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(57) ABSTRACT

A stacked storage capacitor structure for use in each pixel of
a TFT-LCD, wherein a first storage capacitor is formed by a
first metal layer, a gate insulator layer and a second metal
layer. The second capacitor is formed by the second metal
layer, a passivation insulator layer and an ITO layer. The first
metal layer and the ITO layer are joined together through a via
hole which is etched in one insulator etching step during the
overall fabrication process through both the gate insulator and
the passivation insulator layers. As such, the two capacitors
are connected in parallel in a stacked configuration. With the
stacked storage capacitor structure, the charge storage capac-
ity is increased without significantly affecting the aperture
ratio of a pixel. The ITO and the pixel electrode can be
different parts of an indium tine oxide layer deposited on the
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STACKED STORAGE CAPACITOR
STRUCTURE FOR A THIN FILM
TRANSISTOR LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a storage capacitor
structure for use in a thin film transistor liquid crystal display
particularly an amorphous silicon thin film transistor liquid
crystal display.

BACKGROUND OF THE INVENTION

[0002] Tt is known in the art that thin film transistor liquid
crystal displays (commonly referred to as TFT-LCD) seek to
minimize the area needed for the storage capacitor used in
such displays especially as the resolution of the display
increases and therefore the pixel size decreases. The increase
in display resolution is especially important for amorphous
silicon TFT-LCD displays (a-Si TFT-LCDs). In particular, it
is well known that as the display resolution increases, the area
available on each pixel of such displays for the fabrication of
the storage capacitor is diminished due to aperture ratio con-
siderations. What this means is that for a given pixel it is
desired that as the overall size of the pixel decreases, that the
maximum amount of the pixel area be devoted to the pixel
electrode rather than the storage capacitor associated with the
pixel. As a result, as the resolution of a-Si TFT-LCD’s has
increased, the size of the storage capacitor is reduced to a
point that the charge storage capacity significantly affects the
performance of the overall LCD display in terms of artifacts
such as flicker, image retention and cross-talk. It is therefore
important that the storage capacitance and, particularly the
area ratio of pixel electrode to the storage capacitance, be
increased without adversely affecting the aperture ratio of the
pixel.

[0003] In a conventional a-Si TFT-L.CD fabrication pro-
cess. the storage capacitor is either a metal-insulator-metal
(MIM) structure or a metal-insulation-ITO (MI]) structure. In
the MIM structure, the first capacitor plate is the gate metal
and the second capacitor plate is the source drain metal sepa-
rated by the gate insulator layer. In the MII structure, the first
capacitor plate 1s the gate metal and the second capacitor plate
is the ITO (indium-tin oxide) electrode separated by both the
gate insulator layer and the passivation insulator layer. How-
ever, when the resolution is increased, the area available for
the storage capacitor is difficult to maintain without sacrific-
ing the aperture ratio.

[0004] Inordertoincrease charge storage capacity without
sacrificing the aperture ratio of the pixel, or to maintain the
charge storage capacity while increasing the aperture ratio of
the pixel in an a-Si TFT-LCD display, it would be desirable to
better utilize all layers of conductors and insulators for pur-
poses of increasing the capacitance of the storage capacitor.

