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ARRAY SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE WITH STORAGE
ELECTRODES AND METHOD OF
FABRICATING THE SAME

The present application claims the benefit of Korean Patent
Application No. 2005-0106840 filed in Korea on Nov. 9,
2005, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an array substrate for a
liquid crystal display device and a method of fabricating the
same, and more particularly, to an array substrate having an
integrated driving circuit.

2. Discussion of the Related Art

In general, a liquid crystal display (LCD) device uses opti-
cal anisotropy and polarization properties of liquid crystal
molecules to display images. The LCD device includes first
and second substrates facing each other and a liquid crystal
layer interposed therebetween. The first substrate, typically
referred to as an array substrate, includes thin film transistors
(TFTs) as switching elements. The second substrate, typi-
cally referred to as a color filter substrate, includes a color
filter. The TFT includes a semiconductor layer of amorphous
silicon or polycrystalline silicon. Since a process using the
amorphous silicon is performed in a relatively low tempera-
ture and requires a relatively inexpensive insulating substrate,
the amorphous silicon has been widely used in fabricating the
TFTs. However, since the amorphous silicon has randomly
arranged silicon atoms, the amorphous silicon has weak
bonding strengths between the silicon atoms, dangling bonds,
and low field effect mobility. Accordingly, the TFTs made
from amorphous silicon are not adequate for a driving circuit.

By contrast, the polycrystalline silicon has excellent field
effect mobility. Hence, the polycrystalline silicon is typically
used for fabricating the TFTs of the driving circuit. Further,
by forming the driving circuit on the substrate using the
polycrystalline silicon without using tape automated bonding
(TAB), the LCD device becomes compact, and production
cost of the LCD device decreases.

FIG. 1is a schematic plane view showing an array substrate
of an LCD device according to the related art. As shown in
FIG. 1, the first substrate 30 includes a display region D1 and
a non-display region D2. A switching TFT (Ts) and a pixel
electrode 17 connected to the switching TFT (Ts) are formed
in a pixel region P. A gate line 12 along a first direction and a
data line 14 are formed to define the pixel region P. The pixel
regions P are formed as a matrix in the display region D1.

A gate driving circuit 16 and a data driving circuit 18 are
formed in the non-display region D2 of the first substrate 30.
The gate driving circuit 16 and the data driving circuit 18
supply control signals and data signals to the pixel regions P
through the gate lines 12 and the data lines 14, respectively.
The gate driving circuit 16 and the data driving circuit 18 have
TFTs having a complementary metal-oxide semiconductor
(CMOS) structure to apply a suitable signal to the respective
pixel region P. The TFTs having CMOS structure are typi-
cally used for rapidly treating signals in the driving circuit.
The CMOS structure includes a combination of n-type (i.e.,
negative type) and p-type (i.e., positive type) TFTs.

FIG. 2 is a schematic plane view showing a display region
of an LCD device having an integrated driving (IC) circuit on
the first substrate according to the related art. As shown in
FIG. 2, the first substrate 30 includes the gate lines GL, the
data lines DL, the switching TFTs Ts, the pixel electrodes 82,
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and storage capacitors Cst. The gate lines GL and the data
lines DL cross each other to define the pixel regions P, and the
switching TFTs Ts including a gate electrode 52, an active
layer 38, and source and drain electrodes 74a and 745 are
formed at a crossing portion of the gate and data lines GL and
DL. The pixel electrode 82 connected to the drain electrode
74b and the storage capacitor Cst including first, second, and
third storage electrodes 40, 54, and 76 are formed in the pixel
region P. The storage capacitors Cst are connected to a storage
line SL.

The gate driving circuit 16 and a data driving circuit 18 is
formed in a non-display region D2 at a periphery of the
display region D1. The gate driving circuit 16 and the data
driving circuit 18 supply signals to the gate and data lines GL,
and DL, respectively. Since the gate driving circuit 16 and the
data driving circuit 18 have low leakage currents and easily
control the signals supplied to the gate and data lines GL and
DL, the gate driving circuit 16 and the data driving circuit 18
include TFTs of n-type or TFTs with the CMOS structure.

FIG. 3 is a cross-sectional view of a driving circuit, and
FIG. 4 is a cross-sectional view taken along the line IV-IV of
FIG. 2. The driving circuit DC, which may be one of the gate
driving circuit 16 and the data driving circuit 18, is formed in
the non-display region D2 and includes TFTs with CMOS
structure, i.e., a combination of a first TFT Tp of p-type and
second TFT Tn of n-type, as shown in FIG. 3. As shown in
FIG. 4, a switching TFT Ts as a switching element, a pixel
electrode 82, and a storage capacitor Cst are formed in the
display region D1. The TFT Ts is typically an n-type TFT. The
storage capacitor Cst includes a first capacitor C1 and a sec-
ond capacitor C2, which are connected to each other in series.
The first capacitor C1 includes a first storage electrode 40 and
a second storage electrode 54. The second capacitor C2
includes the second storage electrode 54 and a third storage
electrode 76. A process for fabricating the LCD device
according to the related art is performed by a nine mask
process including several doping process for forming the
storage capacitor Cst, the first TFT Tp, and the second TFT
Tn.

FIGS. 5A to 51 are cross-sectional views showing pro-
cesses of fabricating a driving circuit according to the related
art. FIGS. 6A to 61 are cross-sectional views showing pro-
cesses of fabricating a display region of an array substrate
according to the related art. FIGS. 7A to 7] are cross-sectional
views showing processes of fabricating a portion taken along
the lines VII-VII of FIGS. 6A to 6L.

A first mask process will now be described with reference
to FIG. 5A, FIG. 6A and FIG. 7A. As shown in FIG. 5A, FIG.
6A and FIG. 7A, a buffer layer 32 is formed on the first
substrate 30 by depositing a first insulating material. The
non-display region D2 having first and second areas A1 and
A2 (FIG. 5A) and the display region D1 having third and
fourth areas A3 and A4 in the pixel region P (FIG. 7A) are
defined on the first substrate 30. Then, a first semiconductor
layer 34 of polycrystalline silicon in the first area A1, a second
semiconductor layer 36 of polycrystalline silicon in the sec-
ond area A2, and a third semiconductor layer 38 of polycrys-
talline silicon in the third area A3 and the first storage elec-
trode 40 of polycrystalline silicon in the fourth area A4 are
formed on the buffer layer 32. The layers of polycrystalline
silicon are formed by depositing amorphous silicon, crystal-
lizing the amorphous silicon using a laser, and patterning the
crystallized amorphous silicon by a first mask process. The
first, second, and third semiconductor layers 34, 36, and 38
function as an active layer, and the first storage electrode 40
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functions as an electrode of the first capacitor (C1 of FIG. 4).
The third semiconductor layer 38 and the first storage elec-
trode 40 may be integrated.

