line 20 are formed on the same layer as the fourth
electrode C4 of the second storage capacitor Cst2 and extend
in the first direction.
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[0085] The two adjacent pixels 1 share the driving voltage
line 26. In particular, the driving voltage line 26 is formed
between the two adjacent pixels 1 and extends in the first
direction. The driving voltage line 26 is connected to the first
emission control TFT T5, which is included in each of the
two adjacent pixels 1, via the fifth contact hole 55, and to the
second electrode C2 of the first storage capacitor Cstl,
which is commonly included in the two adjacent pixels 1,
via the seventh contact hole 57. According to the present
embodiment, the two adjacent pixels 1 share the driving
voltage line 26, and thus the two adjacent pixels 1 may form
a symmetrical structure about the driving voltage line 26.
Accordingly, the number of driving voltage lines 26 may be
reduced, and thus, it is possible to obtain more design space
due to the reduction.

[0086] FIG. 4 is a cross-sectional view taken along lines
A-A"and B-B' of FIG. 3A. FIG. 4 illustrates the driving TFT
T1 and the second emission control TFT T6 from among the
plurality of TFTs, the first storage capacitor Cstl, and the
second storage capacitor Cst2.

[0087] Among elements, such as lines, electrodes, and
semiconductor layers, in a cross-section taken along lines
A-A'" and B-B', elements that have little relation to the
driving TFT T1, the second emission control TFT T6, the
first storage capacitor Cstl, and the second storage capacitor
Cst2 are omitted in FIG. 4 so as to clarify features of the
embodiments. Therefore, FIG. 4 may be different from an
actual cross-sectional view taken along lines A-A' and B-B'
of FIG. 3A.

[0088] Referring to FI1G. 4, a buffer layer 101 is formed on
a substrate 100. The buffer layer 101 functions as a barrier
layer and/or blocking layer for preventing impurity ions
from spreading, blocking penetration of moisture or external
air, and planarizing the surface of the substrate.

[0089] The driving semiconductor layer Al of the driving
TFT T1 and the second emission control semiconductor
layer A6 of the second emission control TFT T6 are formed
on the buffer layer 101. The driving and second emission
control semiconductor layers A1 and A6, which are formed
of polysilicon, include a channel area that is not doped with
impurities, and a source area and a drain area which are
respectively formed on both sides of the channel area and
doped with impurities. In this case, the impurities differ
according to the type of TFT, and may be N-type impurities
or P-type impurities. Although not illustrated, the driving
semiconductor layer Al and the second emission control
semiconductor layer A6 may simultaneously formed while
being connected to the switching semiconductor layer A2 of
the switching TFT T2, the compensation semiconductor
layer A3 of the compensation TFT T3, the first initialization
semiconductor layer A4 of the first initialization TFT T4, the
first emission control semiconductor layer A5 of the first
emission control TFT T5, and the second initialization
semiconductor layer A7 of the second initialization TFT T7.
[0090] A first gate insulating layer GI1 is formed on the
entire surface of the substrate 100 to cover the driving and
second emission control semiconductor layers Al and A6.
The first gate insulating layer GI1 may be a single layer or
a plurality of layers formed of an inorganic material such as
silicon oxide or silicon nitride. The first gate insulating layer
GI1 insulates the semiconductor layers from the first gate
electrodes. According to an embodiment, the first gate
insulating layer GI1 is thicker than a second gate insulating
layer G12 or a third gate insulating layer GI3 which will be
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described below. The first gate insulating layer GI1 insulates
the semiconductor layers of the switching TFT T2, the
compensation TFT T3, the first initialization TFT T4, the
first emission control TFT T5, the second emission control
TFT T6, and the second initialization TFT T7 from the first
gate electrodes. The “first gate electrodes” will be described
in detail below. When the first gate insulating layer GI1 is
thick, a parasitic capacitance between the semiconductor
layers and the first gate electrodes may be reduced, and thus,
stains may be reduced or removed from images displayed by
the OLED display.

[0091] The second emission control gate electrode G6 of
the second emission control TFT T6 is formed on the first
gate insulating layer GI1. Also, although not illustrated, the
switching gate electrode G2 of the switching TFT T2, the
compensation gate electrode G3 of the compensation TFT
T3, the first initialization gate electrode G4 of the first
initialization TFT T4, the second initialization gate electrode
(7 of the second initialization TFT T7, and the first emission
control gate electrode G5 of the first emission control TFT
T5 are simultaneously formed with the second emission
control gate electrode G6. The “first gate electrodes™ as used
in this embodiment refers to the switching gate electrode G2,
the compensation gate electrode G3, the first initialization
gate electrode G4, the first emission control gate electrode
G5, the second emission control gate electrode G6, and the
second initialization gate electrode G7 which are formed of
a first gate line GL1 material. The first gate electrodes are
defined by semiconductor layers that overlap the first to third
scan lines 14, 24, and 34 and the emission control line 15.
Therefore, a process of forming the first gate electrodes is
thus a process of forming the first to third scan lines 14, 24,
and 34 and the emission control line 15. The first gate line
GL1 material may include at least one metal selected from
the group of aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), lithium (Li),
calcium (Ca), molybdenum (Mo), titanium (Ti), tungsten
(W), and copper (Cu).

[0092] The second gate insulating layer GI2 may be
stacked on the entire surface of the substrate 100 to cover the
first gate electrodes. The second gate insulating layer GI2
may be a single layer or a plurality of layers formed of an
inorganic material such as silicon oxide or silicon nitride.
The second gate insulating layer GI2 insulates the first and
second gate electrodes from each other. The “second gate
electrodes” will be described in detail below. The second
gate insulating layer GI2 is thinner than the first gate
insulating layer GI1.

