US 20100103338A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2010/0103338 A1

LEE et al.

43) Pub. Date: Apr. 29,2010

(54)

(75

(73)

@1
(22)

(62)

LIQUID CRYSTAL DISPLAY AND METHOD
FOR FABRICATING THE SAME

Inventors: Seok-Woo LEE, Gyeonggi-do
(KR); Young-Joo Kim,
Gyeonggi-do (KR)
Correspondence Address:

MORGAN LEWIS & BOCKIUS LLP
1111 PENNSYLVANIA AVENUE NW
WASHINGTON, DC 20004 (US)

Assignee: LG Display Co., Ltd.
Appl. No.: 12/652,819
Filed: Jan. 6, 2010

Related U.S. Application Data

Division of application No. 11/643,876, filed on Dec.
22, 2006, now Pat. No. 7,652,727.

N

30) Foreign Application Priority Data
Jun. 30,2006 (KR) .ccovoiivieceicciiccnee 61663/2006
Nov. 30,2006  (KR) .coervviiiiiiie 120219/2006
Publication Classification
(51) Imt.CL
GO2F 1/1343 (2006.01)
(52) US.CL oot 349/38
) ABSTRACT

A liquid crystal display includes an insulating substrate hav-
ing a pixel portion divided into a thin film transistor region
and a storage region, a first active layer formed on the sub-
strate to cover at least the thin film transistor region, and a
storage electrode formed on the first active layer to selectively
cover the storage region.
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FIG. 3D
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LIQUID CRYSTAL DISPLAY AND METHOD
FOR FABRICATING THE SAME

[0001] This is a divisional application of copending appli-
cation Ser. No. 11/643,876, filed on Dec. 22, 2006, which is
hereby incorporated by reference. This application claims the
benefit of the Korean Patent Application Nos. 10-2006-
0061663, filed on Jun. 30, 2006 and 10-120219, filed Nov. 30,
2006, both which are incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play and a method for fabricating the same, and more particu-
larly, to a liquid crystal display with a simplified fabrication
process having reduced number of masks and with enhanced
yield and luminance due to enhanced aperture ratio and a
method thereof.

[0004] 2. Discussion of the Related Art

[0005] Recently, displays are becoming increasingly
important as visual information transmission mediums. The
key to developing the displays depends on low power con-
sumption, a thin profile, light weight, and superior picture
quality. A liquid crystal display (LCD), which is one of the
major product types within the flat panel display (FPD) mar-
ket, not only satisfies these needs but also enables mass pro-
duction. As a result, the LCD device is replacing the cathode
ray tube (CRT).

[0006] The liquid crystal display (LCD) device displays an
image by supplying data signals according to image informa-
tion to liquid crystal cells arranged in a matrix form thereby
controlling light transmittance of the liquid crystal cells. The
LCD mainly employs an active matrix driving mode in which
an amorphous silicon thin film transistor (a-Si TFT) is used as
a switching element to drive liquid crystals of a pixel portion.
[0007] However, a field effect mobility (~1 cm*/Vsec) of
the amorphous silicon thin film transistor imposes a limita-
tion for use in peripheral circuits requiring a high speed
operation greater than 1 MHz. Accordingly, research for
simultaneously forming a pixel portion and a driving circuit
portion on a glass substrate using polycrystalline silicon
(poly-Si) having a field effect mobility greater than that of
amorphous silicon thin film transistor is being actively per-
formed.

[0008] The polycrystalline silicon thin film transistor has
been applied to a small sized module, such as a camcorder,
since a liquid crystal color television has been developed in
1982. Since the polycrystalline silicon thin film transistor has
a low photosensitivity and a high field effect mobility, there
are several advantages including the driving circuit being able
to be directly fabricated on a substrate.

[0009] Increased mobility can increase the operation fre-
quency of the driving circuit portion, which determines the
number of driving pixels, thereby enhancing the fineness of a
display device. In addition, increased mobility can decrease
the charging time of the signal voltage in the pixel portion.
Accordingly, the distortion of a transmitting signal can be
reduced and the picture quality can be enhanced. The amor-
phous silicon thin film transistor has a high driving voltage of
25V, whereas the polycrystalline silicon thin film transistor
has a relatively low driving voltage of 10V. Therefore, the
power consumption can be decreased using a polycrystalline
silicon thin film transistor.
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[0010] FIG. 1 is a plane view showing a structure of a
driving circuit integrated LCD device in which a driving
circuit portion is integrated on an array substrate according to
the related art. As shown in FIG. 1, the LCD device comprises
a color filter substrate 5, an array substrate 10, and a liquid
crystal layer (not shown) formed between the color filter
substrate 5 and the array substrate 10.

[0011] The array substrate 10 includes a pixel portion 35
forming unit pixels that are arranged in a matrix form, and a
driving circuit portion 30 including a data driving circuit 31
and a gate driving circuit 32 that are arranged at an outer
periphery of the pixel portion 35. Although not shown, the
pixel portion 35 of the array substrate 10 includes a plurality
of gate lines and data lines arranged horizontally and verti-
cally on the array substrate 10 to define a plurality of pixel
portions. A thin film transistor (TFT) is formed at each inter-
section between the gate lines and the data lines and, a pixel
electrode is formed at the pixel portion. Here, the TFT is a
switching device that applies a voltage to the pixel electrode
using a field effect transistor (FET). According to the voltages
applied to the gate lines and data lines, the TFT controls a
current flow through the FET by an electric field.

