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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present invention relates to a beam homogenizer which homogenizes the energy distribution of a beam
spot on an irradiation surface by using a more compact optical system, and also relates to a laser irradiation apparatus
using the beam homogenizer. More specifically, the present invention relates to a beam homogenizer which homogenizes
the energy distribution of a beam spot on an irradiation surface by using a more compact optical system obtained by
decreasing the distance between lenses to shorten optical path length, and also relates to a laser irradiation apparatus
using the beam homogenizer.

2. Description of the Related Art

[0002] In recent years, research has been widely conducted on techniques for carrying out laser annealing to a non-
single crystal semiconductor film (an amorphous semiconductor film or a semiconductor film having crystallinity which
is not single crystal, such as poly-crystal or microcrystal) formed over an insulating substrate such as a glass substrate.
The laser annealing described herein indicates a technique for recrystallizing an amorphous layer or a damaged layer
formed in a semiconductor substrate or a semiconductor film, and a technique for crystallizing a non-single crystal
semiconductor film formed over a substrate. Moreover, the laser annealing includes a technique applied to modification
or flattening of a surface of a semiconductor substrate or a semiconductor film, a technique in which laser irradiation is
carried out after introducing a crystallization-promoting element such as nickel into an amorphous semiconductor film,
a technique in which a semiconductor film having crystallinity is irradiated with a laser beam, and so on.
[0003] The laser annealing is employed for the crystallization because a glass substrate has a low melting point and
a glass substrate is deformed when substrate temperature gets too high at the annealing. In contrast, a laser can give
high energy only to a non-single crystal semiconductor film without changing the temperature of a substrate that much.
As a laser annealing method, the following method is often employed because of its high mass productivity and industrial
superiority: a laser beam emitted from a pulsed laser with high output power such as an excimer laser is shaped into a
square spot with several centimeters on each side or into a rectangular spot with a length of 10 cm or more in a long-
side direction on an irradiation surface through an optical system and an irradiation position of the beam spot is moved
relative to the irradiation surface. It is to be noted that among the rectangular beam spots, a rectangular beam spot
having a particularly high aspect ratio is referred to as a linear beam spot in this specification.
[0004] In particular, unlike a punctate beam spot requiring to be moved from front to back and from side to side, a
linear beam spot can provide high mass productivity because a large irradiation surface can be irradiated with the linear
beam spot only by moving the linear beam spot in one direction perpendicular to a direction along a longer width of the
linear beam spot. The laser beam is moved in the direction (hereinafter referred to as a short-side direction) that is
perpendicular to the direction (hereinafter referred to as a long-side direction) along the longer width of the linear beam
spot since this is the most effective scanning direction. Because of such high mass productivity, current laser annealing
is mainly employing a linear beam spot obtained by shaping a beam spot of a pulsed excimer laser through an appropriate
optical system.
[0005] FIGS. 6A and 6B show an example of an optical system for changing a sectional shape of a beam spot into a
linear shape on an irradiated surface. The optical system shown in FIGS. 6A and 6B is an extremely general optical
system. This optical system not only changes the sectional shape of the beam spot into a linear shape but also homog-
enizes the energy distribution of the beam spot on the irradiation surface at the same time. Generally, the optical system
for homogenizing the energy distribution of the beam spot is referred to as a beam homogenizer.
[0006] The optical system shown in FIGS. 6A and 6B is also a beam homogenizer. In the case of using a XeCl excimer
laser (wavelength 308 nm) as a light source, it is preferable to use quartz as a base material of the optical system. If
another excimer laser with a shorter wavelength is used as a light source, it is preferable to use fluorite, MgF2, or the
like as the base material in order to obtain high transmittance.
[0007] FIG 6A is a side view of a beam homogenizer for forming a linear beam spot. The side view includes in its
paper a short-side direction of the linear beam spot formed by the beam homogenizer. A spot of a laser beam emitted
from a laser oscillator 601, which is a XeCl excimer laser, is divided in one direction by cylindrical lens arrays 602a and
602b. If a mirror is inserted in the middle of the optical system, the short-side direction is bent in a direction of light bent
by the mirror.
[0008] In this structure, the beam spot is divided into four beam spots. These spots are combined into one spot once
by a cylindrical lens 604. The beam spots that have separated again are reflected on a mirror 606 and then condensed
into one beam spot again by a doublet cylindrical lens 607 on an irradiation surface 608. The doublet cylindrical lens is
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a lens including two cylindrical lenses. This homogenizes the energy of the linear beam spot in its short-side direction
and determines the length of the linear beam spot in its short-side direction.
[0009] FIG 6B is a plan view of the beam homogenizer for forming the linear beam spot. The plan view includes in its
paper a long-side direction of the linear beam spot formed by the beam homogenizer. The spot of the laser beam emitted
from the laser oscillator 601 is divided in a direction perpendicular to the long-side direction by a cylindrical lens array
603. If a mirror is inserted in the middle of the optical system, the long-side direction is bent in a direction of light bent
by the mirror.
[0010] In the structure of this lens array 603, the beam spot is divided into seven beam spots. After that, the seven
beam spots are combined into one spot by a cylindrical lens 605 on the irradiation surface 608. An optical path after the
mirror 606 is shown with dotted lines, and moreover the dotted lines show correct optical path and position of the
irradiation surface in the case of not providing the mirror 606. This homogenizes the energy of the linear beam spot in
its long-side direction and determines the length of the linear beam spot in its long-side direction.
[0011] As mentioned above, the cylindrical lens array 602a and the cylindrical lens array 602b and the cylindrical lens
array 603 serve as lenses for dividing the spot of the laser beam. The homogeneity of the energy distribution of the
obtained linear beam spot is determined based on the number of the divided beam spots.
[0012] In general, an excimer laser emits a rectangular laser beam having an aspect ratio of approximately 1 to 5.
The spot of the laser beam has Gaussian intensity distribution where the intensity is higher toward the center of the spot.
The optical system shown in FIGS. 6A and 6B changes the beam spot into a linear beam spot having homogeneous
energy distribution with a size of 320 mm � 0.4 mm.
[0013] The linear beam spot shaped by the above structure is delivered as being overlapped in such a way that the
linear beam spot is displaced gradually in the short-side direction of the linear beam spot. Then, the laser annealing can
be carried out to the whole surface of a non-single crystal semiconductor film so as to crystallize it or to enhance its
crystallinity. In mass-production factories, currently, laser annealing is performed to semiconductor films using a linear
beam spot shaped by the optical system as above. It is to be noted that some beam homogenizers include a reflecting
mirror (for example, see Patent Document 1: Japanese Published Patent Application Laid-Open No. 2001-291681).
A further beam homogenizer for laser annealing is known from DE 100 49557 A1. Additionally, a beam homogenizer
for photolithography is known from WO 01/6141111.
[0014] For several years, the size of a glass substrate has increased rapidly in a semiconductor device manufacturing
process in order to form more semiconductor devices with one substrate and to improve mass productivity. With the
increase in the size of the glass substrate, the improvement of laser annealing process capability by means of the
extension of a linear beam in its long-side direction has been more strongly demanded. However, the extension of a
linear beam in its long-side direction causes a problem in that the size of an optical system for forming the linear beam
increases with the extension of the linear beam in its long-side direction, thereby increasing the area occupied by the
optical system.

