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G7) ABSTRACT

There is disclosed a liquid crystal display device and a
fabricating method thereof that reduce the number of pro-
cesses and production cost, and. A liquid crystal display
device and a fabricating method thereof according to an
embodiment of the present invention forms a poly-silicon
pattern by partially crystallizing an amorphous silicon, and
simultaneously etches the amorphous silicon and the poly-
silicon pattern, thereby removing the amorphous silicon and
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 2003-43804, filed on Jun. 30, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device using poly-silicon, and more particularly to a
liquid crystal display device and a fabricating method
thereof that reduce the number of processes and production
cost.

[0004] 2. Discussion of the Related Art

[0005] Silicon is divided into two main classes of amor-
phous silicon and crystalline silicon in accordance with
crystallization state.

[0006] Amorphous silicon can be deposited into a thin film
at a low temperature below 350° C. Because of this, amor-
phous silicon is mainly used for thin film transistors of liquid
crystal display devices. However, it is difficult to apply
amorphous silicon to a large-size liquid crystal display
device that requires an excellent electrical characteristic due
to its low mobility below 0.5 cm?/Vs.

[0007] When compared with amorphous silicon, poly-
silicon (crystalline silicon) has a high mobility of several
tens to hundreds of cm?/Vs. Thus, there has been active
research on high-density and large-size liquid crystal display
(LCD) devices by applying poly-silicon to the semiconduc-
tor layer of the thin film transistors (TFT) of the LCD
devices. In particular, when the poly-silicon TFTs are
applied to a liquid crystal display panel, the TFTs of the
screen area and the driving circuits can be fabricated or
integrated together on the same substrate.

[0008] In general, the electrical properties of poly-silicon
depend on the size of its crystal grain. That is, the bigger the
size of crystal grain is, the higher the mobility of poly-
silicon is.

[0009] Such a poly-silicon layer can be formed with
various methods. It can be directly deposited on a substrate,
or it can be formed by crystallizing amorphous silicon which
is deposited on a substrate. Plasma enhanced chemical vapor
deposition (PECVD) method is generally used to directly
deposit poly-silicon on a substrate in which poly-silicon is
deposited using a mixture gas of SiF,, SiH, and H, at a
deposition temperature above 400° C. Due to the difficulty
of controlling the crystal grain, this direct-depositing
method is not preferred for an actual liquid crystal display
device. The methods of crystallizing amorphous silicon into
poly-silicon includes solid phase crystallization (SPC) in
which amorphous silicon that is deposited on a substrate is
heated in a furnace and is then crystallized, and a method in
which amorphous silicon that is deposited on a substrate is
irradiated by an excimer laser and is then crystallized. The
crystallizing method using an excimer laser is mainly used
to form a poly-silicon layer in an LCD device because its
process temperature is low and it is relatively easy to control
the crystal grain.
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[0010] Recently, a new crystallizing process called
sequential lateral solidification (hereinafter ‘SLS’) has been
introduced in the industry in which an excimer laser is
irradiated on an amorphous silicon thin film to completely
melt the thin film, and then the crystals of the thin film grow
vertically from the side surface. This SLS technique is
disclosed in International Patent No. WO 97/45827 and
Korea Patent Publication (Laid-Open) No. 2001-004129.

[0011] FIGS. 1 and 2 represent a related art poly-silicon
TFT in a liquid crystal display device.

[0012] Referring to FIGS. 1 and 2, the poly-silicon TFT
of the liquid crystal display device (top-gate type) includes
a gate electrode 6 connected to a gate line 2, a source
electrode 8 connected to the data line 4, a drain electrode
connected to a pixel electrode 22, and an active layer 14 to
form a channel in response to a control signal applied to the
gate electrode 6.

[0013] The active layer 14 includes a channel area 14C, a
source area 14S, a drain area 14D and a lightly doped drain
(herein after ‘LDD’) area 141, wherein the channel area 14C
is a poly-silicon layer formed on a buffer film 16, overlaps
the gate electrode 6, and is not doped with impurities. When
the poly-silicon TFT is N-type, the source area 14S and the
drain area 14D are doped with n+ ions, and the LDD area
14L is doped with n- ions. The LDD area 14L is located
between the channel area 14C and the source area 14S and
between the channel area 14C and the drain area 14D to
reduce the off-current of the poly-silicon TFT.

[0014] The gate electrode 6 overlaps the channel area 14C
of the active layer 14 with a gate insulating film 12 ther-
ebetween, and forms a channel through which electric
currents flow between the source electrode 8 and the drain
electrode 10 in response to a scan voltage supplied from the
gate line 2. The source electrode 8 is connected to the source
area 14S of the active layer 14 through a source contact hole
24S that runs through the gate insulating film 12 and an
interlayer insulating film 26. The drain electrode 14D is
connected to the drain area 14D of the active layer 14
through a drain contact hole 24D that runs through the gate
insulating film 12 and the interlayer insulating film 26.

