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METHOD OF FABRICATING POLYCRYSTALLINE
SILICON THIN FILM FOR IMPROVING
CRYSTALLIZATION CHARACTERISTICS AND
METHOD OF FABRICATING LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. 2003-44002 filed in Korea on Jun.
30, 2003, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method of fab-
ricating a polycrystalline silicon thin film, and more par-
ticularly, to a method of fabricating a polycrystalline silicon
thin film for improving crystallization characteristics and a
method of fabricating a liquid crystal display device using
the same.

[0004] 2. Description of the Related Art

[0005] Recently, because of the need for an information
display and a high demand for using a portable information
systems, light and thin film type flat panel display (FPD)
devices have been actively being researched and commer-
cialized such that the conventional device of a cathode ray
tube (CRT) is being replaced. Among these flat panel display
devices, a liquid crystal display (LCD) device is used for
displaying an image by using an optical anisotropy of a
liquid crystal. A liquid crystal display can be used in
notebook computer, a desktop monitor, and other display
devices due to its excellent resolution, color rendering
capability and picture quality.

[0006] An active matrix (AM), a typical driving method
used in the liquid crystal display device, drives the pixels of
a pixel region in a liquid crystal display by using an
amorphous silicon thin film transistor (a-Si TFT) as a
switching device in each of the pixels. The amorphous
silicon thin film transistor technique was described by
English LeComber et al. in 1979, and commercialized as a
3-inch liquid crystal portable television in 1986. Recently, a
thin film transistor liquid crystal display having a display
area of more than 50 inches has been developed. However,
the field effect mobility of the amorphous silicon thin film
transistor of about 1 cm?/Vsec prevents its use in peripheral
circuits that apply signals to the pixel region, since periph-
eral circuits operate at more than 1 MHz. Accordingly,
research for simultaneously forming a switching transistor in
a pixel region and peripheral circuits in a driving circuit
region together on a glass substrate by using polycrystalline
silicon (poly-Si) thin film transistor having a field effect
mobility greater than that of the amorphous silicon thin film
transistor has been actively pursued.

[0007] The polycrystalline silicon thin film transistor has
been applied to a small flat panel displays, such as the
eyepiece of a camcorder, since a liquid crystal color televi-
sion was developed in 1982. Such a thin film transistor has
alow photosensitivity and a high field effect mobility as well
as can be directly fabricated on a substrate to form driving
circuits. Increased mobility can increase an operation fre-
quency of the driving circuits. The frequency capability of
the driving circuits determines the number of pixels that can
be driven while maintaining an adequate display capability.
More specifically, the increased frequency decrease the
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charging time of a signal applied to a pixel such that
distortion of the signal is decreased and picture quality is
increased. Compared to the amorphous silicon thin film
transistor, which has a high driving voltage of about 25V, the
polycrystalline silicon thin film transistor, which has a
driving voltage of under 10V, consumes less power.

[0008] The polycrystalline silicon thin film transistor can
be fabricated by being directly deposited or by depositing an
amorphous silicon thin film that is then crystallized with a
thermal process. To use a cheap glass substrate, a method for
performing low temperature processing and increasing a
field effect mobility of a thin film transistor is required. The
thermal processing methods for crystallizing the amorphous
silicon thin film basically include the solid phase crystalli-
zation (SPC) method and the excimer laser annealing (ELA)
method.

[0009] The solid phase crystallization method forms a
polycrystalline silicon thin film at a low temperature of
approximately 600° C. In this method, a polycrystalline
silicon thin film is formed by depositing an amorphous
silicon thin film on a glass substrate having a low melting
point and then performing a slow heating process for up to
tens of hours at approximately 600° C. A polycrystalline
silicon thin film obtained by the solid phase crystallization
method has grains of a comparatively large size correspond-
ing to several um (micrometers). However, there are many
defects in the grains. Although not as bad as grain bound-
aries in a polycrystalline thin film transistor, these defects
are a bad influence on a performance of a polycrystalline
silicon thin film transistor.

[0010] The excimer laser annealing is a typical method of
fabricating a polycrystalline silicon thin film transistor at a
low temperature. The excimer laser crystallizes an amor-
phous silicon thin film by radiating a high energy laser beam
onto the amorphous silicon thin film for a time of tens of
nanoseconds. In this method, the amorphous silicon is
melted and crystallized in a very short moment, so that the
glass substrate is not damaged at all. A polycrystalline
silicon thin film fabricated using the excimer laser also has
excellent electric characteristics compared to a polycrystal-
line silicon thin film fabricated by a general thermal pro-
cessing method. For example, whereas a field effect mobility
of an amorphous silicon thin film transistor is 0.1~0.2
cm?/Vsec and a field effect mobility of a polycrystalline
silicon thin film transistor fabricated by a general thermal
processing method is 10~20 cm*/Vsec, and a field effect
mobility of a polycrystalline silicon thin film transistor
fabricated using the excimer laser method is more than 100
cm?/Vsec (IEEE Trans. Electron Devices, vol. 36, no. 12,
p-2868, 1989).