SUMMARY OF THE INVENTION

[0005] Tt is a primary objective of the present invention to
increase the charge storage capacity without significantly
affecting the aperture ratio in a pixel. The present invention is
directed to better utilization of all layers of conductors and
insulators for the fabrication of a storage capacitor in an
associated pixel of an a-Si TFT-LCD array without changing
the currently used fabrication processes for such a-Si TFT-
LCD’s. To accomplish this result, the source drain metal (M2)
is used as a shared capacitor plate in a stacked capacitor
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structure comprising an MIM structure and a modified MII
structure connected in parallel. In particular, the gate metal
(M1) and the source-drain metal (M2) sandwich the gate
insulator layer so as to form a first capacitor, and the second
metal (M2) and the indium titanium oxide (ITO) electrode
sandwich a passivation insulator layer so as to form a second
capacitor. The two storage capacitors are stacked substan-
tially on top of each other and are interconnected so as to be
electrically in parallel with each other, thereby raising the
overall capacitance of the storage capacitor while maintain-
ing approximately the same area on the pixel as would be used
in conventional storage capacitor fabrication.
[0006] More particularly, in an a-Si TFT-LCD display a
stacked storage capacitor structure is described herein
wherein a first storage capacitor is formed by the first metal
layer acting as a first plate and the second metal layer acting
as a second plate, with the gate insulator layer sandwiched in
between acting as the insulator for the first storage capacitor.
The second capacitor is formed by use of the second metal
electrode (M2) acting as the second plate and the ITO elec-
trode acting as the first plate of'the second capacitor, with the
passivation insulator layer acting as the insulator for the sec-
ond storage capacitor. The second metal electrode (M2) is
shared by both capacitors and the second capacitor is stacked
ontop of the first capacitor. The first metal electrode (M1) and
the ITO electrode are joined together through a via hole and
this via hole is etched in one insulator etching step during the
overall fabrication process through both the gate insulator and
the passivation insulator layers. The middle electrode for the
stacked structure is therefore the second metal which is con-
nected to the pixel electrode through via holes in the passiva-
tion insulator layer. The ITO electrode is connected to the first
metal electrode (M1) through a via hole which is etched
through the gate insulator and the passivation insulator. The
pixel electrode is connected to the drain of the TFT through
another via hole in the passivation insulator.
[0007] Thus, the first aspect of the present invention pro-
vides a stacked storage capacitor structure for a thin film
transistor liquid crystal display having a plurality of pixels,
each pixel having a pixel area, wherein at least some of the
pixels have a storage capacitor formed substantially within
the pixel area and associated with a stacked storage capacitor
structure. The stacked storage capacitor structure comprises:
[0008] afirst storage capacitor having a first plate formed
by a first electrically conductive layer, a second plate
formed by a second electrically conductive layer and a
dielectric formed by a first insulator layer positioned
between the first electrically conductive layer and the
second electrically conductive layer; and
[0009] a second storage capacitor having a first plate
formed by a third electrically conductive layer, a second
plate formed by the second electrically conductive layer
and a dielectric formed by a second insulator layer posi-
tioned between the first and second plates, wherein the
first electrically conductive layer and the third electri-
cally conductive layer are electrically connected to each
other so that the first and second storage capacitors are
electrically connected in parallel, and wherein the sec-
ond electrically conductive layer is positioned between
the first electrically conductive layer and the third elec-
trically conductive layer.
[0010] According to the present invention, each of said at
least some of the pixels has a gate line disposed at one edge
section of the pixel area for controlling electric charges in the
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storage capacitor, and the storage capacitor is formed sub-
stantially in said one edge section.

[0011] According to the present invention, each of said at
least some of the pixels has a semiconductor switching ele-
ment and a pixel electrode electrically connected to the
switching element, and the pixel electrode is located within
the pixel area adjacent to said one edge section in a non-
overlapping manner.

[0012] According to the present invention, the switching
element has a first switching end, a second switching end and
a switching control terminal, the first switching end opera-
tively connected to a signal line, the second end operatively
connected to the pixel electrode, and each of said at least some
of the pixels further comprises a further gate line operatively
connected to the switching control terminal of the switch
element for causing the opening and closing between the first
and second switching ends.

[0013] According to the present invention, the second elec-
trically conductive layer (M2) is operatively connected to the
second switching end of the switching element via the pixel
electrode and the first electrically conductive layer (M1) is
operatively connected to the gate line.