[0093] The driving gate electrode G1 of the driving TFT
T1 and the first electrode C1 of the first storage capacitor
Cstl connected thereto are formed on the second gate
insulating layer GI2. The “second gate electrodes™ as used in
this embodiment refers to the driving gate electrode G1 and
the first electrode C1 that are formed of a second gate line
GL2 material. Similar to the first gate line GL1 material, the
second gate line GL.2 material may also include at least one
metal selected from the group of Al, Pt, Pd, Ag, Mg, Au, Ni,
Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

[0094] According to an embodiment, in the driving TFT
T1, the first and second gate insulating layers GI1 and GI2
are formed between the driving semiconductor layer Al and
the driving gate electrode G1 so that the driving semicon-
ductor layer Al and the driving gate electrode G1 are
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insulated from each other. Therefore, by forming a thick
insulating layer between the driving semiconductor layer Al
and the driving gate electrode G1, the parasitic capacitance
between the driving semiconductor layer Al and the driving
gate electrode G1 is reduced. Accordingly, the gate voltage
Vgs, which is applied to the driving gate electrode G,
increases to a wider driving range, and the magnitude of the
gate voltage Vigs may be changed so that light emitted from
the OLED has a finer gradation in gray scales. That is, since
the driving TFT T1 has a wide driving range by forming a
thick insulating layer between the driving semiconductor
layer Al and the driving gate electrode G1, the driving
semiconductor layer A1 does not have to be formed rela-
tively long to increase the driving range of the driving TFT
T1. Therefore, the driving semiconductor layer A1 may be
designed to be short, and thus, the entire size of the driving
TFT T1, and more particularly, the size of the driving gate
electrode G1 and the overall size occupied by the each of the
pixels can be reduced. Thus, the resolution of the OLED
display can be increased.

[0095] The third gate insulating layer G13 is stacked on
the entire surface of the substrate 100 to cover the second
gate electrodes. The third gate insulating layer G13 may be
a single layer or a plurality of layers formed of an inorganic
material such as silicon oxide or silicon nitride. The third
gate insulating layer G13 insulates the second gate elec-
trodes and third gate electrode, and functions as a dielectric
layer between the first and second electrodes C1 and C2 of
the first storage capacitor Cstl. The “third gate electrode”
will be described in detail below. The third gate insulating
layer G13 is thinner than the first gate insulating layer GT1
so as to increase the storage capacity of the first storage
capacitor Cstl.

[0096] The second electrode C2 of the first storage capaci-
tor Cstl is formed on the third gate insulating layer G13. The
“third gate electrode” as used in this embodiment refers to
the second electrode C2 that is formed of a third gate line
GL3 material. Similar to the first and second gate lines GL1
and GL2 materials, the third gate line GL3 material may also
include at least one metal selected from the group of Al, Pt,
Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.
[0097] According to an embodiment, the first storage
capacitor Cstl overlaps the driving TFT T1. In particular,
since the driving gate electrode G1 and the first electrode C1
are integrally formed in some embodiments, the first storage
capacitor Cstl overlaps the driving TFT T1. However, as
described above, when the size of the driving TFT T1, and
more particularly, the size of the driving gate electrode G1,
is reduced in order to manufacture increase the resolution of
the OLED display, the size of the first electrode C1 is also
reduced. Thus, the storage capacity of the first storage
capacitor Cstl is reduced according to Equation 1 below. In
Equation 1, “C” is the storage capacity of a storage capaci-
tor, “e” is the dielectric constant, “A” is the area the overlap
between the electrodes of the capacitor, and “d” is the
distance between the overlapping electrodes.

A [Equation 1]

[0098] A substantially uniform storage capacity should be
maintaired in each pixel so that the gray scales can be
substantially consistently displayed in the OLED display
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without any faults. Therefore, a design for maintaining or
supplementing the reduced storage capacity of the first
storage capacitor Cstl may be necessary. According to an
embodiment, the second storage capacitor Cst2 is separately
formed from the first storage capacitor Cstl so as to maintain
or supplement the storage capacity of first storage capacitor
Cstl in each pixel.

[0099] A firstinterlayer insulating layer ILD1 is formed on
the entire surface of the substrate 100 to cover the second
electrode C2 of the first storage capacitor Cstl. The first
interlayer insulating layer ILD1 may be formed of an
organic insulating material, an inorganic insulating material,
or have a multi-layer structure in which organic and inor-
ganic insulating materials are alternately formed. For
example, the inorganic insulating material may include a
metal oxide or a metal nitride, such as silicon oxide (Si0,),
silicon nitride (SiN,), silicon oxynitride (SiON), aluminum
oxide (Al,0;), titanium oxide (TiO,), tantalum oxide
(Ta,Os), hafnium oxide (HfO,), or zinc oxide (ZnO,). The
first interlayer insulating layer ILD1 insulates the third gate
electrode from first data electrodes. The “first data elec-
trodes” will be described in detail below.

[0100] The third electrode C3 of the second storage
capacitor Cst2 is formed on the first interlayer insulating
layer ILD1. Although not illustrated, the data line 16, and the
first and second contact metals CM1 and CM2 are simulta-
neously formed with the third electrode C3. The third
electrode C3 is connected to the first electrode C1 via the
first contact hole 51 formed in the third gate insulating layer
GI3 and the first interlayer insulating layer ILD1. The third
electrode C3 is connected to the compensation TFT T3 and
the first initialization TFT T4 via the second contact hole 52
formed in the first to third gate insulating layers GI1 to GI3,
and the first interlayer insulating layer ILD1. The “first data
electrodes” as used in this embodiment refers to the third
electrode C3, the data line 16, and the first and second
contact metals CM1 and CM2 which are formed of a first
data line DAT1 material. The first data line DAT1 material
may include at least one metal selected from the group of Al
Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, L1, Ca, Mo, Ti, W, and
Cu.