SUMMARY OF THE INVENTION

[0015] The present inventor has perfected the present invention as the result of concerted study directed towards
eliminating this problem to provide a compact beam homogenizer for forming a rectangular beam, particularly a linear
beam. Therefore, it is an object of the present invention to provide a beam homogenizer for homogenizing the energy
distribution of a beam spot on an irradiation surface by using a more compact optical system, i.e., an optical system in
which optical path length is shortened by decreasing the distance between lenses, and to provide a laser irradiation
apparatus using the beam homogenizer.
[0016] As described above, the present invention is to provide a compact beam homogenizer for forming a rectangular
beam, particularly a linear beam, and a laser irradiation apparatus using the beam homogenizer. The beam homogenizer
according to the present invention uses an array lens of an optical path shortened type in which a principal point is set
so that the optical path can be shortened and the beam homogenizer of the present invention can be roughly categorized
into the following three modes according to its usage: a first mode where array lenses of an optical path shortened type
are used as both array lenses at a front side and a back side, a second mode where an array lens of an optical path
shortened type is used as only an array lens at a front side, and a third mode where an array lens of an optical path
shortened type is used as only an array lens at a back side.
[0017] The array lens used in the present invention is an aggregation of lenses formed by connecting a plurality of
small lenses and beams that have passed through the respective small lenses focus at the same position by passing
through a condensing lens. The array lens is a generic term for a cylindrical lens array, a fly-eye lens, a crossed cylindrical
lens array, and the like. The cylindrical lens array is sometimes referred to as a cylindrical array lens.
[0018] The respective beam homogenizers of the present invention are specifically shown hereinafter. A beam ho-
mogenizer of the first mode according to the present invention is equipped with a front side array lens of an optical path
shortened type whose second principal point is positioned ahead on a beam incidence side, a back side array lens of
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an optical path shortened type whose first principal point is positioned behind on a beam emission side, and a condensing
lens, wherein the distance between the second principal point of the front side array lens and the first principal point of
the back side array lens is equal to the focal length of the back side array lens.
[0019] A beam homogenizer of the second mode according to the present invention is equipped with a front side array
lens of an optical path shortened type whose second principal point is positioned ahead on a beam incidence side, a
back side array lens of an optical path unshortened type, and a condensing lens, wherein the distance between the
second principal point of the front side array lens and a first principal point of the back side array lens is equal to the
focal length of the back side array lens. A beam homogenizer of the third mode according to the present invention is
equipped with a front side array lens of an optical path unshortened type, a back side array lens of an optical path
shortened type whose first principal point is positioned behind on a beam emission side, and a condensing lens, wherein
the distance between a second principal point of the front side array lens and the first principal point of the back side
array lens is equal to the focal length of the back side array lens.
[0020] In the beam homogenizer of the present invention that is categorized into the three modes, plural kinds of
lenses, i.e., a combined array lens or an array lens having curved surfaces on its opposite sides can be used as the
front side array lens and the back side array lens. As the combined array lens, plural kinds of arrays lenses, i.e., two or
more cylindrical lens arrays or fly-eye lenses can be used. Moreover, as the array lens having curved surfaces on its
opposite sides, any one of plural kinds of lens arrays, i.e., a cylindrical lens array, a fly-eye lens, and a crossed cylindrical
lens array each having curved surfaces on its front and back sides can be used.
[0021]  As the curved surface of each lens, either a convex surface or a concave surface can be used. At this time, it
is preferable to use the same kind of lenses for the front side array lens and the back side array lens. For example, in
the case of using a cylindrical lens array as an anterior lens of the front side array lens of an optical path shortened type,
it is preferable to use cylindrical lens arrays of the same kind for all of a posterior lens of the front side array lens, and
anterior and posterior lenses of the back side array lens. Moreover, as the condensing lens, any one of a cylindrical
lens, a toric lens, and a crossed cylindrical lens can be used.
[0022] Thus, many modes are applicable to the beam homogenizer of the present invention. The modes of the beam
homogenizer of the present invention are more specifically described hereinafter. As an array lens of an optical path
shortened type of the beam homogenizer of the present invention, a cylindrical lens array can be employed as described
above, and in this case, it is preferable that, in the first mode, the front side array lens of an optical path shortened type
and the back side array lens of an optical path shortened type each includes two cylindrical lens arrays, a curved surface
of an anterior cylindrical lens array of the front side array lens is convex, a curved surface of a posterior cylindrical lens
array of the front side array lens is concave, a curved surface of an anterior cylindrical lens array of the back side array
lens is concave, and a curved surface of a posterior cylindrical lens array of the back side array lens is convex.
[0023] In the second mode, it is preferable that the front side array lens of an optical path shortened type includes two
cylindrical lens arrays, a curved surface of an anterior cylindrical lens array of the front side array lens is convex, a
curved surface of a posterior cylindrical lens array of the front side array lens is concave, and the back side array lens
of an optical path unshortened type is a cylindrical lens array. Moreover, in the third mode, it is preferable that the front
side array lens of an optical path unshortened type is a cylindrical lens array, the back side array lens of an optical path
shortened type includes two cylindrical lens arrays, a curved surface of an anterior cylindrical lens array of the back side
array lens is concave, and a curved surface of a posterior cylindrical lens array of the back side array lens is convex.
[0024] Moreover, as the array lens of an optical path shortened type of the beam homogenizer of the present invention,
a fly-eye lens array can be used as described above. In this case, in the first mode, it is preferable that the front side
array lens of an optical path shortened type and the back side array lens of an optical path shortened type each includes
two fly-eye lenses, a curved surface of an anterior fly-eye lens of the front side array lens is convex, a curved surface
of a posterior fly-eye lens of the front side array lens is concave, a curved surface of an anterior fly-eye lens of the back
side array lens is concave, and a curved surface of a posterior fly-eye lens of the back side array lens is convex.
[0025] In the second mode, it is preferable that the front side array lens of an optical path shortened type includes two
fly-eye lenses, a curved surface of an anterior fly-eye lens of the front side array lens is convex, a curved surface of a
posterior fly-eye lens is concave, and the back side array lens of an optical path unshortened type is a fly-eye lens.
Further, in the third mode, it is preferable that the front side array lens of an optical path unshortened type is a fly-eye
lens, the back side array lens of an optical path shortened type includes two fly-eye lenses, a curved surface of an
anterior fly-eye lens of the back side array lens is concave, and a curved surface of a posterior fly-eye lens of the back
side array lens is convex.
[0026] As the array lens of an optical path shortened type in the beam homogenizer of the present invention, a cylindrical
lens array having curved surfaces on its opposite sides can be used as described above. In this case, in the first mode,
it is preferable that the front side array lens of an optical path shortened type and the back side array lens of an optical
path shortened type each includes a cylindrical lens array having curved surfaces on its opposite sides, an anterior
curved surface of the front side array lens is convex, a posterior curved surface thereof is concave, an anterior curved
surface of the back side array lens is concave, and a posterior curved surface thereof is convex.
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[0027] In the second mode, it is preferable that the front side array lens of an optical path shortened type includes a
cylindrical lens array having curved surfaces on its opposite sides, an anterior curved surface of the front side array lens
is convex, a posterior curved surface thereof is concave, and the back side array lens of an optical path unshortened
type is a cylindrical lens array having a curved surface on one side. Further, in the third mode, it is preferable that the
front side array lens of an optical path unshortened type is a cylindrical lens array having a curved surface on one side,
the back side array lens of an optical path shortened type is a cylindrical lens array having curved surfaces on its opposite
sides, an anterior curved surface of the back side array lens is concave, and a posterior curved surface thereof is convex.
[0028] A laser irradiation apparatus of the present invention is equipped with the beam homogenizer of various kinds
of modes described above and a stage. The beam homogenizer homogenizes energy density distribution of an irradiation
beam in its short-side and long-side directions, and the irradiation beam with the energy density distribution homogenized
in the both directions is projected to an irradiation surface provided over the stage. Alternatively, the beam homogenizer
homogenizes the energy density distribution of an irradiation beam in one of its short-side and long-side directions and
then homogenizes the energy density distribution of the irradiation beam in the other direction, and the irradiation beam
with the energy density distribution homogenized in the both directions is projected to an irradiation surface provided
over the stage.
[0029] In the beam homogenizer of the present invention, by using the beam homogenizer equipped with each kind
of array lens of an optical path shortened type including a lens system in which a convex lens and a concave lens are
combined or the like, the position of a principal point of the lens system can be changed on purpose, whereby the distance
between the lenses can be made short. Accordingly, the optical path length can be shortened. Therefore, it is possible
to form a rectangular beam spot, particularly a linear beam spot, with homogeneous energy distribution on an irradiation
surface by a more compact optical system. In the present invention, by using the beam homogenizer of the present
invention in a laser irradiation apparatus, the space occupied by the optical system in the apparatus can be reduced,
so that a more compact laser irradiation apparatus with smaller foot print can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] In the accompanying drawings:

FIG 1 and FIG. 3A schematically show a beam homogenizer as known from the prior art;
FIGS. 2A and 2B show a first principal point and a second principal point of a combined lens of a convex lens and
a concave lens, and composite focal length of the combined lens;
FIG. 3B schematically shows a beam homogenizer of the present invention;
FIGS. 4A and 4B show a laser irradiation apparatus of the present invention;
FIGS. 5A and 5B show another mode of a laser irradiation apparatus of the present invention;
FIGS. 6A and 6B show a laser irradiation apparatus described in the Related Art;
FIGS. 7A and 7B show a result of calculation on a laser irradiation apparatus of the present invention shown in
FIGS. 4A and 4B by optical design software;
FIGS. 8A and 8B show Embodiment 3;
FIGS. 9A and 9B show Embodiment 4;
FIGS. 10A and 10B show Embodiment 5; and
FIGS. 11A to 11C show structures of a fly-eye lens used in Embodiment 5.

DETAILED DESCRIPTION OF THE INVENTION

[0031] A beam homogenizer using a cylindrical lens array and a cylindrical lens is described first with reference to
FIG. 1. A cylindrical lens array has a plurality of cylindrical lenses arranged in a direction of their curvatures, and has a
role of dividing an incident beam into the same number of beams as the number of cylindrical lenses. As shown in FIG
1, a cylindrical lens array 102 with a focal length of f2 is arranged so as to have a distance of f2 from a cylindrical lens
array 101 with a focal length of f1. It is noted that f1 is smaller than f2. Thus, incident light is divided into five.
[0032] Here, the distance between the cylindrical lens arrays 101 and 102 means the distance from a second principal
point of the cylindrical lens array 101 to a first principal point of the cylindrical lens array 102. A technical definition of
the first principal point and the second principal point is later described. The light which has been divided into five by
the cylindrical lens arrays 101 and 102 are combined by a cylindrical lens 103 with a focal length of f3 on an irradiation
surface 104 arranged at a distance of f3 behind the cylindrical lens 103, at which the energy distribution is homogenized.
In FIG 1, the light is divided into five; however, the homogeneity of the energy distribution increases as the division
number increases.
[0033] By arranging the optical system as shown in FIG. 1, a top surface of each cylindrical lens of the cylindrical lens
array 101 is optically in a conjugate positional relation with the irradiation surface 104, whereby an image on the top
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surface is projected to the irradiation surface 104. In other words, the irradiation surface 104 is irradiated uniformly by
the respective cylindrical lenses of the cylindrical lens array 101. It is natural that the sum of the energy distribution of
the laser beams from all the cylindrical lenses of the cylindrical lens array is also homogeneous.
[0034] Therefore, even though the energy distribution is inhomogeneous depending on a position or an orientation of
light entering the whole surface of the cylindrical lens array, it is possible to obtain a beam with homogeneous energy
distribution on an irradiation surface by using the beam homogenizer shown in FIG. 1. At this time, the length D of the
beam spot formed on the irradiation surface 104 is determined by the following formula (1) where d is the width of the
cylindrical lens of the cylindrical lens array. 