[0015] The poly-silicon TFT supplies a data voltage of the
data line 4 to the pixel electrode 22 connected to the drain
electrode 10, in response to a scan pulse from the gate line

2.

[0016] An aligning mark 28 is formed at four edges of the
substrate of the liquid crystal display device. The aligning
mark 28 is used to align the masks in the fabricating process.
The aligning mark 28 is formed with a semiconductor layer
along with the active layer 14 at the same time.

[0017] FIGS. 3A to 3F illustrate a fabricating method of
the liquid crystal display device.

[0018] Referring to FIG. 3A, a buffer film 16 is formed by
depositing an insulating material such as SiO, or SiN_ on the
entire surface of a lower substrate 1. An amorphous silicon
layer is deposited on the entire surface of the buffer film 16.
Hydrogen contained in the amorphous silicon layer is
removed through a dehydrogenation process in which the
amorphous silicon layer is heated at about 400° C. After the
dehydrogenation process, the amorphous silicon layer is
crystallized by a laser annealing into a poly-silicon layer.
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[0019] Referring to FIG. 4A, when the SLS method is
used for the laser crystallization process, a mask 41 is
aligned on the amorphous silicon layer 43. The mask 41
includes a transmitting pattern 41a and a shielding pattern
41b, wherein the transmitting pattern 4la transmits laser
beam 42 and the shielding pattern 415 blocks the laser beam
42. The laser beam 42 is irradiated on the amorphous silicon
layer 43 through the mask 41. Then, the amorphous silicon
layer 43 exposed to the laser beam 42 through the transmit-
ting pattern 41a of the mask 41 is melted. The amorphous
silicon layer 43 on which the laser beams 42 are irradiated
is melted down to reach the interface that is in contact with
the buffer film 16. The amorphous silicon layer 43 melted in
this way becomes crystallized as its temperature becomes
lower. Crystallization is induced from seeds that exist at the
side surface that is in contact with the adjacent amorphous
silicon layer 43, which is in a solid state. Through this
crystallization process, the amorphous silicon layer 43 irra-
diated by the laser beams 42 transforms into a poly-silicon
layer 44 as illustrated in FIGS. 4A and SA. Subsequently,
at least one of the mask 41 and the substrate 1 moves to align
the transmitting pattern 41a of the mask 41 to the amorphous
silicon layer 43 that has not been crystallized. Then, the laser
beam 42 is irradiated on the amorphous silicon layer 43
through the moved mask 41. After the rest of the amorphous
silicon layer 43 is melted, crystallization again proceeds
from the seeds existing at the side surface, i.e., the interface
with the poly-silicon layer 44, as its temperature becomes
lower. The entire surface or part of the amorphous semicon-
ductor layer 43 is crystallized to become the poly-silicon
layer 44 through two repetitions of such an exposure pro-
cess, as illustrated in FIGS. 4B and 5B.

[0020] Referring to FIG. 6A, a photo-resist 47 is spread
over the entire surface of the poly-silicon layer 44. A mask
45 is aligned on the photo-resist 47 for patterning. The mask
45 has a transmitting pattern 45a and a shielding pattern 45b,
wherein the transmitting pattern 45a is for defining the
active area and the aligning mark by transmitting the laser
beam 46, and the shielding pattern 45b is for blocking the
laser beam 46. After the photo-resist 47 is developed as in
FIG. 6B, the poly-silicon layer 44 is dry-etched through the
remaining pattern of the photo-resist 47. After the dry-etch
process, when the remaining patterns of the photo-resist 47
are removed by a stripping process, the pattern of the active
layer 14 and the aligning mark 28 are formed on the
substrate 1, as illustrated in FIG. 3A.

[0021] FIG. 7 summarizes a process sequence from the
buffer layer 16 to the active layer 14 and the aligning mark
28. The process sequence includes the following steps in
order: a deposition process of the buffer layer 16 (step S11),
a deposition process of the amorphous silicon layer 43 (step
S$12), a dehydrogenation process (step S13), a laser crystal-
lization process (step S14), a photolithography process for
defining the active layer 14 and the aligning mark 28, which
includes a photo-resist spreading process, an exposure pro-
cess and a development process (step S15), an etching
process of the poly-silicon layer 44 (step S16), and removing
process of the photo-resist (step S17).