[0012] The driving circuit portion 30 of the array substrate
10 is positioned at an outer periphery of the pixel portion 35,
as the array substrate 10 is more protruded than the color filter
substrate 5. The data driving circuit portion 31 is positioned at
a longer side of the array substrate 10, and the gate driving
circuit portion 32 is positioned at a shorter side of the array
substrate 10. The data driving circuit portion 31 and the gate
driving circuit portion 32 both use TFTs having a comple-
mentary metal oxide semiconductor (CMOS) structure to
serve as an inverter to properly output an input signal. The
CMOS is an integrated circuit having an MOS structure used
at a driving circuit portion TFT that requires a high speed
signal processing, and CMOS includes both an n-channel
TFT and a p-channel TFT. The speed and density character-
istics of a CMOS corresponds to that of an intermediate level
of'an NMOS and a PMOS.

[0013] The gate driving circuit portion 32 and the data
driving circuit portion 31 supply a scan signal and a data
signal to the pixel electrode through the gate line and the data
line, respectively, wherein the gate lines and the data lines are
connected to an external signal input port (not shown). The
gate driving circuit portion 32 and the data driving circuit
portion 31 control an external signal input that comes through
the external signal input port and output them to respective
pixel electrodes.

[0014] A color filter (not shown) for producing colors and a
common electrode (not shown) facing the pixel electrode
formed at the array substrate 10 are formed at the pixel por-
tion 35 of the color filter substrate 5. The color filter substrate
5 and the array substrate 10 are provided with a cell gap to be
separated from each other by a spacer (not shown), and are
attached to each other by a seal pattern (not shown) formed at
an outer periphery of the pixel portion 35 to form a unit LCD
panel. The color filter substrate 5 and the array substrate 10
are attached to each other by a bonding key formed on the
color filter substrate 5 or on the array substrate 10.

[0015] Since the driving circuit integrated LCD device uses
a polycrystalline silicon TFT, excellent device characteris-
tics, such as high picture quality, enhanced fineness, and low
power consumption, can be obtained. However, the driving
circuit integrated LCD device having an re-channel TFT and
a p-channel TFT on the same substrate requires more com-
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plicated fabrication processes than an amorphous silicon TFT
LCD having only a single type channel. In other words, to
fabricate the array substrate including the polycrystalline sili-
con TFT, a large number of photolithography processes are
required.

[0016] The photolithography processes form desired pat-
terns on a substrate by transferring a pattern from a mask to
the substrate. The photolithography processes include a plu-
rality of processes, such as a photoresist depositing process,
an exposing process, and a developing process. Accordingly,
the photolithography process degrades the production yield,
and thus creates a high probability of defects in the TFT. In
particular, since a mask designed to form a pattern is very
expensive, the fabrication cost for an LCD device increases
when the number of masks increases.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention is directed to a
liquid crystal display and a method for fabricating the same
that substantially obviates one or more problems due to limi-
tations and disadvantages of the related art.

[0018] An object of the present invention is to provide a
simplified fabricating process with less number of masks in
fabricating a liquid crystal display.

[0019] 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
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0020] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, the liquid crystal display includes an
insulating substrate having a pixel portion divided into a thin
film transistor region and a storage region, a first active layer
formed on the substrate to cover at least the thin film transistor
region, and a storage electrode formed on the first active layer
to selectively cover the storage region.

[0021] Inanother aspect, the liquid crystal display includes
an insulating substrate having a pixel portion and a circuit
portion, the pixel portion being divided into a thin film tran-
sistor region and a storage region, and the circuit portion
being divided into an n-channel thin film transistor region and
a p-channel thin film transistor region, a first active layer
covering the thin film transistor region of the pixel region, a
second active layer covering the n-channel thin film transistor
region, and a third active layer covering the p-channel thin
film transistor region, the first, second, and third active layers
being formed on the insulating substrate at the same level; and
a storage electrode on the substrate having the third active
layer to cover the storage region.

[0022] Itisto beunderstood 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

[0023] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
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illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0024] FIG. 1 is a plane view schematically showing a
structure of a driving circuit integrated LCD device in accor-
dance with the related art;

[0025] FIG. 2 is a plane view illustrating a part of an array
substrate of an LCD according to the first exemplary embodi-
ment of the present invention;

[0026] FIGS. 3A to 31 are sectional views illustrating
sequential fabricating process steps along line II-II' of the
array substrate shown in FIG. 2;

[0027] FIG. 4is a plane view illustrating a part of an array
substrate of an LCD according to the second exemplary
embodiment of the present invention; and

[0028] FIGS. 5A to 5G are sectional views taken along line
III-1IT' of FIG. 4, illustrating process steps of a method for
fabricating an LCD according to the second exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Herein-
after, a liquid crystal display (LCD) and a method for fabri-
cating the same according to the present invention will be
explained.

