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(57) ABSTRACT

A method is provided for forming a pixel of an electrolumi-
nescence device. The method provides a substrate; defines at
least a first area for capacitors, a second area for a transistor on
the substrate and a third area for an organic light-emitting
diode (OLED) on the substrate; forms first conductive, first
dielectric, second conductive, second dielectric, and third
conductive layers over the first area; forming a third conduc-
tive layer over the second dielectric layer over the first area;
wherein the first conductive layer over the first area is directly
connected to a power supply voltage, wherein the second
conductive layer is electrically connected to a fourth conduc-
tive layer and wherein the first conductive layer, the first
dielectric layer, and the second conductive layer over the first
area collectively form a first one of the capacitors over the first
area, the second conductive layer, the second dielectric layer.
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METHOD FOR FORMING A PIXEL OF AN
ELECTROLUMINESCENCE DEVICE
HAVING STORAGE CAPACITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/031,712, filed Feb. 22, 2011, which is a
divisional of U.S. patent application Ser. No. 11/616,943,
filed Dec. 28, 2006 (now U.S. Pat. No. 7,915,117, issued on
Mar. 29, 2011), which is a divisional of U.S. patent applica-
tion Ser. No. 11/005,648, filed Dec. 7, 2004 (now U.S. Pat.
No. 7,586,121, filed Sep. 8, 2009), the entirety of which is
incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates in general to an electrolumi-
nescence device and, more particularly, to a storage capacitor
of an electroluminescence device and a method for forming
the storage capacitor.

[0004] 2. Description of the Related Art

[0005] An electroluminescence (“EL”) device is a device
which makes use of the phenomenon of electroluminescence
to emit light. An EL device generally includes thin film tran-
sistors (“TFTs”) and light-emitting diodes (“LEDs”). Each
LED further includes a light-emitting layer. If the light-emit-
ting layer contains organic light-emitting material, the device
is referred to as an organic EL device. When a current passes
between a cathode and an anode of the LED device, light is
emitted from the light-emitting layer.

[0006] Generally, an active matrix organic light emitting
diode (“OLED”) device or a polymer light emitting diode
(“PLED”) device, either voltage-driven or current-driven,
includes an array of pixels, where each pixel comprises a set
of sub-pixels. Each sub-pixel further includes a switching
transistor, a driving transistor and a storage capacitor. If
charging conditions permit, it is desirable to design a storage
capacitor with a large capacitance in order to avoid an issue of
gray scale fading due to crosstalk or feed-through effect. For
bottom-emission pixels, a storage capacitor having a greater
capacitance may disadvantageously result in a smaller aper-
ture ratio. In OLED pixels, thin film transistors, scan lines,
data lines and power lines included therein may further
reduce the aspect ratio. It is thus desirable to have a storage
capacitor that includes improved capacitance in a limited
area.

BRIEF SUMMARY OF INVENTION

[0007] Consistent with embodiments of the present inven-
tion, there is provided a method for forming a pixel of an
electroluminescence device that includes providing a sub-
strate; defining at least a first area for capacitors and a second
area for a transistor on the substrate; forming a first conduc-
tive layer over the first area; forming a first dielectric layer
over the first conductive layer over the first area; forming a
second conductive layer over the first dielectric layer over the
first area; forming a second dielectric layer over the second
conductive layer over the first area; forming a third conduc-
tive layer over the second dielectric layer over the first area;
forming a layer of capping silicon nitride between the second
dielectric layer and the third conductive layer over the first
area; forming a semiconductor layer over the second area;
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forming a gate oxide layer over the second area; and forming
a fourth conductive layer over the gate oxide layer over the
second area; wherein the first conductive layer over the first
area is connectable to a power supply voltage, and wherein
the first conductive layer, the first dielectric layer, and the
second conductive layer over the first area collectively form a
first one of the capacitors over the first area, the second
conductive layer, the second dielectric layer, and the third
conductive layer over the first area collectively form a second
one of the capacitors over the first area, and the semiconduc-
tor layer, the gate oxide layer, and the fourth conductive layer
over the second area collectively form a transistor.