[0022] Referring to FIG. 3B, an insulating material such
as Si0, or SiN, is deposited on the entire surface of the
buffer layer 16 on which the active layer 14 and the aligning
mark 28 have been formed, thereby forming a gate insulat-
ing film 12. A gate metal layer such as aluminum and
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aluminum/neodymium is deposited on the entire surface of
the lower substrate 1 where the gate insulating film 12 has
been formed. The mask for defining the gate metal patterns
is aligned on the gate metal layer. And, the gate metal layer
is patterned by performing another photolithography process
including a spreading process, an exposure process and a
development process of a photo-resist, an etching process
and a removing process of the photo-resist. As a result, a
gate electrode 6 of the poly-silicon TFT, a gate line 2 and a
gate pad (not shown) are formed on the gate insulating film

12.

[0023] When the gate electrode 6 is formed in this way, n—
ions are injected into the active layer 14 using the gate
electrode 6 as a mask. Then, the LDD area 14L is formed at
both sides of the active layer 14C of pure poly-silicon that
overlaps the gate electrode 6.

[0024] Referring to FIG. 3C, a photo-resist (not shown) is
spread on the entire surface of the lower substrate 1 where
the gate metal patterns have been formed. A mask is aligned
on the photo-resist to define a source area 14S and a drain
area 14D of the active layer 14. The photo-resist patterns are
formed on the lower substrate 1 by an exposure and devel-
opment process, with the photo-resist patterns exposing the
source area 14S and the drain area 14D of the active layer
14. n+ ions are then injected into the source area 14S and the
drain area 14D of the active layer 14 with the photo-resist
patterns.

[0025] Referring to FIG. 3D, an insulating material such
as Si0, or SiN,_, is deposited on the entire surface of the gate
insulating film 12, thereby forming an interlayer insulating
film 26 on the gate insulating film 12. A photo-resist (not
shown) is spread on the entire surface of the interlayer
insulating film 26. And, a mask is aligned on the photo-resist
to define a source contact hole 24S and a drain contact hole
24D. The photo-resist patterns are formed on the interlayer
insulating film 26 through an exposure and development
process. The interlayer insulating film 26 and the gate
insulating film 12 are etched with the photo-resist patterns.
As aresult, the source contact hole 24S and the drain contact
hole 24D that run through the interlayer insulating film 26
and the gate insulating film 12 are formed, with the source
area 14S and the drain area 14D of the active layer 14 being
exposed.

[0026] Referring to FIGS. 3E and 3F, a metal layer is
deposited on the entire surface of the interlayer insulating
film 26 where the source contact hole 24S and the drain
contact hole 24D have been formed. A photo-resist (not
shown) is spread on the entire surface of the metal layer.
And, a mask is aligned on the photo-resist to define a source
electrode 8 and a drain electrode 10. The photo-resist
patterns are formed on the metal layer by an exposure and
development process. The metal layer is etched with the
photo-resist patterns, and the photo-resist patterns are
removed. As a result, the source electrode 8 and drain
electrode 4 are formed on the lower substrate 1, along with
a data line 4 and data pads (not shown) at the same time. The
source electrode 8 is connected to the source area 14S of the
active layer 14 through the source contact hole 24S. The
drain electrode 10 is connected to the drain area 14D of the
active layer 14 through the drain contact hole 24D. An
inorganic or organic insulating material is formed on the
entire surface of the interlayer insulating film 26 where the
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source electrode 8 and the drain electrode 10 have been
formed in this way, thereby forming a protective film 18. A
photo-resist (not shown) is spread on the entire surface of the
protective film 18. And, a mask is aligned on the photo-resist
to define a pixel contact hole 20. The photo-resist patterns
are formed on the protective film 18 through an exposure
and development process. The protective film 18 is etched
with the photo-resist patterns. As a result, the pixel contact
hole 20 that runs through the protective film 18 is formed,
with part of the drain electrode 10 being exposed.

[0027] A transparent conductive material, for example,
ITO is deposited on the entire surface of the protective film
where the pixel contact hole 20 has been formed. A photo-
resist (not shown) is spread on the entire surface of the
transparent conductive material layer. And, a mask is aligned
on the photo-resist to define the pixel electrode 22 (See FIG.
2). The photo-resist patterns are formed on the transparent
conductive material layer by an exposure and development
process. The transparent conductive material layer is etched
with the photo-resist patterns. As a result, the pixel electrode
22 connected to the drain electrode 10 through the pixel
contact hole 20 is formed, as illustrated in FIGS. 1 and 2.

[0028] However, the fabricating method of the poly-sili-
con TFT of the related art, as described above, is disadvan-
tageous in that it requires a large number of processes and
a long time, and that materials such as photo-resist are
wasted. Also, due to such problems, the production cost is
high.