[0014] According to the present invention, the first switch-
ing end is a source terminal, the second switching end is a
drain terminal, and the switching control terminal is a gate
terminal of a transistor, wherein the first electrically conduc-
tive layer is a gate metal layer, the first insulator layer is a gate
insulator layer and second electrically conductive layer is a
source-drain metal layer, and the third electrically conductive
layer is made substantially of indium-tin oxide, and the sec-
ond insulator layer is a passivation insulator layer.

[0015] According to the present invention, part of the pas-
sivation insulator layer is disposed adjacent to part of the gate
insulator layer, and the pixel electrode is made substantially
ofindium-tin oxide, and at least part of the pixel electrode and
part of the third electrically conductor layer are disposed on
different sections of the passivation insulator layer.

[0016] Alternatively, each of said at least some of the pixels
comprises

[0017] asemiconductor switching element;

[0018] a gate line disposed at one edge section of the pixel
area for controlling the switching element; and

[0019] a common line disposed in a pixel section spaced
from the gate line for controlling electric charges in the stor-
age capacitor, and wherein the storage capacitor is formed
substantially in said pixel section.

[0020] According to the present invention, each of said at
least some of the pixels has a first pixel electrode segment and
asecond pixel electrode segment located within the pixel area
and separated by said pixel section in a non-overlapping
manner.

[0021] According to the present invention, the common
line is substantially parallel to the gate line.

[0022] According to the present invention, the switching
element has a first switching end, a second switching end and
a switching control terminal, the first switching end opera-
tively connected to a signal line, the second end operatively
connected to the first pixel electrode segment, wherein each
of said at least some of the pixels further comprises a gate line
operatively connected to the switching control terminal of the
switch element for causing the opening and closing between
the first and second switching ends.

[0023] According to the present invention, the second elec-
trically conductive layer (M2) is operatively connected to the

Oct. 2, 2008

second switching end of the switching element via the pixel
electrode and the first electrically conductive layer (M1) is
operatively connected to the common line.

[0024] According to the present invention, the first switch-
ing end is a source terminal, the second switching end is a
drain terminal, and the switching control terminal is a gate
terminal of a transistor, wherein the first electrically conduc-
tive layer is a gate metal layer, the first insulator layer is a gate
insulator layer and second electrically conductive-layer is a
source-drain metal layer, and the third electrically conductive
layer is made substantially of indium-tin oxide, and the sec-
ond insulator layer is a passivation insulator layer.

[0025] According to the present invention, part of the pas-
sivation insulator layer is disposed adjacent to part of the gate
insulator layer, and the first and second pixel electrode seg-
ment are made substantially of indium-tin oxide, wherein at
least part of the first and second pixel electrode segments and
part of the third electrically conductor layer are disposed on
different sections of the passivation insulator layer.

[0026] The second aspect of the present invention provides
a method of increasing charge storage capacity in a thin film
transistor liquid crystal display having a plurality of pixels,
each pixel having a pixel area and a pixel electrode located
within the pixel area, wherein at least some of'the pixels have
a storage capacitor structure formed at a section of the pixel
area substantially within the pixel area for storing electric
charges associated with the pixel electrode, and wherein the
section is adjacent to the pixel electrode in a non-overlapping
manner. The method comprising the steps of:

[0027] forming a first storage capacitor having a first
plate formed by a first electrically conductive layer, a
second plate formed by a second electrically conductive
layer and a dielectric formed by a first insulator layer
positioned between the first electrically conductive layer
and the second electrically conductive layer; and

[0028] forming a second storage capacitor having a first
plate formed by a third electrically conductive layer, a
second plate formed by the second electrically conduc-
tive layer and a dielectric formed by a second insulator
layer positioned between the first and second plates; and

[0029] electrically connecting the first electrically con-
ductive layer to the third electrically conductive layer so
that the first and second storage capacitors are electri-
cally connected in parallel for forming the storage
capacitor structure, and wherein the second electrically
conductive layer is positioned between the first electri-
cally conductive layer and the third electrically conduc-
tive layer.