[0008] Consistent with embodiments of the present inven-
tion, there is also provided a method for forming a pixel of an
electroluminescence device that includes providing a sub-
strate; defining at least a first area for capacitors, a second area
for a transistor on the substrate and a third area for an organic
light-emitting diode (OLED) on the substrate; forming a first
conductive layer over the first area; forming a first dielectric
layer over the first conductive layer over the first area; form-
ing a second conductive layer over the first dielectric layer
over the first area; forming a second dielectric layer over the
second conductive layer over the first area; forming a third
conductive layer over the second dielectric layer over the first
area; forming a semiconductor layer over the second area;
forming a gate oxide layer over the second area; forming a
fourth conductive layer over the gate oxide layer over the
second area; forming the gate oxide over the first area; form-
ing the first conductive layer over the gate oxide, wherein
forming the first conductive layer and forming the fourth
conductive layer comprise forming the first conductive layer
and the fourth conductive layer using the same material,
wherein forming the first dielectric layer comprises forming a
layer of interlayer dielectric (ILD), and wherein forming the
second dielectric layer comprises forming a layer of passiva-
tion silicon nitride; forming a fifth conductive layer over the
third area; and forming an organic layer over the fifth con-
ductive layer over the third area, wherein the third conductive
layer is over the organic layer over the third area, and wherein
the fifth conductive layer, the organic layer, and the third
conductive layer over the third area collectively form the
OLED, wherein the first conductive layer over the first area is
connectable to a power supply voltage, and wherein the first
conductive layer, the first dielectric layer, and the second
conductive layer over the first area collectively form a first
one of the capacitors over the first area, the second conductive
layer, the second dielectric layer, and the third conductive
layer over the first area collectively form a second one of the
capacitors over the first area, and the semiconductor layer, the
gate oxide layer, and the fourth conductive layer over the
second area collectively form a transistor, and wherein form-
ing the second conductive layer and forming the fifth conduc-
tive layer comprise forming the second conductive layer and
the fifth conductive layer using the same material.

[0009] Consistent with embodiments of the present inven-
tion, there is also provided a method for forming a pixel of an
electroluminescence device that includes providing a sub-
strate; defining at least a first area for capacitors, a second area
for a transistor on the substrate and a third area for an organic
light-emitting diode (OLED) on the substrate; forming a first
conductive layer over the first area; forming a first dielectric
layer over the first conductive layer over the first area; form-
ing a second conductive layer over the first dielectric layer
over the first area; forming a second dielectric layer over the
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second conductive layer over the first area; forming a third
conductive layer over the second dielectric layer over the first
area; forming a layer of capping silicon nitride between the
second dielectric layer and the third conductive layer over the
first area; forming a semiconductor layer over the second
area; forming a gate oxide layer over the first area and the
second area, wherein the first conductive layer is both over the
gate oxide over the first area and over the second area, the first
conductive layer providing contact to the semiconductor
layer over the second area; forming a fourth conductive layer
over the gate oxide layer over the second area; forming a fifth
conductive layer over the third area; and forming an organic
layer over the fifth conductive layer over the third area,
wherein the third conductive layer over the organic layer over
the third area, wherein the first conductive layer over the first
area is connectable to a power supply voltage, and wherein
the first conductive layer, the first dielectric layer, and the
second conductive layer over the first area collectively form a
first one of the capacitors over the first area, the second
conductive layer, the second dielectric layer, and the third
conductive layer over the first area collectively form a second
one of the capacitors over the first area, and the semiconduc-
tor layer, the gate oxide layer, and the fourth conductive layer
over the second area collectively form a transistor, and
wherein forming the first dielectric layer comprises forming a
layer of passivation silicon nitride, forming the second con-
ductive layer and forming the fifth conductive layer comprise
forming the second conductive layer and the fifth conductive
layer using the same material, and forming the second dielec-
tric layer comprises forming a layer of capping silicon nitride,
and wherein the fifth conductive layer, the organic layer, and
the third conductive layer over the third area collectively form
the OLED.