[0030] FIG. 2 is a plane view schematically showing an
array substrate of an LCD device according to a first exem-
plary embodiment of the present invention showing one pixel
including a thin film transistor (TFT) of a pixel portion. In the
LCD device, N gate lines and M data lines are crossing one
another, thereby constructing MxN pixels. However, only
one pixel is shown in FIG. 2 for convenience.

[0031] As shown in FIG. 2, an array substrate 110 of an
LCD device according to the first embodiment of the present
invention comprises a gate line 116 and a data line 117,
defining a pixel portion by being arranged horizontally and
vertically on the array substrate 110. A TFT is formed at each
intersection region between the gate line 116 and the data line
117 to function as a switching device. A pixel electrode 118 is
formed at each pixel portion and is connected to the TFT for
driving a liquid crystal (not shown) together with the common
electrode of a color filter substrate (not shown).

[0032] The TFT includes a gate electrode 121 connected to
the gate line 116, a source electrode 122 connected to the data
line 117, and a drain electrode 123 connected to the pixel
electrode 118. In addition, the TFT includes an active pattern
124" for forming a conductive channel between the source
electrode 122 and the drain electrode 123 by a gate voltage
supplied to the gate electrode 121.

[0033] Herein, the active pattern 124' of the first exemplary
embodiment is formed of a polycrystalline silicon thin film.
The active pattern 124" extends toward the pixel portion and is
connected to a storage pattern 124", which constitutes a first
storage capacitor together with a common line 108. In other
words, the common line 108 is formed in substantially the
same direction as the gate line 116 in the pixel portion, and the
common line 108 overlaps with the storage pattern 124"
therebelow with a first insulating film (not shown) being
interposed therebetween to constitute the first storage capaci-
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tor. The storage pattern 124" is formed by doping the poly-
crystalline silicon thin film through an additional mask pro-
cess.

[0034] The source electrode 122 and the drain electrode
123 are electrically connected to a source region and a drain
region of the active pattern 124' through a first contact hole
1404 and a second contact hole 1405 formed on the first
insulating film and the second insulating film (not shown),
respectively. A part of the source electrode 122 extends in one
direction constituting the data line 117. In addition, a part of
the drain electrode 123 extends towards the pixel portion and
is electrically connected to the pixel electrode 118 through a
third contact hole 140¢ formed at a third insulating film (not
shown). A part of the drain electrode 123 extending towards
the pixel portion and overlaps with the common line 108
formed therebelow with the second insulating film being
interposed therebetween, thereby constituting a second stor-
age capacitor.

[0035] Hereinafter, fabricating process steps of the afore-
mentioned array substrate will be explained with reference to
FIGS. 3A to 31. FIGS. 3A to 31 are sectional views sequen-
tially showing fabrication processes taken along line II-IF of
the array substrate of FIG. 2, which shows processes for
fabricating an array substrate of a pixel portion where an
n-channel TFT is formed. While the region where a p-channel
TFT is formed is not shown in FIGS. 3A to 31, both an
n-channel TFT and a p-channel TFT are formed at the pixel
portion.

[0036] As shown in FIG. 3A, a buffer layer 111 and an
amorphous silicon thin film are formed on a substrate 110
formed of a transparent insulating material, such as glass.
Then, the amorphous silicon thin film is crystallized to form
a polycrystalline silicon thin film. At this time, the substrate
110 is defined by a pixel portion and a circuit portion (not
shown), wherein the pixel portion is divided into an n channel
TFT region and a storage region, and the circuit portion is
divided into an n channel TFT region and a p channel TFT
region. Then, the polycrystalline thin film is patterned by
using a photolithography process (a first mask process),
thereby forming a polycrystalline silicon thin film 124 to
constitute an active pattern 124' and a storage pattern 124".
[0037] AsshowninFIG. 3B, a doping process is performed
by covering a part of the polycrystalline silicon thin film
pattern 124 by a photoresist, thereby forming a storage pat-
tern 124". The polycrystalline silicon thin film 124 covered
by the photoresist forms an active pattern 124", such that an
additional photolithography process (a second mask process)
is required.

[0038] AsshowninFIG.3C,a first insulating film 115a and
a first conductive layer (not shown) are sequentially formed
on an entire surface of the substrate 110. Then, the first
conductive layer is selectively patterned by using a photoli-
thography process (a third mask process), thereby forming a
gate electrode 121 consisting of the first conductive layer on
the active pattern 124' and forming a common line 108 con-
sisting of the first conductive layer on the storage pattern
124". The first conductive layer to constitute the gate elec-
trode 121 and the common line 108 is formed of an opaque
conductive material having a low resistance, such as alumi-
num (Al), aluminum alloy (Al alloy), tungsten (W), copper
(Cu), chromium (Cr), and molybdenum (Mo). The common
line 108 overlaps with the storage pattern 124" therebelow in
the pixel portion to form the first storage capacitor by inter-
posing the first insulating film 115a.
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[0039] As shown in FIG. 3D, a first blocking film 170 of a
photoresist is formed on the substrate having the first gate
electrode 121 and the common line 108. The pixel portion of
the array substrate 110 and the n-channel TFT region of the
circuit portion are entirely covered by a first blocking film 170
formed of a photoresist (a fourth mask process). The p-chan-
nel TFT region is partially covered by the first blocking film
170, and a heavily doped p+ ion is implanted into the p-chan-
nel TFT region of the circuit portion to form a p+ source
region and a p+ drain region using the first blocking film 170
as amask. As FIG. 3D shows only the pixel portion including
the n-channel TFT region and not the p-channel TFT region,
the formation of a p+ source region and a p+ drain region in
the p-channel TFT region of the circuit portion which is
partially covered by the first blocking film 170 is not shown in
FIG. 3D. A visual demonstration of the formation of source
and drain regions can be seen in the following paragraph
regarding the formation of a n+ source region and a n+ drain
region in the n-channel TFT region.