[0030] The third aspect of the present invention provides a
thin film transistor liquid crystal display, comprising:

[0031] a plurality of pixels arranged in rows and columns,
each pixel having a pixel area,

[0032] aplurality of signal lines disposed between the pixel
columns; and
[0033] a plurality of gate lines disposed between the pixel

rows, wherein at least some of the pixels have a storage
capacitor formed substantially within the pixel area, the stor-
age capacitor comprising:

[0034] afirst storage capacitor having a first plate formed
by a first electrically conductive layer, a second plate
formed by a second electrically conductive layer and a
dielectric formed by a first insulator layer positioned
between the first electrically conductive layer and the
second electrically conductive layer; and
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[0035] a second storage capacitor having a first plate
formed by a third electrically conductive layer, a second
plate formed by the second electrically conductive layer
and a dielectric formed by a second insulator layer posi-
tioned between the first and second plates, wherein the
first electrically conductive layer and the third electri-
cally conductive layer are electrically connected to each
other so that the first and second storage capacitors are
electrically connected in parallel, and wherein the sec-
ond electrically conductive layer is positioned between
the first electrically conductive layer and the third elec-
trically conductive layer.

[0036] According to the present invention, each of said at
least some of the pixels has a further gate line disposed at one
edge section of the pixel area for controlling electric charges
in the storage capacitor, and the storage capacitor is formed
substantially in said one edge section.

[0037] According to the present invention, each of said at
least some of the pixels has a semiconductor switching ele-
ment and a pixel electrode electrically connected to the
switching element, and the pixel electrode is located within
the pixel area adjacent to said one edge section in a non-
overlapping manner.

[0038] According to the present invention, the switching
element has a first switching end, a second switching end and
a switching control terminal, the first switching end opera-
tively connected to one of said plurality of signal lines, the
second end operatively connected to the pixel electrode, and
wherein the switching control terminal of the switch element
is operatively connected to one of said plurality of gate lines
for causing the opening and closing between the first and
second switching ends.

[0039] Alternatively, each of said at least some of the pixels
comprises

[0040] a semiconductor switching element operatively
connected to the gate line; and

[0041] a common line disposed in a pixel section spaced
from the gate line for controlling electric charges in the stor-
age capacitor, and wherein the storage capacitor is formed
substantially in said pixel section.

[0042] According to the present invention, each of said at
least some of the pixels has a first pixel electrode segment and
asecond pixel electrode segment located within the pixel area
and separated by said pixel section in a non-overlapping
manner, and the common line is disposed between two adja-
cent gate lines.

[0043] According to the present invention, the switching
element has a first switching end, a second switching end and
a switching control terminal, wherein the first switching end
is operatively connected to one of said plurality of signal
lines, the second end is operatively connected to the first pixel
electrode segment, and the switching control terminal of the
switch element is operatively connected to one of the gate
lines for causing the opening and closing between the first and
second switching ends.

[0044] The present invention will become apparent upon
reading the description taken in conjunction with FIGS. 1-8.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] For a better understanding of the nature of the
present invention, reference is made to the following figures
in which:
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[0046] FIG. 1 is a plan view of a pixel where the storage
capacitor is fabricated as a storage capacitor-on-gate (Cs-on-
gate) design;

[0047] FIG. 2 is a cross-sectional view taken along line 2-2'
of the pixel of FIG. 1,

[0048] FIG. 3 isacross-sectional view taken along line 3-3'
of the pixel of FIG. 1;

[0049] FIG. 4 is a plan view of a pixel where the storage
capacitor is fabricated as a storage capacitor-on-common
(Cs-on-com) design;

[0050] FIG.5isacross-sectional view taken along line 5-5'
of the pixel of FIG. 4;

[0051] FIG. 6 is a cross-sectional view taken along line 6-6'
of the pixel of FIG. 4;

[0052] FIG. 7 shows an equivalent circuit of the pixel of
FIG.1;and

[0053] FIG. 8 shows an equivalent circuit of the pixel of
FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