A second mask process for doping the first storage elec-
trode 40 with impurities is described with reference to FIG.
5B, FIG. 6B, and FIG. 7B. As shown in FIG. 5B, FIG. 6B, and
FIG. 7B, a first photoresist (PR) pattern 42 is formed on the
first, second, and third semiconductor layers 34,36, and 38 by
coating and patterning a photoresist layer during a second
mask process. The first PR pattern 42 covers the first, second,
and third areas A1, A2, and A3 while exposing the first storage
electrode 40 in the fourth area A4. Then, the first storage
electrode 40 is doped with high concentration n-type impu-
rities using the first PR pattern 42 as a doping mask. Since the
first storage electrode 40 functions as the electrode of the first
capacitor (C1 of FIG. 4), impurities are doped to decrease
electrical resistance of'the first storage electrode 40. Then, the
first PR pattern 42 is removed.

A third mask process will now be described with reference
to FIG. 5C,FIG. 6C, and FIG. 7C. As shown in FIG. 5C, FIG.
6C, and FIG. 7C, a gate insulating layer 46 is formed on the
first, second, and third semiconductor layers 34, 36, and 38
and the first storage electrode 40 by depositing a first inor-
ganic insulating material. The inorganic insulating material
includes one of silicon nitride and silicon oxide. Then, a first
gate electrode 48, a second gate electrode 50, a third gate
electrode 52, and a second storage electrode 54 are formed on
the gate insulating layer 46 by deposing and patterning a first
conductive metal by the third mask process. The first gate
electrode 48 corresponds to a center of the first semiconduc-
tor layer 34 and has a size smaller than the first semiconductor
layer 34. The second gate electrode 50 corresponds to a center
of the second semiconductor layer 36 and has a size smaller
than the second semiconductor layer 36. The third gate elec-
trode 52 corresponds to a center of the third semiconductor
layer 38 and has a size smaller than the third semiconductor
layer 38. The second storage electrode 54 corresponds to a
center of the first storage electrode 40 and has substantially
the same size as the first storage electrode 40. At the same
time, the gate line GL extending from the third gate electrode
52 is formed along a side of the pixel region P (FIG. 6C). A
storage line SL extending from the second storage electrode
54 is formed across the pixel region P (FIG. 6C).

A fourth mask process for doping the second and third
semiconductor layers 36 and 38 with impurities is described
with reference to FIG. 5D, FIG. 6D, and FIG. 7D. As shown
in FIG. 5D, FIG. 6D, and FIG. 7D, a second PR pattern 56 is
formed in the first area A1 by coating and patterning PR. The
second PR pattern 56 covers the first semiconductor layer 34.
Then, ends of the second semiconductor layer 36 and ends of
the third semiconductor layer 38 are doped with high concen-
tration n-type impurities using the second PR pattern, the
second and third gate electrodes 50 and 52, and the second
storage electrode 54 as a doping mask such that theends of the
second semiconductor layer 36 and ends of the third semi-
conductor layer 38 have an ohmic contact characteristic.
Then, the second PR pattern 56 is removed.

A fifth mask process for doping the first semiconductor
layer 34 with impurities will now be described with reference
to FIG. 5E, FIG. 6E, and FIG. 7E. As shown in FIG. 5E, FIG.
6E, and FIG. 7E, a third PR pattern 58 is formed in the second,
third, and fourth areas A2, A3, and A4 by coating and pat-
terning a layer of photoresist. The third PR pattern 58 covers
the second and third semiconductor layers 36 and 38 and the
first storage electrode 40. Because the first storage electrode
40 is covered with the second storage electrode 54, the third
PR pattern 58 in the fourth area A4 is not essential. Then, ends
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of the first semiconductor layer 34 are doped with high con-
centration p-type impurities using the third PR pattern 58 and
the first gate electrode 48 as a doping mask such that the ends
of the first semiconductor layer 34 has an ohmic contact
characteristic. The third PR pattern 58 is then removed.

A sixth mask process will now be described with reference
to FIG. 5F, FIG. 6F, and FIG. 7F. As shown in FIG. 5F, FIG.
6F, and FIG. 7F, an interlayer insulating layer 60 having first,
second, third, fourth, fifth, and sixth contact holes 62a, 625,
64a, 645, 66a, and 665 is formed on the first, second, and third
gate electrodes 48, 50, and 52, and the second storage elec-
trode 54 by depositing and patterning a second inorganic
insulating material. The inorganic insulating material
includes one of silicon nitride and silicon oxide. The first and
second contact holes 62a, 625 expose the ends of the first
semiconductor layer 34, respectively. The third and fourth
contact holes 64a and 645 expose the ends of the second
semiconductor layer 36, respectively. The fifth and sixth con-
tact holes 66a and 665 expose the ends of the third semicon-
ductor layer 38, respectively.

A seventh mask process will now be described with refer-
ence to FIG. 5G, FIG. 6G, and FIG. 7G. First, second, and
third source electrodes 70a, 72a, and 74a and first, second,
and third drain electrodes 705, 725 and 745 are formed on the
interlayer insulating layer 60 by depositing and patterning a
second conductive metal. The second conductive metal
includes one of chrome, molybdenum, tungsten, copper, and
aluminum alloy. The first source electrode 70a and the first
drain electrode 705 contact the first semiconductor layer 34
through the first and second contact holes 62a and 625,
respectively. The second source electrode 72a and the second
drain electrode 725 contact the second semiconductor layer
36 through the third and fourth contact holes 64a and 645,
respectively. The third source electrode 74a and the third
drain electrode 746 contact the third semiconductor layer 38
through the fifth and sixth contact holes 64a and 645, respec-
tively. At the same time, a third storage electrode 76 extending
from the third drain electrode 745 is formed in the fourth area
A4. The second capacitor C2 includes of the second storage
electrode 54 and the third storage electrode 76. The data line
DL extending from the third source electrode 74a is formed
along one side of the pixel region P and crosses the gate line
GL to define the pixel region P.