SUMMARY OF THE INVENTION

[0029] Accordingly, the present invention is directed to a
liquid crystal display device and a fabricating method
thereof that substantially obviates one or more of the prob-
lems due to limitations and disadvantages of the related art.

[0030] An advantage of the present invention is to provide
a liquid crystal display device and a fabricating method
thereof that reduce the number of processes and production
cost.

[0031] Additional features and advantages of the inven-
tion 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.

[0032] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device may, for example, include a poly-silicon pattern that
is patterned by a concurrent etching process of amorphous
silicon and poly-silicon; and a display area where the
poly-silicon pattern is formed.

[0033] The poly-silicon pattern is an active layer included
in each of a plurality of thin film transistors that are formed
in the display area.

[0034] The liquid crystal display device further includes a
second poly-silicon pattern formed on a non-display area of
the liquid crystal display device.
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[0035] The second poly-silicon pattern is an aligning
mark.

[0036] In another aspect of the present invention, a
method of fabricating a liquid crystal display device may, for
example, include forming an amorphous silicon on a sub-
strate; forming a poly-silicon pattern by partially crystalliz-
ing the amorphous silicon; and etching the amorphous
silicon and the poly-silicon pattern at the same time to
remove the amorphous silicon and leave the poly-silicon
pattern on the substrate.

[0037] In the fabricating method, the poly-silicon pattern
is an active layer included in each of a plurality of thin film
transistors.

[0038] In the fabricating method, the poly-silicon pattern
is an aligning mark.

[0039] In still another aspect of the present invention, a
method of fabricating a liquid crystal display device may, for
example, include forming a buffer layer on a substrate;
forming an amorphous silicon on the buffer layer; forming
a poly-silicon pattern by partially irradiating a laser beam on
the amorphous silicon and inducing the growth of crystal
from the side surface of an area on which the laser beam is
irradiated; and etching the amorphous silicon and the poly-
silicon at the same time to remove the amorphous silicon and
leave the poly-silicon pattern on the substrate.

[0040] In the fabricating method, the poly-silicon pattern
is an active layer included in each of a plurality of thin film
transistors.

[0041] In the fabricating method, the poly-silicon pattern
is an aligning mark.

[0042] The fabricating method further includes the steps
of: forming a gate insulating film on the buffer layer to cover
the poly-silicon pattern; forming a gate electrode of the thin
film transistor that partially overlaps with the poly-silicon
pattern by forming a gate metal layer on the gate insulating
film and patterning the gate metal layer; forming a doping
area on the poly-silicon pattern by injecting impurities at a
low concentration into the poly-silicon pattern other than the
part thereof that overlaps with the gate electrode by using the
gate electrode as a mask; forming a source area and a drain
area on the poly-silicon pattern by injecting impurities at a
high concentration into part of the doping area; forming a
interlayer insulating film on the gate insulating film to cover
the gate electrode and forming a first contact hole that runs
through the interlayer insulating film and the gate insulating
film to expose the source area and the drain area; forming a
source electrode of the thin film transistor connected to the
source area and a drain electrode of the thin film transistor
connected to the drain area; forming a protective film on the
interlayer insulating film to cover the source electrode and
the drain electrode; and forming a second contact hole on the
protective film to expose the drain electrode and forming a
pixel electrode connected to the drain electrode.

[0043] In yet another aspect of the present invention, a
method of fabricating a liquid crystal display device having
a plurality of thin film transistors may, for example, include
forming an amorphous silicon layer on a substrate; partially
crystallizing the amorphous silicon layer using a laser
annealing method, wherein the partially crystallized silicon
layer has a poly-silicon region and an amorphous silicon
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region; and etching the partially crystallized silicon layer to
remove the amorphous silicon region and leave the poly-
silicon region on the substrate without using a photo-resist
pattern.

[0044] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] 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,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0046] In the drawings:

[0047] FIG. 1 is a plan view illustrating an aligning mark
and a cell of a related art liquid crystal display device;

[0048] FIG. 2 is a sectional view illustrating the sectional
structure of the liquid crystal display device, taken along the
lines ‘I-I’ and ‘II-II’ of FIG. 1,

[0049] FIGS. 3A to 3F are sectional views illustrating a
fabricating process of the liquid crystal display device
shown in FIG. 1;

[0050] FIGS. 4A and 4B are sectional views illustrating a
method of forming a poly-silicon pattern shown in FIG. 3A
by a sequential lateral solidification (SLS) method,

[0051] FIGS. 5A and 5B are plan views illustrating the
arrangement of the amorphous silicon and the poly-silicon
shown in FIGS. 4A and 4B, respectively;

