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(54) POLARIZATION MODULE AND LASER APPARATUS INCLUDING THE SAME

(57) A polarization module and a laser exposure ap-
paratus have a polarization module including a first lens
and a second lens that reduce a one-directional length
of a cross-section of an incident laser beam having an
optical axis. A polarization beam splitter divides the laser
beam passing through the first and second lenses into
two laser beams that are polarized in different directions

with respect to each other. A first prism lens and a second
prism lens emit an output laser beam by controlling the
two laser beams that are divided by the polarization beam
splitter to positions that are symmetrical with respect to
the optical axis. At least one half wave plate is disposed
between the polarization beam splitter and the first prism
lens.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a polarization
module, and more particularly, to a polarization module
and a laser apparatus including the same.

DISCUSSION OF THE RELATED ART

[0002] A polycrystalline semiconductor, such as poly-
crystalline silicon, is widely used as an active layer of a
transistor included in a variety of electronic apparatuses.
Polycrystalline semiconductors have higher electromi-
gration than amorphous silicon.
[0003] Examples of methods of forming a polycrystal-
line semiconductor, such as polycrystalline silicon, in-
clude a solid phase crystallization (SPC) method, a metal
induced crystallization (MIC) method, a metal induced
lateral crystallization (MILC) method, a laser annealing
method, and the like. Among them, the laser annealing
method for crystalizing an amorphous substance, such
as amorphous silicon, by using a laser beam having high
energy to irradiate an amorphous silicon film, is frequent-
ly used in a manufacturing process of an electronic device
such as an organic light emitting diode display (OLED)
or a liquid crystal display (LCD). In particular, excimer
laser annealing (ELA) using excimer lasers is mainly
used.
[0004] The laser annealing method serves to crystal-
lize at least a portion of the amorphous substance such
as the amorphous silicon film into a polycrystalline sub-
stance such as polycrystalline silicon by irradiating the
amorphous substance film with a laser apparatus. The
quality of a polycrystalline transistor is affected by a de-
gree of grain alignment of the crystalized semiconductor,
and a multi-shot method of irradiating a portion of an
amorphous semiconductor layer with a plurality of shots
in the crystalizing process is employed to increase the
grain alignment of the crystalized semiconductor such
as crystallized silicon. In the multi-shot method, the por-
tion of the amorphous semiconductor layer is irradiated
substantially 20 times or more.

SUMMARY

[0005] Embodiments of the present invention set out
to provide a polarization module that is capable of out-
putting a laser beam having a position and a magnitude
that are the same as those of an introduced laser beam
by adjusting a polarized state of a laser beam having
random polarization.
[0006] Embodiments of the present invention also set
out to provide a laser apparatus capable of increasing
grain alignment of a polycrystalline substance such as
polycrystalline silicon.
[0007] An embodiment of the present invention pro-
vides a polarization module including a first lens and a