The distance between the cylindrical lens array 102 and the cylindrical lens 103 does not depend on other parameters
and can be freely determined.
[0035] As thus described, it is understood that a linear beam with homogeneous energy distribution can be formed
by using the optical system shown in FIG. 1 both in the long-side direction and the short-side direction of the linear beam.
At that time, after the linear beam is homogenized in the short-side direction, the linear beam may be homogenized in
the long-side direction, or the order may be opposite. If the linear beam is homogenized in the long-side direction first,
a stripe pattern parallel to the short-side direction may appear on the irradiation surface; therefore, it is preferable that
the energy distribution thereof in the short-side direction is homogenized first and then the energy distribution thereof
in the long-side direction is homogenized.
[0036] In consideration of the above, for example, when designing a beam homogenizer for the long-side direction in
order to form a linear beam which is very long in the long-side direction, f3 in the formula (1), which is the focal length
of the cylindrical lens 406, is made small. However, this means that the beam is extended suddenly in a short distance,
which makes it difficult to homogenize the energy distribution in the long-side direction sufficiently. Therefore, it is
necessary to secure distance for extending the beam spot in the long-side direction (distance from a second plane of
the cylindrical lens 406 to the irradiation surface). Accordingly, the focal length of the condensing lens in the short-side
direction (cylindrical lens 407) needs to be extended. The width of the beam spot in the short-side direction is determined
by the formula (1).
[0037] According to the formula (1), when f3 (the focal length of the cylindrical lens 407) is increased, it is necessary
to increase f2 (the composite focal length of the cylindrical lens arrays 404a and 404b). As thus described, it is understood
that size reduction of the optical system for homogenizing the energy distribution in the short-side direction is effective
to reduce the size of the entire optical system. Therefore, when a linear beam with longer length in the long-side direction
is to be formed, it is necessary to decrease f2 of the optical system for homogenizing the energy distribution in the short-
side direction as derived from the formula (1).
[0038] In FIGS. 4A and 4B, decreasing f2 (the composite focal length of the cylindrical lens arrays 404a and 404b) in
the optical system means nothing less than decreasing the distance between a second principal point of a lens system
including cylindrical lens arrays 403a and 403b and a first principal point of a lens system including the cylindrical lens
arrays 404a and 404b. Now, the positions of the principal points of the lenses are considered. If light enters one lens,
which is one of mass-produced lenses with a small lens thickness, for example, a lens appearing in catalogs of laser
manufactures, a first principal point and a second principal point of the lens both exist within a lens or on a lens surface.
[0039] The first principal point and the second principal point of the lens are defined as follows. The lens has two
principal points as well as a focal point, which are a first principal point and a second principal point, and the first principal
point is as follows. If it is assumed that when a ray having passed through a front side (left side) focal point (i.e., a ray
traveling in parallel with an optical axis after passing through a lens) passes through the lens, the ray is refracted once
at a virtual line instead of refracting twice at top and rear surfaces of the lens, the virtual plane can be defined in fact
and is referred to as a first principal plane, and an intersection of the plane and the optical axis is referred to as the first
principal point.
[0040] In other words, a virtual plane in the case that when the ray entering the lens in parallel with the optical axis
from the right side passes through the lens, the ray is refracted once at a virtual line instead of refracting twice at the
top and rear surfaces of the substrate is referred to as a first principal plane, and an intersection of the plane and the
optical axis is referred to as a first principal point. On the contrary, a virtual plane in the case that when the ray having
passed through a back side (right side) focal point actually passes through the lens, the ray is refracted once at the
virtual plane instead of refracting twice at the top and rear surfaces of the substrate is referred to as a second principal
plane, and an intersection of the plane and the optical axis is referred to as a second principal point.
[0041] In contrast, in the case of using a lens system in which lenses are combined, the position where the principal
point is formed varies significantly depending on the lens curvature or the distance between the lenses, and is sometimes
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formed outside the lens. For example, as shown in FIG 2A, if a first lens 201 is a convex lens and a second lens 202 is
a concave lens, the principal point is formed ahead of the first lens 201. On the other hand, if a first lens 203 is a concave
lens and a second lens 204 is a convex lens, the principal point is formed behind the second lens.
[0042] Therefore, as compared with the case of using one lens, the position of the second principal point moves ahead
of the lens system in the case of using the lens system shown in FIG 2A, while the position of the first principal point
moves behind the lens system in the case of using the lens system shown in FIG. 2B. As thus described, it has been
confirmed that the position of the principal point can be controlled by using the lens system including a plurality of lenses.
The above description is made on the items for helping understanding of the present invention. Now, Embodiment Mode
of the present invention will be described in detail based on the above description.
[0043] Embodiment Mode of the present invention will hereinafter describe an embodiment mode of a beam homog-
enizer in detail and also briefly describe an embodiment mode of a laser irradiation apparatus. The present invention is
not limited by the description of the embodiment modes and is specified by the scope of claims. Moreover, it is easily
understood by those skilled in the art that the mode and detail can be variously changed without departing from the
scope of the present invention. In the structure of the present invention hereinafter shown, the reference numeral indicating
the same thing is used in common in different figures.
[0044] First, a beam homogenizer will be described with reference to FIGS. 3A and 3B. FIG. 3A shows a beam
homogenizer with the same structure as that in FIG 1, in which a second principal point X of the cylindrical lens array
101 is formed at a position A and a first principal point Y of the cylindrical lens array 102 is formed at a position B, and
the distance between the second principal point X and the first principal point Y becomes f2. Meanwhile, FIG. 3B shows
a beam homogenizer according to the invention including the lens system shown in FIGS. 2A and 2B.
[0045] A lens system including a cylindrical lens array 301 and a cylindrical lens array 302 is referred to as a first lens
system (corresponding to a front side array lens of an optical path shortened type), and a lens system including a
cylindrical lens array 303 and a cylindrical lens array 304 is referred to as a second lens system (corresponding to a
back side array lens of an optical path shortened type). The lens curvature and the distance between the lenses (the
distance between a second principal point of the cylindrical lens array 301 and a first principal point of the cylindrical
lens array 302) in the first lens system are set so that the composite focal length becomes f1. Similarly to the lens system
shown in FIG. 2A, a laser beam enters a concave lens after a convex lens.
[0046] Thus, a second principal point C of the first lens system is formed ahead of the cylindrical lens array 301.
Therefore, the first lens system can be moved back in order to match the second principal point X of the cylindrical lens
array 101 to the second principal point C of the first lens system. That is to say, it is possible to shorten the optical path
length by the distance of the movement of the second principal point of the first lens system.
[0047] Moreover, the lens curvature and the distance between the lenses (the distance between the cylindrical lens
array 303 and the cylindrical lens array 304) in the second lens system are set so that the composite focal length becomes
f2. Similarly to the lens system shown in FIG. 2B, a laser beam enters a convex lens after a concave lens. Thus, a first
principal point D of the second lens system is formed behind the cylindrical lens array 304. Therefore, the second lens
system can be moved ahead in order to match the second principal point Y of the cylindrical lens array 102 to the first
principal point D of the second lens system.
[0048] As described with reference to FIG. 1, since the distance between the cylindrical lens array 102 and the
cylindrical lens 103 is not particularly limited, the cylindrical lens 305 can be made closer to the second lens system by
the distance of the movement of the second lens system. That is to say, if the position of the cylindrical lens 305 is fixed,
the first lens system and the second lens system can be moved by the distance of the movement of the first principal
point of the second lens system, and accordingly the optical path length can be shortened by the distance of the movement
of the first principal point of the second lens system.
[0049] In the beam homogenizer shown in FIG. 3B, combined cylindrical lens arrays are used as the front side array
lens and the back side array lens. This is the preferred mode of the present invention; however, at least one combined
cylindrical lens array is necessary in the beam homogenizer of the present invention, and for example the front side
array lens may be replaced by one cylindrical lens array, i.e., an array lens of an optical path unshortened type, as shown
in FIGS. 5A and 5B which illustrate one mode of a laser irradiation apparatus.
[0050] Although not shown, the back side array lens instead of the front side array lens may be replaced by one
cylindrical lens array, i.e., an array lens of an optical path unshortened type. Even in this case, since one combined
cylindrical lens array is employed, it is possible to shorten the optical path length and reduce the size of the optical
system. However, the optical path length can be shortened more and the optical system can be reduced in size more
by using two combined cylindrical lens arrays like in the beam homogenizer shown in FIG 3B.
[0051] Although the beam homogenizer of the present invention is used to homogenize the beam in the short-side
direction in this embodiment mode, the beam homogenizer of the present invention can be used to homogenize the
beam in the long-side direction and also can be used to homogenize the beam in both of the short-side direction and
the long-side direction. In the beam homogenizer shown in FIG 3B, the beams divided by both of the front side and back
side combined cylindrical lens arrays are combined by the cylindrical lens 305 provided just behind them, whereby the
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energy distribution of the beam is homogenized.
[0052] As for an embodiment mode of a laser irradiation apparatus, two kinds of modes are described briefly with
reference to FIGS. 4A and 4B, and FIGS. 5A and 5B. FIGS. 4A and 4B show a laser irradiation apparatus using the
beam homogenizer shown in FIG 3B. That is to say, in this laser irradiation apparatus, two combined cylindrical lens
arrays (the front side combined cylindrical lens arrays 403a and 403b and the back side combined cylindrical lens arrays
404a and 404b) are used and the combined cylindrical lens arrays 403a and 403b, and 404a and 404b correspond to
the front side array lens of an optical path shortened type and the back side array lens of an optical path shortened type
in the beam homogenizer of the present invention. This corresponds to the first mode described above.
[0053] Thus, the beam is divided in the short-side direction, and the divided beams are condensed (combined) by the
cylindrical lens 407, so that the energy distribution in the short-side direction is homogenized. Moreover, cylindrical lens
arrays 405a and 405b for dividing the beam in the long-side direction are arranged ahead of the cylindrical lens 407 in
the traveling direction of the beam, and the beams divided in the long-side direction by these cylindrical lens arrays 405a
and 405b are combined by the cylindrical lens 406, whereby the energy distribution thereof is homogenized.
[0054]  In the laser irradiation apparatus shown in FIGS. 4A and 4B, the cylindrical lens 407 corresponds to a condensing
lens of the beam homogenizer of the present invention. Although the cylindrical lens 407 is arranged behind the cylindrical
lens 406 and the cylindrical lens arrays 405a and 405b that form the beam homogenizer for the long-side direction in
FIGS. 4A and 4B, the cylindrical lens 407 may be arranged ahead of the cylindrical lens arrays 405a and 405b differently
from the arrangement shown in the figure.
[0055] A laser irradiation apparatus shown in FIGS. 5A and 5B is of a different mode from the laser irradiation apparatus
shown in FIGS. 4A and 4B, and a beam homogenizer used in FIGS. 5A and 5B has a cylindrical lens array 503, which
is an incomposite array lens of an optical path unshortened type, instead of the front side combined cylindrical lens array
in the beam homogenizer shown in FIG 3B. However, even in this case, since one combined cylindrical lens is used, it
is possible to shorten the optical path length and reduce the size of the optical system. It is to be noted that the beam
homogenizer used in the laser irradiation apparatus in FIGS. 5A and 5B corresponds to the third mode.
[0056] However, in this case, the optical path length is not shortened that much as compared with the case of using
combined cylindrical lens arrays which are array lenses of an optical path shortened type as the front side and back side
array lenses like in the beam homogenizer shown in FIGS. 4A and 4B, because the array lens is used on only one side.
In other words, if combined cylindrical lens arrays which are array lenses of an optical path shortened type are used as
the front side and back side array lenses like in the beam homogenizer shown in FIG. 4A and 4B, the optical path length
can be shortened as compared with the case of using a combined cylindrical lens array which is an array lens of an
optical path shortened type as only the array lens on one side shown in FIGS. 5A and 5B. The two modes of the laser
irradiation apparatus will be specifically described in the following embodiment.