[0101] According to some embodiments, the third elec-
trode C3 does not overlap the first storage capacitor Cstl.
Therefore, the first and second storage capacitors Cstl and
Cst2 may be separated. Accordingly, the storage capacity in
each pixel may be substantially equal to the sum of the
storage capacities of the first and second storage capacitors
Cstl and Cst2.

[0102] A second interlayer insulating layer ILD2 is
stacked on the entire surface of the substrate 100 to cover the
third electrode C3. The second interlayer insulating layer
1LD2 may be formed of an organic insulating material, an
inorganic insulating material, or have a multi-layer structure
in which organic and inorganic insulating materials are
alternately formed. The second interlayer insulating layer
ILD2 insulates the first data electrode and second data
electrodes and functions as a dielectric layer of the second
storage capacitor Cst2. The “second data electrodes” will be
described in detail below.

[0103] The fourth electrode C4 of the second storage
capacitor Cst2 is formed on the second interlayer insulating
layer ILD2. Although not illustrated, the initialization volt-
age line 20 that is connected to the fourth electrode C4, the
driving voltage line 26, and the third contact metal CM3, are
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simultaneously formed with the fourth electrode C4. The
fourth electrode C4 and the initialization voltage line 20 may
be integrally formed, and the fourth electrode C4 is con-
nected to the first and second initialization TFTs T4 and T7
by using the first contact metal CM1 of the fourth contact
hole 54. The “second data electrodes” as used in this
embodiment refers to the fourth electrode C4, the initializa-
tion voltage line 20, the driving voltage line 26, and the third
contact metal CM3 which are formed of a second data line
DAT?2 material. The second data line DAT2 material may
include at least one metal selected from the group of Al, Pt,
Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.
[0104] A protection layer PL is formed on the entire
surface of the substrate 100 to cover the fourth electrode C4.
An anode electrode 111 is formed on the protection layer PL.
The anode electrode 111 is connected to the second and third
contact metals CM2 and CM3 formed in the sixth contact
hole 56 via the via hole VIA, and thus is connected to the
second emission control drain electrode D6 and the second
initialization source electrode S7.

[0105] Although not illustrated in FIG. 3A, the anode
electrode 111 of the OLED is illustrated in FIG. 4 for the
convenience of description. The OLED includes the anode
electrode 111 and a cathode electrode (not shown) facing the
anode electrode 111. An intermediate layer (not shown) that
includes an organic emission layer is provided between the
anode electrode 111 and the cathode electrode.

[0106] InFIGS. 3A and 4, the source and drain electrodes
of the TFTs that are not connected to other lines are formed
on the same layer as corresponding semiconductor layers.
That is, the source and drain electrodes of each of the TFTs
may be selectively formed of polysilicon that is doped with
a doping material. However, the embodiments of the
described technology are not limited thereto. The TFTs
according to another embodiment include source and drain
electrodes that are formed on a different layer from the
corresponding semiconductor layers and are connected to
source and drain areas of the corresponding semiconductor
layers via a contact hole.

[0107] FIG. 5 is an equivalent circuit diagram of a pixel 1
of the OLED display 1000, according to another embodi-
ment.

[0108] The pixel 1 of the OLED display 1000 of the
embodiment of FIG. 5 includes a pixel circuit 2 that includes
a plurality of TFTs T1 to T7 and two storage capacitors,
namely, first and second storage capacitors Cstl and Cst2.
The pixel 1 includes an OLED that receives a driving current
Toled via the pixel circuit 2 and thus emits light.

[0109] The plurality of TFTs T1 to T7 include a driving
TFTT1, a switching TFT T2, a compensation TFT T3, a first
initialization TFT T4, a first emission control TFT T5, a
second emission control TFT T6, and a second initialization
TFT T7.

[0110] The pixel 1 includes a first scan line 14 that
transmits a first scan signal Sn to the switching TFT T2 and
the compensation TFT T3, a second scan line 24 that
transmits a second scan signal Sn-1 to the first initialization
TFT T4, and a third scan line 34 that transmits a third scan
signal Sn+1 to the second initialization TFT T7. The pixel 1
also includes an emission control line 15 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 intersects the first scan line 14 and transmits a data
signal Dm, a driving voltage line 26 that transmits the first
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power voltage ELVDD, and an initialization voltage line 20
that transmits an initialization voltage VINT to initialize the
driving TFT T1.

[0111] A gate electrode G1 of the driving TFT T1 is
connected to a first electrode C1 of the first storage capacitor
Cstl and a third electrode C3 of the second storage capacitor
Cst2. A source electrode S1 of the driving TFT T1 is
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 based on a switching operation
of the switching TFT T2 and supplies a driving current Ioled
to the OLED.

[0112] A gate electrode G2 of the switching TFT T2 is
connected to the first scan line 14. 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 to the
driving voltage line 26 via the first emission control TFT T5.
The switching TFT T2 is turned on based on the first scan
signal Sn received via the first scan line 14 and performs a
switching operation in which the data signal Dm received
via the data line 16 is transmitted to the source electrode S1
of the driving TFT T1.

[0113] A gate electrode G3 of the compensation TFT T3 is
connected to the first scan line 14. A source electrode S3 of
the compensation TFT T3 is connected to the drain electrode
D1 of the driving TFT T1 and 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 C1 of the first storage capacitor Cstl, the
third electrode C3 of the second storage capacitor Cst2, a
drain electrode D4 of the first initialization TFT T4, and the
gate electrode G1 of the driving TFT T1. The compensation
TFT T3 is turned on based on the first scan signal Sn
received via the first scan line 14 and connects the driving
TFT T1 to form a diode connection by connecting the gate
electrode G1 and the drain electrode D1 of the driving TFT
T1.