[0011] Hereinafter, a crystallization method using the
excimer laser will be explained in more detail. FIG. 1 is a
graph showing a grain size of a polycrystalline silicon thin
film corresponding to irradiated laser energy density used to
form the polycrystalline silicon thin film. As shown in FIG.
1, in the first region A and in the second region B, the more
the laser energy density is increased, the grain size of a
polycrystalline silicon thin film is increased as discussed in
IEEE Electron Device Letters, DEL-7, 276, 1986. However,
in the third region C, if energy more than a specific energy
density Ec is irradiated, the grain size of a crystallized
polycrystalline silicon thin film drastically decreases. That
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is, according to an irradiated laser energy density graph
shown in FIG. 1, the silicon crystallization mechanism of a
silicon thin film becomes different past a specific energy
density Ec.

[0012] FIGS. 2A to 2C are sectional views showing a
silicon crystallization mechanism corresponding to the laser
energy density graph of FIG. 1. A crystallization mechanism
of an amorphous silicon during laser annealing is influenced
by many factors, such as laser irradiation conditions includ-
ing laser energy density, an irradiation pressure, a substrate
temperature, and physical/geometrical  characteristics
including absorption coefficient, thermal conductivity, mass,
impurity containing degree and amorphous silicon layer
thickness. Amorphous silicon has a very high absorption
coefficient near the wavelength of an excimer laser, thereby
absorbing energy within a range of 30~200 ns at the time the
amorphous silicon is being irradiated and melted.

[0013] InFIG. 2A, the first region A of FIG. 1 is a partial
melting region, and an amorphous silicon thin film 12 is
crystallized only up to the dotted line and a size of a grain
G1 formed at this time corresponds to hundreds of Alfa
laser beam is irradiated on the amorphous silicon thin film
12 on a substrate 10 where a buffer layer 11 is formed, the
amorphous silicon thin film 12 is melted. As a strong laser
energy is irradiated directly onto a surface of the amorphous
silicon thin film 12, a weaker laser energy is irradiated on a
lower portion of the amorphous silicon thin film 12 such that
crystallization is performed down to a certain part of the
amorphous silicon thin film 12. Typically, crystal growth by
laser crystallization is performed through a process of melt-
ing a surface layer of an amorphous silicon in accordance
with the laser irradiation followed by latent heat generation
in a lower layer corresponding to a solidification of the
surface layer and a melting of a lower layer followed by a
solidification of the lower layer. These crystal growth pro-
cesses will be explained in more detail as follows.

[0014] An amorphous silicon thin film on which a laser is
irradiated has a melting temperature of more than 1200° C.
and primarily melts into a liquid state. Then, since the
surface melted layer has a greater temperature difference
from a lower silicon and a substrate, the surface melted layer
cools fast with a quenching speed of more than 10°K/s until
a solid phase nucleation and a solidification are achieved.
The surface layer is melted until the solid phase nucleation
and the solidification are achieved. The melting state lasts
for a long time when the laser energy density is high or a
thermal emission to the outside is low. Since the surface
layer is melted at a lower temperature than a melting
temperature of 1400° C. for crystalline silicon, the surface
layer is cooled and maintained as a super-cooled state where
a temperature is lower than a phase transition. The greater
the super-cooling state is, that is, the lower a melting
temperature of a thin film or the faster a cooling speed is, the
larger the nucleation rate is at the time of solidification such
that fine crystal growth results.

[0015] When solidification starts as the melted surface
layer is cooled, crystal growth proceeds in an upward
direction from a crystal nucleus. At this time, latent heat
according to a phase transition of the melted surface layer
from a liquid state to a solid state is generated and thus
secondarily melts a lower amorphous silicon thin film. Then,
a solidification of the lower amorphous silicon thin film
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occurs resulting in crystal growth. At this time, a nucleus
generation rate of the lower second melted layer is increased
because the lower amorphous silicon thin film is in more of
a super cooled state than the first melted layer. Thus, the
crystal size resulting from the second melted layer is smaller.
To improve crystalline characteristics resulting from crys-
tallization by a laser annealing, the cooling speed of solidi-
fication has to be reduced. Cooling speed can be reduced by
restraining absorbed laser energy from being emitted out by
heating the substrate, double beam irradiation, and/or by a
buffer insulating layer between the substrate and the amor-
phous silicon layer.

[0016] FIG. 2B is a sectional view showing a silicon
crystallization mechanism of the second region B of FIG. 1,
in which the second region B represents a near-completely
crystallized region. In FIG. 2B, a polycrystalline silicon thin
film having grains G2 of a large size corresponding to
3000~4000 A is formed up from an interface of the lower
buffer layer 11 and the amorphous silicon thin film 12. That
is, according to an energy density corresponding to said
region, the amorphous silicon thin film 12 is melted down to
a region near the buffer layer 11, so that dense grains on the
interface between the amorphous silicon thin film 12 and the
buffer layer 11 serve as a nucleus N such that solidification
occurs in all directions when crystallization occurs. Accord-
ingly, large grained polycrystalline silicon is formed, as
discussed in the Journal of Applied Physics 82, 4086.
However, a distribution density of the crystal nucleus N is
not uniform. Further, the size of the grains are not uniform.
Also, a protuberance portion P is formed on the top surface
of the grains G2 that lowers the physical characteristics of
the polycrystalline silicon thin film.

[0017] FIG. 2C is a scctional view showing a silicon
crystallization mechanism of the third region C of FIG. 1
corresponding to a completely crystallized region. In FIG.
2C, grains G3 having a very small size are irregularly
formed with the energy density corresponding to said region.
That is, when a laser energy density becomes more than a
certain level Ec, the amorphous silicon thin film 12 of an
irradiated region is all melted and a nucleus which can grow
as grains does not exist. Thus, when the amorphous silicon
thin film 12 irradiated by a laser of strong energy is
drastically cooled, a large number of crystal nucleuses N are
generated and minute grains G3 are formed from said crystal
nucleuses.