[0010] Consistent with embodiments of the present inven-
tion, there is also provided a method for forming a pixel of an
electroluminescence device that includes providing a sub-
strate; defining at least a first area for capacitors, a second area
for a transistor on the substrate and a third area for an organic
light-emitting diode (OLED) on the substrate; forming a first
conductive layer over the first area; forming a first dielectric
layer over the first conductive layer over the first area; form-
ing a second conductive layer over the first dielectric layer
over the first area; forming a second dielectric layer over the
second conductive layer over the first area; forming a third
conductive layer over the second dielectric layer over the first
area; forming a semiconductor layer over the second area;
forming a gate oxide layer over the second area and over the
first conductive layer over the first area, wherein forming the
first dielectric layer comprises forming an interlayer dielec-
tric over the gate oxide; and forming a fourth conductive layer
over the gate oxide layer over the second area; forming a fifth
conductive layer over the third area; forming an organic layer
over the fifth conductive layer over the third area, wherein
forming the second dielectric layer comprises forming the
organic layer over the second conductive layer, wherein the
third conductive layer is over the organic layer over the third
area; wherein the first conductive layer over the first area is
connectable to a power supply voltage, and wherein the first
conductive layer, the first dielectric layer, and the second
conductive layer over the first area collectively form a first
one of'the capacitors over the first area, the second conductive
layer, the second dielectric layer, and the third conductive
layer over the first area collectively form a second one of the
capacitors over the first area, and the semiconductor layer, the

Jul. 5,2012

gate oxide layer, and the fourth conductive layer over the
second area collectively form a transistor, and wherein form-
ing the first conductive layer and forming the semiconductor
layer comprise forming the first conductive layer and the
semiconductor layer using the same semiconductor material
which is provided as doped polysilicon, and wherein the fifth
conductive layer, the organic layer, and the third conductive
layer over the third area collectively form the OLED.

[0011] Additional features and advantages of the invention
will be set forth in part in the description which follows, and
in part will be obvious from the description, or may be learned
by practice of the invention. The features and advantages of
the invention will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

[0012] TItisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion, as claimed

BRIEF DESCRIPTION OF DRAWINGS

[0013] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:
[0014] FIG.1isa circuit diagram of a pixel of an electrolu-
minescence device consistent with embodiments of the
present invention;

[0015] FIG. 2 s a cross-sectional view of a part of the pixel
of FIG. 1 and consistent with a first embodiment of the
present invention;

[0016] FIG. 3 is a circuit diagram of a pixel of an electrolu-
minescence device consistent with a second embodiment of
the present invention;

[0017] FIG. 4 is a circuit diagram of a pixel of an electrolu-
minescence device consistent with a third embodiment of the
present invention;

[0018] FIG. 5isa circuit diagram of a pixel of an electrolu-
minescence device consistent with a fourth embodiment of
the present invention;

[0019] FIG. 6is a circuit diagram of a pixel of an electrolu-
minescence device consistent with a fifth embodiment of the
present invention;

[0020] FIG. 7 is acircuit diagram of a pixel of an electrolu-
minescence device consistent with a sixth embodiment of the
present invention;

[0021] FIG. 8is a circuit diagram of a pixel of an electrolu-
minescence device consistent with a seventh embodiment of
the present invention;

[0022] FIG.9isacircuit diagram of a pixel of an electrolu-
minescence device consistent with an eighth embodiment of
the present invention;

[0023] FIG. 10 is a circuit diagram of a pixel of an elec-
troluminescence device consistent with embodiments of the
present invention; and

[0024] FIG. 11 is a circuit diagram of the pixel of FIG. 10,
further showing a cross-sectional view of a part of the pixel
and consistent with embodiments of the present invention.

DETAILED DESCRIPTION OF INVENTION

[0025] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
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same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

[0026] An electroluminescence (EL) device may include
anarray of pixels formed on a substrate such as glass and FIG.
1 shows a circuit diagram of an exemplary pixel 100 consis-
tent with embodiments of the present invention. Pixel 100
includes three MOS transistors 102, 104, and 106, a capacitor
108, and an OLED 110. In one aspect, transistor 102 is a
p-type MOS transistor and transistors 104 and 106 are n-type
MOS transistors. Each of transistors 102, 104, and 106 has a
gate (not numbered), a source (not numbered), and a drain
(not numbered). It is to be understood that an MOS structure
is generally symmetrical and therefore the source and drain of
the MOS transistors in the descriptions herein and in the
following may be interchanged without affecting the func-
tions thereof or the scope of the present invention.