second lens that reduce a one-directional length of a
cross-section of an incident laser beam that is introduced
with an optical axis. A polarization beam splitter divides
the laser beam passing through the first and second lens-
es into two laser beams that are polarized in different
directions from each other. A first prism lens and a second
prism lens emit an output laser beam by controlling the
two laser beams that are divided by the polarization beam
splitter to positions that are symmetrical with respect to
the optical axis. At least one half wave plate is disposed
between the polarization beam splitter and the first prism
lens.
[0008] An embodiment of the present invention pro-
vides a laser apparatus including a polarization module
and an optical system configured to make a laser beam
emitted from the polarization module more uniform. The
polarization module includes a first lens and a second
lens that reduce a one-directional length of a cross-sec-
tion of at least one incident laser beam that is introduced
with an optical axis. A polarization beam splitter divides
the laser beam passing through the first and second lens-
es into two laser beams that are polarized in different
directions from each other. A first prism lens and a second
prism lens emit an output laser beam by controlling the
two laser beams that are divided by the polarization beam
splitter to positions that are symmetrical with respect to
the optical axis. At least one half wave plate is disposed
between the polarization beam splitter and the first prism
lens.
[0009] An area of a cross-section of the output laser
beam may be substantially the same as an area of the
cross-section of the incident laser beam.
[0010] The output laser beam may include a first output
laser beam and a second output laser beam that have a
same polarization direction.
[0011] A shape of the cross-section of the output laser
beam may be substantially the same as a shape of the
cross-section of the incident laser beam.
[0012] The first prism lens may include a first optical
plane and a second optical plane that have slopes that
are asymmetrical with respect to each other.
[0013] The second prism lens may have a shape that
is the same as a shape of the first prism lens, and the
second prism lens may be disposed in a direction that is
different from a direction of disposition of the first prism
lens.
[0014] Central axes of the first prism lens and the sec-
ond prism lens may be misaligned from each other.
[0015] The first lens and the second lens may be tel-
escopic lenses having different focal distances from each
other.
[0016] The at least one half wave plate may include a
first half wave plate disposed on a passing path of a first
laser beam which is one of the two laser beams that are
divided by the polarization beam splitter and a second
half wave plate disposed on a passing path of a second
laser beam which is the other of the two laser beams. A
difference between rotation angles of the first half wave
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plate and the second half wave plate may be substantially
45 degrees.
[0017] At least one mirror is configured to reflect the
second laser beam at least one time and then the second
laser beam is introduced into the second half wave plate.
[0018] The at least one incident laser beam may in-
clude a first incident laser beam and a second incident
laser beam. The first lens and the second lens, the po-
larization beam splitter, and the first prism lens may be
arranged on an optical axis of the first incident laser
beam. The laser apparatus may further include a third
lens and a fourth lens, an additional polarization beam
splitter, and a third prism lens that are arranged on an
optical axis of the second incident laser beam.
[0019] The first output laser beam and the second out-
put laser beam may be separated from each other at a
first distance, and the first distance may be an integer
multiple of a pitch of lenses of at least one lens array unit
included in the optical system.
[0020] The optical system may include at least one lens
array unit and a laser beam blocking member disposed
to correspond to a boundary between the first output laser
beam and the second output laser beam.
[0021] At least some of the above and other features
of the invention are set out in the claims.
[0022] According to an embodiment of the present in-
vention, a polarization module is provided that is capable
of outputting a laser beam having a position and a mag-
nitude that are the same as those of an introduced laser
beam by adjusting a polarized state of a laser beam hav-
ing random polarization. Accordingly, it is unnecessary
to remodel the optical system after the polarization mod-
ule, and thus it is possible to use the laser beam that is
polarized by applying the polarization module according
to the embodiment of the present invention to a conven-
tional optical system including the laser apparatus.
[0023] Further, a polycrystalline substance such as
polycrystalline silicon can be formed by using the laser
apparatus including the polarization module according
to an embodiment of the present invention, thereby in-
creasing grain alignment of the polycrystalline substance
such as the polycrystalline silicon. Accordingly, the
number of shots may be reduced in the laser annealing
process using laser annealing so as to simplify the crys-
tallization process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A more complete appreciation of the present
disclosure and many of the attendant aspects thereof will
be readily obtained as the same becomes better under-
stood by reference to the following detailed description
when considered in connection with the accompanying
drawings, wherein:

FIG. 1 is a schematic diagram illustrating a polariza-
tion module according to an embodiment of the
present invention;

FIG. 2A a schematic diagram illustrating a structure
of a polarization module according to an embodiment
of the present invention;
FIG. 2B is a diagram illustrating showing a cross-
sectional shape of a laser beam passing through the
polarization module shown in FIG. 2A;
FIG. 3 is a diagram illustrating a polarization beam
splitter and a polarized state of light according to an
embodiment of the present invention;
FIG. 4 is a diagram illustrating a half wave plate and
a polarized state according to an embodiment of the
present invention;
FIG. 5, FIG. 6, and FIG. 7 are diagrams illustrating
prism lenses included in a polarization module and
a light passing state according to an exemplary em-
bodiment of the present invention;
FIG. 8 is a schematic diagram illustrating a laser ap-
paratus according to an embodiment of the present
invention; and
FIG. 9 is a schematic diagram illustrating a polariza-
tion module according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0025] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which embodiments of the invention are
shown. As those skilled in the art would realize, the de-
scribed embodiments may be modified in various differ-
ent ways, all without departing from the scope of the
present invention.
[0026] The drawings are schematic and are not nec-
essarily drawn to scale. The relative sizes and ratios of
the parts in the drawings may be exaggerated or reduced
for clarity and convenience. The same structures, ele-
ments, or parts illustrated may be denoted by the same
reference numerals in multiple drawings in order to rep-
resent similar characteristics. When a part is referred to
as being "on" another part, it can be directly on the other
part or intervening parts may also be present.
[0027] Like numerals may refer to like or similar con-
stituent elements throughout the specification and draw-
ings.
[0028] Hereinafter, a polarization module and a laser
apparatus including the same according to an embodi-
ment of the present invention will be described in detail
with reference to the accompanying drawings.
[0029] First, a polarization module according to an em-
bodiment of the present invention will be described with
reference to FIG. 1.
[0030] FIG. 1 is a schematic diagram illustrating a po-
larization module according to an embodiment of the
present invention.
[0031] Referring to FIG. 1, the polarization module 100
according to an embodiment of the present invention
emits an output laser beam Lout including a laser beam
L7 and a laser beam L8 by converting an introduced laser
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beam L1. The introduced laser beam L1 is unpolarized,
and the emitted laser beams L7 and L8 are linearly po-
larized. The polarized state of the laser beam L7 and L8
are controlled by the polarization module 100.
[0032] Specifically, the laser beam L1 may include both
of a p-polarized component and an s-polarized compo-
nent, and the laser beams L7 and L8 may include one of
the p-polarized component and the s-polarized compo-
nent, or may be linearly polarized in predetermined di-
rections, respectively. Polarized directions of the emitted
laser beams L7 and L8 are the same as or different from
each other. When the polarized directions of the laser
beams L7 and L8 are the same as each other, the two
laser beams L7 and L8 emitted from the polarization mod-
ule 100 are polarized in one direction. When the polarized
directions of the laser beams L7 and L8 are different from
each other, the output laser beam Lout obtained by sum-
ming the two laser beams L7 and L8 is unpolarized.
[0033] Herein, the p-polarization indicates a polariza-
tion state in which an electric field of light has a vibration
direction that is parallel with an incident plane thereof,
and the s-polarization indicates a polarization state in
which the electric field of light has a vibration direction
that is perpendicular to the incident plane thereof. The
incident plane indicates a plane including a normal direc-
tion of a specimen plane and a passing direction of light.
[0034] In the present embodiment, when a central axis
of the passing direction of the laser beam L1 introduced
to the polarization module 100 (polarizer) is referred to
as an optical axis OX, the two laser beams L7 and L8
emitted from the polarization module 100 may pass sym-
metrically with respect to the optical axis OX. For exam-
ple, when the center of a cross-section of the laser beam
L1 is positioned on the optical axis OX, cross-sections
of the two laser beams L7 and L8 may be symmetrical
to each other with respect to the optical axis OX. A di-
rection of the optical axis OX may be the same as a first
direction D1 shown in FIG. 1, and a second direction D2
is perpendicular to the first direction D1, or the second
direction D2 is perpendicular to a plane including a nor-
mal direction of the plane of various optical devices (a
lens, a beam splitter, a mirror, and the like) shown in FIG.
1 and the optical axis OX. A third direction D3 is perpen-
dicular to the first direction D 1 and the second direction
D2.
[0035] As shown in FIG. 1, the two laser beams L7 and
L8 are adjacently emitted as one continuous output laser
beam Lout, or a space may exist between the two laser
beams L7 and L8.
[0036] When the two laser beams L7 and L8 are adja-
cently emitted, e.g., with no space provided therebe-
tween, the shape and area of the cross-section of the
output laser beam Lout obtained by summing the two
laser beams L7 and L8 emitted from the polarization mod-
ule 100 may be substantially the same as those of the
cross-section of the laser beam L1 introduced into the
polarization module 100. For example, the area of the
output laser beam Lout may be substantially half of the