[0018] Different from a single crystal, a polycrystalline
silicon thin film formed by said crystallization mechanism
has a grain boundary. The grain boundary results from a
thermal stress generated as melted amorphous silicon is
solidified. Grain boundaries lowers a device’s electrical
characteristics. In order to obtain a high mobility, the density
of grain boundaries has to be low, which can be achieved by
increasing the grain size of a crystallized polycrystalline
silicon thin film. However, in a crystallized polycrystalline
silicon thin film in a liquid crystal display, the uniformity of
grain size and the morphology of grains are more important
than a grain size.

[0019] In the case of grains in an active layer constituting
a thin film transistor in a liquid crystal display device, if the
grain size 1s not uniform, each thin film transistor will have
a different field effect mobility. Thus, there will be a non-
uniformity of picture quality across an entire display panel.
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Also, if a channel of a thin film transistor is not formed in
parallel with a longitudinal direction of grains (that is, a
direction in which the number of times to meet with a grain
boundary is less), a high mobility can not be obtained even
if a grain size is large. This is because the grain boundary
acts as an obstacle blocking movement of a carrier so as to
decrease mobility. This direction-dependent characteristic of
grains causes problems, especially in a thin film transistor of
a driving circuit region.

SUMMARY OF THE INVENTION

[0020] Accordingly, the present invention is directed to a
method of fabricating a polycrystalline silicon thin film for
improving crystallization characteristics and a method of
fabricating a liquid crystal display device using the same
that substantially obviate one or more of the problems due
to limitations and disadvantages of the related art.

[0021] An object of the present invention is to provide an
improved crystallization method of an amorphous semicon-
ductor layer resulting in a uniform grain size with no
direction-dependent grain characteristic.

[0022] Another object of the present invention is to pro-
vide a method of fabricating a polycrystalline thin film
transistor having increased electrical characteristics.

[0023] Still another object of the present invention is to
enable a system on panel (SOP) by applying said polycrys-
talline thin film transistor having an improved crystallization
characteristics.

[0024] 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.

[0025] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a crystallization
method of an amorphous semiconductor layer includes the
steps of providing an amorphous semiconductor layer hav-
ing a first thickness, crystallizing the amorphous semicon-
ductor layer in a first direction, partially reducing the crys-
tallized semiconductor layer to a second thickness less than
the first thickness and crystallizing the etched semiconductor
layer in a second direction.

[0026] In another aspect, a fabrication method of a poly-
crystalline thin film transistor includes providing a substrate,
forming an amorphous semiconductor layer over the sub-
strate, crystallizing the amorphous semiconductor layer in a
first direction, reducing the crystallized semiconductor layer,
and crystallizing in a second direction to form a polycrys-
talline semiconductor layer, forming a gate insulating layer
on the polycrystalline semiconductor layer, forming a gate
electrode on the gate insulating layer, forming an insulating
layer on the substrate and forming a source electrode and a
drain electrode contacting the polycrystalline semiconductor
layer.

[0027] In another aspect, a method of fabricating a thin
film transistor includes the steps of providing a substrate,
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forming an amorphous semiconductor layer on the substrate,
crystallizing the amorphous semiconductor layer into a
polycrystalline semiconductor layer having grains with a
quasi-rectangular shape, forming a gate insulating layer on
the substrate, forming a gate electrode on the gate insulating
layer, forming an insulating layer on the polycrystalline
semiconductor layer and forming a source electrode and a
drain electrode contacting the polycrystalline semiconductor
layer.

[0028] 1In another aspect, a method of fabricating a liquid
crystal display device includes: forming a first thin film
transistor in a driving circuit region by using a crystallized
semiconductor layer as an active layer by providing a first
substrate composed of a pixel region and a driving circuit
region, forming an amorphous semiconductor layer on the
first substrate, laterally crystallizing the amorphous semi-
conductor layer in a first direction, reducing the crystallized
semiconductor layer, and laterally crystallizing the crystal-
lized semiconductor layer in a second direction perpendicu-
lar to the first direction; forming a second thin film transistor
in the pixel region; forming a pixel electrode electrically
connected to the second thin film transistor on the first
substrate; providing a second substrate where a color filter
layer is formed; attaching the first substrate and the second
substrate to each other; and forming a liquid crystal layer
between the first substrate and the second substrate. 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

[0029] 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.

[0030] FIG. 1 is a graph showing a grain size of a
polycrystalline silicon thin film corresponding to irradiated
laser energy density used to form the polycrystalline silicon
thin film.

[0031] FIGS. 2A to 2C are sectional views showing a
silicon crystallization mechanism corresponding to the laser
energy density graph of FIG. 1.

[0032] FIGS. 3A to 3D are flow charts showing a fabri-
cation method of a polycrystalline silicon thin film accord-
ing to a first embodiment of the present invention.

[0033] FIG. 4 is a picture from a scanning electron
microscope (SEM) showing a crystallization form of the
polycrystalline silicon thin film shown in FIG. 3D.

[0034] FIGS. 5A to 5D are flow charts showing a fabri-
cation method of a polycrystalline silicon thin film accord-
ing to a second embodiment of the present invention.

[0035] FIG. 6 is a picture from a scanning electron
microscope showing a crystallization form of the polycrys-
talline silicon thin film shown in FIG. 5D.