[0027] The gate of transistor 102 is coupled to the source of
transistor 106. The source of transistor 102 is coupled to a
power supply voltage V. The drain of transistor 102 is
coupled to drive OLED 110. The gates of both transistors 104
and 106 are coupled to a scan line, the drain of transistor 106
is coupled to the source of transistor 104, and the drain of
transistor 104 is coupled to a data line to receive data. Capaci-
tor 108 is coupled between the gate and source of transistor
102. OLED 110 has an anode coupled to the drain of transis-
tor 102 and a cathode coupled to a power supply voltage V .
Inoneaspect, V s¢is ground. In operation, capacitor 108 holds
a charge when transistors 104 and 106 are turned off, to
maintain a voltage between the gate and source of transistor
102 for driving OLED 110.

[0028] Pixel 100 further includes a capacitor 112 coupled
between the gate of transistor 102 and the cathode of OLED
110. Thus, both capacitors 108 and 112 store charge when
transistors 104 and 106 are turned off, to maintain the gate
voltage of transistor 102. In this sense, capacitors 108 and 112
are coupled to each other in parallel and may be collectively
viewed as a storage capacitor of pixel 100 whose capacitance
is equal to the sum of the capacitances of both capacitors 108
and 112.

[0029] In one aspect, capacitor 112 is physically formed
over the same area of a substrate where capacitor 108 is
formed. Therefore, the storage capacitance of pixel 100 is
increased without a chip area thereof being increased. In
another aspect, capacitor 112 is formed at the same time
OLED 110 and other parts of pixel 100 are formed, without
requiring additional masks.

[0030] FIG. 2 shows a cross-sectional view of part of pixel
100 consistent with a first embodiment of the present inven-
tion. Only a portion of OLED 110, a portion of transistor 102,
and capacitors 108 and 112 are shown. To simplify illustra-
tion, transistors 104 and 106 are not shown in FIG. 2.
[0031] Referring to FIG. 2, pixel 100 is formed on a glass
substrate 200. Capacitors 108 and 112 are shown to be formed
over an area A of substrate 200, transistor 102 is shown to be
formed over an area B of substrate 200, and part of OLED 110
is shown to be formed in an area C of substrate 200.