Through the above-mentioned seven mask processes, the
CMOS structure having a combination of the p-type TFT and
the n-type TFT is formed in the non-display region D2, and
the n-type switching TFT is formed in the third area A3 of the
display region D1. Also, the first and second capacitors are
formed in the fourth area A4 of the display region D1.

An eighth mask process is described with reference to FIG.
5H, FIG. 6H, and F1G. 7H. As shown in FIG. 5H, FIG. 6H,
and FIG. 7H, a passivation layer 78 is formed on the source
electrodes 70a, 72a, and 74a and drain electrodes 705, 725,
and 74b by depositing and patterning a second insulating
material. A drain contact hole 80 exposing one of the third
drain electrode 745 and the third storage electrode 76 is
formed in the passivation layer 78.

A ninth mask process will now be described with reference
to FIG. 51, FIG. 61, and FIG. 71. As shown in FIG. 51, F1G. 6],
and F1G. 71, a pixel electrode 82 is formed on the passivation
layer 78 by depositing and patterning a transparent conduc-
tive metal. The transparent conductive metal includes one of
indium-tin-oxide (ITO) and indium-zinc-oxide (IZO). The
pixel electrode 82 contacts one of the third drain electrode
74b and the third storage electrode 76 through the drain
contact hole 82.
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Through the above-mentioned nine mask processes, the
array substrate for the LCD device having the integrated
driving circuit according to the related art is formed. How-
ever, due to the number of processes, processing time is
delayed and production costs are increased. Also, since the
array substrate is manufactured through so many processes,
the defect rate increases.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to array sub-
strate for a liquid crystal display device and a method of
fabricating the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

An object of the present invention is to provide an array
substrate having an integrated driving circuit that decreases
the number of fabrication processes and decreases production
cost.

Another object of the present invention is to provide a
method of fabricating a liquid crystal display device having
an integrated driving circuit that decreases the number of
mask processes and decreases fabrication cost.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, the array substrate for a liquid crystal
display (LCD) device includes a substrate including a display
region and a non-display region, a driving circuit in the non-
display region, at least a first thin film transistor (TFT) in the
display region, a storage capacitor in the display region
including a first storage electrode, a second storage electrode,
and a third storage electrode, wherein the first storage elec-
trode includes a first semiconductor layer and a counter elec-
trode, and the third storage electrode includes a first transpar-
ent electrode pattern and a first metal pattern, a gate line and
a data line crossing each other to define a pixel region in the
display region, and a pixel electrode connected to the first
TFT in the pixel region.

In another aspect, the method of fabricating an array sub-
strate for a liquid crystal display (LCD) device includes pre-
paring a substrate having a display region and a non-display
region, forming a first semiconductor layer and a second
semiconductor layer in the non-display region of the sub-
strate, and a third semiconductor layer and a fourth semicon-
ductor layer in the display region of the substrate, the first
semiconductor layer including a first region and a second
region, the second semiconductor layer including a third
region, a fourth region, and a fifth region, and the third semi-
conductor layerincluding a sixth region, a seventh region, and
an eighth region, forming a counter electrode on the fourth
semiconductor layer to define a first storage electrode, form-
ing a first gate electrode over the first region of the first
semiconductor layer, a first metal pattern covering the second
semiconductor layer, and a second metal pattern covering the
third semiconductor layer and the counter electrode, doping
the second region of the first semiconductor layer with high
concentration p-type impurities, forming a second gate elec-
trode over the third region of the second semiconductor layer,
a third gate electrode over the sixth region of the third semi-
conductor layer, and a second storage electrode over the first
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storage electrode, wherein the second gate electrode formed
from the first metal pattern, and the third gate electrode and
the second storage electrode are formed from the second
metal pattern, doping the fifth region of the second semicon-
ductor layer and the eighth region of the third semiconductor
layer with high concentration n-type impurities, and the
fourth region of the second semiconductor layer and the sev-
enth region of the third semiconductor layer with low con-
centration n-type impurities, forming an interlayer insulating
layer to cover the first, second, and third gate electrodes and
the second storage electrode, the interlayer insulating layer
having first and second contact holes exposing the second
region of the first semiconductor layer, third and fourth con-
tact holes exposing the fifth region of the second semicon-
ductor layer, and fifth and sixth contact holes exposing the
eighth region of the third semiconductor layer, and forming
first, second, and third source electrodes, first, second, and
third drain electrodes, a third storage electrode, and a pixel
electrode on the interlayer insulating layer, the first source
electrode and the first drain electrode contacting the second
region of the first semiconductor layer through the first and
second contact holes, respectively, the second source elec-
trode and the second drain electrode contacting the fifth
region of the second semiconductor layer through the third
and fourth contact holes, respectively, the third source elec-
trode and the third drain electrode contacting the eighth
region of the third semiconductor layer through the fifth and
sixth contact holes.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG.1isaschematic plane view showing an array substrate
for an LCD device according to the related art.

FIG. 2 is a schematic plane view showing a display region
of an LCD device having an integrated driving circuit on the
first substrate according to the related art.

FIG. 3 is a cross-sectional view of a driving circuit accord-
ing to the related art.

FIG. 4 is a cross-sectional view of a display region taken
along the line TV-IV of FIG. 2.

FIGS. 5A to 51 are cross-sectional views showing pro-
cesses of fabricating a driving circuit according to the related
art.

FIGS. 6A to 61 are cross-sectional views showing pro-
cesses of fabricating a display region of an array substrate
according to the related art.

FIGS. 7A to 71 are cross-sectional views showing pro-
cesses of fabricating a portion taken along the lines VII-VII of
FIGS. 5A to 51

FIG. 8 is a schematic plane view showing a display region
of an LCD device having an integrated driving circuit on the
first substrate according to an exemplary embodiment of the
present invention.

FIG. 9 is a cross-sectional view of a driving circuit accord-
ing to an exemplary embodiment of the present invention.