[0036] FIG. 7 shows a structure of a polycrystalline thin
film transistor according an embodiment of the present
invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] 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.

[0038] The present invention provides a fabrication
method of a polycrystalline silicon thin film having no
direction-dependent characteristic of grains by improving a
crystallization method. Generally, pixels in a pixel region
and peripheral circuits in a driving circuit region contain thin
film transistors. Since a thin film transistor in a pixel only
has to satisfy mobility corresponding to approximately
20~50 cm?/Vs, high electrical performance characteristic is
not required. On the other hand, in the driving circuit region,
an N-channel thin film transistor and a P-channel thin film
transistor have to all be formed with a high electrical
performance characteristics. The electrical characteristic of
mobility for the thin film transistors in the driving circuit
region greatly influences the driving of a liquid crystal
display device. Typically, a mobility corresponding to hun-
dreds of cm?/Vs is required.

[0039] Typically, the channel of a polycrystalline silicon
thin film transistor is formed in paralle]l with the longitudinal
direction of grains such that the number of grain boundaries
in the channel is reduced. This is because grain boundaries
act as an obstacle to the movement of carriers such that
mobility of the device is decreased. Since all of the thin film
transistors of the driving circuit region are not arranged in
the same direction, channels of the thin film transistors can
have a great variation in terms of mobility. Due to the
arbitrary direction characteristic of channels in thin film
transistors of the driving circuit region, it is important to
remove a direction-dependent characteristic of grains in the
polycrystalline silicon thin film for the channels. Even if
each of the grains are formed as a large single crystal, the
morphology of the grains has to have a uniform character-
istic in any arbitrary direction. According to embodiments of
the present invention, a polycrystalline silicon thin film
having a quasi-single crystal is formed by a first lateral
crystallization in a first direction and a second lateral crys-
tallization in a second direction crossing the first direction to
obtain a polycrystalline thin film having an approximately
rectangular shape such that the characteristic of direction
dependence is removed.

[0040] Typically, an amorphous silicon thin film used in
the crystallization in accordance with embodiments of the
invention has a thickness corresponding to about 500 A due
to productivity of a deposition equipment and to achieve a
desired electrical characteristic. In the case that an active
layer is thick, leakage current is increased and the on-off
ratio is decreased. However, to attenuate defect of numerous
grain boundaries, the time duration of a melted state of
amorphous silicon has to be increased. To increase the time
duration, an amorphous silicon thin film used in crystalli-
zation is formed thickly.

[0041] Accordingly, in an embodiment of the present
invention, the thickness of an amorphous silicon is formed
to be thicker than that of a general active layer at the time
of a first lateral crystallization to obtain a polycrystalline
silicon thin film having a small number of grain boundaries.
Then, the crystallized silicon is reduced so as to leave a final
active thickness. Subsequently, a second lateral crystalliza-
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tion process is performed to obtain large single crystal grains
of a quasi-rectangular shape. Hereinafter, preferred embodi-
ments of a fabrication method of a polycrystalline silicon
thin film according to the present invention will be explained
in more detail.

[0042] FIGS. 3A to 3D are flow charts showing a crys-
tallization method according to a first embodiment of the
present invention, which shows a lateral crystallization
method. In said embodiment, a sequential lateral solidifica-
tion (SLS) technique was used as the lateral crystallization
method. However, another lateral crystallization methods,
such as a selectively enlarging laser crystallization (SELAX)
or a metal induced lateral crystallization (MILC), can be
used. The sequential lateral solidification is a technique
based upon the fact that a silicon grains grow in a vertical
direction at an interface between a liquid silicon and a solid
silicon as described in Robert S. Sposilli, M. A. Crowder,
and James S. Im, Material Research Society Symposium
Process Vol. 452, 956~957, 1997. According to the sequen-
tial lateral solidification technique, silicon grains are later-
ally grown with a certain length by properly controlling a
laser energy density and a laser irradiation scope to thereby
crystallize amorphous silicon thin film into a quasi-single
crystal.

[0043] First, as shown in FIG. 3A, a first laser is irradiated
on an amorphous silicon thin film 112 that is deposited to a
certain thickness using a mask M including a slit S having
a certain width W. At this time, regions I and II are irradiated
by a laser through the slit S such that regions 1 and II come
in to contact with each other as the grains laterally grow
around the silicon thin film 112. The mask M, except the slit
S formed at the center, shields the amorphous silicon thin
film 112 from the irradiating laser beam. The material of the
mask M, a chrome based metal or an aluminum based metal
has an excellent shielding effect and reflection rate.

[0044] In said embodiment, the mask M having one slit S
was used to crystallize, but any mask M of any shape can be
used if a desired crystallization characteristic can be
obtained. Also, in said embodiment, in order to be used as
an active layer, the amorphous silicon thin film 112 was
deposited with 500 A thickness corresponding to a general
thickness and used in crystallization. Hereinafier, crystal
growth processes according to the sequential lateral solidi-
fication of the preferred embodiment will be explained in
more detail.

[0045] First, if a laser having an energy density where the
amorphous silicon thin film 112 is completely melted (the
third region C of FIG. 1) or a laser having more energy
density is irradiated, the amorphous silicon thin film 112 is
completely melted. Just after the laser energy irradiation, the
amorphous silicon thin film 112 is cooled through upper and
lower amorphous silicon surfaces, that is, regions on which
the laser was not irradiated. This is because the amorphous
silicon thin film 112 of the upper and lower surfaces are in
a solid state, which has a greater thermal conductivity than
a buffer layer of a lower portion of the amorphous silicon
thin film 112 or a glass substrate 110.