[0054] AsbestseeninFIGS. 1,2 and 3, a pixel according to
the present invention which typically forms part of a pixel
array comprises two general areas, one associated with the
pixel electrode 10 and another associated with the control and
storage capacitor area 12. The pixel fabrication technique
shown in FIGS. 1, 2 and 3 is known in the art as a storage
capacitor-on-gate design (Cs-on-gate). The fabrication tech-
nique in general is with regard to an amorphous silicon thin
film transistor liquid crystal display (a-Si TFT-LCD)
although the principles described could be used for other
types of TFT-LCD displays, and as a p-Si TFT-LCD display.
[0055] As seen in FIGS. 1, 2 and 3, a storage capacitor for
use in maintaining the state of the pixel electrode and thus of
the LCD pixel between scans, comprises two storage capaci-
tors shown diagrammatically as C1 and C2. The first capaci-
tor C1 is formed between a first metal layer M1 (gate elec-
trode) and a second metal layer M2. The second capacitor C2
is also shown diagrammatically in FIGS. 2 and 3 and is
formed between the second metal layer M2 and an indium tin
oxide (ITO) layer 20. For capacitor C1, metal layer M1 forms
the first plate of the capacitor and metal layer M2 forms the
second plate of the capacitor and the dielectric material ther-
ebetween is the gate insulator 22. For capacitor C2, the sec-
ond plateis fabricated by the same metal layer M2 and the first
plate is formed by the ITO layer 20. The dielectric between
these two plates is the passivation insulator layer 24.

[0056] Capacitors C1 and C2 therefore share one plate,
namely the metal layer M2, and the two capacitors are elec-
trically connected in parallel to each other by the [ITO layer 20
making contact with the metal layer M1 by means of Via 3 at
region 26.

[0057] For fabricating such an a-Si TFT-LCD a five-mask
process is typically used. Such a process is well known in the
art. First, the gate metal M1 is deposited on a glass substrate
30. This gate metal is then patterned to the particular design
needed for the pixels. A nitride layer is then deposited. Part of
the nitride layer is the gate insulator layer 22. This is followed
by the forming of an amorphous silicon (a-3i) and n+ doped
amorphous silicon layer (n+ a-Si) by a plasma-enhanced
chemical vapor deposition (PECVD) process. In addition, n+
a-Si and a-Si islands are formed on the nitride layer. Then a
metal layer is deposited and patterned so as to form the
source-drain electrode and the shared capacitor plate M2.
After the etching of n+ a-Si to form the conducting channel
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for the thin film transistor (TFT) 50, a passivation insulator
layer 24 is deposited. Via holes Via 1, Via 2 and Via 3 are then
created by selective etching. Via 1 is used for the drain con-
tact, and Via 2 is used for providing a contact point on the
shared capacitor plate M2. Via 3 is for providing a contact
point on the gate metal layer M1 (gate electrode). Via 1 and
Vail 2 are created by etching the passivation insulator layer
24, while Via 3 is created by etching both the passivation
insulator layer 24 and the gate insulator layer 22. An ITO
layer is then deposited on top of the etched layers and pat-
terned. After etching, part of the ITO layer forms the pixel
electrode 10, which contacts the source-drain metal or the
shared capacitor plate M2 through Via 2. The pixel electrode
10 is also connected to the drain contact through Via 1. As
such, the shared capacitor plate M2 is electrically connected
to the drain of the TFT 50 through the pixel electrode 10. The
partofthe ITO layer that forms the ITO layer 20 and serves as
the top capacitor plate for storage capacitor C2 is connected to
the gate electrode (gate metal) M1 through Via 3 (see FIG. 7).
Inthis manner, a stacked storage capacitor structure comptis-
ing capacitors C1 and C2 is formed.