FIG. 10 is a cross-sectional view of display region taken
along the line X-X of FIG. 8.
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FIGS. 11A to 11P are cross-sectional views showing fab-
ricating processes of a driving circuit according to an exem-
plary embodiment of the present invention.

FIGS. 12A to 12P are cross-sectional views showing fab-
ricating processes of a display region of an array substrate
according to an exemplary embodiment of the present inven-
tion.

FIGS. 13A to 13P are cross-sectional views showing fab-
ricating processes of a portion taken along the line XTII-XTIT
of FIGS. 12A to 12P.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

FIG. 8 is a schematic plane view showing a display region
of an LCD device having an integrated driving circuit on the
first substrate according to an exemplary embodiment of the
present invention. As shown in FIG. 8, gate lines GL and data
lines DL are formed on a first substrate 100 and cross each
other to define pixel regions P. A switching TFT Ts of poly-
crystalline silicon is formed at a crossing portion of the gate
and data lines GL. and DL and includes an active layer 116 of
polycrystalline silicon, a gate electrode 148 and a source
electrode 174 and a drain electrode 176. A pixel electrode 184
is formed in the pixel region P and contacts the drain electrode
176 of the switching TFT Ts.

A storage capacitor Cst including a first storage electrode
S1, a second storage electrode 150, and a third storage elec-
trode 182 is formed in the pixel region P. The first storage
electrode S1 includes a semiconductor layer 118 of polycrys-
talline silicon and a counter electrode 124 on the semicon-
ductor layer 118. The second storage electrode 150 extends
from a storage line SL and is disposed over the first storage
electrode S1. The third storage electrode 182 extends from the
drain electrode 176 and is disposed over the second storage
electrode 150. Itis characteristic that same signals are applied
to the counter electrode 124 and the semiconductor layer 118.
The source electrode 174 includes a transparent electrode
layer 174a and a conductive metal layer 174b. The drain
electrode 176 includes a transparent electrode layer 176a and
aconductive metal layer 1765. Also, the storage electrode 182
includes a transparent electrode layer 1784 and a conductive
metal layer 178b. It is characteristic that the transparent elec-
trode layer 1784 extends from the pixel electrode 184.

FIG. 9 is a cross-sectional view of a driving circuit accord-
ing to an exemplary embodiment of the present invention.
FIG. 10 is a cross-sectional view of display region takenalong
line X-X of FIG. 8. As shown in FIG. 9 and FIG. 10, the first
substrate 100 has two regions defined as a display region D1
including the pixel region P (FIG. 10) and a non-display
region D2 (FIG. 9).

A driving circuit (DC) having a CMOS structure, for
example, is formed in the non-display region D2. As shown in
FIG. 9, the CMOS structure includes a first TFT Tp of p-type
and a second TFT Tn of n-type. The first TFT Tp includes a
buffer layer 102, a first semiconductor layer 112, a gate insu-
lating layer 128, a first gate electrode 136, an interlayer insu-
lating layer 152 including a first interlayer insulating layer
152¢ and a second interlayer insulating layer 1525, a first
source electrode 166 including a first transparent electrode
pattern 1664 and a first conductive metal pattern 1665, and a
first drain electrode 168 including a second transparent elec-
trode pattern 168a and a second conductive metal pattern
168b. The second TFT Tn includes the buffer layer 102, a
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second semiconductor layer 114, the gate insulating layer
128, a second gate electrode 146, the interlayer insulating
layer 152 including the first interlayer insulating layer 152a
and the second interlayer insulating layer 1525, a second
source electrode 170 including a third transparent electrode
pattern 170q and a third conductive metal pattern 1705, and a
second drain electrode 172 including a fourth transparent
electrode pattern 172q and a fourth conductive metal pattern
1725.

As shown in FIG. 10, the switching TFT Ts, the storage
capacitor Cst, and the pixel electrode 184 are formed in pixel
region P. The switching TFT Ts includes the buffer layer 102,
athird semiconductor layer 116, the gate insulating layer 128,
a third gate electrode 148, the interlayer insulating layer 152
including the first interlayer insulating layer 152a and the
second interlayer insulating layer 1525, a third source elec-
trode 174 including a fifth transparent electrode pattern 174a
and a fifth conductive metal pattern 1745, and a third drain
electrode 176 including a sixth transparent electrode pattern
1764 and a sixth conductive metal pattern 1765. The TFT Ts
is an n-type TFT. However, other types of TFT's may be used
without departing from the scope of the invention. The stor-
age capacitor Cst includes a first capacitor C1 and a second
capacitor C2 connected to each other in series. The first
capacitor C1 includes a first storage electrode S1 and a second
storage electrode 150, and the second capacitor C2 includes a
second storage electrode 150 and a third storage electrode
182 including a seventh transparent electrode pattern 178a
and a seventh conductive metal pattern 1785. The pixel elec-
trode 184 contacts the switching TFT Ts.

FIGS. 11A to 11P are cross-sectional views showing pro-
cesses of fabricating a driving circuit according to an exem-
plary embodiment of the present invention. FIGS. 12A to 12P
are cross-sectional views showing processes of fabricating a
display region of an array substrate according to an exem-
plary embodiment of the present invention. FIGS.13A to 13P
are cross-sectional views showing processes of fabricating a
portion taken along the line XIII-X1II of FIGS. 12A to 12P.

A first mask process will now be described with reference
to FIGS. 11A to 11E, FIGS. 12A to 12E, and FIGS. 13A to
13E. As shown in FIG. 11A, FIG. 12A, and FIG. 13A, first
and second areas Al and A2 in the non-display region D2
(FIG.11A) and third and fourth areas A3 and A4 in the display
region D1 (FIG. 13A) are defined on the first substrate 100.
The buffer layer 102, a polycrystalline silicon layer 104, and
a first metal layer 106 are formed on the first substrate 100.
The buffer layer 102 may be formed by depositing an inor-
ganic insulating material, for example. The inorganic insulat-
ing material may be one of silicon nitride and silicon oxide.
The polycrystalline silicon layer 104 may be formed by
depositing an intrinsic amorphous silicon, for example, and
crystallizing the intrinsic amorphous silicon into polycrystal-
line silicon. The first metal layer 106 may be formed by
depositing a conductive metal, for example. The conductive
metal may be one of tungsten, molybdenum, chrome, and
moly-tungsten. Other materials for each of the layers may be
used without departing from the scope of the invention.