[0046] Accordingly, the amorphous silicon thin film 112 in
a liquid state cools to a nucleus forming temperature at the
upper and lower interfaces between a solid state and a liquid
state earlier than at a center portion to form a crystal nucleus.
After the crystal nucleus is formed, a lateral growth of the
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grains G proceeds from the sides where temperatures are
low to where the temperature is high. In said method, by
irradiating a laser on the amorphous silicon thin film 112
with the nearly same width as a distance (~1 um) at which
a lateral growth by a single melting can be performed, grains
can be grown in a lateral direction (Y direction) along an
irradiation direction of a laser. That is, widths of the laterally
crystallized first region I and the second region II are a half
of the irradiated laser width W, and one grain boundary in a
longitudinal direction (Y direction) of the grains exists at the
interface of the regions I and II.

[0047] Then, in FIG. 3B, after the first laser irradiation,
the substrate or a laser irradiation device are laterally moved
in the Y axis direction by a certain distance 1o irradiate with
a second laser. Said movement distance of the substrate or
a laser irradiation device for the second laser irradiation after
the first irradiation is called a transition distance. If the
substrate is moved in the Y axis direction by a transition
distance, the first laser irradiation region (the dotted region)
and the second laser irradiation region are overlapped by a
width “A”. The width A can be arbitrarily controlled. Then,
if a second laser is irradiated, a part of the second region II
already crystallized by the first laser irradiation and the
amorphous silicon 112 region under the slit S are melted, so
that a sequential lateral solidification is performed. That is,
a crystalline silicon 120, which was not melted, of the
second region II and the amorphous silicon 112, which was
not melted at the interface serve as a crystal nucleus, so that
a lateral crystallization occurs.

[0048] As a result, the region where a crystallization is
performed using the second region II as a nucleus has a grain
size of more than 1 ym (micrometer). That is, said region has
a grain size GW of a third region III that is obtained by
adding a grain size of a region not irradiated by a laser of the
second region II to a newly grown grain size 1 um
(micrometer). Also, grains, which have grown using the
amorphous silicon 112 where a laser is not irradiated as a
nucleus form a fourth region IV, have a grain size of 1 um
(micrometer) corresponding to an average lateral crystalli-
zation size.

[0049] FIG. 3C shows a part of the polyerystalline silicon
thin film 120 obtained by repeatedly performing the above-
described processes. By repeating said processes in the Y
axis direction, the amorphous silicon thin film 112 is all
crystallized. Then, the substrate 110 or a laser irradiation
device are laterally moved in the X axis direction as the slit
length S on the mask and said processes are repeated to
perform a laser annealing on a desired region entirely. As
shown in FIG. 3C, the resulting amorphous silicon thin film
112 is crystallized and has a laterally grown grains G of a
relatively uniform size.

[0050] Said crystallized polycrystalline silicon thin film
120 has an excellent crystallization characteristic, such as a
large grain size GW corresponding to 1.5~2 um. However,
a plurality of grain boundaries GB formed in the Y axis
direction blocks carrier movement in the X axis direction. To
realize a device having a desired characteristic using the
polycrystalline silicon thin film 120, a channel of a thin film
transistor has to be arranged in the Y axis direction.

[0051] FIG. 3D shows the polycrystalline silicon thin film
120 after the second lateral crystallization. After the first
lateral crystallization, a stage on which the sample is put or
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a laser irradiation device is rotated by 90° and then a second
lateral crystallization is performed. At this time, as shown in
FIG. 3D, the crystallized polycrystalline silicon thin film
120 is a quasi-single crystal and has grains G of a quasi-
rectangular shape. However, a few sub grains Gs exist
within the grains G that disrupt carrier movement. If a
thickness of the amorphous silicon thin film 112 used in
crystallization is thin, a melting duration is short at the time
of a crystallization process. Accordingly, it is difficult to
overcome defects due to a thermal stress and a sub grain
boundary GsB. Thus, it is difficult to obtain a perfect single
crystal of a square shape having no sub-grain boundaries or
absolutely no directional characteristics.

[0052] FIG. 4 is a picture from a scanning electron
microscope showing a crystallization form of the polycrys-
talline silicon thin film shown in FIG. 3D. In FIG. 4, grains
G of a rectangular shape having a size of approximately
1.5~2 um are formed, and a few sub grains Gs are also
formed within the grains G. The boundaries of the sub grains
Gs (GsB) acts as an obstacle which disturbs a carrier
movement, so that a crystallization method for restraining
the sub grain formation is preferable, which will be
explained in a next preferred embodiment.

[0053] FIGS. 5A to 5D are flow charts showing a fabri-
cation method of a polycrystalline silicon thin film accord-
ing to a second embodiment of the present invention. In said
preferred embodiment, a crystallization process is per-
formed by using an amorphous silicon thin film having a
thickness of 1000~2000 A, which is thicker than a general
thickness as an active layer of a thin film transistor. If a
thickness of the amorphous silicon thin film is thick, fre-
quency of sub grain boundaries are decreased and a poly-
crystalline silicon thin film having a large grain size can be
obtained.