[0040] As shown in FIG. 3E, the first blocking film is
removed. Subsequently, a second blocking film 170' is
formed on the substrate having the p+ source and drain
regions. The entire p-channel TFT region of the circuit por-
tion, a portion of the n-channel TFT region of the circuit
portion, and the storage region are covered by a second block-
ing film 170' (a fifth mask process). To form a source region
and a drain region in the n channel TFT region, heavily doped
n+ ions are implanted into the active pattern 124' of the pixel
portion, thereby forming an n+ source region 124a and an n+
drain region 124b. The reference numeral 124¢ denotes a
channel region for forming a conductive channel between the
source region 124 and the drain region 1245. Thereafter, the
second blocking film 170" is removed. Then, lightly doped n—
ions are implanted into the entire surface of the substrate 110
to form a lightly doped drain (LDD) region 124/ between the
n+ source and drain regions 1244 and 1245 and the channel
region 124¢. At this time, the storage region may be covered
or not covered by the second blocking film 170'. Likewise, as
previously mentioned, p+ ions are implanted to the p channel
TFT region of the circuit portion to form p+ source and drain
regions, and p- ions are implanted to form LDD regions.

[0041] As shown in FIG. 3F, a second insulating film 1154
is deposited on the entire surface of the substrate 110. Then,
the first insulating film 115 and the second insulating film
1155 are partially removed by a photolithography process (a
sixth mask process). As a result, a first contact hole 140a and
a second contact hole 1405 for partially exposing the source
region 124a and the drain region 1245 are formed. In other
words, the second blocking film 170" is removed, and then,
although not shown, while the LDD region 1241 is formed in
the n channel TFT region of the pixel portion, a lightly doped
n-ion is implanted into the entire surface of the substrate 110
from which the second blocking film is removed, so as to form
a lightly doped drain (LDD) region 124/.

[0042] As shown in FIG. 3G, the second conductive layer
(not shown) is formed on the entire surface of the substrate
110. Then, it is selectively patterned using a photolithography
(a seventh mask process). As the result, a source electrode 122
electrically connected to the source region 124a through the
first contact hole 140q is formed, and a drain electrode 123
electrically connected to the drain region 1245 through the
second contact hole 14054 is formed. Herein, a part of the
source electrode 122 extends in one direction constituting the
data line 117. In addition, a part of the drain electrode 123
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extends towards the pixel portion overlapping with the com-
mon line 108 formed therebelow with the second insulating
film 1155 being interposed therebetween, thereby constitut-
ing a second storage capacitor.

[0043] As shown in FIG. 3H, a third insulating film 115¢ is
deposited on the entire surface of the substrate 110. Then, it is
selectively patterned by using a photolithography process (an
eighth mask process), thereby forming a third contact hole
140c for partially exposing the drain electrode 123.

[0044] As shown in FIG. 31, a third conductive layer (not
shown) is deposited on the entire surface of the substrate 110
where the third insulating film 115¢ is formed. Then, it is
selectively patterned by using a photolithography process (a
ninth mask process), thereby forming a pixel electrode 118
electrically connected to the drain electrode 123 through the
third contact hole 140¢. The third conductive layer to consti-
tute the pixel electrode 118 can be formed of a transparent
conductive material having a high transmittance, such as
indium-tin-oxide (ITO) or indium-zinc-oxide (IZO).

[0045] In the array substrate according to the first embodi-
ment of the present invention, the active pattern and the stor-
age pattern are formed of the polycrystalline silicon thin film,
and a storage doping is performed on the storage pattern
through a separate mask process. Accordingly, the TFT of the
pixel portion and the circuit portion can be fabricated through
nine mask processes.

[0046] FIG. 4 is a plane view illustrating a part of an array
substrate of an LCD according to the second embodiment of
the present invention. As shown in FIG. 4, an insulating
substrate 201 according to the second embodiment of the
present invention includes gate and data lines 250 and 240
arranged to define pixel regions in vertical and horizontal
directions. The insulating substrate 201 corresponds to an
array substrate. A thin film transistor serving as a switching
device is formed in a portion where the gate line 250 crosses
the data line 240, and a drain electrode pattern 225P2 of a
pixel portion, which is a pixel electrode, is formed in the pixel
region and connected with the thin film transistor to drive a
liquid crystal (not shown) along with a common electrode
(not shown) of a color filter substrate (not shown).