[0114] A gate electrode G4 of the first initialization TFT
T4 is connected to the second scan line 24. A source
electrode S4 of the first initialization TFT T4 is connected to
the initialization voltage line 20. The drain electrode D4 of
the first initialization TFT T4 is connected to the first
electrode C1 of the first storage capacitor Cstl, the third
electrode C3 of the second storage capacitor Cst2, the drain
electrode D3 of the compensation TFT T3, and the gate
electrode G1 of the driving TFT T1. The first initialization
TFT T4 is turned on based on the second scan signal Sn-1
received via the second scan line 24 and performs an
initialization operation in which the initialization voltage
VINT is transmitted to the gate electrode G1 of the driving
TFT T1 and thus initializes a voltage of the gate electrode
G1 of the driving TFT T1.

[0115] A gate electrode G5 of the first emission control
TFT T5 is connected to the emission control line 15. A
source electrode S5 of the first emission control TFT T5 is
connected 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.

[0116] A gate electrode G6 of the second emission control
TFT T6 is connected to the emission control line 15. A
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source electrode S6 of the second emission control TFT T6
is connected 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
electrically connected to the anode electrode of the OLED.
The first and second emission control TFTs T5 and T6 are
substantially simultaneously turned on based on the emis-
sion control signal En received via the emission control line
15. Then, the first power voltage ELVDD is transmitted to
the OLED, and thus, the driving current Ioled flows in the
OLED.

[0117] A gate electrode G7 of the second initialization
TFT T7 is connected to the third scan line 34. A source
electrode S7 of the second initialization TFT 17 is connected
to the anode electrode of the OLED. A drain electrode D7 of
the second initialization TFT T7 is connected to the initial-
ization voltage line 20. The second initialization TFT T7 is
turned on based on the third scan signal Sn+1 received via
the third scan line 34 and initializes the anode electrode of
the OLED.

[0118] A second electrode C2 of the first storage capacitor
Cstl is connected to the driving voltage line 26. The first
electrode C1 of the first storage capacitor Cstl is connected
to the gate electrode G1 of the driving TFT T1, the third
electrode C3 of the second storage capacitor Cst2, the drain
electrode D3 of the compensation TFT T3, and the drain
electrode D4 of the first initialization TFT T4.

[0119] The third electrode C3 of the second storage
capacitor Cst2 is connected to the gate electrode G1 of the
driving TFT T1, the first electrode C1 of the first storage
capacitor Cstl, the drain electrode D3 of the compensation
TFT T3, and the drain electrode D4 of the first initialization
TFT T4. A fourth electrode C4 of the second storage
capacitor Cst2 is connected to the second scan line 24.
[0120] The second power voltage ELVSS is applied to a
cathode electrode of the OLED. The OLED displays an
image by receiving the driving current loled from the
driving TFT T1 and thus emits light.

[0121] FIGS. 6A and 6B are schematic plan views of the
pixel 1 of FIG. 5. FIGS. 6A and 6B each illustrate two
adjacent pixels 1.

[0122] Referring FIG. 6A, the pixel 1 includes the driving
TFT T1, the switching TFT T2, the compensation TFT T3,
the first initialization TFT T4, the first emission control TFT
T35, the second emission control TFT T6, the second initial-
ization TFT T7, the first storage capacitor Cstl, and the
second storage capacitor Cst2. The OLED is omitted in FIG.
6A.

[0123] The driving TFT T1 includes a driving semicon-
ductor layer Al, a driving gate electrode G1, a driving
source electrode S1, and a driving drain electrode D1. The
driving source electrode S1 is a driving source area in the
driving semiconductor layer A1 which is doped with impu-
rities and the driving drain electrode D1 is a driving drain
area in the driving semiconductor layer A1 which is doped
with impurities. The driving gate electrode G1 is connected
to the first electrode C1 of the first storage capacitor Cstl,
the third electrode C3 of the second storage capacitor Cst2,
a compensation drain electrode D3 of the compensation TFT
T3, and a first initialization drain electrode D4 of the first
initialization TFT T4. In particular, the driving gate elec-
trode G1 and the first electrode C1 are integrally formed on
the same layer. The driving gate electrode G1 and the third
electrode C3 are connected by using a first contact metal
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CM1 formed in a first contact hole 51. The driving gate
electrode G1. the compensation drain electrode D3, and the
first initialization drain electrode D4 are connected by using
the first contact metal CM1 formed in each of the first
contact hole 51 and a second contact hole 52.

[0124] The switching TFT T2 includes a switching semi-
conductor layer A2, a switching gate electrode G2, a switch-
ing source electrode S2, and a switching drain electrode D2.
The switching source electrode S2 is a switching source area
in the switching semiconductor layer A2 which is doped
with impurities and the switching drain electrode D2 is a
switching drain area in the switching semiconductor layer
A2 which is doped with impurities. The switching source
electrode S2 is connected to the data line 16 via a third
contact hole 53. The switching drain electrode D2 is con-
nected to the driving TFT T1 and the first emission control
TFT T5. The switching gate electrode G2 is formed as a
portion of the first scan line 14.

[0125] The compensation TFT T3 includes a compensa-
tion semiconductor layer A3, a compensation gate electrode
G3, a compensation source electrode S3, and the compen-
sation drain electrode D3. The compensation source elec-
trode S3 is a compensation source area in the compensation
semiconductor layer A3 which is doped with impurities and
the compensation drain electrode D3 is a compensation
drain area in the compensation semiconductor layer A3
which is doped with impurities. The compensation gate
electrode G3 forms a dual gate electrode by using a portion
of the first scan line 14 and a portion of a line that protrudes
and extends from the first scan line 14, and thus prevents
leakage current.