[0054] As shown in FIG. 5A, an amorphous silicon thin
film 212 to be used in crystallization is deposited to a certain
thickness on a buffer layer 211, which is on a substrate 210.
Generally, any one of a variety of methods can deposit the
amorphous silicon thin film 212. Such methods include low
pressure chemical vapor deposition (LPCVD) and plasma
enhanced vapor deposition (PECVD).

[0055] In the case that the amorphous silicon thin film is
deposited by the PECVD method, hydrogen atoms of about
20% are included in the amorphous silicon thin film even
though a temperature difference is somewhat generated
between the substrate and the amorphous. A dehydrogena-
tion process, which is an annealing process for discharging
said hydrogen atoms from the amorphous silicon, has to be
followed. Otherwise, the hydrogen atoms will form cavities
in the thin film and thereby lower quality of a polycrystalline
silicon thin film when the amorphous silicon thin film
including hydrogen atoms is crystallized by a laser.

[0056] An optimum thickness of the amorphous silicon
thin film 212 used in crystallization can be in a range of
1000~2000 A, which does not require a very large laser
energy. The greater thickness of the deposited amorphous
silicon thin film 212 means that the duration time of the
crystallization process is longer. A longer duration time for
crystallization increases grain size of the polycrystalline
silicon thin film and thus improves electrical characteristics
of a device made with the polycrystalline silicon thin film.

[0057] Next, as shown in FIG. 5B, if crystallization is
performed by a sequential lateral solidification method, the
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amorphous silicon thin film 212 is crystallized to obtain the
laterally grown grains G having a uniform size. Said crys-
tallized polycrystalline silicon thin film 220 has an excellent
crystallization characteristic, such as a large grain size of
about 1.5~2 pm. Also, when compared with the polycrys-
talline silicon thin film of the first preferred embodiment of
FIG. 3B, the polycrystalline silicon thin film 220 has a
decreased frequency of grain boundaries G. Therefore, the
thicker amorphous silicon thin film 212 used in crystalliza-
tion yields a the polycrystalline silicon thin film 220 having
excellent electrical characteristics.

[0058] FIG. 5C shows a step of reducing the crystallized
silicon thin film to leave a remaining thickness. As shown in
FIG. 5C, after the first sequential lateral solidification, the
crystallized silicon thin film 220 used as an active layer is
reduced to a certain thickness 300~600 A remaining in order
to obtain excellent electrical characteristics, such as
decreased leakage current. At this time, for instance, an
etching technique can be used to reduce the thickness of the
crystallized silicon thin film.

[0059] In this second embodiment, an etch back method
for reducing the silicon thin film 220 to the substrate 210
without a mask was used. Herein, the polycrystalline silicon
thin film 220 formed by the first crystallization maintains the
grain formation while only a thickness thereof is decreased.
Said crystallized polycrystalline silicon thin film 220
includes a protrusion portion at the grain boundary surface,
and the protrusion portion is removed by etching the entire
upper surface of the polycrystalline silicon using the etch
back technique. As a result, the physical morphology of the
polycrystalline silicon thin film 220 can be improved.
Herein, the protrusion portion corresponds o a defect hav-
ing a greater etching rate than grains, so that it is first etched
faster than the grain at the time of etching a silicon. Finally,
after the first lateral crystallization, a stage on which a
sample is put or a laser irradiation device are rotated with
90° and then a second lateral crystallization is performed.

[0060] In FIG. 5D, when the crystallized polycrystalline
silicon thin film 220 is crystallized by using a second lateral
solidification method, re-crystallization proceeds in a state
that the sub grain boundary is restrained to obtain single
crystal grains G of a rectangular shape. At this time, a
surface of the crystallized polycrystalline silicon thin film
220 damaged by etching is cured through the sequential
lateral solidification.

[0061] Thus, according to the second embodiment, the
first crystallization is performed by making a thickness of an
amorphous silicon thin film to be used in crystallization
thicker than a generally used active layer, a polycrystalline
silicon thin film having a large grain size and a decreased
grain boundary density can be obtained. Subsequently, the
crystallized silicon thin film is etched so as to have an active
layer thickness for obtaining a desired electric characteristic
and then re-crystallized, thereby obtaining a polycrystalline
silicon thin film having a rectangular shape.

[0062] FIG. 6 is a picture from a scanning electron
microscope showing a crystallization form of the polycrys-
talline silicon thin film shown in FIG. 5D. In FIG. 6, single
crystal grains G of a substantially perfect square shape is
formed, and differently from the first embodiment of FIG. 4,
few sub grains Gs are formed in the grains G. Like in the first
and second embodiments, if the polycrystalline silicon thin
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films 120 and 220 of a quasi-single crystal are formed by a
first lateral crystallization in a first direction and then a
second lateral crystallization is performed in a second direc-
tion perpendicular to the first direction, polycrystalline sili-
con thin films 120 and 220 can be obtained having a
rectangular shape that has no direction-dependent charac-
teristic. Especially, since the grain direction-dependent char-
acteristic of the polycrystalline silicon thin films 120 and
220 formed by the first and second embodiments was
removed, an arrangement direction of a thin film transistor
need not to be considered at the time of fabricating the thin
film transistor, thereby providing for a high integration of
thin film transistor devices.

[0063] A thin film transistor can be fabricated by using the
polycrystalline silicon thin film formed according to said
embodiments as an active layer. FIG. 7 shows a structure of
a thin film transistor using a polycrystalline silicon thin film
formed according to an embodiment of the present inven-
tion. Herein, a structure shown in the drawing is a polycrys-
talline silicon thin film transistor of a top-gate structure.
Referring to FIG. 7, a fabrication method of a polycrystal-
line silicon thin film transistor will be explained as follows.