[0032] Referring to FIG. 2, a layer of polysilicon is doped
and patterned to form a doped polysilicon 202B and intrinsic
polysilicon 202 over area B of substrate 200. A layer of gate
oxide 204 is formed over all of areas A, B, and C. A layer of
first metal is deposited over gate oxide 204 and patterned to
form first metal patterns 206A and 206B over areas A and B,
respectively. A layer of interlayer dielectric (ILD) 208 is
formed over first metal patterns 206 A and 206B. A layer of
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second metal is deposited over ILD 208 and patterned to form
second metal patterns 210A over area A and 210B over both
areas B and C, wherein second metal pattern 210B contacts
polysilicon pattern 202B through a via hole (not numbered) in
ILD 208 and gate oxide 204. A layer of passivation silicon
nitride (SiN) 212 is formed over ILD 208 and second metal
patterns 210A and 210B. A layer of indium tin oxide (ITO) is
formed over passivation SiN 212 and patterned to form an
ITO pattern 214C over area C of substrate 200, wherein ITO
pattern 214C contacts second metal pattern 210B through a
via hole (not numbered) in passivation SiN 212. A layer of
capping SiN 216 is deposited to cover passivation SiN 212
and ITO pattern 214C. A layer of organics 218 is deposited
over all of areas A, B, and C. Over area A, capping SiN 216 is
also patterned to expose a portion of passivation SiN 212.
Thus, organic 218 is also formed on passivation SiN 212 over
area A. A layer of third metal 220 is formed over organic 218.
[0033] Over area A, first metal pattern 206A, ILD 208, and
second metal pattern 210A collectively form capacitor 108;
and second metal pattern 210A, passivation SiN 212, organic
218, and third metal 220 collectively form capacitor 112(
¥ E ). Over area B, polysilicon pattern 202B provides the
source and drain of transistor 102 and first metal pattern 206B
serves as the gate of transistor 102. Over area C, ITO pattern
214C, capping SiN 216, organic 218, and third metal 220
collectively form part of OLED 110. Also, first metal pattern
206A is coupled to power supply voltage V,,, second metal
pattern 210A is coupled to the gate of transistor 102, i.e., first
metal pattern 206B, and third metal 220 is coupled to Vg.
[0034] As shown in FIG. 2, capacitors 108 and 112 are
formed over the same area (area A) of substrate 200. There-
fore, the storage capacitance of pixel 100 is increased without
increasing the area of the storage capacitor and, consequently,
without decreasing an aperture ratio. Also, one skilled in the
art should now appreciate that no additional masks are
required to form capacitors 108 and 112. For example, first
metal pattern 206A may be formed using an existing mask
that is required for forming first metal pattern 206B and
second metal pattern 210A may be formed using an existing
mask that is required for forming second metal pattern 210B.
[0035] InFIG. 2, ITO pattern 214C is formed over second
metal pattern 210B. However, the layer of ITO may also be
deposited and patterned prior to the deposition of the second
metal and the formation of second metal patterns 210A and
210B. Similarly, passivation SiN 212 may also be deposited
prior to the deposition of the second metal and the formation
of second metal patterns 210A and 210B.

[0036] Itisto be understood that the configuration of pixel
100 as shown in FIGS. 1 and 2 is exemplary only. The present
invention may be applied to any suitable EL device. For
example, a pixel consistent with an aspect of the present
invention may include a plurality of capacitors such as
capacitors 108 and 112 formed over the same area of a sub-
strate and one or more transistors, but may include no OLED.
[0037] Further, in FIG. 2, capacitor 108 comprises first
metal pattern 206 A, ILD 208, and second metal pattern 210A,
and capacitor 112 comprises second metal pattern 210A,
passivation SiN 212, organic 218, and third metal 220. How-
ever, it is to be understood that other layers of materials
required for forming pixel 100 may also be used to form
capacitors 108 and 112.

[0038] For example, consistent with a second embodiment
of the present invention, organic 218 may be removed from
area A, as shown in FIG. 3, which shows a circuit diagram of
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pixel 100 and a cross-sectional view of capacitors 108 and
112 consistent with the second embodiment of the present
invention. Thus, capacitor 112 comprises second metal pat-
tern 210A, passivation silicon nitride 212, and third metal
220, while capacitor 108 comprises first metal pattern 206A,
ILD 208, and second metal pattern 210A. Also, first metal
pattern 206A is coupled to power supply voltage V ,,,, second
metal pattern 210A is coupled to the gate of transistor 102,
i.e., first metal pattern 206B, and third metal 220 is coupled to
Vs

[0039] As shown in FIG. 4, which shows a circuit diagram
of pixel 100 and a cross-sectional view of capacitors 108 and
112 consistent with a third embodiment of the present inven-
tion, both capping SiN 216 and organic 218 may be formed
over area A and the layer of I'TO may be patterned to form an
ITO pattern 214 A over area A, while first metal pattern 206 A
is not formed during the deposition and patterning of the layer
of first metal. Thus, capacitor 108 comprises second metal
pattern 210A, passivation SiN 212, and ITO pattern 214A;
and capacitor 112 comprises ITO pattern 214A, capping SiN
216, organic 218, and third metal 220. Also, second metal
pattern 210A is coupled to power supply voltage V,p,, ITO
pattern 214 A is coupled to the gate of transistor 102, i.e., first
metal pattern 206B, and third metal 220 is coupled to V.
[0040] FIG. 5 shows a circuit diagram of pixel 100 and a
cross-sectional view of capacitors 108 and 112 consistent
with a fourth embodiment of the present invention. As shown
in FIG. 5, capacitor 108 comprises second metal pattern
210A, passivation silicon nitride 212, and ITO pattern 214A;
and capacitor 112 comprises ITO pattern 214 A, capping SiN
216, and third metal layer 220. Also, second metal pattern
210A is coupled to power supply voltage V,,, ITO pattern
214A is coupled to the gate of transistor 102, i.e., first metal
pattern 206B, and third metal 220 is coupled to V g.