area of the laser beam L1 introduced into the polarization
module 100. For example, in the case that a laser beam
is generated to have a rectangular cross-section, when
the direction of a long side of the rectangular cross-sec-
tion is referred to as a major axis, each length of the laser
beams L7 and L8 in the major-axis direction is substan-
tially half of the length of the laser beam L1 in the major-
axis direction.
[0037] When the two laser beams L7 and L8 are sep-
arately emitted, the sum of the areas of the cross-sections
of the two laser beams L7 and L8 may be substantially
the same as that of the cross-section of the laser beam
L1, and the shapes of the cross-sections of the two laser
beams L7 and L8 that are closely set to be adjacent to
each other in the optical axis OX may be substantially
the same as that of the cross-section of the laser beam
L1.
[0038] For example, the laser beams L7 and L8 emitted
from the polarization module 100 are outputted as the
output laser beam Lout having the entire shape that is
substantially the same as that of the firstly introduced
laser beam L1. Accordingly, it is possible to use the output
laser beam Lout including the laser beams L7 and L8 as
it is without remodeling an optical system that is conven-
tionally used with only the firstly introduced laser beam
L1. For example, when the optical system is a homoge-
nizer including a lens array unit LAH, the laser beams L7
and L8 are introduced into the homogenizer, thereby be-
ing converted into laser beams having a rectangular
cross-section while having uniform energy distribution.
The lens array unit LAH includes a plurality of lenses LS.
The laser beams L7 and L8 introduced into the lens array
unit LAH is divided in a major-axis direction of the rec-
tangular laser beam. The divided laser beams may be
converted into a rectangular laser beam having uniform
energy distribution by being overlapped on the same
plane through a plurality of lenses and a different lens
array.
[0039] Hereinafter, a detailed structure of the polariza-
tion module 100 according to an embodiment of the
present invention will be described with reference to FIG.
2A to FIG. 7.
[0040] FIG. 2A a schematic diagram illustrating a struc-
ture of a polarization module according to an embodiment
of the present invention. FIG. 2B is a diagram illustrating
a cross-sectional shape of a laser beam passing through
the polarization module shown in FIG. 2A. FIG. 3 is a
diagram illustrating a polarization beam splitter and a po-
larized state of light according to an embodiment of the
present invention. FIG. 4 is a diagram illustrating a half
wave plate and a polarized state according to an embod-
iment of the present invention. FIG. 5, FIG. 6, and FIG.
7 are diagrams illustrating prism lenses included in a po-
larization module and a light passing state according to
an embodiment of the present invention.
[0041] Referring to FIG. 2A, the polarization module
100 (polarizer) according to an embodiment of the
present invention includes a pair of a first lens TL1 and
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a second lens TL2, a polarization beam splitter PBS, a
first half wave plate H1 and a second half wave plate H2,
a plurality of mirrors M1, M2, and M3, and a pair of a first
prism lens PL1 and a second prism lens PL2.
[0042] The laser beam L1 introduced into the polariza-
tion module 100 passes along the optical axis OX with
respect to the optical axis OX. The laser beam L1 may
be an initial laser beam generated from a laser generator
(not illustrated). The laser beam L1 may be unpolarized
and may include both of the p-polarized component and
the s-polarized component.
[0043] Referring to FIG. 2A and FIG. 2B, when sub-
stantially passing through the first lens TL1 and the sec-
ond lens TL2, the laser beam L1 having the rectangular
shape is converted into a laser beam L2 with a length in
the major-axis direction that is reduced substantially in
half. Herein, when a laser beam that is to be finally gen-
erated has a rectangular cross-section, the major-axis
direction may indicate a direction of a rectangular long
side thereof. This is true of descriptions that will be made
below.
[0044] Each of the first lens TL1 and the second lens
TL2 may be a telescopic lens, and focal distances of the
two lenses TL1 and TL2 may be different from each other.
Each of the first lens TL1 and the second lens TL2 may
be a cylindrical lens which is extended in a third direction
D3. A reduction ratio of the laser beam L2 to the laser
beam L1 can be controlled by adjusting a distance d1
between the first lens TL1 and the second lens TL2.
[0045] The laser beam L2 is introduced into the polar-
ization beam splitter PBS. The polarization beam splitter
divides the laser beam L2 into two laser beams L3 and
L4 by partially reflecting and transmitting the laser beam
L2. The laser beam L3 is a laser beam that is reflected
by the polarization beam splitter PBS, and the laser beam
L4 is a laser beam that is transmitted by the polarization
beam splitter PBS.
[0046] Referring to FIG. 3, in the case that an incident
beam Lc has a p-polarized component Pp and an s-po-
larized component Ps, the polarization beam splitter may
transmit the p-polarized component Pp and may reflect
the s-polarized component Ps, and vice versa. An angle
’a’ between a normal direction to a plane of the polariza-
tion beam splitter PBS and a passing direction of the
incident beam Lc may be in a range of substantially 45
degrees to 60 degrees. The polarization beam splitter
PBS may include a dielectric material. For example, the
polarization beam splitter may be formed of fused silica.
[0047] Referring to FIG. 2A, the laser beam L3 and the
laser beam L4 outputted from the polarization beam split-
ter PBS are polarized in different directions from each
other. For example, when the laser beam L3 is s-polar-
ized, the laser beam L4 is p-polarized. As described here-
in, the laser beam L3 is assumed to be s-polarized and
the laser beam L4 is assumed to be p-polarized, however,
the reverse may also be the case.
[0048] The laser beam L3 is sequentially reflected by
a plurality of mirrors M1, M2, and M3, and then passes