[0052] FIGS. 6A and 6B are sectional views illustrating a
photolithography process that defines an active layer pattern
and an aligning mark with the poly-silicon layer in a
fabricating method of the liquid crystal display device of the
related art;

[0053] FIG. 7 is a flow chart illustrating a fabricating
method of the related art liquid crystal display device;

[0054] FIG. 8 is a schematic view illustrating a transmit-
ting pattern (or slit) formed in a mask according to an
embodiment of the present invention;

[0055] FIGS. 9A and 9B are plan views illustrating a
poly-silicon portion formed by a sequential lateral solidifi-
cation (SLS) method;

[0056] FIG. 10 is a flow chart illustrating a fabricating
method of a liquid crystal display device according to an
embodiment of the present invention;

[0057] FIG.11 is a plan view illustrating an aligning mark
pattern and an active layer pattern formed in the liquid
crystal display device according to the embodiment of the
present invention; and

[0058] FIGS. 12A to 12K are sectional views illustrating
the fabricating method of the liquid crystal display device
according to the embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0059] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illus-
trated in the accompanying drawings. With reference to
FIGS. 8 to 12K, an embodiment of the present invention will
be explained.

[0060] Referring to FIG. 8, a mask 141 according to an
embodiment of the present invention has transmitting pat-
terns 141a for transmitting a laser beam and shielding
patterns 1415 for blocking the laser beam. The transmitting
patterns 141a are divided into a first shot domain SD1 and
a second shot domain SD2 for defining areas corresponding
to an active layer and an aligning mark of a LCD device. The
width of each of the transmitting patterns 141a is equal to or
less than twice the length of grains grown by seeds that
usually form near solid state silicon.

[0061] A SLS crystallization process with the mask 141
will be explained in detail. When a laser beam is irradiated
on an amorphous silicon layer through the first shot domain
SD1 and the second shot domain SD2, the amorphous
silicon corresponding to the transmitting patterns 141a of
the mask is melted. At this moment, the amorphous silicon
exposed to the laser beam is almost completely melted, and
crystallization starts from seeds near the side surface, which
is the interface between the melted silicon and the solid
silicon, as the temperature of the melted amorphous silicon
becomes lower. Assuming that the width of the laser beam
is ‘W’ for illustrating purposes, when any one of the mask
or a substrate (not shown) moves by %W in a horizontal
direction, the laser beam is irradiated again through the mask
on the portion of the amorphous silicon that corresponds to
the transmitting patterns of the moved mask (the amorphous
silicon that has not been irradiated by the first laser beam),
and then the portion of the amorphous silicon transforms
into poly-silicon, as the temperature of the irradiated amor-
phous silicon becomes lower.

[0062] FIG. 10 is a flow chart illustrating a fabricating
method of a liquid crystal display device according to an
embodiment of the present invention.

[0063] Referring to FIG. 10, a fabricating method of a
liquid crystal display device according to an embodiment of
the present invention includes depositing a buffer layer on a
substrate and depositing an amorphous silicon layer on the
buffer layer. (steps S1 and S2). Subsequently, a dehydroge-
nation process is performed to remove hydrogen contained
in the amorphous silicon layer (step S3), and then a laser
beam is irradiated twice through the mask of FIG. 9 on the
areas of the amorphous silicon layer corresponding to a
pattern of an active layer and a pattern of an aligning mark
to induce the crystallization of the amorphous silicon layer,
thereby transforming the areas of the amorphous silicon
layer corresponding to the pattern of the active layer and the
pattern of the aligning mark into a poly-silicon layer. (step
S4) Then, the fabricating method further includes etching
the substrate that has both the poly-silicon layer and the
amorphous silicon layer at the same time. (step S5) In the
etching process of step S5, the poly-silicon has a low etching
rate because of its dense structure, but the amorphous silicon
has a high etching rate because of its loose structure. Due to
this, the amorphous silicon is etched deeper and faster than
the poly-silicon under the same etching condition. As a
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result, as the etching process progresses, only the active
layer 114 and aligning mark 128 of poly-silicon remain on
the substrate as in FIG. 11.

[0064] As explained in an earlier section, the related art
LCD device requires a photolithography process (step S15)
including a photo-resist spreading process, an exposure and
development process, and a photo-resist removing process
(step S17) in order to define the aligning mark and the active
layer of the active area. Compared with this, the fabricating
method of the liquid crystal display device according to the
embodiment of the present invention can form the active
layer 114 and the aligning mark 128 only with the selective
laser crystallization process (step S4) and etching process
(step S5) by taking advantage of the etching rate difference
between the poly-silicon layer 144 and the amorphous
silicon layer 143 under the same etching condition.