[0041] FIG. 6 shows a circuit diagram of pixel 100 and a
cross-sectional view of capacitors 108 and 112 consistent
with a fifth embodiment of the present invention, wherein the
layer of ITO is deposited prior to the deposition of the layer of
second metal. As shown in FIG. 6, capacitor 108 comprises
first metal pattern 206 A, ILD 208, and ITO pattern 214A; and
capacitor 112 comprises ITO pattern 214 A, passivation sili-
con nitride 212, capping silicon nitride 216, organic 218, and
third metal layer 220. Also, first metal pattern 206A is
coupled to power supply voltage V,,, ITO pattern 214A is
coupled to the gate of transistor 102, i.e., first metal pattern
2068, and third metal 220 is coupled to V.

[0042] FIG. 7 shows a circuit diagram of pixel 100 and a
cross-sectional view of capacitors 108 and 112 consistent
with a sixth embodiment of the present invention, wherein the
layer of ITO is deposited prior to the deposition of the layer of
second metal. As shown in FIG. 7, capacitor 108 comprises
first metal 206 A, ILD 208, and ITO pattern 214 A; and capaci-
tor 112 comprises ITO pattern 214A, passivation silicon
nitride 212, capping silicon nitride 216, and third metal layer
220. Also, first metal pattern 206 A is coupled to power supply
voltage Vp, ITO pattern 214A is coupled to the gate of
transistor 102, i.e., first metal pattern 206B, and third metal
220 is coupled to V.

[0043] FIG. 8 shows a circuit diagram of pixel 100 and a
cross-sectional view of capacitors 108 and 112 consistent
with a seventh embodiment of the present invention. As
shown in FIG. 8, the layer of doped polysilicon is also pat-
terned to form a polysilicon pattern 202A over area A of
substrate 200. Thus, capacitor 108 comprises polysilicon pat-
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tern 202A, oxide 204, ILD 208, and ITO pattern 214A; and
capacitor 112 comprises ITO pattern 214A, capping silicon
nitride 216, organic 218, and third metal layer 220. Also,
polysilicon pattern 202A is coupled to power supply voltage
Vs ITO pattern 214A is coupled to the gate of transistor
102, i.e., first metal pattern 2068, and third metal 220 is
coupled to V4.

[0044] Further, FIG. 9 shows a circuit diagram of pixel 100
and a cross-sectional view of capacitors 108 and 112 consis-
tent with an eighth embodiment of the present invention. As
shown in FIG. 9, capacitor 108 comprises doped polysilicon
pattern 202A, oxide 204, ILD 208, and second metal pattern
210A; and capacitor 112 comprises second metal pattern
210A, passivation silicon nitride 212, organic 218, and third
metal layer 220. Polysilicon pattern 202 A is coupled to power
supply voltage V ,,, second metal pattern 210A is coupled to
the gate of transistor 102, i.e., first metal pattern 2068, and
third metal 220 is coupled to V.

[0045] In FIGS. 3-9, both the cross-sectional views of
capacitors 108 and 112 and the circuit diagram of pixel 100
are shown and only the structures of capacitors 108 and 112
are discussed in the above. The rest of the circuit of pixel 100
was previously described with reference to FIG. 1 and is not
further described herein.