[Embodiment 1]

[0057] Embodiments of the present invention are hereinafter described with reference to the drawings. However, the
present invention is not limited by the description of Embodiments but specified by the scope of claims. It is easily
understood by those skilled in the art that the modes and details can be variously changed without departing from the
spirit and scope of the present invention. In the structures of the present invention described hereinafter, the reference
numeral indicating the same part is used in common in different drawings.
[0058] FIGS. 4A and 4B show an optical system employed in Embodiment 1. Embodiment 1 is described with reference
to a side view of FIG 4B. This side view includes in its paper a short-side direction of a linear beam spot formed by the
optical system. A laser beam emitted from a XeCl excimer laser 401 travels in a direction indicated by arrows in FIGS.
4A and 4B. First, the laser beam is expanded by spherical lenses 402a and 402b. This structure is not necessary if the
beam spot emitted from the laser oscillator 401 is sufficiently large. The laser beam emitted from the laser oscillator is
divided in the short-side direction by cylindrical lens arrays which will be described below.
[0059] As described above, the long-side direction and the short-side direction are the same as a direction where the
width of a linear beam spot on an irradiation surface 409 is longer and a direction where the width thereof is shorter,
respectively. A surface of a lens where light enters is referred to as a first surface while a surface of a lens where light
is emitted is referred to as a second surface. The sign of radius of curvature is positive when the center of curvature is
on a side where light is emitted with respect to the lens surface and negative when the center of curvature is on a side
where light enters with respect to the lens surface. Moreover, the lenses used in this embodiment are manufactured
with synthetic quartz having high transmittance and laser resistance against a XeCl excimer laser with a wavelength of
308 nm.
[0060] The cylindrical lens array 403a has eleven cylindrical lenses arranged in a direction of the curvature, each of
which has a first surface with a radius of curvature of 146.8 mm, a second surface which is plane, a thickness of 5 mm,
and a width of 4 mm in the short-side direction. The cylindrical lens array 403b has eleven cylindrical lenses arranged
in a direction of the curvature, each of which has a first surface which is plane, a second surface with a radius of curvature
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of 160 mm, a thickness of 5 mm, and a width of 4 mm in the short-side direction. The distance between a second surface
of the cylindrical lens array 403a and a first surface of the cylindrical lens array 403b is 85 mm, the composite focal
length of the cylindrical lens array 403a and the cylindrical lens array 403b is 837.5 mm, and a second principal point
of a lens system including the two lenses is formed at 162.4 mm ahead of the first plane of the cylindrical lens array 403a.
[0061] The cylindrical lens array 404a has eleven cylindrical lenses arranged in a direction of the curvature, each of
which has a first surface with a radius of curvature of -262.4 mm, a second surface which is plane, a thickness of 5 mm,
and a width of 4 mm in the short-side direction. The cylindrical lens array 404b has eleven cylindrical lenses arranged
in a direction of the curvature, each of which has a first surface which is plane, a second surface with a radius of curvature
of -200 mm, a thickness of 5 mm, and a width of 4 mm in the short-side direction. When the cylindrical lens arrays 404a
and 404b are arranged so that the distance between a second surface of the cylindrical lens array 404a and a first
surface of the cylindrical lens array 404b is 60 mm, the composite focal length of the cylindrical lens arrays 404a and
404b is 1139.8 mm, and a first principal point of a lens system including the two lenses is formed at about 118 mm
behind a second surface of the cylindrical lens array 404b.
[0062] This composite focal length (f) and the distance (z) from a second principal point of the second lens to a second
principal point of the combined system can be calculated from known formulas, and for example, the composite focal
length of the combined lens including two lenses can be obtained from the following formula (2) and the distance can
be obtained from the following formula (3), where L is a distance of the principal point of the two lenses. 

[0063]  The cylindrical lens array 404a is arranged at 694.4 mm behind a second surface of the cylindrical lens array
403b so that the distance between a second principal point of the front side combined cylindrical lens array including
the cylindrical lens array 403a and the cylindrical lens array 403b and a first principal point of the back side combined
cylindrical lens array including the cylindrical lens array 404a and the cylindrical lens array 404b is 1139.8 mm, which
is equal to the composite focal length of the cylindrical lens array 404a and the cylindrical lens array 404b.
[0064] The spots divided by the cylindrical lens arrays 403a, 403b, 404a, and 404b are condensed by the cylindrical
lens 407 which has a first surface with a radius of curvature of 486 mm, a second surface that is plane, and a thickness
of 20 mm and which is provided at 1815 mm behind the second surface of the cylindrical lens array 404b. Thus, a plane
410 with homogeneous energy distribution which has a length of 3.5 mm in the short-side direction is formed at about
1000 mm behind a second surface of the cylindrical lens 407.
[0065] As thus described, it is possible to shorten the optical path length by about 283.6 mm as compared with the
case of replacing the convex cylindrical lens array 403a and the concave cylindrical lens array 403b with one convex
cylindrical lens array having a first surface that is curved, a second surface that is plane, a thickness of 5 mm, and the
same focal length as the composite focal length of the convex cylindrical lens array 403a and the concave cylindrical
lens array 403b and replacing the concave cylindrical lens array 404a and the convex cylindrical lens array 404b with
a cylindrical lens array having a first surface that is plane, a second surface that is curved, a thickness of 5 mm, and the
same focal length as the composite focal length of the concave cylindrical lens array 404a and the convex cylindrical
lens array 404b. Thus, a combination of the cylindrical lens arrays 403a, 403b, 404a, and 404b and the cylindrical lens
407 serves as a beam homogenizer for the short-side direction, and this corresponds to the beam homogenizer of the
present invention.
[0066] The plane 410 with the homogeneous energy distribution formed by the beam homogenizer is projected to an
irradiation surface provided at 220 mm behind a second surface of a doublet cylindrical lens 408b provided at 1250 mm
behind the plane with the homogenous energy distribution, by the doublet cylindrical lens 408b. In other words, the
homogeneous plane 410 and the irradiation surface 409 are in a conjugate relation with respect to the doublet cylindrical
lens 408. This homogenizes the energy distribution of the linear beam spot in the short-side direction and determines
the length thereof in the short-side direction. The doublet cylindrical lens 408 includes a cylindrical lens 408a and a
cylindrical lens 408b.
[0067] The cylindrical lens 408a has a first surface with a radius of curvature of 125 mm, a second surface with a
radius of curvature of 77 mm, and a thickness of 10 mm. The cylindrical lens 408b has a first surface with a radius of
curvature of 97 mm, a second surface with a radius of curvature of -200 mm, and a thickness of 20 mm. The distance
between the second surface of the cylindrical lens 408a and the first surface of the cylindrical lens 408b is 5.5 mm. When
the homogeneity of the beam spot on the irradiation surface is not required that much or when an F-number (F=focal
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length of the lens/entrance pupil diameter) of the doublet cylindrical lens is very large, a singlet cylindrical lens may be used.
[0068] Next, a plan view of FIG. 4A is described. The plan view includes in its paper a long-side direction of the linear
beam spot formed by the optical system. The spot of the laser beam emitted from the laser oscillator 401 is divided in
the long-side direction by the cylindrical lens arrays 405a and 405b. The cylindrical lens array 405a has twelve cylindrical
lenses arranged in a direction of the curvature, each of which has a first surface with a radius of curvature of 40 mm, a
second surface that is plane, a thickness of 3 mm, and a width of 9 mm in the long-side direction. The cylindrical lens
array 405b has twelve cylindrical lenses arranged in a direction of the curvature, each of which has a first surface that
is plane, a second surface with a radius of curvature of -55 mm, a thickness of 3 mm, and a width of 9 mm in the long-
side direction.
[0069] The cylindrical lens arrays 405a and 405b are arranged so that the distance between a second principal point
of the cylindrical lens array 405a and a first principal point of the cylindrical lens array 405b is 113.3 mm, which is equal
to the focal length of the cylindrical lens array 405b. The spots divided by the cylindrical lens arrays 405a and 405b are
superposed on the irradiation surface 409 by the cylindrical lens 406 which has a first surface that is plane and a second
surface with a radius of curvature of -2140 mm and which is provided at 82 mm behind the second surface of the
cylindrical lens array 405b. This homogenizes the energy distribution of the linear beam spot in the long-side direction
and determines the length thereof in the long-side direction.
[0070]  It is possible to decrease a portion where the energy attenuates at opposite ends of the linear beam spot in
the long-side direction by using the cylindrical lens 406. However, the focal length of the lens may be extremely long
because of the structure of the apparatus. In such a case, the lens does not always have to be used because the
advantageous effect of this lens decreases. Thus, a combination of the cylindrical lens arrays 405a and 405b and the
cylindrical lens 406 corresponds to a beam homogenizer in the long-side direction but does not correspond to the beam
homogenizer of the present invention.
[0071] As thus described, a linear beam spot with homogeneous energy distribution having a length of 700 Pm in the
short-side direction and 300 mm in the long-side direction can be formed on the irradiation surface 409 by using the
optical system shown in FIGS. 4A and 4B. FIGS. 7A and 7B show a result of ray trace calculation of the optical system
shown in FIGS. 4A and 4B obtained by using optical design software. The vertical axis shows the intensity of the obtained
beam spot while the horizontal axis shows the lengths of a short side and a long side of the beam spot.
[0072] The laser oscillator used in combination with the beam homogenizer of the present invention preferably has
high output power and a wavelength range which is sufficiently absorbed in a semiconductor film. In the case of using
a silicon film as a semiconductor film, the wavelength of the laser beam emitted from the laser oscillator is preferably
600 nm or shorter. As the laser oscillator emitting such a laser beam, for example, an excimer laser, a YAG laser
(harmonic), or a glass laser (harmonic) is given.
[0073]  Moreover, as a laser oscillator emitting a laser beam with an appropriate wavelength for crystallizing a silicon
film, for example, a YVO4 laser (harmonic), a YLF laser (harmonic), an Ar laser, a GdVO4 laser (harmonic), or a Ti:
sapphire laser (harmonic) is given. The optical system of the present invention may be used in the air or under a nitrogen
or argon atmosphere in order to suppress breakdown or damage of a lens surface due to a laser beam with high energy.