[0065] The fabricating method of the liquid crystal display
device in accordance with the principles of the present
invention will be described in more detail in conjunction
with FIGS. 12A to 12K.

[0066] Referring to FIG. 12A, a fabricating method of a
liquid crystal display device according to an embodiment of
the present invention forms a buffer film 116 by depositing
an insulating material such as SiO, or SiN_ on the entire
surface of a lower substrate 101. Then, an amorphous silicon
layer 143 is deposited on the entire surface of the buffer film
116. Subsequently, a dehydrogenation process is performed
to remove hydrogen contained in the amorphous silicon in
which the amorphous silicon layer is heated at about 400° C.
After the dehydrogenation process, a laser annealing using
a SLS method is performed to transform the amorphous
silicon layer into a poly-silicon layer.

[0067] As explained in an earlier section with regards to
the SLS crystallization process, the following processes are
performed to complete the laser annealing using a SLS
method according to an embodiment of the present inven-
tion. Referring to FIG. 12B, a mask 141 is aligned on the
amorphous silicon layer 143 for crystallization. The mask
141 has a transmitting pattern 141a and a shielding pattern
141b, wherein the transmitting pattern transmits a laser
beam 142 and the shielding pattern 141B blocks the laser
beam 142. The laser beam 142 is irradiated successively two
times on the amorphous silicon layer 143 through the mask
141. Referring to FIGS. 12B and 12C, when irradiating a
first laser beam, the laser beam 142 is irradiated on the
amorphous silicon layer 143 through a first shot domain SD1
and a second shot domain SD2, thereby melting the amor-
phous silicon layer 143 of the areas corresponding to the
transmitting pattern 141a. At this moment, the amorphous
silicon layer 143 on which the laser beam 142 is irradiated
is melted down to reach the interface that is in contact with
the buffer film 116. The amorphous silicon layer 143 melted
in this way becomes crystallized as its temperature becomes
lower. At this moment, crystallization is induced from seeds
that exist at the side surface that is in contact with the
adjacent amorphous silicon layer 143, which is in a solid
state, and the grains grows vertically from the seeds near the
side surface, as shown in FIG. 9A. In this way, the amor-
phous silicon layer 143 irradiated with the first laser beam
transforms into a poly-silicon layer 144, which subsequently
becomes part of an aligning mark and an active layer.

[0068] Subsequently, assuming that the width of the laser
beam 142 is ‘W’ for illustrating purposes, when any one of
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the mask 141 or a lower substrate 101 moves by %W in a
horizontal direction, the laser beam (second laser beam) is
irradiated on the amorphous silicon 143 through the first
shot domain SD1 and second shot domain SD2 of the mask
141. For this operation, the lower substrate 101 may be
installed on an X-Y stage (not shown) so that its transfer can
be made in both axial directions of X axis and Y axis, and
the mask 142 is installed at an X-Y robot (not shown) for
moving the mask 142. With this two times of the laser
irradiation, only the amorphous silicon corresponding to the
areas of the active layer and the aligning mark are trans-
formed into poly-silicon, as illustrated in FIG. 9B.

[0069] Referring to FIG. 12D, after the laser annealing
process, an etching process (dry or wet etching) is performed
on the substrate having the poly-silicon layer 144 and the
amorphous silicon layer 143 distributed in the same layer to
define the active layer and the aligning mark without a
photo-resist pattern. The amorphous silicon layer 143 is
etched much faster than the poly-silicon layer 144 in the
etching process. This is because the poly-silicon has a low
etching rate due to its dense structure, and the amorphous
silicon has a high etching rate due to its loose structure.
Accordingly, the amorphous silicon layer 143 is etched
deeper and faster under the same etching condition than the
poly-silicon layer 144. As a result, as the etching process
progresses, only the active layer 114 and the aligning mark
128 of the poly-silicon layer 144 are left on the substrate.

[0070] Although the pattern of the active layer 114 of
poly-silicon has a rectangular shape in FIG. 11, it should be
understood that the pattern of the active layer is not limited
to such a pattern shape, and that it can be formed to have
various shapes such as ‘I, ‘C’ or ‘S’. In the same manner,
although the pattern of the aligning mark 128 of poly-silicon
has a ‘+’ shape in FIG. 11, it should be understood that the
pattern of the aligning mark is not limited to such a pattern
shape, and that it can be formed to have various shapes such
as a circle or quadrangle. The shapes of these patterns can be
modified by changing the shape of the transmitting pattern
141 in the mask 141.