[0126] The first initialization TFT T4 includes a first
initialization semiconductor layer Ad, a first initialization
gate electrode G4, a first initialization source electrode 34,
and the first initialization drain electrode D4. The first
initialization source electrode S4 is a first initialization
source area in the first initialization semiconductor layer A4
which is doped with impurities, and the first initialization
drain electrode D4 is a first initialization drain area in the
first initialization semiconductor layer A4 which is doped
with impurities. The first initialization source electrode S4
may be connected to the compensation TFT T3. The first
initialization drain electrode D4 may be connected to a
fourth electrode C4 of the second storage capacitor Cst2 via
the second contact hole 52, and to the driving gate electrode
G1 and the first electrode C1 by using the first contact metal
CM1 formed in the first and second contact holes 51 and 52.
The first initialization gate electrode G4 is formed by a
portion of the second scan line 24. A dual gate electrode is
formed by overlapping the first initialization semiconductor
layer A4 and the first initialization gate electrode G4 twice.

[0127] The first emission control TFT T5 includes a first
emission control semiconductor layer AS, a first emission
control gate electrode G5, a first emission control source
electrode S5, and a first emission control drain electrode D5.
The first emission control source electrode S5 is a first
emission control source area in the first emission control
semiconductor layer AS which is doped with impurities and
the first emission control drain electrode D5 is a first
emission control drain area in the first emission control
semiconductor layer A5 which is doped with impurities. The
first emission control source electrode S5 may be connected
to the driving voltage line 26 via a fourth contact hole 54.

Jul. 19,2018

The first emission control gate electrode G5 is formed as a
portion of the emission control line 15.

[0128] The second emission control TFT Té includes a
second emission control semiconductor layer A6, a second
emission control gate electrode G6, a second emission
control source electrode S6, and a second emission control
drain electrode D6. The second emission control source
electrode S6 is a second emission control source area in the
second emission control semiconductor layer A6 which is
doped with impurities and the second emission control drain
electrode D6 is a second emission control drain area in the
second emission control semiconductor layer A6 which is
doped with impurities. The second emission control drain
electrode D6 is connected to the anode electrode of the
OLED via a second contact metal CM2 formed through a
fifth contact hole 55 and a via hole VIA, both of which are
filled with the second contact metal CM2. The second
emission control gate electrode G6 is formed by a portion of
the emission control line 15.

[0129] The second initialization TFT T7 includes a second
initialization semiconductor layer A7, a second initialization
gate electrode (G7, a second initialization source electrode
S7, and a second initialization drain electrode D7. The
second initialization source electrode S7 is a second initial-
ization source area in the second initialization semiconduc-
tor layer A7 which is doped with impurities and the second
initialization drain electrode D7 is a second initialization
drain area in the second initialization semiconductor layer
A7 which is doped with impurities. The second initialization
source electrode S7 may be connected to the initialization
voltage line 20 via a sixth contact hole 56, and the second
initialization drain electrode D7 may be connected to the
anode electrode of the OLED by using the second contact
metal CM2 formed through the fifth contact hole 55 and the
via hole VIA, both of which are filled with the second
contact metal CM2. The second initialization gate electrode
G7 is formed as a portion of the third scan line 34.

[0130] The first electrode C1 of the first storage capacitor
Cstl is directly connected to the driving gate electrode G1
and may be connected to the third electrode C3 of the second
storage capacitor Cst2 via the first contact metal CM1
formed in the first contact hole 51. Also, the first electrode
C1 of the first storage capacitor Cstl is connected to the first
initialization TFT T4 and the compensation TFT T3 by using
the first contact metal CM1 formed in the first and second
contact holes 51 and 52. The first electrode C1 may have a
floating electrode form and may overlap the driving semi-
conductor layer Al.

[0131] Although the second electrode C2 of the first
storage capacitor Cstl overlaps the first electrode Cl1, the
second electrode C2 does not completely cover the first
electrode C1. The second electrode C2 includes an opening
OP that exposes a portion of the first electrode C1. The
opening OP may be the first contact hole 51. The second
electrodes C2 that are formed in the two adjacent pixels 1
may be connected to each other. The driving voltage line 26
may be connected to the center of the second electrodes C2
that are formed in the two adjacent pixels 1 via a seventh
contact hole 57, and thus may substantially simultaneously
transmit the first power voltage ELVDD to the two adjacent
pixels 1. That is, the two adjacent pixels 1 receive the driving
voltage ELVDD from a single driving voltage line 26 by
using the second electrodes C2 that are formed in the two
adjacent pixels 1.
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[0132] The third electrode C3 of the second storage
capacitor Cst2 is connected to the first electrode C1 of the
first storage capacitor Cstl and the driving gate electrode G1
via the first contact metal CM1 formed in the first contact
hole 51. Also, the third electrode C3 is connected to the
compensation drain electrode D3 and the first initialization
drain electrode D4 via the second contact hole 52. The third
electrode C3 and the data line 16 may be formed on the same
layer. The third electrode C3 is separated from the first
storage capacitor Cstl and does not overlap the first storage
capacitor Cstl. Therefore, as illustrated in FIG. 6B, the
second storage capacitor Cst2 may be separated from the
first storage capacitor Cstl and the second storage capacitor
Cst2 may have a separate storage capacity different from the
storage capacity of the first storage capacitor Cstl. Accord-
ingly, it is possible to solve the problem of decreasing
storage capacity in pixels that may occur due to an increase
in OLED display resolution. Thus, the storage capacity in
each of the pixels may be maintained with a value that is
similar to that of the standard OLED display.

[0133] The fourth electrode C4 of the second storage
capacitor Cst2 overlaps the third electrode C3. The fourth
electrode C4 and the second scan line 24 are formed on the
same layer. In particular, the fourth electrode C4 is formed
by a portion of the second scan line 24. Since the second
scan line 24 forms the first initialization gate electrode G4,
the fourth electrode C4 may be connected to the first
initialization TFT T4.

[0134] The first to third scan lines 14, 24, and 34 and the
emission control line 15 are all formed on the same layer and
extend in the second direction. The first to third scan lines
14, 24, and 34 and the emission control line 15 may be
formed on the same layer as the first electrode C1 of the first
storage capacitor Cstl and the fourth electrode C4 of the
second storage capacitor Cst2.