[Embodiment 2]

[0074] This embodiment shows an example of a different optical system from the optical system described above,
with reference to FIGS. 5A and 5B. In FIGS. 5A and 5B, a laser beam travels along the same optical path as that in the
optical system shown in FIGS. 4A and 4B described in Embodiment 1 except the optical path in a cylindrical lens array
that forms a homogenizer in a short-side direction. A beam homogenizer shown in this embodiment is described with
reference to a side view of FIG 5B. It is to be noted that the lenses shown in this embodiment are made of synthetic
quartz having high transmittance and laser resistance against a XeCl excimer laser.
[0075] The laser beam emitted from the laser oscillator is divided by a cylindrical lens array 503 hereinafter described
in a short-side direction. The cylindrical lens array 503 has eleven cylindrical lenses arranged in a direction of the
curvature, each of which has a first surface with a radius of curvature of 412.8 mm, a second surface that is plane, a
thickness of 5 mm, and a width of 4 mm in the short-side direction. A second principal point of the cylindrical lens array
503 is formed inside the lens at about 3.6 mm from a second surface of the cylindrical lens.
[0076] The cylindrical lens array 404a has eleven cylindrical lenses arranged in a direction of the curvature, each of
which has a first surface with a radius of curvature of -262.4 mm, a second surface that is plane, a thickness of 5 mm,
and a width of 4 mm in the short-side direction. The cylindrical lens array 404b has eleven cylindrical lenses arranged
in a direction of the curvature, each of which has a first surface that is plane, a second surface with a radius of curvature
of -200 mm, a thickness of 5 mm, and a width of 4 mm in the short-side direction. The distance between a second surface
of the cylindrical lens array 404a and a first surface of the cylindrical lens array 404b is 60 mm, the composite focal
length of the cylindrical lens array 404a and the cylindrical lens array 404b is 1139.8 mm, and the first principal point of
a lens system including the two lenses is formed at about 118 mm behind the second surface of the cylindrical lens array
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404b.
[0077] The cylindrical lens array 404a is arranged at 948.2 mm behind the second surface of the cylindrical lens array
503 so that the distance between the second principal point of the cylindrical lens array 503 and the first principal point
of the lens system including the cylindrical lens array 404a and the cylindrical lens array 404b is 1139.8 mm, which is
equal to the composite focal length of the cylindrical lens array 404a and the cylindrical lens array 404b.
[0078] The spots divided by the cylindrical lens arrays 503, 404a, and 404b are condensed by the cylindrical lens 407
which has a first surface with a radius of curvature of 486 mm, a second surface that is plane, and a thickness of 20 mm
and which is provided at 1815 mm behind the second surface of the cylindrical lens array 404b, thereby forming a plane
with homogeneous energy distribution having a length of 3.6 mm in the short-side direction at 1000 mm behind the
second surface of the cylindrical lens 405. It is possible to shorten the optical path length by about 119.6 mm as compared
with the case of replacing the concave cylindrical lens array 404a and the convex cylindrical lens array 404b with one
convex cylindrical lens array having the same focal length as the composite focal length of the cylindrical lens arrays
404a and 404b.

[Embodiment 3]

[0079] This embodiment will show an example of a different optical system from the optical system shown above, with
reference to FIGS. 8A and 8B. Similarly to another embodiment, the lenses shown in this embodiment are made of
synthetic quartz having high transmittance and laser resistance against a XeCl excimer laser; however, the material of
the lens can be selected appropriately in accordance with a laser and a wavelength range to be used. FIG 8A shows
only an optical system for homogenizing the energy density distribution of the beam in the short-side direction. The
optical system for homogenizing the energy density distribution in the long-side direction is used similarly to another
embodiment.
[0080] The cylindrical lens arrays 403a and 403b used here correspond to the front side array lens of an optical path
shortened type in the beam homogenizer of the present invention, and FIG. 8B shows an optical system in which a
cylindrical lens array 801 with both of its first surface and second surface having different curvature is used instead of
the cylindrical lens arrays 403a and 403b. The cylindrical lens array 801 has a first surface with a radius of curvature of
47.8 mm, a second surface with a radius of curvature of 50.5 mm, a thickness of 10 mm, and a focal length of 832.8
mm. A second principal point of the cylindrical lens array 801 is formed at 56.9 mm from a second surface toward a first
surface, i.e., 46.9 mm ahead of the first surface.
[0081] The cylindrical lens array 801 is arranged so that the distance between the second principal point of the
cylindrical lens array 801 and the first principal point of the lens system (hereinafter referred to as a second lens system)
including the cylindrical lens array 404a and the cylindrical lens array 404b is 1139.8 mm, which is equal to the composite
focal length of the second lens system. In other words, the distance between the second surface of the cylindrical lens
array 801 and the first surface of the cylindrical lens array 404a is 894.9 mm.
[0082] It is possible to shorten the optical path length by 48.5 mm by using the optical system shown in FIGS. 8A and
8B as compared with the case of using, instead of the cylindrical lens array 801 having curved surfaces on its opposite
sides, one planoconvex cylindrical lens array (with a first surface curved and a thickness of 5 mm) with the same focal
length as the cylindrical lens array 801. Although this embodiment has shown an example of homogenizing the energy
density distribution in the short-side direction, the energy density distribution in the long-side direction or the energy
density distribution in the long-side and short-side directions may be homogenized.
[0083] As thus described, this embodiment provides an advantageous effect that the optical path length can be short-
ened as compared with the case of using one planoconvex lens when the cylindrical lens array 403a and the cylindrical
lens array 403b are replaced by the cylindrical lens array 801 with opposite surfaces curved. Moreover, a similar ad-
vantageous effect can be obtained even when the cylindrical lens arrays 404a and 404b are replaced by the cylindrical
lens array 801 with opposite surfaces curved.
[0084] Further, the cylindrical lens arrays 403a and 403b may be replaced by the cylindrical lens array 801 with
opposite surfaces curved, and moreover the cylindrical lens arrays 404a and 404b may be replaced by one cylindrical
lens array with opposite surfaces curved. In such a case, an effect of shortening an optical path can be obtained by
replacing the front side and back side lens arrays. That is to say, an effect of shortening an optical path in the case of
using a front side array lens of an optical path shortened type and a back side array lens of an optical path shortened
type can be obtained.

[Embodiment 4]

[0085] This embodiment will show an example in which the width of a beam is adjusted by using the optical system
described in another embodiment such as Embodiment 1. The lenses shown in this embodiment are made of synthetic
quartz having high transmittance and laser resistance against a XeCl excimer laser; however, the material of the lenses
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can be appropriately selected in accordance with a laser and a wavelength range to be used. FIG 9A shows only an
optical system related to the short-side direction of the beam among the optical system shown FIG. 4B. The optical
system related to the long-side direction of the beam may be similar to that in another embodiment. A point 410 at which
the energy distribution is homogeneous is the focal point of the cylindrical lens 407.
[0086] The beam width D at this point is expressed with the following formula (4) where d is the width of each lens in
the short-side direction of the cylindrical lens arrays 403a, 403b, 404a, and 404b; f404 is the composite focal length of
the cylindrical lens arrays 404a and 404b; and f407 is the focal length of the cylindrical lens 407. 

By assigning f404=1139.8 mm, f407=1000.8 mm, and d=4 mm, D=3.5 mm is obtained from the above formula (4). When
this beam is projected using a lens with a magnification of 5, a beam of 700 Pm wide can be formed.
[0087] Here, as shown in FIG. 9B, the width of the beam formed at the point 410 at which the energy density distribution
is homogeneous can be changed by changing the distance between the second surface of the cylindrical lens array
404a and the first surface of the cylindrical lens array 404b. However, if the distance between these lenses is changed,
the first principal point of a lens system including the cylindrical lens arrays 404a and 404b (second lens system) moves.
Therefore, it is necessary to move another lens so that the distance from the second principal point of a lens system
including the cylindrical lens arrays 403a and 403b (hereinafter referred to as a first lens system) to the first principal
point of the second lens system is equal to f404.
[0088] For example, in order to change the width of the beam formed by the optical system shown in FIG. 9A, the
cylindrical lens array 404a is moved by +15.5 mm in a z-direction in FIGS. 9A and 9B, so that the distance between the
second surface of the cylindrical lens array 404a and the first surface of the cylindrical lens array 404b is shortened from
60 mm to 44.5 mm. By this operation, the composite focal length of the second lens system is changed from 1139.8
mm to 1238. 2 mm. A z-axis is parallel to the optical axis, and a direction along which the light travels is denoted as
positive (+).
[0089] With the movement of the cylindrical lens array 404a, the first principal point of the second lens system moves.
The first lens system is wholly moved by -113.6 mm in the z-axis direction of FIG. 9A and 9B so that the distance between
the second principal point of the first lens system and the first principal point of the second lens system is equal to the
composite focal length of the second lens system. By moving the cylindrical lens array 404a, the focal length f404
becomes 1238.2 mm.
[0090] Then, as can be confirmed by assigning in the formula (1), a beam with a width of 3.23 mm is formed at the
point 410 where the energy density distribution is homogeneous. Moreover, a beam with a length of 646 Pm can be
formed by projecting the beam onto another plane with a lens having a magnification of 5. Thus, when the beam
homogenizer of the present invention is used, the width of the beam to be formed can be changed by moving the lens
position. Although this embodiment has shown the optical system used in Embodiment 1, this embodiment can be
combined with another embodiment as well.