[0047] The thin film transistor includes a gate electrode
213P2 of the pixel portion and source and drain electrodes
223S1 and 223D1 of the pixel electrode, wherein the gate
electrode 213P2 is connected with the gate line 250, and the
source and drain electrodes 223S1 and 223D1 are connected
with the data line 240. The thin film transistor further includes
a first active layer 205P1 that forms a conductive channel
between the source electrode 223S1 and the drain electrode
223D1 using a gate voltage supplied to the gate electrode
213P2.

[0048] The first active layer 205P1 is divided into a source
region 205P1S of the pixel region and a drain region 205P1D
of the pixel region. A part of the first active layer 2305P1 is
extended to the pixel region, and a storage electrode 209P is
formed above the extended first active layer 205P1. The stor-
age electrode 209P may be patterned using n+ silicon layer or
a metal film. An insulating film (not shown) may be inter-
posed between the first active layer 205P1 and the storage
electrode 209P.

[0049] A common line 213P3 is formed in the pixel region
in a direction substantially same as that of the gate line 250.
The common line 213P3 overlaps the storage electrode 209P
by interposing a gate insulating film (not shown) therebe-
tween to constitute a storage capacitor. The common line
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213P3 may be patterned using the same film as that of the gate
electrode 213P2. If an insulating film is interposed between
the active layer 205P1 and the storage electrode 209P, the
insulating film may be a first gate insulating film, and the gate
insulating film may be a second gate insulating film.

[0050] A passivation film (not shown) is arranged to cover
the substrate having the common line 213P3. A first contact
hole 221H1 and a second contact hole 221H2 are formed in
the passivation film and the gate insulating film, wherein the
first contact hole 221H1 exposes the source region 205P1S
while the second contact hole 221H2 exposes the drain region
205P1D. The source electrode 22351 and the drain electrode
223D1 are electrically connected with source and drain
regions 205P1S and 205P1D of the first active layer 205P1
through the first contact hole 221H1 and the second contact
hole 221H2, respectively.

[0051] The drain electrode pattern 225P2 covers the drain
electrode 223D1 and is partially extended to the pixel region.
The drain electrode pattern 225P2 may be the pixel electrode.
A source electrode pattern 225P1 of the pixel portion is
formed on the source electrode 223S1 of the pixel portion.
The drain electrode pattern 225P2 and the source electrode
pattern 225P1 may be patterned using the same film.

[0052] FIGS.5A to 5F are sectional views, taken along line
III-1IT' of FIG. 4, illustrating process steps of a method for
fabricating an LCD according to the second exemplary
embodiment of the present invention.

[0053] As shown in FIG. 5A, an insulating substrate 201 is
initially prepared including a pixel portion and a circuit por-
tion. The pixel portion in the insulating substrate 201 is
divided into an n channel (or p channel) thin film transistor
region and a storage region. The circuit portion is divided into
an n channel thin film transistor region and a p channel thin
film transistor region. In other words, the n channel thin film
transistor region or the p channel thin film transistor region
may be formed in the pixel portion, while the n channel thin
film transistor region and the p channel thin film transistor
region are formed in the circuit portion to constitute a CMOS
structure. The insulating substrate 201 may be an array sub-
strate. The insulating substrate 201 may be formed of a trans-
parent insulating substrate, such as glass. Next, a buffer layer
203, apolycrystalline silicon film 205, an insulating film 207,
and a storage electrode film 209 are sequentially formed on
the insulating substrate 201. Depending on the region, i.e., the
thin film transistor region or the storage region, the insulating
film 207 may be a gate insulating film. In addition, the insu-
lating film 207 may be formed of a silicon oxide film (SiO,)
or the insulating film 207 may even be omitted. The storage
electrode film 209 may be formed of an n+ silicon film or a
conductive layer.

[0054] As shown in FIG. 5B, a first blocking film 230 is
formed next on the storage electrode film 209 using a slit or a
half tone mask (not shown). The first blocking film 230 may
be a photoresist pattern having different thicknesses. In par-
ticular, the first blocking film 230 may be formed such that the
thickness in the storage region is relatively thicker than that in
the thin firm transistor region. The storage electrode film, the
insulating film and the polycrystalline silicon film are selec-
tively etched using the first blocking film 230 to form a pixel
pattern 210P1 and first and second circuit patterns 210P2 and
210P3, wherein the pixel pattern 210P1 covers the pixel por-
tion, and the first and second circuit patterns 210P2 and
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210P3 respectively cover the n channel thin film transistor
region and the p channel thin film transistor region of the
circuit portion.

[0055] As shown in FIG. 5C, a first blocking film 230P is
formed by ashing the first blocking film 230. The first block-
ing film is removed in the n channel thin film transistor region
and the p channel thin film transistor region of the circuit
portion and the thin film transistor region of the pixel portion,
which are relatively thin, while the first blocking film selec-
tively remains in the storage region of the pixel portion.
Subsequently, the storage electrode film and the insulating
film are selectively removed from the pixel pattern 210P1 and
the first and second circuit patterns 210P2 and 210P3 exposed
by the remaining first blocking film 230P. At this time, first,
second and third active layers 205P1, 205P2 and 205P3 of
polycrystalline silicon are formed in the n channel thin film
transistor region of the pixel portion, the n channel thin film
transistor region of the circuit portion, and the p channel thin
film transistor region of the circuit portion.