[0071] Referring to FIG. 12F, the fabricating method of
the liquid crystal display device according to the embodi-
ment of the present invention forms a gate insulating film
112 on the buffer layer 116 by depositing an insulating
material such as SiO, or SiN_ on the entire surface of the
buffer layer 116, wherein the insulating material covers the
active layer 114 and the aligning mark 128. A gate metal
layer such as aluminum and aluminum/neodymium is
deposited on the entire surface of the lower substrate 101
where the gate insulating film 112 has been formed. A
photolithography process with a mask is performed to form
gate metal patterns, which includes a spreading process a
photo-resist, an exposure and development process, an etch-
ing process and a removing process of the photo-resist. As
a result, a gate electrode 106 of a poly-silicon TFT, a gate
line and a gate pad (not shown) are formed on the gate
insulating film 112.

[0072] When the gate electrode 106 is formed in this way,
n- ions are injected into the active layer 114 using the gate
electrode 106 as a mask. Herein, n— ions are impurities such
as phosphorus (P) or arsenic (As), and their concentration is
in a range of 10*2~10"%/cm?, which is relatively low. Then,
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an LDD area 114L is formed at both sides of the active layer
114C of pure poly-silicon that overlaps the gate electrode
106.

[0073] Referring to FIG. 12G, a photo-resist is spread on
the entire surface of the lower substrate 101 where the gate
metal patterns have been formed. A mask is aligned on the
photo-resist to define a source area 114S and a drain area
114D of the active layer 114. The photo-resist patterns are
formed on the lower substrate 101 by an exposure and
development process, with the photo-resist patterns expos-
ing the source area 114S and the drain area 114D. n+ ions are
then injected into the source area 114S and the drain area
114D of the active layer 114 with the photo-resist patterns.
Herein, n+ ions are impurities such as phosphorus (P) or
arsenic (As), and their concentration is 1~2x10*/cm?,
which is relatively high.

[0074] Referring to FIG. 12H, an interlayer insulating
film 126 is formed on the gate insulating film 112 by
depositing an insulating material such as SiO, or SiN, on the
entire surface of the gate insulating film 112, wherein the
insulating material covers the gate metal patterns including
the gate electrode 106. A photo-resist (not shown) is spread
on the entire surface of the interlayer insulating film 126.
And, a mask is aligned on the photo-resist to define to define
a source contact hole 124S and a drain contact hole 124D,
and forms photo-resist patterns on the interlayer insulating
film 126 through an exposure and development process,
with the photo-resist pattern exposing the area of the source
contact hole 124S and the area of the drain contact hole
124D. Then, the interlayer insulating film 126 and the gate
insulating film 112 are etched to expose the source area 114S
and the drain area 114D of the active layer 114.

[0075] Referring to FIG. 121, a metal layer is deposited on
the entire surface of the interlayer insulating film 126 where
the source contact hole 124S and the drain contact hole
124D have been formed. Subsequently, a photo-resist (not
shown) is spread on the entire surface of the metal layer.
And, a mask is aligned on the photo-resist to define a source
electrode 108 and a drain electrode 110. The photo-resist
patterns are formed on the metal layer by an exposure and
development process. The metal layer is etched with the
photo-resist patterns, and the photo-resist patterns are
removed. As a result, the source electrode 108 and drain
electrode 110 are formed on the lower substrate 101, along
with data lines and data pads (not shown) at the same time.
The source electrode 108 is connected to the source area
114S of the active layer 114 through the source contact hole
124S. The drain electrode 110 is connected to the drain area
114D of the active layer 114 through the drain contact hole
124D. Next, an inorganic or organic insulating material is
formed on the entire surface of the interlayer insulating film
126 to form a protective film 118, wherein the insulating
material covers the source electrode 108 and the drain
electrode 110. A photo-resist (not shown) is spread on the
entire surface of the protective film 118. And, a mask is
aligned on the photo-resist to define a pixel contact hole 120.
The photo-resist patterns are formed on the protective film
118 through an exposure and development process. The
protective film 118 is etched with the photo-resist patterns.
As a result, the pixel contact hole 120 that runs through the
protective film 118 is formed, with part of the drain electrode
110 being exposed, as illustrated in FIG. 12].
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[0076] Next, a transparent conductive material, for
example, ITO is deposited on the entire surface of the
protective film 118 where the pixel contact hole 120 has
been formed. A photo-resist (not shown) is spread on the
entire surface of the transparent conductive material layer.
And, a mask is aligned on the photo-resist to define the pixel
electrode 122. The photo-resist patterns are formed on the
transparent conductive material layer by an exposure and
development process. The transparent conductive material
layer is etched with the photo-resist patterns. As a result, the
pixel electrode 122 connected to the drain electrode 110
through the pixel contact hole 120 is formed, as illustrated
in FIG. 12K.