[Embodiment 5]

[0091] This embodiment will show an example of using a fly-eye lens (also referred to as an integrator) as a lens for
homogenizing a beam and shortening optical path length. The fly-eye lens is an aggregation of lenses with a compound
eye structure, and is formed by arranging a group of one kind of lens elements (like a rod lens) each having opposite
surfaces curved or formed by arranging a group of lens elements in such a way that a group of lens elements on an
incidence side and lenses on an emission side face each other. The fly-eye lens has a function to project light having
entered the lens surface on an incidence side onto the irradiation surface by passing though the emission side of the lens.
[0092] When the respective projected light is summed on the irradiation surface, the intensity distribution on the
irradiation surface is homogenized. The shape of the beam spot on the irradiation surface reflects the shape of the lens
element. This embodiment shows an example of using a fly-eye lens whose lenses have square shapes; however, a
fly-eye lens whose lenses have rectangular or triangle shapes may also be used similarly.
[0093] Similarly to another embodiment, the lenses shown in this embodiment are made of synthetic quartz having
high transmittance and laser resistance against a XeCl excimer laser; however, the material of the lens can be appro-
priately selected in accordance with a laser or a wavelength range to be used. FIGS. 10A and 10B show an optical
system including fly-eye lenses as a homogenizer acting in a first direction of the beam and a second direction perpen-
dicular to the first direction. It is to be noted that FIG 10A is a plan view while FIG 10B is a side view. Since the shape
of each lens which forms the fly-eye lens is square in this embodiment, the beam is homogenized in the same way in
the first direction and the second direction.
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[0094] A laser beam emitted from a XeCl excimer laser oscillator 1001 travels along a direction indicated by an arrow
in FIGS. 10A and 10B. First, the laser beam is expanded by spherical lenses 1002a and 1002b. This structure is not
necessary if the beam diameter of the laser beam emitted from the laser oscillator 1001 is large. A spot of the laser
beam emitted from the laser oscillator 1001 is divided in the first direction and the second direction by a fly-eye lens
hereinafter described.
[0095] The fly-eye lens 1003a has 11 � 11 spherical lenses arranged in a first direction and a second direction as
shown in FIG 11B, each of which has a first surface with a radius of curvature of 146.8 mm, a second surface that is
plane, a thickness of 5 mm, a length of 4 mm in the first and second directions as shown in FIG 11A. The fly-eye lens
1003b has 11 � 11 spherical lenses arranged in the first direction and the second direction as shown in FIG. 11B, each
of which has a first surface that is plane, a second surface with a radius of curvature of 160 mm, a thickness of 5 mm,
and a length of 4 mm in the first and second directions.
[0096]  The distance between a second surface of the fly-eye lens 1003a and a first surface of the fly-eye lens 1003b
is 85 mm, and the composite focal length of the fly-eye lens 1003a and the fly-eye lens 1003b is 837. 5 mm. A second
principal point of a lens system including these two lenses is formed at 162.4 mm ahead of the first surface of the fly-
eye lens 1003a. The fly-eye lens 1004a has 11 � 11 spherical lenses arranged in the first direction and the second
direction, each of which has a first surface with a radius of curvature of -262.4 mm, a second surface that is plane, a
thickness of 5 mm, and a length of 4 mm in the first and second directions. The fly-eye lens 1004b has 11 � 11 spherical
lenses arranged in the first direction and the second direction, each of which has a first surface that is plane, a second
surface with a radius of curvature of -200 mm, a thickness of 5 mm, and a length of 4 mm in the first and second directions.
[0097] When the fly-eye lenses 1004a and 1004b are arranged so that the distance between a second surface of the
fly-eye lens 1004a and a first surface of the fly-eye lens 1004b is 60 mm, the composite focal length of the fly-eye lenses
1004a and 1004b becomes 139.8 mm and a first principal point of a lens system including these two lenses is formed
at about 118 mm behind the second surface of the fly-eye lens 1004b. It is to be noted that in a combined lens system
including two lenses, the focal length f and the distance z from a second principal point of a second lens to a second
principal point of the combined lens system can be calculated from the formulas (2) and (3).
[0098] The fly-eye lens 1004a is arranged at 694.4 mm behind the second surface of the fly-eye lens 1003b so that
the distance between a second principal point of a front side combined lens including the fly-eye lens 1003a and the fly-
eye lens 1003b and a first principal point of a back side combined lens including the fly-eye lens 1004a and the fly-eye
lens 1004b is 1139.8 mm which is equal to the composite focal length of the fly-eye lens 1004a and the fly-eye lens
1004b. The spots divided by the fly-eye lenses 1003a, 1003b, 1004a, and 1004b are condensed by a spherical lens
1005 which has a first surface with a radius of curvature of 486 mm, a second surface that is plane, and a thickness of
20 mm and which is provided at 1815 mm behind the second surface of the fly-eye lens 1004b, thereby forming a square
plane 1008 with a length of 3.5 mm on each side at which the energy distribution is homogeneous at about 1000 mm
behind a second surface of the spherical lens 1005.
[0099] It is possible to shorten the optical path length by about 283.6 mm as compared with the case of replacing the
fly-eye lenses 1003a and 1003b with one fly-eye lens having a first surface which is curved, a second surface which is
plane, a thickness of 5 mm, and the same focal length as the composite focal length of the fly-eye lenses 1003a and
1003b and replacing the fly-eye lenses 1004a and 1004b with one fly-eye lens having a first surface which is plane, a
second surface which is curved, a thickness of 5 mm, and the same focal length as the composite focal length of the
fly-eye lenses 1004a and 1004b. A combination of the fly-eye lenses 1003a, 1003b, 1004a, and 1004b and the spherical
lens 1005 corresponds to the beam homogenizer of the present invention.
[0100] A plane 1008 formed by the beam homogenizer of the present invention at which the energy distribution is
homogeneous is projected to an irradiation surface 1007 provided at 220 mm behind a second surface of a spherical
lens 1006b by a doublet lens 1006 arranged at 1250 mm behind the plane 1008 at which the energy distribution is
homogeneous. In other words, the plane 1008 at which the energy distribution is homogeneous and the irradiation
surface 1007 are in a conjugate relation with respect to the doublet lens 1006. This homogenizes the energy distribution
of the square beam spot in the first and second directions, and determines the length thereof in the first and second
directions. The doublet lens 1006 includes a spherical lens 1006a and the spherical lens 1006b.
[0101] The spherical lens 1006a has a first surface with a radius of curvature of 125 mm, a second surface with a
radius of curvature of 77 mm, and a thickness of 10 mm, while the spherical lens 1006b has a first surface with a radius
of curvature of 97 mm, a second surface with a radius of curvature of -200 mm, and a thickness of 20 mm. The distance
between a second surface of the spherical lens 1006a and a first surface of the spherical lens 1006b is 5.5 mm. If the
homogeneity of the beam spot on the irradiation surface 1007 is not required that much or if an F-number (F=lens focal
length/incidence pupil diameter) of the doublet lens is very large, a singlet lens may be used alternatively.
[0102] Thus, a square beam spot with homogeneous energy distribution having a length of 700 Pm on each side can
be formed on the irradiation surface 1007 by using the optical system shown in FIGS. 10A and 10B. The laser oscillator
used in combination with the beam homogenizer of the present invention preferably has high output power and a
wavelength range which is sufficiently absorbed in a semiconductor film. In the case of using a silicon film as a semi-
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conductor film, the wavelength of a laser beam emitted from a laser oscillator is preferably 600 nm or shorter in consid-
eration of an absorption ratio.
[0103] As a laser oscillator emitting such a laser beam, for example, an excimer laser, a YAG laser (harmonic), a
glass laser (harmonic), a YVO4 laser (harmonic), a YLF laser (harmonic), an Ar laser, a GdVO4 laser (harmonic), or a
Ti: sapphire laser (harmonic) is given. In addition to these lasers, other lasers may be used. A laser beam may be
converted into a harmonic with a wavelength of 600 nm or shorter by using a known non-linear optical element. The
optical system of the present invention may be used in the air or under a nitrogen or argon atmosphere in order to
suppress breakdown or damage of a lens surface due to a laser beam with high energy.
[0104] This embodiment has shown an example of using a spherical planoconvex lens and a spherical planoconcave
lens as the elements constituting the fly-eye lens; however, a lens with both of its first and second surfaces curved or a
lens with different curvature in the first and second directions may be used as well. If the lens with different curvature in
the first and second directions is used, in the case of using a spherical lens as a condensing lens, the beam spot to be
formed becomes rectangular. If a rectangular beam with an aspect ratio of 1 or more is to be formed, a toric lens or a
crossed cylindrical lens with different curvature in the first and second directions may be used as the condensing lens
instead of the spherical lens, and a cylindrical lens for condensing the beam only in the first direction and a cylindrical
lens for condensing the beam only in the second direction may be arranged.
[0105] Moreover, although this embodiment shows an example of using the fly-eye lens having curvature on one side,
one fly-eye lens with both of the first and second surfaces having curvature can be used instead of the fly-eye lenses
1003a and 1003b similarly to Embodiment 3. Even in this case, it is possible to shorten the optical path length as
compared with the case of using, instead of the fly-eye lens with its opposite surfaces having curvature, a planoconvex
fly-eye lens having the same focal length as the fly-eye lens with its opposite surfaces having curvature similarly to
Embodiment 3. Moreover, a similar advantageous effect can be obtained even if the fly-eye lenses 1004a and 1004b
are replaced by one fly-eye lens with its opposite surfaces having curvature.
[0106] Further, the fly-eye lenses 1003a and 1003b can be replaced by one fly-eye lens with its opposite surfaces
having curvature and the fly-eye lenses 1004a and 1004b can be replaced by one fly-eye lens with its opposite surfaces
having curvature. In such a case, an effect of shortening an optical path can be obtained by replacing the front side and
back side lenses. That is to say, an effect of shortening an optical path in the case of using a front side array lens of an
optical path shortened type and a back side array lens of an optical path shortened type can be obtained.
[0107] This application is based on Japanese Patent Application serial no. 2005-106392 filed in Japan Patent Office
on 4, 1, in 2005, the entire contents of which are hereby incorporated by reference. The laser irradiation apparatus
disclosed in this specification can be used for various purposes, for example, for crystallizing a semiconductor film. The
semiconductor film crystallized in accordance with the laser irradiation of the present invention can be used as an active
layer of a semiconductor device such as a thin film transistor. As an example, such a thin film transistor may be manu-
factured in accordance with the method disclosed in U.S. Patent Application Publication No. 2004/0256618 A1 by Imai
et al. although not limited thereto. An entire disclosure of U.S. Patent Application Publication No. 2004/0256618 A1 is
herein incorporated by reference.