through the half wave plate H1 to be converted into a
laser beam L5. Thereafter, it is introduced to the first
prism lens PL1. FIG. 2A illustrates an arrangement for
the three mirrors M1, M2, and M3, but the number of
mirrors is not limited to the three shown. For example,
the number of the mirrors may be adjusted to introduce
the laser beam L3 into an appropriate position of the first
prism lens PL1 after passing through the half wave plate
H1.
[0049] The laser beam L4 passes through the half
wave plate H2 to be converted into a laser beam L6, and
is then introduced into the first prism lens PL1.
[0050] The half wave plate H1 may or may not change
a polarization direction of the laser beam L3. Similarly,
the half wave plate H2 may or may not change a polari-
zation direction of the laser beam L4. Referring to FIG.
4, when an optical axis Od of the half wave plates H1
and H2 and the polarization direction of an incident beam
La forms an angle ’b,’ the half wave plates H1 and H2
may output an emission beam Lb of which polarization
direction is rotated by 2b from the polarization direction
of the incident beam La. The angle b between the polar-
ization direction of the incident beam La and the optical
axis Od of the half wave plates H 1 and H2 is referred to
as a rotation angle of the half wave plates H1 and H2.
When the rotation angle of the half wave plates H1 and
H2 is 45 degrees, a p-polarized beam is converted into
an s-polarized beam by passing through the half wave
plates H1 and H2, and vice versa.
[0051] For example, when the rotation angles of the
half wave plate H1 and the half wave plate H2 are re-
spectively set as 90 and 0 degrees, the laser beam L5
passing through the half wave plate H1 is s-polarized
similar to the laser beam L3, and the laser beam L6 pass-
ing through the half wave plate H2 is p-polarized similar
to the laser beam L4. Accordingly, the laser beams L5
and L6 constitute an overall unpolarized laser beam even
when focusing on the optical axis OX.
[0052] For example, when the rotation angles of the
half wave plate H1 and the half wave plate H2 are re-
spectively set as 45 and 0 degrees, the laser beam L5
passing through the half wave plate H1 is p-polarized
unlike the laser beam L3, and the laser beam L6 passing
through the half wave plate H2 is p-polarized similar to
the laser beam L4. Accordingly, the laser beams L5 and
L6 constitute a laser beam polarized in one polarization
direction overall, e.g., a p-polarized laser beam, when
focusing on the optical axis OX.
[0053] For example, when the rotation angles of the
half wave plate H1 and the half wave plate H2 are re-
spectively set as 90 and 45 degrees, the laser beam L5
passing through the half wave plate H1 is s-polarized
similar to the laser beam L3, and the laser beam L6 pass-
ing through the half wave plate H2 is s-polarized unlike
the laser beam L4. Accordingly, the laser beams L5 and
L6 constitute a laser beam polarized in one polarization
direction, e.g., an s-polarized laser beam, when focusing
on the optical axis OX.
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[0054] For example, when the rotation angles of the
half wave plate H1 and the half wave plate H2 are re-
spectively set as 45+0/2 and θ/2 degrees, the polarization
direction of the laser beam L5 is rotated by 90+0 based
on the polarization direction of the laser beam L3, and
the polarization direction of the laser beam L6 is rotated
by θ based on the polarization direction of the laser beam
L4. Accordingly, the laser beams L5 and L6 constitute a
laser beam linearly polarized in one polarization direc-
tion, e.g., in a direction of the same angle θ based on the
polarization direction of the laser beam L4 when focusing
on the optical axis OX.
[0055] The rotation angles of the half wave plate H1
and the half wave plate H2 form 45 degrees, the laser
beams L5 and L6 may constitute the output laser beam
Lout that is linearly polarized in one polarization direction.
By adjusting the rotation angles of the half wave plate
H1 and half wave plate H2, it is possible to control the
polarization directions of the laser beams L5 and L6 and
it is also possible to differently control the polarization
directions of the laser beams L5 and L6.
[0056] One of the two half wave plates H1 and H2 may
be omitted when it is necessary to obtain a p- or s-polar-
ized output laser beam.
[0057] Both of the laser beams L5 and L6 sequentially
pass through the first prism lens PL1 and the second
prism lens PL2 to be emitted as a laser beam L7 and a
laser beam L8 that are symmetrical to each other with
respect to the optical axis OX. Referring to FIG. 2A, when
shapes of the first prism lens PL1 and the second prism
lens PL2 are determined, positions of the laser beams
L7 and L8 are controlled to be symmetrical with respect
to the optical axis OX by adjusting a distance d2 between
the first prism lens PL1 and the second prism lens PL2.
[0058] In describing FIG. 5, it is noted that laser beams
L7 and L8 may be substantially the same as those de-
scribed above and so no additional description of these
elements will be provided. Referring to FIG. 5, the first
prism lens PL1 and the second prism lens PL2 may re-
spectively have optical planes 10a and 10b, and 20a and
20b, that have asymmetric slopes with respect to the first
direction D1 such that the laser beam L5 and the laser
beam L6 focus on the same optical axis OX. For example,
an angle A1 between the optical plane 10a of the first
prism lens PL1 and the first direction D1 may be greater
than an angle A2 between the optical plane 10b of the
first prism lens PL 1 and the first direction D1, and an
angle A3 between of the optical plane 20a of the second
prism lens PL2 and the first direction D1 may be greater
than an angle A4 between the optical plane 20b of the
second prism lens PL2 and the first direction D1. Accord-
ingly, the laser beams passing through the optical planes
10a and 10b, and 20a and 20b, having different slopes
may be refracted to have different magnitudes.
[0059] The first prism lens PL 1 and the second prism
lens PL2 may have the same shape but are disposed
such that upper, lower, left, and right sides of the first
prism lens PL1 and the second prism lens PL2 are op-