Then, a first photoresist (PR) layer 108 is formed by coat-
ing a photoresist material on the first metal layer 106. A first
mask M1 having a transparent area TA, a blocking area BA,
and a half-transparent area HTA 1is disposed over an entire
surface of the first PR layer 108. The blocking area BA
corresponds to the fourth area A4 and the half-transparent
area HTA corresponds to the first, second, and switching
areas Al, A2, and A3. The half-transparent area HTA has a
transmittance greater than the blocking area BA but less than
the transparent area TA.
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As shown in FIG. 11B, FIG. 12B, and FIG. 13B, a first PR
pattern 110a having a first height hl in the first, second, and
third areas Al, A2, and A3 and a second PR pattern 1105
having a second height h2 on the fourth area Ad are formed by
exposing and developing the first PR layer 108. Since the first
PR pattern 110a corresponds to the half-transparent area
HTA, and the second PR pattern 1105 corresponds to the
blocking area BA, the second height h2 is greater than the first
height h1. The first PR pattern 1104 in the third area A3 and
the second PR pattern 1105 may be connected. The first metal
layer 106 corresponding to the transparent areca TA is
exposed. Then, the exposed portions of the polycrystalline
silicon layer 104 and the first metal layer 106 are removed
such that first, second, third, and fourth metal patterns 1064,
1065, 106¢, and 1064 and the first, second, third, and fourth
semiconductor layers 112, 114, 116, and 118 are formed
corresponding to the first and second PR patterns 110a and
1105, as shown in FIG. 11C, FIG. 12C, and FIG. 13C.

As shown in FIG. 11C, FIG. 12C, and FIG. 13C, the first
metal pattern 106a and the first semiconductor layer 112 are
disposed in the first area Al, and the second metal pattern
1065 and the second semiconductor layer 114 are disposed in
the second area A2 (FIG. 11C). The third metal pattern 106¢
and the third semiconductor layer 116 are disposed in the
third area A3, and the fourth metal pattern 1064 and the fourth
semiconductor layer 118 are disposed in the fourth area A4.
The third semiconductor layer 116 and the fourth semicon-
ductorlayer 118 as well as the third metal pattern 106¢ and the
fourth metal pattern 1064 may be connected, respectively.

As shown in FIG. 11D, FIG. 12D, and F1G. 13D, a process
for ashing the first and second PR patterns 110a, 1105 is
performed to expose the first, second, and third metal patterns
106a, 1065, and 106¢. Because the height of the second PR
pattern 1105 (h2) is greater than the height of the first PR
pattern 110a (h1), a portion of the second PR pattern 1105
remains after the first PR pattern 110q is removed from the
ashing process to form a third PR pattern 110¢. The third PR
pattern 110c¢ has a smaller height (h3) than the second height
h2

AsshowninFIG. 11E, FIG. 12E, and FIG. 13E, the counter
electrode 124 is formed on the fourth semiconductor layer
118 in the fourth area A4 while the first, second, and third
semiconductor layers 112, 114, and 116 are exposed by an
etching process that removes the first, second, and third metal
patterns 106a, 1065 and 106¢ and the third PR pattern 110c.
The first, second, third, and fourth semiconductor layers 112,
114, 116, and 118 and the counter electrode 124 are formed
by the above-mentioned first mask process. The fourth semi-
conductor layer 118 and the counter electrode 124 on the
fourth semiconductor layer 118 function as the first storage
electrode S1. Accordingly, a process of doping the fourth
semiconductor layer 118 with impurities is omitted by form-
ing the counter electrode 124 on the fourth semiconductor
layer 118.

A second mask process is described with reference to
FIGS. 11F and 11G, FIGS. 12F and 12G, and FIGS. 13F and
13G. As shown in FIG. 11F, FIG. 12F, and FIG. 13F, the gate
insulating layer 128, a second metal layer 130, and a second
PR layer 132 is sequentially formed on the first, second, third,
semiconductor layers 112, 114, and 116 and the counter elec-
trode 124. Then, the second PR layer 132 is exposed and
developed to form a fourth PR pattern 134q in the first area
A1, afifth PR pattern 134b in the second area A2, and a sixth
PR pattern 134¢ in the third and fourth areas A3 and A4 using
a second mask (not shown), as shown in FIG. 11G, FIG. 12G,
and FIG. 13G.
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As shownin FIG. 11G, FIG. 12G, and FI1G. 13G, the fourth
PR pattern 134a corresponds to a center of the first semicon-
ductor layer 112 and has a smaller size than the first semicon-
ductor layer 112. The fifth PR pattern 1345 corresponds to a
center of the second semiconductor layer 114 and has sub-
stantially the same size as the second semiconductor layer
114. The sixth PR pattern 134¢ corresponds to the third and
fourth semiconductor layers 116 and 118 and has substan-
tially the same size as an entire size of the third and fourth
semiconductor layers 116 and 118. Then, the first gate elec-
trode 136 over the first semiconductor layer 112, a fourth
metal pattern 138 over the second semiconductor layer 114,
and a fifth metal pattern 140 are formed by removing the
second metal layer 130 (FIG. 11F, FIG. 12F, and FIG. 13F)
exposed through portions between the fourth, fifth, and sixth
PR patterns 134a, 1345, and 134c¢. At the same time, the gate
line GL connected to one end of the fifth metal pattern 140
and the storage line SL connected to another end of the fifth
metal pattern 140 are formed on the gate insulating layer 128
(FIG. 12G). When the first semiconductor layer 112 includes
a first active region B1 and a second active region B2 at ends
of the first active region B1, the first gate electrode 136
corresponds to the first active region B1. Then, the fourth,
fifth, and sixth PR patterns 134a, 1345, and 134c are
removed.

A process of doping the first semiconductor layer with
impurities will now be described with reference to FIG. 11H,
FIG. 12H, and FIG. 13H. As shown in FIG. 11H, FIG. 12H,
and FIG. 13H, the second active region B2 of the first semi-
conductor layer 112 is doped with high concentration p-type
impurities using the first gate electrode 136 and the fourth and
fifth metal patterns 138 and 140 as adoping mask. The second
active region B2 serves as an ohmic contact.