[0056] As shown in FIG. 5D, the remaining first blocking
film is removed. A gate insulating film 211, a first metal film
213 and a second blocking film 233 are sequentially formed
on the substrate having the first, second and third active layers
205P1, 205P2 and 205P3. If the insulating film 207 is inter-
posed between the polycrystalline silicon film 205 and the
storage electrode film 209 as shown in FIG. 5A, the insulating
film may be a first gate insulating film and the gate insulating
film 211 may be a second gate insulating film. If the gate
insulating film has a double structure of the first gate insulat-
ing film and the second gate insulating film as above, the total
thickness of the gate insulating film having the double struc-
ture corresponds to a value obtained by adding a thickness of
the first gate insulating film to a thickness of the second gate
insulating film. Accordingly, the gate insulating film having
the double structure according to the present invention is
formed at the same thickness as the existing thickness by
properly controlling the thickness of the first gate insulating
film and the thickness of the second gate insulating film.

[0057] The second blocking film 233 is patterned to selec-
tively cover the pixel portion, the n channel thin film transistor
region of the circuit portion, a portion where a p channel gate
electrode of the p channel thin film transistor region will be
formed. In other words, the second blocking film 233 is
patterned to selectively expose only a portion of the p channel
thin film transistor region of the circuit portion, where the
source and drain regions will be formed. Subsequently, the
first metal film is etched using the second blocking film 233 to
form a first gate electrode 213P1 of the circuit portion in the
p channel thin film transistor region of the circuit portion.
Since the pixel portion and the n channel thin film transistor
region of the circuit portion are masked by the second block-
ing film 233, the first metal film remains without being pat-
terned. Then, p+ doping is performed for the substrate having
the first gate electrode 213P1 of the circuit portion using the
second blocking film 233. As a result, first source and drain
regions 205P3S and 205P3D of'the circuit portion are formed
in the third active layer 205P3.

[0058] As shown in FIG. 5E, the second blocking film is
removed. A third blocking film 235 is formed on the entire
surface of the substrate having the first gate electrode 213P of
the circuit portion. The third blocking film 235 is patterned to
cover a portion of the pixel portion, where a gate electrode
and a common line will be formed, and a portion of the circuit
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portion, where a second gate electrode will be formed in the
n channel thin film transistor region, and the p channel thin
film transistor region.

[0059] As shown in FIG. 5F, the remaining first metal film
is etched using the third blocking film to form the gate elec-
trode 213P2 and the common line 213P3 in the pixel portion,
and at the same time to form the second gate electrode 213P4
in the n channel thin film transistor region of the circuit
portion. The remaining first metal film may be etched by wet
etching. As a result, the gate electrode 213P2, the common
line 213P3 and the second gate electrode 213P4 may exces-
sively be etched in a lateral direction. Subsequently, n+ ion
doping is performed for the substrate having the third block-
ing film. As a result, the source region 205P1S and the drain
region 205P1D are formed in the n channel thin film transistor
region of the pixel portion, and the second source region
205P2S and the second drain region 205P2D are formed in
the n channel thin film transistor region of the circuit portion.
In other words, the source region 205P1S and the drain region
205P1D are formed in the first active layer 205P1 below both
sides of the gate electrode 213P2 of the pixel portion. Also,
the second source region 205P2S and the second drain region
205P2D are formed in the second active layer 205P2 below
both sides of the gate electrode 213P4 of the circuit portion.
[0060] Afterwards, the third blocking film is removed, and
then LDD doping (n-) is performed for the entire surface of
the substrate using the gate electrode 213P2 and the second
gate electrode 213P4 as masks. As a result, a first LDD region
205P1L is formed in the n channel thin film transistor region
of the pixel portion while a second LDD region 205P2L is
formed in the n channel thin film transistor region of the
circuit portion. The first and second LDD regions 205P1L and
205P2L are formed as much as wet CD bias, and can be
obtained by doping for the entire surface of the substrate in a
state that there is no separate mask. The remaining third
blocking film is removed.

[0061] As shown in FIG. 5G, a passivation film 221 is
formed on the substrate having the first and second LDD
regions 205P1L and 205P2L.. A silicon oxide film (SiO,) and
a silicon nitride film (SiNx) deposited in due order may be
used as the passivation film 221. At this time, the passivation
film 221 is formed in such a manner that after the silicon oxide
film is deposited and undergoes activation annealing, the
silicon nitride film is deposited and undergoes hydrogenation
annealing (first method). Alternatively, the passivation film
221 is formed in such a manner that the silicon oxide film and
the silicon nitride film are sequentially formed and then
annealed (second method). If the passivation film 221 is
formed by the second method, activation of the silicon oxide
film and hydrogenation of the silicon nitride film can be
performed simultaneously through annealing of one time.
[0062] A single silicon nitride film may be used as the
passivation film 221. As described above, the present inven-
tion adopts the silicon nitride film as the passivation film 221.
In this case, the silicon nitride film serves as a hydrogen
source that can act on hydrogenation. However, if a structure
of'a silicon oxide film (SiO, )/silicon nitride film (SiNx) or a
structure of a single silicon nitride film (SiNx) is adopted as
the passivation film as described above, the silicon nitride
film has a dielectric constant of 6.5 to 7.0 and has greater
capacitance per unit area with the same deposition thickness
than that of the silicon oxide film having a dielectric constant
0f3.9. Accordingly, electric effect increases between the gate
and data lines respectively arranged above and below the
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passivation film and thus signal delay increases, whereby a
problem may occur in view of high speed operation and high
resolution.