posite to each other when viewed from a plane defined
by a second direction D2 and a third direction D3. Ac-
cordingly, the slope of the optical plane 10a of the first
prism lens PL1 is substantially the same as that of the
optical plane 20a of the second prism lens PL2, and the
slope of the optical plane 10b of the first prism lens PL1
is substantially the same as that of the optical plane 20b
of the second prism lens PL2.
[0060] A central axis Or1 serving as a boundary be-
tween the optical plane 10a and the optical plane 10b in
the first prism lens PL 1 might not be aligned with a central
axis Or2 serving as a boundary between the optical plane
20a and the optical plane 20b in the second prism lens
PL2.
[0061] Referring to FIG. 5, the laser beams L7 and L8
passing through the first and second prism lens PL1 and
PL2 are adjacently outputted with no separation there-
between, for example, as a single laser beam to be in-
putted into a homogenizer including a lens array unit LAH.
[0062] Alternatively, referring to FIG. 6, the laser
beams L7 and L8 passing through the first and second
prism lens PL1 and PL2 are separately outputted with a
distance d3 therebetween. In this case, the distance d3
may be an integer multiple of a pitch T1 in the second
direction D2 of the lenses LS included in the lens array
unit LAH, e.g., a diameter of the lenses LS, to ameliorate
the discontinuity of the output laser beam including the
two laser beams L7 and L8 which separately pass. FIG.
6 illustrates an example in which the distance d3 is sub-
stantially the same as the pitch T1 of the lenses LS.
[0063] Referring to FIG. 7, the laser beams L7 and L8
passing through the first and second prism lenses PL1
and PL2 may be controlled so as to form a laser beam
that is singular and continuous with respect to the optical
axis OX, without overlapping each other, to the greatest
extent possible. Thus, there is no space separating
beams L7 and L8. However, as shown in FIG. 6, the laser
beams L7 and L8 may be separated from or may be over-
lap each other. A laser beam blocking member BL may
be disposed in front of the homogenizer including the
lens array unit LAH to ameliorate a discontinuous profile
of the output laser beam by the boundary between the
two laser beams L7 and L8. FIG. 7 illustrates an example
in which the beam blocking member BL is disposed on
the surface of the lens array unit LAH into which the laser
beams L7 and L8 are introduced. The laser beam block-
ing member BL is disposed to correspond to the boundary
between the two laser beams L7 and L8, and a width of
the laser beam blocking member BL in the second direc-
tion D2 may be substantially an integer multiple of the
pitch T1 of the lenses LS including the lens array unit
LAH. In the example shown in FIG. 7, the width d4 of the
laser beam blocking member BL in the second direction
D2 is substantially the same as the pitch T 1 of the lenses
LS including the lens array unit LAH.
[0064] Referring to FIG. 2B, a major-axis directional
length of cross-sections of the laser beams L2, L3, L4,
L5, L6, L7, and L8 after the first lens TL1 and the second
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lens TL2 may be identically maintained. Accordingly, a
major-axis directional length of the output laser beam
Lout including the two laser beams L7 and L8 outputted
from the polarization module 100 may be the same as a
major-axis directional of the laser beam L 1 introduced
into the polarization module 100.
[0065] Hereinafter, a laser apparatus according to an
embodiment of the present invention will be described
with reference to FIG. 8 as well as the aforementioned
drawings.
[0066] FIG. 8 is a schematic diagram illustrating a laser
apparatus according to an embodiment of the present
invention.
[0067] Referring to FIG. 8, the laser apparatus accord-
ing to this embodiment of the present invention includes
the polarization module 100, an optical system 200, and
an irradiator 300.
[0068] A plurality of laser beams L1 and L1s may be
introduced into the polarization module 100. According
to the approach shown, two laser beams L1 and L1s are
introduced into the polarization module 100, however,
other numbers of laser beams may be used.
[0069] Each description related to the laser beam L1
and the laser beam L1s may be the same as the descrip-
tion related to the laser beam L 1 in the aforementioned
embodiment. Each of the laser beam L1 and the laser
beam L1s is divided into two laser beams in the polari-
zation module 100, and accordingly, the polarized beams
are controlled. Here, four laser beams may pass into the
polarization module 100. Before each of the four laser
beams are outputted, passing positions thereof are ad-
justed. As a result, they may be outputted as two output
laser beams Lout1 and Lout2.
[0070] The output laser beams Lout1 and Lout2 are
introduced into the optical system 200, which may be a
homogenizer including at least one lens array unit LAH
and at least one mirror M. Cross-sectional energy distri-
bution of the laser beams passing through the optical
system 200 may be uniformly controlled, and the laser
beams may be rectangular laser beams that are extend-
ed in a major-axis direction.
[0071] A target object may be irradiated by the beams
passing through the optical system 200 through the irra-
diator 300. When the laser apparatus according to ex-
emplary embodiments of the present invention is used
for crystallization by laser annealing, the target object,
e.g., a target thin film 410, may include an amorphous
substance such as amorphous silicon. The target thin
film 410 may be disposed on a substrate 400. Further,
the substrate 400 may be mounted to a stage 30. The
substrate 400 may be a substrate included in various
electronic devices such as a liquid crystal display and an
organic light emitting diode display.
[0072] In a laser annealing process, a laser apparatus
or stage is moved in one direction to irradiate the target
thin film 410 using the laser beam. In this case, a multi-
shot method of irradiating one position 20 times may be
used to increase the grain alignment of polycrystalline