A third mask process will now be described with reference
to FIGS. 111to0 11K, FIGS. 121t0 12K, and FIGS. 13[t0 13K.
As shown in FIG. 111, FIG. 12I and FIG. 131, a seventh PR
pattern 142a on the first gate electrode 136, an eighth PR
pattern 1425 on the fourth metal pattern 138, a ninth PR
pattern 142¢ and a tenth PR pattern 142d on the fifth metal
pattern 140 are formed by coating and patterning a third PR
layer (not shown) using a third mask (not shown). The seventh
PR pattern 1424 substantially covers the first gate electrode
136 and the first semiconductor layer 112. The eighth PR
pattern 1425 corresponding to the fourth metal pattern 138
exposes ends of the fourth metal pattern 138. The ninth PR
pattern 142¢ corresponding to the third region A3 exposes
portions of the fifth metal pattern 140 in the third areaA3. The
tenth PR pattern 1424 spaced apart from the ninth PR pattern
142¢ substantially covers the fifth metal pattern 140 in the
fourth area A4. Then, the second gate electrode 146 is formed
in the second area A2 by etching the fourth metal pattern 138
using the eighth PR pattern 1426 as a mask. The third gate
electrode 148 is formed in the third area A3 by etching the
fifth metal pattern 140 in the third area A3 using the ninth PR
pattern 142¢ as a mask. In forming the third gate electrode
148, the second storage electrode 150 is formed in the fourth
area A4 using the tenth PR pattern 142d as a mask. The third
gate electrode 148 and the second storage electrode 150 pro-
trude from the gate line GL and the storage line SL, respec-
tively (FIG. 121).

When the second semiconductor layer 114 includes a third
active region B3, a fourth active region B4, and a fifth active
region B5, the second gate electrode 146 corresponds to the
third and fifth active regions B3 and BS. The fifth active
region B5 is disposed at the sides of the third active region B3,
and the fourth active region B4 is disposed at the outer sides
of the fifth active region B5. Similarly, when the third semi-
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conductor layer 116 includes a sixth active region B6, a
seventh active region B7, and an eighth active region B8, the
third gate electrode 148 corresponds to the sixth and eighth
active regions B6 and B8. The eighth active region B8 is
disposed at the sides of the sixth active region B6, and the
seventh active region B7 is disposed at the outer sides of
eighth active region BS.

Next, the fourth active region B4 of the second semicon-
ductor layer 114 and the seventh active region B7 are doped
with high concentration n-type impurities using the seventh,
eighth, ninth, and tenth PR patterns 142a, 1425, 142¢, and
1424 as a doping mask. The fourth active region B4 and the
seventh active region B7 serves as an ohmic contact. At this
time, since ends of the fourth semiconductor layer 118 is not
covered with the counter electrode 124, the ends of the fourth
semiconductor layer 118 are doped with the high concentra-
tion n-type impurities.

A process for forming a lightly doped drain (LDD) region
in the second and third semiconductor layer will now be
described with reference to FIGS. 11J and 11K, FIGS. 12]
and 12K and FIGS. 13] and 13K. As shown in FIG. 11], FIG.
12], and FIG. 13J, a process of ashing the seventh, eighth,
ninth, and tenth PR patterns 142a, 14256, 142¢, and 1424 is
performed to expose ends of the second gate electrode 146
and ends of the third gate electrode 148. The ends of the
second gate electrode 146 correspond to the fifth active region
BS5 ofthe second semiconductor layer 114, and the ends of the
third gate electrode 148 correspond to the eighth active region
B8. At the same time, ends of the second storage electrode
150 are exposed. Also, the gateline and the storageline SL are
partially exposed. Then, the ends of second gate electrode
146, the ends of the third gate electrode 148, and the ends of
the second storage electrode 150 are removed, as shown in
FIG. 11K, FIG. 12K, and FIG. 13K.

As shown in FI1G. 11K, FIG. 12K, and FIG. 13K, the fifth
active region B3 and the eighth active region B8 are doped
with low concentration n-type impurities using the seventh,
eighth, ninth, and tenth PR patterns 142a, 1425, 142¢, and
1424 and the counter electrode 124 as a doping mask such that
the fifth active region B5 and the eight active region B8 are
defined as the LDD region, respectively. The LDD region
minimizes a leakage current from the semiconductor layers.
Then, the seventh, eighth, ninth, and tenth PR patterns 1424,
142b, 142¢, and 1424 are removed. Ohmic contact regions,
which are doped with high concentration n-type impurities in
the first, second, and third semiconductor layers 112,114, and
116, the LDD regions, which are doped with low concentra-
tion n-type impurities in the second and third semiconductor
layers 114 and 116, the first gate electrode 118 over the first
semiconductor layer 112, the second gate electrode 146 over
the second semiconductor layer 114, the third gate electrode
148 over the third semiconductor layer 116, and the second
storage electrode over the counter electrode 124 are formed in
the first substrate 100 by the above-mentioned second and
third mask processes.

A fourth mask process will now be described with refer-
ence to FIG. 11L, FIG. 12L, and FIG. 13L. As shown in FIG.
11L, FIG. 121, and FIG. 13L, the interlayer insulating layer
152 including the first and second interlayer insulating layers
152¢ and 1525 is formed on the first, second, and third gate
electrodes 136, 146, and 148 and the second storage electrode
150 by sequentially depositing and patterning silicon oxide
and silicon nitride using a fourth mask (not shown). In other
word, the first interlayer insulating layer 152a is made of
silicon oxide, and the second interlayer insulating layer 1524
is made of silicon nitride. The interlayer insulating layer 152
includes seventh, eighth, ninth, tenth, eleventh, and twelfth
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contact holes 154a, 1545, 156a, 1565, 158a, and 1585. The
seventh and eighth contact holes 154a and 1545 expose the
second active region (B2 of FIG. 11G) of the first semicon-
ductor layer 112, the ninth and tenth contact holes 1564 and
1565 expose the fourth active regions (B4 of FIG. 11K) of
second semiconductor layer 114, and the eleventh and twelfth
contact holes 1584 and 1585 expose the seventh active layer
(B7 of FIG. 113K) of the third conductor layer 116. A heating
process of the first substrate 100 is performed after forming
the first interlayer insulating layer 152a. The high concentra-
tion n-type impurities doped into the ends of the fourth semi-
conductor layer 118 are diffused into the counter electrode
124 by the above-mentioned heating process. Accordingly,
the counter electrode 124 and the fourth semiconductor layer
118 have characteristic of ohmic contact such that same sig-
nals can be applied to the counter electrode 124 and the fourth
semiconductor layer 118. Also, a process of hydrogenation
heating is performed on the first substrate 100 after forming
the second interlayer insulating layer 1524. Since the fourth
semiconductor layer 118 and the third semiconductor layer
116 may be connected, the interlayer insulating layer accord-
ing to another exemplary embodiment of present invention
may include a thirteenth contact hole (not shown) exposing an
end of the fourth semiconductor layer 118 or the counter
electrode 124 instead of the twelfth contact hole 1585.