Claims

1. A beam homogenizer comprising in order from front to back:

a first lens system including an array lens;
a second lens system including an array lens; and
a condensing lens,
wherein the first lens system and the second lens system are arranged such that
a first principal point of the second lens system is positioned behind the second lens system, and/or a second
principal point of the first lens system is positioned ahead of the first lens system, and
a distance between the second principal point of the first lens system and the first principal point of the second
lens system is equal to the focal length of the second lens system.

2. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film over a substrate;
crystallizing the semiconductor film by irradiating a laser beam homogenized by the beam homogenizer ac-
cording to claim 1;
forming a semiconductor layer by patterning the semiconductor film;
forming a gate electrode over the semiconductor layer with a gate insulating film interposed therebetween; and
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doping an impurity element to the semiconductor layer selectively to form a source region and a drain region
in the semiconductor layer;

3. The beam homogenizer according to claim 1, wherein the first lens system includes a first combined array lens, and
the second lens system includes a second combined array lens.

4. The beam homogenizer according to claim 1, wherein the first lens system includes a first array lens having curved
surfaces on opposite sides thereof and the second lens system includes a second array lens having curved surfaces
on opposite sides thereof.

5. The beam homogenizer according to claim 1, wherein the first lens system includes a combined array lens and the
second lens system includes a first array lens.

6. The beam homogenizer according to claim 1, wherein the first lens system includes a first array lens having curved
surfaces on opposite sides thereof.

7. The beam homogenizer according to claim 1, wherein the first lens system includes a first array lens and the second
lens system includes a combined array lens.

8. The beam homogenizer according to claim 1, wherein the second lens system includes a first array lens having
curved surfaces on opposite sides thereof.

9. The beam homogenizer according to claim 3,
wherein the first combined array lens includes a first array lens and a second array lens,
wherein the second combined array lens includes a third array lens and a fourth array lens,
wherein curved surfaces of the first and fourth array lenses are convex and curved surfaces of the second and third
array lenses are concave, and
wherein each of the first array lens and the second array lens is a cylindrical lens array.

10. The beam homogenizer according to claim 5,
wherein the combined array lens includes a second array lens and a third array lens,
wherein a curved surface of the second array lens is convex and a curved surface of the third array lens is concave, and
wherein each of the first, second and third array lens is a cylindrical lens array.

11. The beam homogenizer according to claim 7,
wherein the combined array lens includes a second array lens and a third array lens,
wherein a curved surface of the second array lens is concave and a curved surface of the third array lens is convex, and
wherein each of the first, second and third array lens is a cylindrical lens array.

12. The beam homogenizer according to claim 3,
wherein the first combined array lens includes a first array lens and a second array lens,
wherein the second combined array lens includes a third array lens and a fourth array lens,
wherein curved surfaces of the first and fourth array lenses are convex and curved surfaces of the second and third
array lenses are concave, and
wherein each of the first array lens and the second array lens is a fly-eye lens.

13. The beam homogenizer according to claim 5,
wherein the combined array lens includes a second array lens and a third array lens,
wherein a curved surface of the second array lens is convex and a curved surface of the third array lens is concave, and
wherein each of the first, second and third array lens is a fly-eye lens.

14. The beam homogenizer according to claim 7,
wherein the combined array lens includes a second array lens and a third array lens,
wherein a curved surface of the second array lens is convex and a curved surface of the third array lens is concave, and
wherein each of the first, second and third array lens is a fly-eye lens.

15. The beam homogenizer according to claim 4,
wherein the first array lens has a first curved surface and a second curved surface on opposite sides thereof,
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wherein the first curved surface is convex and the second curved surface is concave,
wherein the second array lens has a third curved surface and a fourth curved surface on its opposite sides,
wherein the third curved surface is concave and the fourth curved surface is convex, wherein the second curved
surface of the first array lens and the third curved surface of the second array lens are faced each other, and
wherein each of the first and the second array lens is cylindrical lens array.

16. The beam homogenizer according to claim 6,
wherein the first array lens has a first curved surface and a second curved surface on opposite sides thereof,
wherein the first curved surface is convex and the second curved surface is concave,
wherein the second lens system includes a second array lens having a curved surface on one side thereof, and
wherein each of the first array lens and the second array lens is a cylindrical lens array.

17. The beam homogenizer according to claim 8,
wherein the first array lens has a first curved surface and a second curved surface on opposite sides thereof,
wherein the first curved surface is concave and the second curved surface is convex,
wherein the first lens system includes a second array lens having a curved surface on one side thereof, and
wherein each of the first array lens and the second array lens is a cylindrical lens array.

18. The beam homogenizer according to claim 3, wherein the first and the second combined array lens include two or
more array lenses, and each array lens is a cylindrical lens array or a fly-eye lens.

19. The beam homogenizer according to claim 4, wherein the first array lens and the second array lens are any one of
a cylindrical lens array, a fly-eye lens, and a crossed cylindrical lens array.

20. The beam homogenizer according to claim 5 or 7, wherein the first array lens is a composite array lens or an
incomposite array lens.

21. The beam homogenizer according to claim 20, wherein the incomposite array lens is a cylindrical lens array or a
fly-eye lens.

22. The beam homogenizer according to claim 1, wherein the condensing lens is a cylindrical lens, a toric lens, or a
crossed cylindrical lens.

23. The beam homogenizer according to any one of claims 1 and 3-22,
wherein the beam homogenizer is incorporated into a laser irradiation apparatus comprising a laser oscillator and
a stage,
wherein the beam homogenizer homogenizes energy density distribution in one direction of a short-side and a long-
side direction and then homogenizes energy density distribution in the other direction,
wherein an irradiation surface to which an irradiation beam with its energy density distribution homogenized in the
both directions is projected is set on the stage, and
wherein the laser oscillator emits a laser beam.

24. The beam homogenizer according to any one of claims 1 and 3-22,
wherein the beam homogenizer is incorporated into a laser irradiation apparatus comprising a laser oscillator and
a stage,
wherein the beam homogenizer homogenizes energy density distribution in a short-side direction and a long-side
direction,
wherein an irradiation surface to which an irradiation beam with its energy density distribution homogenized in the
both directions is projected is set on the stage, and
wherein the laser oscillator emits a laser beam.

25. The beam homogenizer_according to claim 23,
wherein the laser oscillator is at least one selected from the group consisting of an excimer laser, a YAG laser, a
glass laser, a YVO4 laser, a YLF laser, an Ar laser, a GdVO4 laser and a Ti:sapphire laser.

26. The beam homogenizer_according to claim 24,
wherein the laser oscillator is at least one selected from the group consisting of an excimer laser, a YAG laser, a
glass laser, a YVO4 laser, a YLF laser, an Ar laser, a GdVO4 laser and a Ti:sapphire laser.
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Patentansprüche

1. Strahlhomogenisator, der in Reihenfolge von Vorderseite zur Hinterseite umfasst:

ein erstes Linsensystem, das eine Arraylinse aufweist
ein zweites Linsensystem, das eine Arraylinse aufweist und
eine Kondensatorlinse,
wobei das erste Linsensystem und das zweite Linsensystem so angeordnet sind, dass
ein erster Hauptpunkt des zweiten Linsensystems hinter dem zweiten Linsensystem positioniert ist, und/oder
ein zweiter Hauptpunkt des ersten Linsensystems vor dem ersten Linsensystem positioniert ist, und
eine Distanz zwischen dem zweiten Hauptpunkt des ersten Linsensystems und dem ersten Hauptpunkt des
zweiten Linsensystems der Fokallänge des zweiten Linsensystems gleich ist.

2. Verfahren zur Herstellung einer Halbleitervorrichtung, das umfasst:

Ausbilden eines Halbleiterfilms über einem Substrat;
Kristallisation des Halbleiterfilms durch Bestrahlung mit einem Laserstrahl, der durch den Strahlhomogenisator
nach Anspruch 1 homogenisiert wird;
Ausbilden einer Halbleiterschicht durch Mustern des Halbleiterfilms;
Ausbilden einer Gateelektrode über der Halbleiterschicht, mit einem Gateisolationsfilm dazwischen; und
Dotieren der Halbleiterschicht selektiv mit einem Dotierelement, um einen Sourcebereich und einen Drainbereich
in der Halbleiterschicht auszubilden.

3. Strahlhomogenisator nach Anspruch 1, wobei das erste Linsensystem eine erste kombinierte Arraylinse aufweist,
und das zweite Linsensystem eine zweite kombinierte Arraylinse aufweist.

4. Strahlhomogenisator nach Anspruch 1, wobei das erste Linsensystem eine erste Arraylinse aufweist, die gekrümmte
Oberflächen an entgegengesetzten Seiten davon hat, und das zweite Linsensystem eine zweite Arraylinse aufweist,
die gekrümmte Oberflächen an entgegengesetzten Seiten davon hat.

5. Strahlhomogenisator nach Anspruch 1, wobei das erste Linsensystem eine kombinierte Arraylinse aufweist, und
das zweite Linsensystem eine erste Arraylinse aufweist.

6. Strahlhomogenisator nach Anspruch 1, wobei das erste Linsensystem eine erste Arraylinse aufweist, die gekrümmte
Oberflächen an entgegengesetzten Seiten davon hat.