substance.
[0073] However, in some embodiments of the present
invention, the irradiator 300 may be omitted.
[0074] According to an embodiment of the present in-
vention, it is possible to increase the alignment and pe-
riodicity of a grain generated when a laser beam is po-
larized by the polarization module 100 and an amorphous
substance such as amorphous silicon is crystalized by
using the polarized laser beam. Accordingly, the linearly
polarized laser beam may be scattered by a surface of
the target thin film 410, and the scattered laser beams
and introduced laser beams interfere with each other,
thereby forming a periodic grain structure. As described
above, the alignment and uniformity of polycrystalline
grain may be controlled by adjusting the polarization of
the output laser beams Lout, Lout1, and Lout2 outputted
to the polarization module 100. Accordingly, the number
of shots may be reduced in the laser annealing process
of the multi-shot method so as to simplify the crystalliza-
tion process and increase a margin of an optimized en-
ergy density (OPED), thereby increasing a lifespan of the
laser apparatus.
[0075] The laser beams L1 and L1s introduced into the
polarization module 100 according to an embodiment of
the present invention may be controlled to have substan-
tially the same shapes and/or areas as those of the output
laser beams Lout1 and Lout2. Accordingly, the optical
system 200 may be used with conventionally-equipped
apparatus.
[0076] Hereinafter, a detailed example of the polariza-
tion module 100 shown in FIG. 8 will be described with
reference to FIG. 9. The same constituent elements as
described above are designated by the same reference
numerals, and descriptions thereof will be omitted. While
focusing on different elements, detailed descriptions will
be provided.
[0077] FIG. 9 is a schematic diagram illustrating a po-
larization module according to an embodiment of the
present invention.
[0078] Referring to FIG. 9 as well as FIG. 2A described
above, the polarization module 100 according to an em-
bodiment of the present invention shares many common
features with the polarization module shown in FIG. 2A
and described above. However, two laser beams L1 and
L1s are introduced into the polarization module 100.
[0079] The polarization module 100 includes a first lens
TL1 and a second lens TL2 arranged along an optical
axis OX1, a polarization beam splitter PBS, a first half
wave plate H1 and a second half wave plate H2, at least
one mirror M7, and a first prism lens PL1 and a second
prism lens PL2, and further includes a third lens TL1s
and a fourth lens TL2s arranged in another optical axis
OX2, a polarization beam splitter PBSs, a third half wave
plate H1s and a fourth half wave plate H2s, a plurality of
mirrors M4, M5, and M6, and a first prism lens PL1s and
a second prism lens PL2s.
[0080] The laser beam L1 passes along the optical axis
OX1 with respect to the optical axis OX1, and the laser
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beam L1s passes along the optical axis OX2 with respect
to the optical axis OX2. Each of the laser beams L1 and
L1s may be an initial laser beam generated from a laser
generator (not illustrated). Each of the laser beams L1
and L1s may be nonpolarized to include both of the p-
polarized component and the s-polarized component.
[0081] When substantially passing through the first
lens TL1 and the second lens TL2, the laser beam L1 is
converted into a laser beam L2 with a length in the major-
axis direction that is reduced substantially by half. When
substantially passing through the first lens TL1s and the
second lens TL2s, the laser beam L1s is converted into
a laser beam L2s with a length in the major-axis direction
that is reduced substantially by half. The third lens TL1s
and the fourth lens TL2s may respectively be the same
as the first lens TL1 and the second lens TL2. This is the
same as described above.
[0082] The laser beam L2 is divided into two laser
beams L3 and L4 which are polarized in different direc-
tions from each other by using the polarization beam split-
ter PBS. The laser beam L2s is divided into two laser
beams L3s and L4s which are polarized in different di-
rections from each other by using the polarization beam
splitter PBSs. The laser beams L3 and L3s are respec-
tively reflected by the polarization beam splitters PBS
and PBSs, and the laser beams L4 and L4s respectively
pass through the polarization beam splitters PBS and
PBSs.
[0083] The laser beam L3 is reflected by at least one
mirror M6, and then passes through the half wave plate
H2s to be converted into a laser beam L10. Thereafter,
it is introduced into the third prism lens PL1s.
[0084] The laser beam L4 passes through the half
wave plate H2 to be converted into a laser beam L6, and
then is introduced into the first prism lens PL1.
[0085] The laser beam L3s is reflected by at least one
mirror M5, and then passes through the half wave plate
H1s to be converted into a laser beam L6s. Thereafter,
it is introduced into the third prism lens PL1s.
[0086] The laser beam L4s is sequentially reflected by
the mirrors M4 and M6, and then passes through the half
wave plate H1n to be converted into a laser beam L5s.
Thereafter, it is introduced into the first prism lens PL1.
[0087] The half wave plates H1, H2, H1s, and H2s may
change or may not change a polarization direction of each
of the laser beams. The description related to the two
half wave plates H1 and H2 arranged along the optical
axis OX1 is the same as described above, and the de-
scription related to the two half wave plates H1s and H2s
arranged along the optical axis OX2 is also the same as
that of the two half wave plates H1 and H2. Accordingly,
detailed descriptions thereof will be omitted.
[0088] To obtain the linearly polarized output laser
beams Lout1 and Lout2, the rotation angles of the half
wave plates H1 and h2 may be formed at 45 degrees,
and the rotation angles of the half wave plates H1s and
h2s may be formed at 45 degrees.
[0089] One of the two half wave plates H1 and H2 may