[0046] Also consistent with embodiments of the present
invention, more than two capacitors may be formed over the
same area (area A) of substrate 200 and connected in parallel
with one another. An example of four capacitors is shown in
FIGS. 10 and 11, wherein FIG. 10 is a circuit schematic of
pixel 100 with four capacitors and FIG. 11 further shows a
cross-sectional view of those four capacitors formed over
area A of substrate 200. As shown in FIG. 10, in addition to
capacitors 108 and 112, two more capacitors 114 and 116 are
also coupled between the gate and source of transistor 102.
The rest of the circuit diagram is the same as that shown in
FIG. 1 and therefore is not further described here. Thus, a
storage capacitance of pixel 100 is equal to the sum of capaci-
tors 108, 112, 114, and 116. Referring to FIG. 11, capacitor
108 comprises a doped polysilicon pattern 202A, oxide 204,
and first metal pattern 206A; capacitor 114 comprises first
metal pattern 206 A, ILD 208, and ITO pattern 214A; capaci-
tor 116 comprises ITO pattern 214A, passivation silicon
nitride 212, and second metal pattern 210A; and capacitor
112 comprises second metal pattern 210A, capping silicon
nitride layer 216, organic 218, and third metal layer 220.
Polysilicon pattern 202A and ITO pattern 214 A are coupled
to Vp, first metal pattern 206A and second metal pattern
210A are coupled to the gate of transistor 102, i.e., first metal
pattern 206B, and third metal 220 is coupled to V4.

[0047] One skilled in the art should appreciate that the
formation of capacitors 108, 112, 114, and 116 does not
require more masks in addition to those already existing for
the formation of pixel 100. For example, doped polysilicon
pattern 202A may be formed at the same time doped polysili-
con pattern 202B is formed, first metal pattern 206 A may be
formed at the same time first metal pattern 206B is formed,
and ITO pattern 214A may be formed at the same time [TO
pattern 214C is formed. Additionally, since all of capacitors
108,112, 114, and 116 are formed over area A of substrate
200, the area of the storage capacitor of pixel 100 is not
increased and, therefore, an aperture ratio is not decreased,
while the storage capacitance is significantly increased.
[0048] Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the speci-
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fication and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

[0049] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

What is claimed is:
1. A method for forming a pixel of an electroluminescence
device, comprising:

providing a substrate;

defining at least a first area for capacitors, a second area for
a transistor on the substrate and a third area for an
organic light-emitting diode (OLED) on the substrate;

forming a first conductive layer over the first area;

forming a first dielectric layer over the first conductive
layer over the first area;

forming a second conductive layer over the first dielectric
layer over the first area;

forming a second dielectric layer over the second conduc-
tive layer over the first area;

forming a third conductive layer over the second dielectric
layer over the first area;

forming a layer of capping silicon nitride between the
second dielectric layer and the third conductive layer
over the first area;

forming a semiconductor layer over the second area;

forming a gate oxide layer over the first area and the second
area, wherein the first conductive layer is both over the
gate oxide over the first area and over the second area,
the first conductive layer providing contact to the semi-
conductor layer over the second area;

forming a fourth conductive layer over the gate oxide layer
over the second area;

forming a fifth conductive layer over the third area; and

forming an organic layer over the fifth conductive layer
over the third area, wherein the third conductive layer
over the organic layer over the third area,

wherein the first conductive layer over the first area is
directly connected to a power supply voltage, wherein
the second conductive layer is electrically connected to
the fourth conductive layer and wherein the first conduc-
tive layer, the first dielectric layer, and the second con-
ductive layer over the first area collectively form a first
one of the capacitors over the first area, the second
conductive layer, the second dielectric layer, and the
third conductive layer over the first area collectively
form a second one of the capacitors over the first area,
and the semiconductor layer, the gate oxide layer, and
the fourth conductive layer over the second area collec-
tively form a transistor, and

wherein forming the first dielectric layer comprises form-
ing a layer of passivation silicon nitride, forming the
second conductive layer and forming the fifth conduc-
tive layer comprise forming the second conductive layer
and the fifth conductive layer using the same material,
and forming the second dielectric layer comprises form-
ing a layer of capping silicon nitride, and wherein the
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fifth conductive layer, the organic layer, and the third
conductive layer over the third area collectively form the
OLED.

2. The method of claim 1, further comprising forming an
interlayer dielectric layer over the gate oxide layer over the
first area and forming the first conductive layer over the third
dielectric layer.

3. The method of claim 1, further comprising forming the
organic layer between the second dielectric and the third
conductive layer over the first area.