[0135] The data line 16, the driving voltage line 26, and
the initialization voltage line 20 are formed on the same
layer as the third electrode C3 of the second storage capaci-
tor Cst2 and extend in the first direction.

[0136] The two adjacent pixels 1 share the driving voltage
line 26. In particular, the driving voltage line 26 is formed
between the two adjacent pixels 1 and extends in the first
direction. The driving voltage line 26 is connected to the first
emission control TFT T5, which is included in each of the
two adjacent pixels 1, via the fifth contact hole 55, and to the
second electrode C2 of the first storage capacitor Cstl,
which is commonly included in the two adjacent pixels 1,
via the seventh contact hole 57. According to the embodi-
ment of FIGS. 6A and 6B, the two adjacent pixels 1 share the
driving voltage line 26, and thus the two adjacent pixels 1
may form a substantially symmetrical structure about the
driving voltage line 26. Accordingly, the number of driving
voltage lines 26 may be reduced, and thus, it is possible to
obtain more design space due to this reduction.

[0137] FIG. 7 is a cross-sectional view taken along lines
C-C', D-D', and E-E' of FIG. 6A. FIG. 7 illustrates the
driving TFT T1 and the second emission control TFT T6, the
first storage capacitor Cstl, and the second storage capacitor
Cst2.

[0138] Among elements such as lines, electrodes, and
semiconductor layers, in a cross-section taken along lines
A-A' and B-B', elements that have little relation to the
driving TFT T1, the second emission control TFT T6, the
first storage capacitor Cstl, and the second storage capacitor

Jul. 19,2018

Cst2 are omitted in FIG. 7 so as to clarify the features of the
embodiment illustrated in FIGS. 6 A and 6B. Therefore, FIG.
7 may be different from an actual cross-sectional view taken
along lines C-C', D-D', and E-E' of FIG. 6A.

[0139] Referring to FIG. 7, a buffer layer 101 is formed on
a substrate 100. The buffer layer 101 functions as a barrier
layer and/or blocking layer for preventing impurity ions
from spreading, blocking penetration of moisture or external
air, and planarizing the surface of the substrate 100.
[0140] The driving semiconductor layer Al of the driving
TFT T1 and the second emission control semiconductor
layer A6 of the second emission control TFT T6 are formed
on the buffer layer 101. The driving and second emission
control semiconductor layers A1 and A6, which are formed
of polysilicon, include a channel area that is not doped with
impurities, and a source area and a drain area which are
respectively formed on both sides of the channel area and
doped with impurities. In the embodiment of FIG. 7, the
impurities differ according to the type of TFT, and may be
N-type impurities or P-type impurities. Although not illus-
trated, the driving semiconductor layer A1 and the second
emission control semiconductor layer A6 may be simulta-
neously formed while being connected to the switching
semiconductor layer A2 of the switching TFT T2, the
compensation semiconductor layer A3 of the compensation
TFT T3, the first initialization semiconductor layer A4 of the
first initialization TFT T4, the second initialization semi-
conductor layer A7 of the second initialization TFT T7, and
the first emission control semiconductor layer A5 of the first
emission control TFT T5.

[0141] A first gate insulating layer GI1 is formed on the
entire surface of the substrate 100 to cover the driving and
second emission control semiconductor layers A1 and A6.
The first gate insulating layer GI1 may be a single layer or
layers formed of an inorganic material such as silicon oxide
or silicon nitride. The first gate insulating layer GI1 insulates
the semiconductor layers from the first gate electrodes.
According to an embodiment, the first gate insulating layer
G11 is thicker than a second gate insulating layer GI12 which
will be described below. The first gate insulating layer GI1
insulates the semiconductor layers of the driving TFT T1,
the switching TFT T2, the compensation TFT T3, the first
initialization TFT T4, the first emission control TFT T5, the
second emission control TFT T6, and the second initializa-
tion TFT T7 from the first gate electrodes. The “first gate
electrodes” will be described in detail below. When the first
gate insulating layer GI1 is thick, a parasitic capacitance
formed between the semiconductor layers and the first gate
electrodes may be reduced, and thus, stains may be reduced
or removed from images displayed by the OLED display. In
addition, in the driving TFT T1, the parasitic capacitance
between the driving semiconductor layer Al and the driving
gate electrode G1 is reduced, and thus, a gate voltage Vgs,
which is applied to the driving gate electrode G1, has a wide
driving range. Accordingly, a magnitude of the gate voltage
Vgs may be changed so that light emitted from the OLED
has more various gray scales.

[0142] The second emission control gate electrode G6 of
the second emission control TFT T6, the driving gate
electrode G1 of the driving TFT T1, the first electrode C1 of
the first storage capacitor Cstl, and the fourth electrode C4
of the second storage capacitor Cst2 are formed on the first
gate insulating layer GI1. Also, although not illustrated, the
switching gate electrode G2 of the switching TFT T2, the
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compensation gate electrode G3 of the compensation TFT
T3, the first initialization gate electrode G4 of the first
initialization TFT T4, the second initialization gate electrode
G7 of the second initialization TFT T7, and the first emission
control gate electrode G5 of the first emission control TFT
T5 are simultaneously formed with the second emission
control gate electrode G6, the driving gate electrode G1, the
first electrode C1, and the fourth electrode C4. The “first
gate electrodes” as used in this embodiment refers to the
driving gate electrode G1, the switching gate electrode G2,
the compensation gate electrode G3, the first initialization
gate electrode G4, the first emission control gate electrode
G5, the second emission control gate electrode G6, the
second initialization gate electrode G7, the first electrode
(1, and the fourth electrode C4 which are formed of a first
gate line GL1 material.