[0064] First, an amorphous silicon is deposited on a buffer
layer 311 formed on a substrate 310, and crystallized by said
crystallization method. Then, the polycrystalline silicon is
patterned by a photolithography process, thereby forming an
active pattern polycrystalline silicon layer 320. The active
layer 320 has a grain with at least a quasi-rectangular shape
if not a rectangular shape. Then, a gate insulating film 325
is formed on the active pattern 320, and then a conductive
film is deposited and etched to thereby form a gate electrode
326 on the gate insulating film 325. Next, an insulating layer
330 is deposited on the gate electrode 326, and then the gate
insulating layer 325 and the insulating layer 330 are etched
to expose the active pattern. Then, a source electrode 336
and a drain electrode 338 contacting the active layer 320
within the quasi-rectangular shape of a grain are formed on
the insulating layer 330 to thereby complete the thin film
transistor.

[0065] A thin film transistor manufactured by the above-
described process not only includes the top-gate thin film
transistor but can also include a bottom-gate thin film
transistor. Typically, in the amorphous silicon thin film
transistor, the bottom-gate transistor is used. However, in a
thin film transistor where a polycrystalline silicon is used as
an active layer, the electrical characteristics of the bottom-
gate thin film transistor are inferior to that of the top-gate
thin film transistor and therefore less preferable.

[0066] The polycrystalline silicon thin film transistor is
mainly positioned at a driving circuit region rather than in a
pixel of an liquid crystal display device. This is because a
thin film transistor of the driving circuit region requires
greater field effect mobility. Instead of a polycrystalline
silicon thin film transistor, an amorphous silicon thin film
transistor can be arranged in the pixel.

[0067] In the case that polycrystalline silicon thin film
transistors are arranged in the driving circuit region, the
polycrystalline silicon thin film transistor can be used in a
complementary metal oxide semiconductor (CMOS).
Although not shown, an n type impurities and a p type
impurities are injected into active layers 320, thereby respec-
tively forming an n type thin film transistor and a p type thin
film transistor.
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[0068] Substantially, an amorphous silicon thin film tran-
sistor in the pixel and a polycrystalline silicon thin film
transistor in the driving circuit region have the similar
forming processes except a process for crystallizing an
amorphous silicon layer. Accordingly, a polycrystalline sili-
con thin film transistor in the driving circuit region and an
amorphous silicon thin film transistor in the pixel can be
formed at the same time in the same fabrication line except
for the process for crystallizing the amorphous silicon layer.

[0069] A fabrication method of a liquid crystal display
device provided with said thin film transistor will be
explained as follows. First, thin film transistors, that is, an
amorphous silicon thin film transistor in the pixel (or a
polycrystalline silicon thin film transistor) and a polyerys-
talline silicon thin film transistor in the driving circuit
region, are formed. Then, a passivation film having a contact
hole is formed and a pixel electrode connected to the drain
electrode of the thin film transistor is formed on the passi-
vation film. At the time of forming the thin film transistor,
a gate line and a data line for applying a signal are formed
in the pixel.

[0070] A substrate where the thin film transistor and the
pixel electrode are formed is attached to an opposite sub-
strate where a color filter layer and a common electrode are
formed, and a liquid crystal layer is formed therebetween,
thereby fabricating an liquid crystal display device.

[0071] In the present invention, a polycrystalline semicon-
ductor layer having grains of a quasi-rectangular or rectan-
gular shape is formed by a lateral solidification method and
an etching process, and a thin film transistor is formed by
using the polycrystalline semiconductor layer. In forming
the thin film transistor, 7 masks were used. However, the thin
film transistor can be fabricated not only by using 7 masks
but also by processes using any number of masks. In other
words, the present invention can be applied to a variety of
thin film transistors having different structures.

[0072] As the present invention may be embodied in
several forms without departing from the spirit or essential
characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the
details of the foregoing description, unless otherwise speci-
fied, but rather should be construed broadly within its spirit
and scope as defined in the appended claims, and therefore
all changes and modifications that fall within the metes and
bounds of the claims, or equivalence of such metes and
bounds are therefore intended to be embraced by the
appended claims.

What is claimed is:
1. A crystallization method of an amorphous semiconduc-
tor layer comprising:

providing an amorphous semiconductor layer having a
first thickness;

crystallizing the amorphous semiconductor layer in a first
direction;

partially reducing the crystallized semiconductor layer to
a second thickness less than the first thickness; and

crystallizing the etched semiconductor layer in a second
direction.
2. The method according to claim 1, wherein the first
thickness is approximately 1000~2000 A.
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3. The method according to claim 1, wherein the second
thickness is approximately 300~600 A

4. The method according to claim 1, wherein the lateral
crystallization is performed by sequential lateral solidifica-
tion.

5. The method according to claim 1, wherein the first
direction and the second direction are perpendicular to each
other.

6. The method according to claim 1, wherein the amor-
phous semiconductor layer is formed over a substrate.

7. The method according to claim 6, further comprising
forming a buffer layer on the substrate.

8. A method of fabricating a thin film transistor compris-
ing:

providing a substrate;

forming an amorphous semiconductor layer over the
substrate;

crystallizing the amorphous semiconductor layer in a first
direction, reducing the crystallized semiconductor
layer, and crystallizing in a second direction to form a
polycrystalline semiconductor layer;

forming a gate insulating layer on the polycrystalline
semiconductor layer;

forming a gate electrode on the gate insulating layer;
forming an insulating layer on the substrate; and

forming a source electrode and a drain electrode contact-

ing the polycrystalline semiconductor layer.