[0058] As canbe seen in FIGS. 2 and 3, this stacked storage
capacitor structure effectively uses the same general area 12
(see FIG. 1) that would otherwise be used for a storage capaci-
tor comprising only a single pair of plates; but by the design
of the present invention, the stacked storage capacitor effec-
tively obtains a second pair of plates to form capacitor C2,
thereby nearly doubling the total capacitance of the storage
capacitor while maintaining approximately the same area that
would otherwise be used to form a storage capacitor with only
a single pair of plates. The equivalent circuit of the pixel
structure of FIG. 1 is shown in FIG. 7.

[0059] FIGS. 4, 5 and 6 show another technique used to
form an a-Si TFT-LCD display known as storage capacitor-
on-common (Cs-on-com) design. As seen in FIG. 4, two pixel
electrode segments 11 and 11' are separated by a region 13
having a common line M1. It is in this region that the stacked
storage capacitor structure according to the present invention
is formed.

[0060] FIGS. 5 and 6 show the cross-sectional views taken
along lines 5-5' and 6-6' respectively. In this fabrication
design, capacitor C1 has a first plate formed by the metal layer
M1 (common line) and a second plate formed by the source-
drain metal M2. The gate insulator layer 22 forms the dielec-
tric for capacitor C1. The second capacitor C2 has a first plate
formed by the ITO layer 20 and a second plate formed by the
source-drain metal M2. The passivation insulator layer 24 is
the dielectric for capacitor C2. Thus, C1 and C2 have a shared
capacitor plate M2. The pixel electrode 11' is connected to the
drain electrode 28 of the TFT 50 by Via 1 (see FIG. 4). The
pixel electrode segment 11' is also connected to the shared
capacitor plate M2 through Via 4. Similarly, the pixel elec-
trode segment 11 is connected to the shared capacitor plate
M2 through Via 3. The ITO layer 20 for capacitor C2 is
connected to the common line M1 through Via 2 see FIG. 8).
In this manner, a stacked storage capacitor structure is
formed. The equivalent circuit for the pixel structure of FIG.
4 is shown in FIG. 8. As with the fabrication process as
described in conjunction with FIGS. 2 and 3, a five-mask
process can be used.

[0061] As can be seen in the equivalent circuits shown in
FIGS. 7 and 8, the source-drain metal layer M2 is a shared
capacitor plate for the storage capacitors C1 and C2 and these
o capacitors are connected at Via 3 in parallel so as to
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increase the charge storage capacity associated with the pixel
electrode 10 (FIG. 7) or with the pixel electrode segments 11,
11' (FIG. 8). In both embodiments, M1 and ITO 20 are sepa-
rately used for two capacitor plates of the stacked capacitor
structure, and insulator layers 22 and 24 are separately used as
the dielectric for C1 and the dielectric for C2. The difference
between the two embodiments is where M1 is connected to.
Allthe electrically conductive layers M1, M2, ITO 20 and the
insulator layers 22, 24 are generally required in the five-mask
fabricating process for most TFT-LCD displays. It is there-
fore apparent from the present description that a stacked
storage capacitor structure, according to the present inven-
tion, can be fabricated for a-Si TFT-LCD display without
additional material layers or masks. According to the present
invention, the amount of pixel real estate associated with the
storage capacitor is thereby minimized, which in turn maxi-
mizes the aperture ratio of the pixel, providing better perfor-
mance as the resolution of the pixel increases.

[0062] It will be apparent to those skilled in the art that
various modifications and variations can be made in the struc-
ture and method of the present invention without departing
from the scope of the present invention. As a result, it is
intended that the present invention covers such modifications
and variations provided that they fall within the scope of the
following claims and their equivalents.