A fifth mask process will now be described with reference
to FIGS. 11M to 11P, FIGS. 12M to 12P, and FIGS. 13M to
13P. As shown in FIG. 11M, FIG. 12M, and FIG. 13M, a
transparent electrode layer 160, a conductive metal layer 162,
and a fourth PR layer 164 are formed on the interlayer insu-
lating layer 152. The transparent electrode layer 160 is
formed by depositing a transparent conductive material, such
as ITO and1Z0. The conductive metal layer 162 is formed by
depositing a conductive material, such as chrome, molybde-
num, tungsten, copper, and aluminum alloy. The conductive
metal layer 162 may be opaque. The fourth PR layer 164 may
be a positive type photoresist. A fifth mask M5 having the
transparent area TA, the half-transparent area HTA, and the
blocking area BA is disposed over the fourth PR layer 164.
The blocking area BA corresponds to the seventh, eighth,
ninth, tenth, eleventh, and twelfth contact holes 154a, 1545,
1564, 1565, 1584, and 1585 and the fourth area A4. The
blocking area BA has six-sub blocking areas of which five-
sub blocking areas correspond to the seventh, eighth, ninth,
and tenth contact holes (154a, 1545, 156a, 1565 of FIG. 111)
and the eleventh contact hole (1584 of FIG. 13L). The other
sub-blocking area corresponds to the twelfth contact hole
(1585 of FIG. 13L) and the fourth area A4. The transparent
areas TA are disposed between the six-sub blocking areas.
The half-transmissive area HTA corresponds to the pixel elec-
trode (184 of F1G. 8).

Then, eleventh, twelfth, thirteenth, fourteenth, and fif-
teenth PR patterns 180a, 1805, 180c, 180d, and 180e are
formed on the conductive metal layer 162 by exposing and
developing the fourth PR layer 164 using the fifth mask M5,
as shown in FIG. 11N, FIG. 12N, and FIG. 13N. The eleventh
PR pattern 180« corresponds to the seventh and eighth con-
tact holes (154¢ and 154b of FIG. 11L), and the twelfth PR
pattern 1805 corresponds to the ninth and tenth contact holes
(156a and 1565 of FIG. 11L). The thirteenth PR pattern 180¢
corresponds to the eleventh contact hole (158a of FIG. 13L),
and the fourteenth PR pattern 1804 corresponds to the twelfth
contact hole (1585 of FIG. 131) and the fourth area A4. The
fifteenth PR pattern 180e extends from the fourteenth PR
pattern 180d and has a smaller height than the eleventh,
twelfth, thirtieth, and fourteenth PR patterns 180a, 1805,
180c, and 180d due to the half-transparent area HTA. The
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fifteenth PR pattern 180e corresponds to the pixel electrode
(184 of FIG. 8). Next, the first, second, third, fourth, fifth,
sixth, seventh, and eighth transparent electrode patterns 1664,
168a, 1704, 172a, 174a, 1764, 178a, and 1844 and the first,
second, third, fourth, fifth, sixth, seventh, and eighth conduc-
tive-metal patterns 1665, 1685, 1705, 1725, 1745, 1765,
178b, and 1845 are formed on the interlayer insulating layer
152 by removing the conductive metal layer 162 exposed
between the eleventh, twelfth, thirteenth, and fourteenth, PR
patterns 180a, 1805, 180c, and 1804 and the transparent
electrode layer 160 between the eleventh, twelfth, thirteenth,
and fourteenth PR patterns 1804, 1805, 180c, and 1804d. At the
same time, the data line DL extending from the third source
electrode 174 is formed in the display region D1. The data line
DL crosses the gate line GL to define the pixel region P. The
data line DL includes a transparent electrode pattern (not
shown) extending from the fifth transparent electrode pattern
174a and a conductive metal pattern (not shown) extending
from the fifth conductive metal pattern 1745.

As shown in FIG. 110, FIG. 120, and F1G. 130, a process
of ashing the eleventh PR pattern 180a to expose ends of the
first conductive metal pattern 1665 and ends of second con-
ductive metal pattern 1685, the twelfth PR pattern 1805 to
expose ends of the third conductive metal pattern 1705 and
the fourth conductive metal pattern 1725, the thirteenth PR
pattern 180c¢ to expose ends of the fifth conductive metal
pattern 1745, the fourteenth PR pattern 180d to expose an end
of the sixth conductive metal pattern 1765, and the fifteenth
PR pattern 180e to expose an end of the seventh conductive
metal pattern 178b and the eighth conductive metal pattern
1845. Then, the first, second, and third source electrodes 166,
170, and 174, the first, second, and third drain electrodes 168,
172, and 176, the third storage electrode 182, and the pixel
electrode 184 are formed on the interlayer insulating layer
152 by removing the exposed ends of the first conductive
metal pattern 1665, the second conductive metal pattern
1686, the third conductive metal pattern 1705, the fourth
conductive metal pattern 1725, the fifth conductive metal
pattern 1745, the sixth conductive metal pattern 1765, the
seventh conductive metal pattern 1785, and the eighth con-
ductive metal pattern 1845, as shown in FIG. 11P, FIG. 12P,
and FIG. 13P.