[0063] To solve such a problem, the passivation film 221
may be formed in a triple structure of silicon oxide film
(SiO,)/silicon nitride film (SiNx)/silicon oxide film (SiO,),
wherein the silicon oxide film having a low dielectric constant
is deposited on the silicon nitride film. If the triple structure of
silicon oxide film (SiO,)/silicon nitride film (SiNx)/silicon
oxide film (SiO,) is adopted as the passivation film 221,
capacitance per unit area with respect to the same deposition
thickness can be smaller than that of the structure of silicon
oxide film (SiO, )/silicon nitride film (SiNx) or the structure
of silicon nitride film (SiNx). As a result, electric effect
decreases between the gate and data lines and thus signal
delay decreases, whereby high speed operation or high reso-
lution can be realized.

[0064] Next, the passivation film and the gate insulating
film are etched using a separate mask (not shown) to form
first, second, third, fourth, fifth and sixth contact holes
221H1, 221H2, 221H3, 221H4, 221H5, and 221H6. The first
contact hole 221H1 and the second contact hole 221H2
expose the source region 205P1S and the drain region
205P1D of the pixel portion. In this case, the second contact
hole 221H2 is patterned to expose a part of the storage elec-
trode 209P as well as the drain region 205P1D of the pixel
portion. The third contact hole 221H3 and the fourth contact
hole 221H4 expose the second source region 205P2S and the
second drain region 205P2D of the circuit portion. The fifth
contact hole 221H5 and the sixth contact hole 221H6 expose
the first source region 205P3S and the first drain region
205P3D of the circuit portion.

[0065] Subsequently, a second metal film is formed on the
substrate having the contact holes. The second metal film is
then patterned to form the source electrode 223S1 and the
drain electrode 223D1 in the n channel thin film transistor
region of the pixel portion, wherein the source electrode
22381 and the drain electrode 223D1 respectively cover the
first contact hole 221H1 and the second contact hole 221H2.
While the source electrode 223S1 and the drain electrode
223D1 are formed, the second source electrode 223S3 and the
second drain electrode 223D3 are also formed in the n chan-
nel thin film transistor region of the circuit portion, wherein
the second source electrode 223S3 and the second drain elec-
trode 223D3 respectively cover the third contact hole 221H3
and the fourth contact hole 221H4. Also, the first source
electrode 22352 and the first drain electrode 223D2 are
formed in the p channel thin film transistor region of the
circuit portion, wherein the second source electrode 223S2
and the second drain electrode 223D2 respectively cover the
fifth contact hole 221HS and the sixth contact hole 221Hé6.
[0066] Subsequently, a transparent conductive film is
formed on the substrate having the source electrodes 22351,
223S2 and 223S3 and the drain electrodes 223D1, 223D2 and
223D3. The transparent conductive film is then patterned to
form the source electrode pattern 225P1 and the drain elec-
trode pattern 225P2 of the pixel portion, which respectively
cover the source electrode 223S1 and the drain electrode
223D1 of the pixel portion. In this case, the drain electrode
pattern 225P2 of the pixel portion covers the drain electrode
223D1 of the pixel portion and is patterned to be extended to
the pixel region. The drain electrode pattern 225P2 of the
pixel portion may be the pixel electrode. Simultaneously, the
first and second source electrode patterns 225P5 and 225P3
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and the first and second drain electrode patterns 225P6 and
225P4 are also formed in the p channel thin film transistor
region and the n channel thin film transistor region of the
circuit portion, wherein the first and second source electrode
patterns 225P5 and 225P3 cover the first and second source
electrodes 223S2 and 223S3, and the first and second drain
electrode patterns 225P6 and 225P4 cover the first and second
drain electrodes 223D2 and 223D3.

[0067] As described above, in the second exemplary
embodiment of the present invention, the active layer and the
storage electrode are formed by diffraction exposure using a
first mask process, and the gate electrode 213P1 is formed in
the P channel TFT region using a second mask process. In
addition, the N channel gate electrode 213P1 and the common
line 213P2 are formed in the pixel portion using a third mask
process, and the contact holes are formed in the passivation
film 221 using a fourth mask process. Finally, the source and
drain electrodes, 223S and 225D, are formed using a fifth
mask process, and the source electrode pattern 225P1 and the
drain electrode pattern 225P2 are formed using a sixth mask
process. Accordingly, a CMOS structure of six masks can be
realized at a high aperture ratio.

[0068] The LCD and the method for fabricating the same
according to the present invention have the following advan-
tages. The active layer and the storage electrode are formed
using a single mask by the diffraction exposure process. As
the number of the masks used for fabrication of the TFT is
reduced, the fabricating process steps and the fabricating cost
can be reduced correspondingly. In addition, since the storage
electrode is formed by interposing the insulating film over the
active layer, damage of the active layer can be prevented thus
leading to improved electrical characteristics of the TFT. In
addition, luminance can be increased due to an improvement
in the aperture ratio.