1. A stacked storage capacitor structure for a thin film
transistor liquid crystal display having a plurality of pixels,
each pixel having a pixel area, wherein at least some of the
pixels have a storage capacitor formed substantially within
the pixel area and associated with a stacked storage capacitor
structure, the stacked storage capacitor structure comprising:

a first storage capacitor having a first plate formed by a first

electrically conductive layer, a second plate formed by a
second electrically conductive layer and a dielectric
formed by a first insulator layer positioned between the
first electrically conductive layer and the second electri-
cally conductive layer; and

a second storage capacitor having a first plate formed by a

third electrically conductive layer, a second plate formed
by the second electrically conductive layer and a dielec-
tric formed by a second insulator layer positioned
between the first and second plates, wherein the first
electrically conductive layer and the third electrically
conductive layer are electrically connected to each other
so that the first and second storage capacitors are elec-
trically connected in parallel, and wherein the second
electrically conductive layer is positioned between the
first electrically conductive layer and the third electri-
cally conductive layer.

2. A stacked storage capacitor structure as defined in claim
1 wherein each of said at least some of the pixels has a gate
line disposed at one edge section of the pixel area for control-
ling electric charges in the storage capacitor, and wherein the
storage capacitor is formed substantially in said one edge
section.

3. A stacked storage capacitor structure as defined in claim
2, wherein each of said at least some of the pixels has a
semiconductor switching element and a pixel electrode elec-
trically connected to the switching element, and wherein the
pixel electrode is located within the pixel area adjacent to said
one edge section in a non-overlapping manner.

4. A stacked storage capacitor structure as defined in claim
3, wherein the switching element has a first switching end, a
second switching end and a switching control terminal, the
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first switching end operatively connected to a signal line, the
second end operatively connected to the pixel electrode, and
wherein each of said at least some of the pixels further com-
prises a further gate line operatively connected to the switch-
ing control terminal of the switch element for causing the
opening and closing between the first and second switching
ends.

5. A stacked storage capacitor structure as defined in claim
4, wherein the second electrically conductive layer (M2) is
operatively connected to the second switching end of the
switching element via the pixel electrode and the first elec-
trically conductive layer (M1) is operatively connected to the
gate line.

6. A stacked storage capacitor structure as defined in claim
5, wherein the first switching end is a source terminal, the
second switching end is a drain terminal, and the switching
control terminal is a gate terminal of a transistor, and wherein
the first electrically conductive layer is a gate metal layer, the
first insulator layer is a gate insulator layer and second elec-
trically conductive layer is a source-drain metal layer.

7. A stacked storage capacitor structure as defined in claim
6, wherein the third electrically conductive layer is made
substantially of indium-tin oxide, and the second insulator
layer is a passivation insulator layer.

8. A stacked storage capacitor structure as defined in claim
7, wherein part of the passivation insulator layer is disposed
adjacent to part of the gate insulator layer, and the pixel
electrode is made substantially of indium-tin oxide, and
wherein at least part of the pixel electrode and part of the third
electrically conductor layer are disposed on different sections
of the passivation insulator layer.

9-16. (canceled)

17. Amethod of increasing charge storage capacity ina thin
film transistor liquid crystal display having a plurality of
pixels, each pixel having a pixel area and a pixel electrode
located within the pixel area, wherein at least some of the
pixels have a storage capacitor structure formed ata section of
the pixel area substantially within the pixel area for storing
electric charges associated with the pixel electrode, and
wherein the section is adjacent to the pixel electrode in a
non-overlapping manner, said method comprising the steps
of:

forming a first storage capacitor having a first plate formed

by a first electrically conductive layer, a second plate
formed by a second electrically conductive layer and a
dielectric formed by a first insulator layer positioned
between the first electrically conductive layer and the
second electrically conductive layer; and

forming a second storage capacitor having a first plate

formed by a third electrically conductive layer, a second
plate formed by the second electrically conductive layer
and a dielectric formed by a second insulator layer posi-
tioned between the first and second plates; and
electrically connecting the first electrically conductive
layer to the third electrically conductive layer so that the
first and second storage capacitors are electrically con-
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nected in parallel for forming the storage capacitor

structure, and wherein the second electrically conduc-

tive layer is positioned between the first electrically con-
ductive layer and the third electrically conductive layer.