[0143] The switching gate electrode G2, the compensation
gate electrode G3, the first initialization gate electrode G4,
the first emission control gate electrode G5, the second
emission control gate electrode G6, and the second initial-
ization gate electrode G7 are defined by semiconductor
layers that overlap the first to third scan lines 14, 24, and 34
and the emission control line 15. Also, the fourth electrode
C4 is a portion of the second scan line 24. Therefore, a
process of forming the switching gate electrode G2, the
compensation gate electrode G3, the first initialization gate
electrode G4, the first emission control gate electrode G5,
the second emission control gate electrode G6, the second
initialization gate electrode G7, and the fourth electrode C4
is thus a process of forming the first to third scan lines 14,
24, and 34 and the emission control line 15. The driving gate
electrode G1 and the first electrode C1 are integrally formed.
The first gate line GLL1 material may include at least one
metal selected from the group of Al, Pt, Pd, Ag, Mg, Au, Ni,
Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

[0144] According to an embodiment, the first storage
capacitor Cstl overlaps the driving TFT T1. In particular,
since the driving gate electrode G1 and the first electrode C1
are integrally formed in this embodiment, the first storage
capacitor Cstl has to overlap the driving TFT T1. However,
when the entire size of the driving TFT T1, more particu-
larly, a size of the driving gate electrode G1, is reduced in
order to manufacture a high-resolution OLED display, the
size of the first electrode C1 is also reduced, and thus, the
storage capacity of the first storage capacitor Cst1 is reduced
according to Equation 1 below. In Equation 1, “C” is the
storage capacity of a storage capacitor, “c” is the dielectric
constant, “A” is the overlapping area of the two electrodes
of the storage capacitor, and “d” is the distance between the
overlapping electrodes.

[Equation 1]

[0145] A substantially uniform storage capacity should to
be maintained in a pixel so that gray scales are displayed by
the OLED display without error. Therefore, a design for
maintaining or supplementing the reduced storage capacity
of the first storage capacitor Cstl is necessary. According to
an embodiment, the second storage capacitor Cst2 is sepa-
rately formed from the first storage capacitor Cstl so as to
maintain or supplement the total storage capacity of the
capacitors in each pixel.
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[0146] The second gate insulating layer GI2 may be
stacked on the entire surface of the substrate 100 to cover the
first gate electrodes. The second gate insulating layer GI2
may be a single layer or layers formed of an inorganic
material such as silicon oxide or silicon nitride. The second
gate insulating layer GI2 insulates the first and second gate
electrodes from each other. The “second gate electrode” will
be described in detail below. Also, the second gate insulating
layer GI2 functions as a dielectric layer of the first storage
capacitor Cstl. In order to increase the storage capacity of
the first storage capacitor Cstl based on Equation 1, the
second gate insulating layer GI2 is thinner than the first gate
insulating layer GI1.

[0147] The second electrode C2 of the first storage capaci-
tor Cstl is formed on the second gate insulating layer GI2.
The second electrode C2 overlaps the first electrode C1.
However, the second electrode C2 includes the opening OP
that exposes a portion of the first electrode C1. The opening
OP may be the first contact hole 51. The first electrode C1
may be connected to the third electrode C3 via the first
contact hole 51. The “second gate electrode” as used in this
embodiment refers to the second electrode C2 that is formed
of a second gate line GL2 material. Similar to the first gate
line GL1 material, the second gate line GL.2 material may
also include at least one metal selected from the group of Al,
Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and
Cu.

[0148] The first interlayer insulating layer ILD1 is formed
on the entire surface of the substrate 100 to cover the second
electrode C2 of the first storage capacitor Cstl. The first
interlayer insulating layer ILD1 may be formed of an
organic insulating material, an inorganic insulating material,
or have a multi-layer structure in which organic and inor-
ganic insulating materials are alternately formed. For
example, the inorganic insulating material may include a
metal oxide or a metal nitride, such as silicon oxide (SiO,),
silicon nitride (SiN,), silicon oxynitride (SiON), aluminum
oxide (Al,O,), ftitanium oxide (TiO,), tantalum oxide
(Ta,Os), hatnium oxide (HfO,), or zinc oxide (ZnO,). The
first interlayer insulating layer ILD1 insulates the second
electrode C2 from the first electrode C1. Also, the first
interlayer insulating layer ILD1, together with the second
gate insulating layer GI2, functions as a dielectric layer of
the second storage capacitor Cst2.