be omitted to obtain p- or s-polarized output laser beams
Lout1 and Lout2, and one of the two half wave plates
H1s and H2s may be omitted to obtain p- or s-polarized
output laser beams.
[0090] Both of the laser beams L5s and L6 sequentially
pass through the first prism lens PL1 and the second
prism lens PL2 to be emitted as a laser beam L7s and a
laser beam L8 that are symmetrical to each other with
respect to the optical axis OX1. Similarly, both of the laser
beams L6s and L10 sequentially passes through the third
prism lens PL1s and the fourth prism lens PL2s to be
emitted as a laser beam L8s and a laser beam L11 that
are symmetrical to each other with respect to the optical
axis OX2.
[0091] The description related to the first and second
prism lenses PL1 and PL2 is the same as described
above, and the description related to the third and fourth
prism lenses PL1s and PL2s is also the same as that of
the first and second prism lenses PL1 and PL2. Accord-
ingly, detailed descriptions thereof will be omitted.
[0092] The laser beams L7s and L8 passing through
the first and second prism lenses PL1 and PL2 are ad-
jacently outputted as the output laser beam Lout1, of
which a central axis may be the same as the optical axis
OX1. Similarly, the laser beams L8s and L11 passing
through the third and fourth prism lenses PL1s and PL2s
passing through the first and second prism lenses PL1
and PL2 are adjacently outputted as output laser beams
Lout2, of which a central axis may be the same as the
optical axis OX2. A major-axis directional length of a
cross-section of the output laser beam Lout1 may be the
same as that of the laser beam L1, and a major-axis
directional length of a cross-section of the output laser
beam Lout2 may be the same as that of the laser beam
L1s
[0093] The polarization module 100 shown in FIG. 9
may be applied to the laser apparatus shown in FIG. 8.
[0094] As such, in total, at least two output laser beams
Lout1 and Lout2 are generated by dividing each of at
least two laser beams L1 and L1s into two laser beams,
respectively, and by gathering two laser beams that are
generated from different laser beams L1 and L1s from
each other on the optical axes OX1 and OX2, respec-
tively, it is possible to increase the uniformity of the output
laser beams Lout1 and Lout2 while increasing the
strength of the output laser beams.
[0095] While embodiments of the present invention
have been described herein with reference to the figures,
it is to be understood that the invention is not limited to
the disclosed embodiments, but, on the contrary, is in-
tended to cover various modifications and equivalent ar-
rangements.