[0077] As described above, the liquid crystal display
device and the fabricating method thereof according to the
present invention performs a laser annealing using a SLS
method only on the portion of the amorphous silicon layer
corresponding to the active pattern area and the aligning
mark area of the LCD device, thereby transforming amor-
phous silicon into poly-silicon, and performs an etching in
which the poly-silicon region and the amorphous silicon
region in the silicon layer are subject to the same etching
condition at the same time. As a result, the liquid crystal
display device and the fabricating method thereof according
to the present invention can form the active pattern and the
aligning mark pattern by the etching process without a mask
or a photo-resist by taking advantage of the etching rate
difference between poly-silicon and amorphous silicon.

[0078] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display device, comprising:

a poly-silicon pattern that is patterned by a concurrent
etching process of amorphous silicon and poly-silicon;
and

a display area where the poly-silicon pattern is formed.

2. The liquid crystal display device according to claim 1,
wherein the poly-silicon pattern is an active layer included
in each of a plurality of thin film transistors that are formed
in the display area.

3. The liquid crystal display device according to claim 1,
further comprising:

a second poly-silicon pattern formed on a non-display
area of the liquid crystal display device.
4. The liquid crystal display device according to claim 3,
wherein the second poly-silicon pattern is an aligning mark.
5. A fabricating method of a liquid crystal display device,
comprising:

forming an amorphous silicon on a substrate;

forming a poly-silicon pattern in the amorphous silicon by
partially crystallizing the amorphous silicon; and

etching the amorphous silicon and the poly-silicon pattern
at the same time to remove the amorphous silicon and
leave the poly-silicon pattern on the substrate.



US 2004/0263703 Al

6. The fabricating method according to claim 5, wherein
the poly-silicon pattern is an active layer included in each of
a plurality of thin film transistors.

7. The fabricating method according to claim 5, wherein
the poly-silicon pattern is an aligning mark.

8. A fabricating method of a liquid crystal display device,
comprising:

forming a buffer layer on a substrate;
forming an amorphous silicon on the buffer layer;

forming a poly-silicon pattern by partially irradiating a
laser beam on the amorphous silicon and inducing the
growth of crystal from the side surface of an area on
which the laser beam is irradiated; and

etching the amorphous silicon and the poly-silicon at the
same time to remove the amorphous silicon and leave
the poly-silicon pattern on the substrate.

9. The fabricating method according to claim 8, wherein
the poly-silicon pattern is an active layer included in each of
a plurality of thin film transistors.

10. The fabricating method according to claim 8, wherein
the poly-silicon pattern is an aligning mark.

11. The fabricating method according to claim 9, further
comprising the steps of:

forming a gate insulating film on the buffer layer to cover
the poly-silicon pattern;

forming a gate electrode of the thin film transistor that
partially overlaps with the poly-silicon pattern by form-
ing a gate metal layer on the gate insulating film and
patterning the gate metal layer;

forming a doping area on the poly-silicon pattern by
injecting impurities at a low concentration into the
poly-silicon pattern other than the part thereof that
overlaps with the gate electrode by using the gate
electrode as a mask;

forming a source area and a drain area on the poly-silicon
pattern by injecting impurities at a high concentration
into part of the doping area;

forming a interlayer insulating film on the gate insulating
film to cover the gate electrode and forming a first
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contact hole that runs through the interlayer insulating
film and the gate insulating film to expose the source
area and the drain area;

forming a source electrode of the thin film transistor
connected to the source area and a drain electrode of the
thin film transistor connected to the drain area;

forming a protective film on the interlayer insulating film
to cover the source electrode and the drain electrode;
and

forming a second contact hole on the protective film to
expose the drain electrode and forming a pixel elec-
trode connected to the drain electrode.
12. A fabricating method of a liquid crystal display device
having a plurality of thin film transistors, comprising:

forming an amorphous silicon layer on a substrate;

partially crystallizing the amorphous silicon layer using a
laser annealing method, wherein the partially crystal-
lized silicon layer has a poly-silicon region and an
amorphous silicon region; and

etching the partially crystallized silicon layer to remove
the amorphous silicon region and leave the poly-silicon
region on the substrate without using a photo-resist
pattern.

13. The fabricating method according to claim 12,
wherein the laser annealing method is a sequential lateral
solidification (SLS) method.

14. The fabricating method according to claim 12,
wherein the poly-silicon region is an active layer included in
each of the thin film transistors.

15. The fabricating method according to claim 12,
wherein the poly-silicon region is an aligning mark.

16. The fabricating method according to claim 12,
wherein etching the partially crystallized silicon layer
includes subjecting the amorphous silicon region and the
poly-silicon region to an etching condition at the same time.

17. The fabricating method according to claim 12,
wherein the thin film transistors are a top-gate type.
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