[0069] It will be apparent to those skilled in the art that
various modifications and variations can be made in the a
liquid crystal display and amethod for fabricating the same of
the present invention without departing form the spirit or
scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this inven-
tion provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

an insulating substrate having a pixel portion divided into a

thin film transistor region and a storage region;

a first active layer formed on the substrate to cover at least

the thin film transistor region; and

a storage electrode formed on the first active layer to selec-

tively cover the storage region.

2. The liquid crystal display according to claim 1, wherein
the first active layer includes a polycrystalline silicon film.

3. The liquid crystal display according to claim 1, further
comprising an insulating film interposed between the first
active layer and the storage electrode.

4. The liquid crystal display according to claim 1, wherein
the storage electrode includes an N+ silicon film.

5. The liquid crystal display according to claim 1, wherein
the storage electrode includes a metal film.

6. The liquid crystal display according to claim 1, further
comprising a buffer layer interposed between the insulating
substrate and the first active layer.

7. The liquid crystal display according to claim 1, further
comprising;
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a gate electrode of the pixel portion and a common line
formed on the substrate having the storage electrode;

source and drain regions of the pixel portion in the first
active layer below both sides of the gate electrode of the
pixel portion;

apassivation film on the substrate having the source region
of the pixel portion and the drain region;

first and second contact holes in the passivation film
respectively exposing the source region of the pixel por-
tion and the drain region;

a source electrode of the pixel portion filling the first con-
tact hole on the passivation film and connected with the
source region of the pixel portion, and a drain electrode
of the pixel portion filling the second contact on the
passivation film and connected with the drain region of
the pixel portion; and

a source electrode pattern of the pixel portion covering the
source electrode of the pixel portion, and a drain elec-
trode pattern of the pixel portion covering the drain
electrode of the pixel portion.

8. The liquid crystal display according to claim 7, further
comprising a second gate insulating film interposed between
the insulating substrate having the storage electrode and the
gate electrode of the pixel portion and the common line.

9. The liquid crystal display according to claim 8, wherein
the second gate insulating film includes a silicon oxide (Si0O,)
film.

10. The liquid crystal display according to claim 7, wherein
the second contact hole simultaneously exposes a portion of
the drain region and a portion of the storage electrode.

11. The liquid crystal display according to claim 7, wherein
the passivation film includes at least one of a single silicon
nitride film (SiNx), a layer of silicon oxide film (SiO, )/silicon
nitride film (SiNx), and a layer of silicon oxide film (SiO,)/
silicon nitride film (SiNx)/silicon oxide film (SiO,).

12. A liquid crystal display, comprising:

an insulating substrate having a pixel portion and a circuit
portion, the pixel portion being divided into a thin film
transistor region and a storage region, and the circuit
portion being divided into an n-channel thin film tran-
sistor region and a p-channel thin film transistor region;

a first active layer covering the thin film transistor region of
the pixel region, a second active layer covering the
n-channel thin film transistor region, and a third active
layer covering the p-channel thin film transistor region,
the first, second, and third active layers being formed on
the insulating substrate at the same level; and
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a storage electrode on the substrate having the third active
layer to cover the storage region.

13. The liquid crystal display according to claim 12, further

comprising;

a gate electrode of the pixel portion and first and second
gate electrodes of the circuit portion respectively on the
first, third and second active layers;

a source region of the pixel portion and a drain region in the
first active layer below both sides of the gate electrode of
the pixel portion, second source and drain regions of the
circuit portion in the second active layer below both
sides of the second gate electrode of the circuit portion,
and first source and drain regions of the circuit portion in
the third active layer below both sides of the first gate
electrode of the circuit portion;

a passivation film formed on the substrate having the first
source and drain regions of the circuit portion;

first, second, third, fourth, fifth and sixth contact holes
respectively exposing the source region of the pixel por-
tion and the drain region, the second source and drain
regions of the circuit portion, and the first source and
drain regions of the circuit portion;

a source electrode of the pixel portion, a second source
electrode of the circuit portion, and a first source elec-
trode of the circuit portion respectively connected with
the source region of the pixel portion, the second source
region of the circuit portion, and the first source region of
the circuit portion filling the first, third and third contact
holes on the passivation film,

a drain electrode of the pixel portion, a second source
electrode of the circuit portion and a first drain electrode
of the circuit portion respectively connected with the
drain region of the pixel portion, the second source
region of the circuit portion and the first drain region of
the circuit portion by filling the second, fourth and sixth
contact holes on the passivation film; and

a source electrode pattern of the pixel portion, which cov-
ers the source electrode of the pixel portion, and first and
second source electrode patterns of the circuit portion,
which respectively cover the first and second source
electrodes of the circuit portion, and at the same time
forming a drain electrode pattern of the pixel portion,
which covers the drain electrode of the pixel portion, and
first and second drain electrode patterns of the circuit
portion, which respectively cover the first and second
drain electrodes of the circuit portion.
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