Claims

1. A laser exposure apparatus comprising:
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a polarization module; and
an optical system configured to increase a uni-
formity of a laser beam emitted from the polari-
zation module,
wherein the polarization module includes:

a first lens and a second lens that, together,
reduce a one-directional length of a cross-
section of at least one incident laser beam
having an optical axis;
a polarization beam splitter that divides the
laser beam passing through the first and
second lenses into two laser beams that are
polarized in different directions with respect
to each other;
a first prism lens and a second prism lens
that produce an output laser beam by con-
trolling the two laser beams that are divided
by the polarization beam splitter to positions
that are symmetrical with respect to the op-
tical axis; and
at least one half wave plate disposed be-
tween the polarization beam splitter and the
first prism lens.

2. A laser exposure apparatus according to claim 1,
wherein an area of a cross-section of the output laser
beam is substantially the same as an area of the
cross-section of the incident laser beam.

3. A laser exposure apparatus according to claim 1 or
2, wherein the output laser beam includes a first out-
put laser beam and a second output laser beam that
have a same polarization direction.

4. A laser exposure apparatus according to any pre-
ceding claim, wherein a shape of the cross-section
of the output laser beam is substantially the same
as a shape of the cross-section of the incident laser
beam.

5. A laser exposure apparatus according to any pre-
ceding claim, wherein the first output laser beam and
the second output laser beam are separated from
each other at a first distance, and
the first distance is an integer multiple of a pitch of
lenses of at least one lens array unit included in the
optical system.

6. A laser exposure apparatus according to any pre-
ceding claim, wherein the optical system includes:

at least one lens array unit; and
a laser beam blocking member disposed to cor-
respond to a boundary between the first output
laser beam and the second output laser beam.

7. A laser exposure apparatus according to any pre-

ceding claim, wherein the first prism lens includes a
first optical plane and a second optical plane that
have slopes that are asymmetrical with respect to
each other.

8. A laser exposure apparatus according to claim 7,
wherein the second prism lens has a shape that is
the same as a shape of the first prism lens, and the
second prism lens is disposed in a direction that is
different from that of the first prism lens.

9. A laser exposure apparatus according to any pre-
ceding claim, wherein the at least one half wave plate
includes:

a first half wave plate disposed on a passing
path of a first laser beam which is one of the two
laser beams that are divided by the polarization
beam splitter, and \
a second half wave plate disposed on a passing
path of a second laser beam which is the other
of the two laser beams,
wherein a difference between rotation angles of
the first half wave plate and the second half wave
plate is substantially 45 degrees.

10. A laser exposure apparatus according to any pre-
ceding claim, wherein the at least one incident laser
beam includes a first incident laser beam and a sec-
ond incident laser beam,
the first lens and the second lens, the polarization
beam splitter, and the first prism lens are arranged
on an optical axis of the first incident laser beam, and
the laser exposure apparatus further includes a third
lens and a fourth lens, an additional polarization
beam splitter, and a third prism lens that are arranged
on an optical axis of the second incident laser beam.
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