4. A method for forming a pixel of an electroluminescence
device, comprising:

providing a substrate;

defining at least a first area for capacitors, a second area for

a transistor on the substrate and a third area for an
organic light-emitting diode (OLED) on the substrate;
forming a first conductive layer over the first area;
forming a first dielectric layer over the first conductive
layer over the first area;

forming a second conductive layer over the first dielectric

layer over the first area;

forming a second dielectric layer over the second conduc-

tive layer over the first area;

forming a third conductive layer over the second dielectric

layer over the first area;

forming a semiconductor layer over the second area;

forming a gate oxide layer over the second area and over

the first conductive layer over the first area, wherein
forming the first dielectric layer comprises forming an
interlayer dielectric over the gate oxide; and

forming a fourth conductive layer over the gate oxide layer

over the second area;
forming a fifth conductive layer over the third area;
forming an organic layer over the fifth conductive layer
over the third area, wherein forming the second dielec-
tric layer comprises forming the organic layer over the
second conductive layer, wherein the third conductive
layer is over the organic layer over the third area;

wherein the first conductive layer over the first area is
directly connected to a power supply voltage, wherein
the second conductive layer is electrically connected to
the fourth conductive layer and wherein the first conduc-
tive layer, the first dielectric layer, and the second con-
ductive layer over the first area collectively form a first
one of the capacitors over the first area, the second
conductive layer, the second dielectric layer, and the
third conductive layer over the first area collectively
form a second one of the capacitors over the first area,
and the semiconductor layer, the gate oxide layer, and
the fourth conductive layer over the second area collec-
tively form a transistor, and

wherein forming the first conductive layer and forming the

semiconductor layer comprise forming the first conduc-
tive layer and the semiconductor layer using the same
semiconductor material which is provided as doped
polysilicon, and wherein the fifth conductive layer, the
organic layer, and the third conductive layer over the
third area collectively form the OLED.

5. The method of claim 4, further comprising forming the
second conductive layer over the second area for providing
contact to the semiconductor layer.

6. The method of claim 4, wherein forming the second
conductive layer and forming the fifth conductive layer com-
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prise forming the second conductive layer and the fifth con- 8. The method of claim 4, wherein forming the fifth con-

ductive layer using the same material. ductive layer comprises forming a layer of indium tin oxide
7. The method of claim 4, further comprising forming a (ITO).

third dielectric layer between the second conductive layer and

the second dielectric layer, wherein the third ok Rk



patsnap

TREBHR(OF) FREEFHBRSNERELSBGNERENSE
[F(2E)F US20120171787A1 [ (r&)B 2012-07-05
RiES US13/420225 B H 2012-03-14

RIFRB(RFR)AGE) REXBROBRLA
RF(EFR)AGE) R BBRHERLE

HARBEEANR)AE) KREXBROBRLF

[#R1 &% BB A SUN WEIN TOWN
KA SUN, WEIN-TOWN
IPCHEF HO01L51/56
CPCH¥EF HO1L27/12 HO1L27/3265 HO1L27/13
H AN FF 3Tk US8492222
SNEBEEHE Espacenet  USPTO
RE(GX) 100
RHT —HATHRORELEOREN S, WHERMT —HE 0 —
RESRESABNE Ko, BRENHBAENE-KAAZR LY " 218 =
ENEX=RE (OLED ) MBS K EE— K tRmE—sag, | | | 216 Vss
B-BNRE, F-SBE , F-ENREMAB=S8REE—RaL +—— ] 210A v
FHE-ASRIFRE=SER G  E-KHLHE—SLREE 116 m o
EEFORAE  HhE-SeROEENENSER  HARGE— Voo A
S8R, E-NERAE-SeREE-KUARFME K, B= 114 205
saE  HofEELNE-aRE, 102 206A

108 204

202A

Vss 200



https://share-analytics.zhihuiya.com/view/70ca418a-85eb-40ec-af85-f27db15779d4
https://worldwide.espacenet.com/patent/search/family/036574645/publication/US2012171787A1?q=US2012171787A1
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=%2220120171787%22.PGNR.&OS=DN/20120171787&RS=DN/20120171787