18. A thin film transistor liquid crystal display comprising:

a plurality of pixels arranged in rows and columns, each

pixel having a pixel area,

a plurality of signal lines disposed between the pixel col-

umns; and

a plurality of gate lines disposed between the pixel rows,

wherein at least some of the pixels havea storage capaci-

tor formed substantially within the pixel area, the stor-
age capacitor comprising;

a first storage capacitor having a first plate formed by a
first electrically conductive layer, a second plate
formed by a second electrically conductive layer and
a dielectric formed by a firstinsulator layer positioned
between the first electrically conductive layer and the
second electrically conductive layer; and

a second storage capacitor having a first plate formed by
a third electrically conductive layer, a second plate
formed by the second electrically conductive layer
and a dielectric formed by a second insulator layer
positioned between the first and second plates,
wherein the first electrically conductive layer and the
third electrically conductive layer are electrically
connected to each other so that the first and second
storage capacitors are electrically connected in paral-
lel, and wherein the second electrically conductive
layer is positioned between the first electrically con-
ductive layer and the third electrically conductive
layer.

19. A thin-film liquid crystal display as defined in claim 18,
wherein each of said at least some of the pixels has a further
gate line disposed at one edge section of the pixel area for
controlling electric charges in the storage capacitor, and
wherein the storage capacitor is formed substantially in said
one edge section.

20. A thin-film liquid crystal display as defined in claim 18,
wherein each of said at least some of the pixels has a semi-
conductor switching element and a pixel electrode electri-
cally connected to the switching element, and wherein the
pixel electrode is located within the pixel area adjacent to said
one edge section in a non-overlapping manner.

21. A thin-film liquid crystal display as defined in claim 20,
wherein the switching element has a first switching end, a
second switching end and a switching control terminal, the
first switching end operatively connected to one of said plu-
rality of signal lines, the second end operatively connected to
the pixel electrode, and wherein the switching control termi-
nal of the switch element is operatively connected to one of
said plurality of gate lines for causing the opening and closing
between the first and second switching ends.

22-25. (canceled)



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

IPCHEKS
CPCH %5
H A 40 FF 32
ShERaEsE

BEG®)

—HATTFT-LCONBMERIEBFHBARENY RS —FHE
RREFE-—ERE A MREEZENF_SEETHK. F-B2RFHAF=

patsnap
ATEERRAEREE RN EHBRREN

US20080239183A1 NI (»&E)B 2008-10-02

US12/150132 RiEH 2008-04-24

R BBRHBRLE

R BBRHERLE

RiEKBRHOBRLF

LUO FANG CHEN
LO CHANG CHENG

LUO, FANG-CHEN
LO, CHANG-CHENG

GO02F1/133 G02F1/136 G02F1/1362 HO1L21/027 HO1L27/12 HO1L29/786

GO02F1/136213 HO1L27/12

uS8184219

Espacenet USPTO

Signal line

J - gate line

50

TEE LS ENTOREK,. F—BEEMTORBIBAERE Ly

—& , BAERNMHEIRTESMLSBNALLEEE —MEEE I_L
WRZRPWMZ, X, N ERBRUHEBRE EHRERE. FIRAES
MIFERREN R FRAFBENIMT2EBRNERN AR,

Via1

source  drain | \iag er Via3 /-“

ITOMGRBMAURINREMCLEE ENRGEILIENTEHS . 11../ - I

deetic 22 TCZ‘\

~ dielectric 24
M1 Via2 \ ITO20

- —

\

common line



https://share-analytics.zhihuiya.com/view/0bb4d8cf-30cc-4a3a-ac70-ff0d43ace6f7
https://worldwide.espacenet.com/patent/search/family/035067498/publication/US2008239183A1?q=US2008239183A1
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=%2220080239183%22.PGNR.&OS=DN/20080239183&RS=DN/20080239183