As shown in FIG. 11P, FIG. 12P, and FIG. 13P, the first
source electrode 166 in the first area Al includes the first
transparent electrode pattern 166a and the first conductive
metal pattern 1665, and the first drain electrode 168 in the first
area Al includes the second transparent electrode pattern
1684 and the second conductive metal pattern 1685. The
second source electrode 170 in the second area A2 includes
the third transparent electrode pattern 170a and the third
conductive metal pattern 1705, and the second drain electrode
172 in the first area A2 includes the fourth transparent elec-
trode pattern 172a and the fourth conductive metal pattern
172b. The third source electrode 174 in the third area A3
includes the fifth transparent electrode pattern 174a and the
fifth conductive metal pattern 1745, and the third drain elec-
trode 176 in the third area A3 includes the sixth transparent
electrode pattern 176a and the sixth conductive metal pattern
176b. The third storage electrode 182 over the second storage
electrode 150 in the fourth area A4 includes the seventh
transparent electrode pattern 1784 and the seventh conductive
metal pattern 1785. The pixel electrode 184 includes the
eighth transparent electrode pattern 184a. The eleventh,
twelfth, thirteenth, and fourteenth PR patterns 180a, 1805,
180c, and 1804 are removed. As mentioned above, the first,
second, and third source electrodes 166, 170, and 174, the
first, second, and third drain electrodes 168, 172, and 176, the
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third storage electrode 182, and the pixel electrode 184 are
formed on the first substrate 100 only using the fifth mask
(M5 of FIG. 11M).

Although not shown, the LCD device according to the
exemplary embodiment of the present invention also includes
a color filter substrate facing the array substrate. The color
filter includes a second substrate, a black matrix, a color filter
layer, and a common electrode. The black matrix on the
second substrate may correspond to the non-display region of
the first substrate, the gate and data lines, and the switching
TFTs in the display region of the first substrate. The color
filter layer on the black matrix includes three sub-color filters
of red, green, and blue colors. The common electrode on the
color filter layer corresponds to the pixel electrode such that
an electric field between the common electrode and the pixel
electrode is generated.

In the present invention, semiconductor layers of the driv-
ing circuit, the switching TFTs, the storage capacitors, and
the counter electrodes of the storage capacitors are formed by
a same mask process. In addition, the source and drain elec-
trodes, the third storage electrodes and the pixel electrodes
are formed by a same mask process. The array substrate
according to the exemplary embodiment of the present inven-
tion is manufactured by a five mask process. The interlayer
insulating layer includes a first layer of silicon oxide and a
second layer of silicon nitride, for example. The second layer
of silicon nitride and the pixel electrode have an improved
interfacial characteristic. Since the array substrate according
to the exemplary embodiment of the present invention is
manufactured by the five mask process, the process of fabri-
cating the array substrate for the LCD device is simplified.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the array sub-
strate for a liquid crystal display device of the present inven-
tion and the method of fabricating the same without departing
form the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.

What is claimed is:

1. An array substrate for a liquid crystal display (LCD)
device, comprising:

a substrate including a display region and a non-display

region;

a driving circuit in the non-display region;

at least a first thin film transistor (TFT) in the display
region;

a storage capacitor in the display region including a first
storage electrode, a second storage electrode, and a third
storage electrode, wherein the first storage electrode
includes a first semiconductor layer and a counter elec-
trode, and the third storage electrode includes a first
transparent electrode pattern and a first metal pattern;

a gate line and a data line crossing each other to define a
pixel region in the display region; and

a pixel electrode connected to the first TFT in the pixel
region,

wherein the second storage electrode is disposed between
the first storage electrode and the third storage electrode,
and the first storage electrode, the second storage elec-
trode and the third storage electrode are insulated from
each other.

2. The array substrate according to claim 1, wherein the
first TFT includes a second semiconductor layer having a first
region, a second region at sides of the first region, and a third
region at outer sides of the second region, a first gate electrode
extending from the gate line, a first source electrode extend-
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ing from the data line, and a first drain electrode, wherein the
second region is doped with low concentration n-type impu-
rities, the third region is doped with high concentration n-type
impurities, and the first source electrode and the first drain
electrode contact the third region, respectively.

3. The array substrate according to claim 2, wherein each of
the first source electrode and the first drain electrode includes
a transparent electrode and an opaque electrode.

4. The array substrate according to claim 2, wherein the
first semiconductor layer and the second semiconductor layer
are formed at a same layer level and are connected.

5. The array substrate according to claim 2, wherein the
first source electrode, the first drain electrode, and the third
storage electrode are formed at a same layer level.

6. The array substrate according to claim 1, wherein the
driving circuit includes at least a second TFT of a p-type and
a third TFT of an n-type.

7. The array substrate according to claim 6, wherein the
second TFT includes a third semiconductor layer having a
fourth region and a fifth region at sides of the fourth region, a
second gate electrode, a second source electrode, and a sec-
ond drain electrode, wherein the fifth region is doped with
high concentration p-type impurities, and the second source
electrode and the second drain electrode contact the fifth
region, respectively.

8. The array substrate according to claim 7, wherein both of
the second source electrode and the second drain electrode
include a transparent electrode and an opaque electrode.
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9. The array substrate according to claim 7, wherein the
first semiconductor layer and the third semiconductor layer
are formed at a same layer level.

10. The array substrate according to claim 7, wherein the
third source electrode, the second drain electrode, and the
third storage electrode are formed at a same layer level.

11. The array substrate according to claim 6, wherein the
third TFT includes a fourth semiconductor layer having a
sixth region, a seventh region at sides of the sixth region, and
aeighth region at outer sides of the seventh region, a third gate
electrode, a third source electrode, and a third drain electrode,
wherein the seventh region is doped with low concentration
n-type impurities, the eighth region is doped with high con-
centration n-type impurities, and the third source electrode
and the third drain electrode contact the eighth region, respec-
tively.

12. The array substrate according to claim 11, wherein both
of the third source electrode and the third drain electrode
include a transparent electrode and an opaque electrode.

13. The array substrate according to claim 11, wherein the
first semiconductor layer and the fourth semiconductor layer
are formed at a same layer level.

14. The array substrate according to claim 11, wherein the
third source electrode, the third drain electrode, and the third
storage electrode are formed at a same layer level.
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