[0149] The third electrode C3 of the second storage
capacitor Cst2 is formed on the first interlayer insulating
layer ILD1. The third electrode C3 overlaps the fourth
electrode C4 to form the second storage capacitor Cst2.
Although not illustrated, the data line 16, the driving voltage
line 26, and the first and second contact metals CM1 and
CM2 are simultaneously formed with the third electrode C3.
The third electrode C3 is connected to the first electrode C1
via the first contact hole 51 formed in the second gate
insulating layer GI2 and the first interlayer insulating layer
ILD1. The third electrode C3 is connected to the compen-
sation TFT T3 and the first initialization TFT T4 via the
second contact hole 52 formed in the first and second gate
insulating layers GI1 and GI2, and the first interlayer insu-
lating layer ILD1. “Data electrodes” as used in this embodi-
ment refers to the third electrode C3, the data line 16, the
driving voltage line 26, and the first and second contact
metals CM1 and CM2 which are formed of a data line DAT
material. The data line DAT material may include at least
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one metal selected from the group of Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.
[0150] According to at least one embodiment, the second
storage capacitor Cst2 does not overlap the first storage
capacitor Cstl. Therefore, as shown in FIG. 6B, the first and
second storage capacitors Cstl and Cst2 may be separated.
Accordingly, the storage capacity of each pixel may be
substantially equal to the sum of storage capacities of the
first and second storage capacitors Cstl and Cst2.
[0151] A protection layer PL is formed on the entire
surface of the substrate 100 to cover the third electrode C3.
An anode electrode 111 is formed on the protection layer PL.
The anode electrode 111 is connected to the second contact
metal CM2 formed in the fifth contact hole 55 via the via
hole VIA, and thus is connected to the second emission
control drain electrode D6 and the second initialization
source electrode S7.
[0152] Although not illustrated in FIG. 6A, the anode
electrode 111 of the OLED is illustrated in FIG. 7 for the
convenience of description. The OLED includes the anode
electrode 111 and a cathode electrode facing the anode
electrode 111. An intermediate layer that includes an organic
emission layer is provided between the anode electrode 111
and the cathode electrode.
[0153] In FIGS. 6A and 7, from among the source and
drain electrodes of the TFTs, source and drain electrodes that
are not connected to other lines are formed on the same layer
as corresponding semiconductor layers. That is, the source
and drain electrodes of each of the TFTs may be selectively
formed of polysilicon that is doped with a doping material.
However, described technology is not limited thereto. ATFT
according to another embodiment includes source and drain
electrodes that are formed on a different layer from corre-
sponding semiconductor layers and be connected to source
and drain areas of the corresponding semiconductor layers
via a contact hole.
[0154] As described above, according to at least one
embodiment, a high-resolution OLED display maintains and
supplements the capacitance of the pixels even when a
plurality of pixels are formed in a limited space.
[0155] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions
of features or aspects within each embodiment should typi-
cally be considered as available for other similar features or
aspects in other embodiments.
[0156] While one or more embodiments of the inventive
technology have been described with reference to the fig-
ures, 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.
What is claimed is:
1. An organic light-emitting diode (OLED) display, com-
prising:
a plurality of pixels,
wherein each of the pixels comprises:
a driving thin film transistor (TFT) formed over a
substrate and including a driving gate electrode:;
a first storage capacitor comprising a first electrode and
a second electrode, wherein the first electrode is
electrically connected to the driving gate electrode
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and wherein the second electrode is formed over the
first electrode and electrically insulated from the first
electrode; and
a second storage capacitor comprising a third electrode
and a fourth electrode, wherein the second storage
capacitor does not overlap the first storage capacitor,
wherein the third electrode is electrically connected
to the first electrode, and wherein the fourth elec-
trode is: i) formed under the third electrode, ii)
electrically insulated from the third electrode, and ii)
formed on the same layer as the first electrode.
2. The OLED display of claim 1, wherein each of the
driving gate electrodes is integrally formed with the corre-
sponding first electrode.
3. The OLED display of claim 1, wherein each of the
driving TFTs further comprises a driving semiconductor
layer formed under the driving gate electrode, and wherein
each of the driving semiconductor layers is electrically
insulated from the corresponding driving gate electrode via
a first gate insulating layer.
4. The OLED display of claim 3, wherein each of the
pixels further comprises an OLED and an emission control
TFT formed between the driving TFT and the OLED and
wherein each of the emission control TFTs comprises:
an emission control semiconductor layer formed on the
same layer as the driving semiconductor layer; and

an emission control gate electrode electrically insulated
from the emission control semiconductor layer via the
first gate insulating layer, wherein the emission control
gate electrode is formed on the same layer as the
driving gate electrode.

5. The OLED display of claim 4, further comprising a
second gate insulating layer formed between the first and
second electrodes.

6. The OLED display of claim 5, further comprising an
interlayer insulating layer formed between the third and
fourth electrodes.

7. The OLED display of claim 4, wherein each of the
second electrodes is electrically connected to a correspond-
ing driving voltage line configured to transmit a driving
voltage for driving the corresponding OLED.

8. The OLED display of claim 1, wherein each pixel
further comprises an initialization TFT formed between the
driving TFT and an initialization voltage line configured to
transmit an initialization voltage, wherein each of the ini-
tialization TFTs is configured to be turned on by a corre-
sponding scan signal so as to transmit the initialization
voltage to the corresponding driving gate electrode.

9. The OLED display of claim 8, wherein the fourth
electrode is electrically connected to a scan line configured
to transmit the scan signal.

10. The OLED display of claim 4, further comprising a
protection layer formed over the fourth electrode, wherein
each of the OLEDs comprises:

an anode electrode formed over the protection layer;

a cathode electrode facing the anode electrode; and

an intermediate layer interposed between the anode and
cathode electrodes.

I S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

BEXZIRE (OLED ) &8

US20180204899A1 NI(AE)R 2018-07-19
US15/920180 RiEH 2018-03-13
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

[#R]REAA HER YONG KOO
KA HER, YONG-KOO
IPCH3ES HO01L27/32 G09G3/3233
CPCH¥EF HO01L27/3265 G09G2310/0251 G09G2300/0861 G09G2300/0852 G09G3/3233 HO1L27/3262
1L 5 1020140027429 2014-03-07 KR
H 0 FF 30k US10177209
IEheE Espacenet USPTO
BE(®) PR E— }
NFT—FENEKX=HE (OLED ) ERs5. £— 1AM , OLEDER i eon HOLLhH%; DATA DAVER | :
BAESNBR  SIRRAEVAENRLAQERIBORNED o ] L] o e
BEAKE (TFT) , SFEE—aRNE-aRNE—FRERE UL 1 ] |
RE-BRFEEABDEE - ORNENBIR, F— BRBEFEIR — I
TR oA REE—BR A EE —aRass, E=aR o
HEETE Bk FRESE—AE-8RPNE— N TRNEL ; \ oo
RATESE-BRER, FNBRYREE=BR LHFTHE= GRS ol ol
gﬁ%o : : . | ‘

Sin |

Sln ¢

f Eln FIRST
Stn+t : DIRECTION
! FL;”LT";LQ;I; T oheelon
VINT



https://share-analytics.zhihuiya.com/view/3f351b62-fc11-444e-9f9f-10ee35030192
https://worldwide.espacenet.com/patent/search/family/054018181/publication/US2018204899A1?q=US2018204899A1
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=%2220180204899%22.PGNR.&OS=DN/20180204899&RS=DN/20180204899