9. The method according to claim 8, wherein the first
direction and the second direction are perpendicular to each
other.

10. The method according to claim 8, wherein the crys-
tallization of the amorphous semiconductor is performed by
a sequential lateral solidification.

11. A method of fabricating a thin film transistor com-
prising:

providing a substrate;

forming an amorphous semiconductor layer over the
substrate;

crystallizing the amorphous semiconductor layer into a
polycrystalline semiconductor layer having grains with
a quasi-rectangular shape;

forming a gate insulating layer on the polycrystalline
semiconductor layer;

forming a gate electrode on the gate insulating layer;
forming an insulating layer on the substrate; and

forming a source electrode and a drain electrode contact-
ing the polycrystalline semiconductor layer.
12. The method according to claim 11, wherein crystal-
lizing the amorphous semiconductor layer includes:

laterally crystallizing the amorphous semiconductor layer
in a first direction;

reducing the crystallized semiconductor layer; and

laterally crystallizing the etched semiconductor layer in a
second direction perpendicular to the first direction.
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13. The method according to claim 11, wherein each of
the source electrode and the drain electrode contacts the
polycrystalline within at least a quasi-rectangular shape of a
grain.

14. Amethod of fabricating a liquid crystal display device
comprising:

forming a first thin film transistor in a driving circuit
region by using a crystallized semiconductor layer as
an active layer by providing a first substrate composed
of a pixel region and a driving circuit region, forming
an amorphous semiconductor layer on the first sub-
strate, laterally crystallizing the amorphous semicon-
ductor layer in a first direction, etching the crystallized
semiconductor layer, and laterally crystallizing the
crystallized semiconductor layer in a second direction
perpendicular to the first direction,

forming a second thin film transistor in the pixel region;

forming a pixel electrode electrically connected to the
second thin film transistor on the first substrate;

providing a second substrate where a color filter layer is
formed;

attaching the first substrate and the second substrate to
each other; and

forming a liquid crystal layer between the first substrate

and the second substrate.

15. The method according to claim 14, wherein the lateral
crystallization of the amorphous semiconductor layer is a
sequential lateral solidification.

16. The method according to claim 14, wherein forming
the first thin film transistor includes:

forming a gate insulating layer on the crystallized semi-
conductor layer;

forming a gate electrode on the gate insulating layer;
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forming an insulating layer on the gate electrode; and

forming a source electrode and a drain electrode contact-
ing the crystallized semiconductor layer on the insu-
lating layer.

17. The method according to claim 16, further comprising
injecting an n type impurity into the crystallized semicon-
ductor layer.

18. The method according to claim 16, further comprising
injecting a p type impurity into the crystallized semicon-
ductor layer.

19. The method according to claim 16, wherein the first
thin film transistor and the second thin film transistor are
formed in the same fabrication line.

20. The method according to claim 16, wherein the first
thin film transistor and the second thin film transistor are
integrally formed.

21. The method of claim 14, wherein forming the second
thin film transistor includes:

forming an amorphous semiconductor layer on a first
substrate;

forming a gate electrode on the amorphous semiconductor
layer;

forming an insulating layer on the gate electrode; and

forming a source electrode and a drain electrode contact-
ing the crystallized semiconductor layer on the insu-
lating layer.

22. The method according to claim 21, wherein the first
thin film transistor and the second thin film transistor are
formed in the same fabrication line.

23. The method according to claim 21, wherein the first
thin film transistor and the second thin film transistor are
integrally formed.



LR EH(F)

BiES

[FRIER 1 (TR A (i)
B (E RN A (i)

54 B R (BRI A (F)
[FRIRE A

LTI\

IPCH %S

CPCH¥S

L 5E4X

H AT SOk

S EREEEE

BEX)

FRESUBENERFTEZAERAEEE BEENERF¥SEERE , £5
—H A EHFERESHEE
EENE-_EEAEUBINESUREREE=-IAME,

patsnap

FHEATUEERRBUNSRESEN G EZNERZL AHEREE TREN G

US20040266078A1 N (E)H 2004-12-30
US10/661486 HiEA 2003-09-15
F&ERERAT

LG.PHILIPS LCD CO., LTD.
LG DISPLAY CO. , LTD.
KIM SANG HYUN

KIM, SANG HYUN

GO02F1/136 HO1L21/20 HO1L21/336 HO1L21/77 HO1L27/12 HO1L29/04 HO1L29/786 HO1L21/00 C30B1
/00 HO1L21/477 HO1L21/84

HO01L21/02532 HO1L21/0268 H01L21/02691 HO1L27/1285 HO1L27/1296 HO1L29/04 HO1L29/66757
HO1L29/78675

1020030044002 2003-06-30 KR

uUS7153762

Espacenet USPTO

Z&R, BERF¥SUBRRILERENTE—



https://share-analytics.zhihuiya.com/view/c092c312-e042-4f68-879d-9c88b8052233
https://worldwide.espacenet.com/patent/search/family/036913266/publication/US2004266078A1?q=US2004266078A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040266078%22.PGNR.&OS=DN/20040266078&RS=DN/20040266078