7. Strahlhomogenisator nach Anspruch 1, wobei das erste Linsensystem eine erste Arraylinse aufweist, und das zweite
Linsensystem eine kombinierte Arraylinse aufweist.

8. Strahlhomogenisator nach Anspruch 1, wobei das zweite Linsensystem eine erste Arraylinse aufweist, die gekrümm-
te Oberflächen an entgegengesetzten Seiten davon hat.

9. Strahlhomogenisator nach Anspruch 3,
wobei die erste kombinierte Arraylinse eine erste Arraylinse und eine zweite Arraylinse aufweist,
wobei die zweite kombinierte Arraylinse eine dritte Arraylinse und eine vierte Arraylinse aufweist,
wobei gekrümmte Oberflächen von der ersten Arraylinse und der vierten Arraylinse konvex sind, und gekrümmte
Oberflächen von der zweiten Arraylinse und der dritten Arraylinse konkav sind, und
wobei die erste Arraylinse und die zweite Arraylinse je ein Zylinderlinsenarray sind.

10. Strahlhomogenisator nach Anspruch 5,
wobei die kombinierte Arraylinse eine zweite Arraylinse und eine dritte Arraylinse aufweist,
wobei eine gekrümmte Oberfläche von der zweiten Arraylinse konvex ist, und eine gekrümmte Oberfläche von der
dritten Arraylinse konkav ist, und
wobei die erste Arraylinse, die zweite Arraylinse, und die dritte Arraylinse je ein Zylinderlinsenarray sind.

11. Strahlhomogenisator nach Anspruch 7,
wobei die kombinierte Arraylinse eine zweite Arraylinse und eine dritte Arraylinse aufweist,
wobei eine gekrümmte Oberfläche von der zweiten Arraylinse konkav ist, und eine gekrümmte Oberfläche von der
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dritten Arraylinse konvex ist, und
wobei die erste Arraylinse, die zweite Arraylinse, und die dritte Arraylinse je ein Zylinderlinsenarray sind.

12. Strahlhomogenisator nach Anspruch 3,
wobei die erste kombinierte Arraylinse eine erste Arraylinse und eine zweite Arraylinse aufweist,
wobei die zweite kombinierte Arraylinse eine dritte Arraylinse und eine vierte Arraylinse aufweist,
wobei gekrümmte Oberflächen von der ersten Arraylinse und der vierten Arraylinse konvex sind, und gekrümmte
Oberflächen von der zweiten Arraylinse und der dritten Arraylinse konkav sind, und
wobei die erste Arraylinse und die zweite Arraylinse je eine Fliegenaugenlinse sind.

13. Strahlhomogenisator nach Anspruch 5,
wobei die kombinierte Arraylinse eine zweite Arraylinse und eine dritte Arraylinse aufweist,
wobei eine gekrümmte Oberfläche von der zweiten Arraylinse konvex ist, und eine gekrümmte Oberfläche von der
dritten Arraylinse konkav ist, und
wobei die erste Arraylinse, die zweite Arraylinse, und die dritte Arraylinse je eine Fliegenaugenlinse sind.

14. Strahlhomogenisator nach Anspruch 7,
wobei die kombinierte Arraylinse eine zweite Arraylinse und eine dritte Arraylinse aufweist,
wobei eine gekrümmte Oberfläche von der zweiten Arraylinse konvex ist, und eine gekrümmte Oberfläche von der
dritten Arraylinse konkav ist, und
wobei die erste Arraylinse, die zweite Arraylinse, und die dritte Arraylinse je eine Fliegenaugenlinse sind.

15. Strahlhomogenisator nach Anspruch 4,
wobei die erste Arraylinse eine erste gekrümmte Oberfläche und eine zweite gekrümmte Oberfläche an entgegen-
gesetzten Seiten davon hat,
wobei die erste gekrümmte Oberfläche konkav ist und die zweite gekrümmte Oberfläche konvex ist,
wobei das zweite Arraylinse eine dritte gekrümmte Oberfläche und eine vierte gekrümmte Oberfläche an entgegen-
gesetzten Seiten davon hat,
wobei die dritte gekrümmte Oberfläche konvex ist und die vierte gekrümmte Oberfläche konkav ist,
wobei die zweite gekrümmte Oberfläche von der ersten Arraylinse und die dritte gekrümmte Oberfläche von der
zweiten Arraylinse gegenübergestellt sind, und
wobei die erste Arraylinse und die zweite Arraylinse je ein Zylinderlinsenarray sind.

16. Strahlhomogenisator nach Anspruch 6,
wobei die erste Arraylinse eine erste gekrümmte Oberfläche und eine zweite gekrümmte Oberfläche an entgegen-
gesetzten Seiten davon hat,
wobei die erste gekrümmte Oberfläche konvex ist und die zweite gekrümmte Oberfläche konkav ist,
wobei das zweite Linsensystem eine zweite Arraylinse aufweist, die eine gekrümmte Oberfläche an einer Seite
davon hat, und
wobei die erste Arraylinse und die zweite Arraylinse je ein Zylinderlinsenarray sind.

17. Strahlhomogenisator nach Anspruch 8,
wobei die erste Arraylinse eine erste gekrümmte Oberfläche und eine zweite gekrümmte Oberfläche an entgegen-
gesetzten Seiten davon hat,
wobei die erste gekrümmte Oberfläche konkav ist und die zweite gekrümmte Oberfläche konvex ist,
wobei das erste Linsensystem eine zweite Arraylinse aufweist, die eine gekrümmte Oberfläche an einer Seite davon
hat, und
wobei die erste Arraylinse und die zweite Arraylinse je ein Zylinderlinsenarray sind.

18. Strahlhomogenisator nach Anspruch 3, wobei die erste kombinierte Arraylinse und die zweite kombinierte Arraylinse
je zwei oder mehr Arraylinsen aufweist, und jede Arraylinse ein Zylinderlinsenarray oder eine Fliegenaugenlinse ist.

19. Strahlhomogenisator nach Anspruch 4, wobei die erste Arraylinse und die zweite Arraylinse je ein Zylinderlinsenarray,
eine Fliegenaugenlinse, oder ein gekreuztes Zylinderlinsenarray sind.

20. Strahlhomogenisator nach Anspruch 5 oder 7, wobei die erste Arraylinse eine zusammengesetzte Arraylinse oder
eine nicht zusammengesetzte Arraylinse ist.
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21. Strahlhomogenisator nach Anspruch 20, wobei die nicht zusammengesetzte Arraylinse ein Zylinderlinsenarray oder
eine Fliegenaugenlinse ist.

22. Strahlhomogenisator nach Anspruch 1, wobei die Kondensatorlinse eine Zylinderlinse, eine torische Linse, oder
eine gekreuzte Zylinderlinse ist.

23. Strahlhomogenisator nach einem der Ansprüche 1 und 3-22,
wobei der Strahlhomogenisator in einer Laserbestrahlungsvorrichtung eingebaut ist, die einen Laseroszillator und
einen Tisch umfasst,
wobei der Strahlhomogenisator eine Energiedichteverteilung in einer Richtung von einer Querrichtung und einer
Längsrichtung homogenisiert und dann eine Energiedichteverteilung in der anderen Richtung homogenisiert,
wobei eine Bestrahlungsoberfläche, auf die ein Bestrahlungsstrahl mit seiner in den beiden Richtungen homogeni-
sierten Energiedichteverteilung projiziert wird, auf dem Tisch angeordnet ist, und
wobei der Laseroszillator einen Laserstrahl emittiert.

24. Strahlhomogenisator nach einem der Ansprüche 1 und 3-22,
wobei der Strahlhomogenisator in einer Laserbestrahlungsvorrichtung eingebaut ist, die einen Laseroszillator und
einen Tisch umfasst,
wobei der Strahlhomogenisator eine Energiedichteverteilung in einer Querrichtung und einer Längsrichtung homo-
genisiert,
wobei eine Bestrahlungsoberfläche, auf die ein Bestrahlungsstrahl mit seiner in den beiden Richtungen homogeni-
sierten Energiedichteverteilung projiziert wird, auf dem Tisch angeordnet ist, und
wobei der Laseroszillator einen Laserstrahl emittiert.

25. Strahlhomogenisator nach Anspruch 23,
wobei der Laseroszillator zumindest ein Laser ist, der aus der Gruppe ausgewählt wird, die aus einem Excimer-
Laser, einem YAG-Laser, einem Glas-Laser, einem YVO4-Laser, einem YLF-Laser, einem Ar-Laser, einem
GdVO4-Laser und einem Ti:Saphir-Laser besteht.

26. Strahlhomogenisator nach Anspruch 24,
wobei der Laseroszillator zumindest ein Laser ist, der aus der Gruppe ausgewählt wird, die aus einem Excimer-
Laser, einem YAG-Laser, einem Glas-Laser, einem YVO4-Laser, einem YLF-Laser, einem Ar-Laser, einem
GdVO4-Laser und einem Ti:Saphir-Laser besteht.

Revendications

1. Homogénéisateur de faisceau comprenant en ordre de front:

un premier système de lentille comportant une lentille à réseau;
un second système de lentille comportant une lentille à réseau; et
une lentille de condensation,
dans lequel le premier système de lentille et le second système de lentille sont arrangés afin qu’un premier
point principal du second système de lentille soit situé en arrière du second système de lentille, et/ou un second
point principal du premier système de lentille soit situé en avant du premier système de lentille, et
une distance entre le second point principal du premier système de lentille et le premier point principal du second
système de lentille est égale à la longueur focale du second système de lentille.

2. Méthode de fabrication d’un dispositif semi-conducteur comprenant les étapes de:

former un film semi-conducteur sur un substrat;
cristalliser le film semi-conducteur par l’irradiation par un faisceau laser homogénéisé par l’homogénéisateur
de faisceau selon la revendication 1;
former une couche semi-conductrice par la formation d’un motif du film semi-conducteur;
former une électrode de grille sur la couche semi-conductrice avec un film isolant de grille interposé entre
l’électrode de grille et la couche semi-conductrice; et
doper sélectivement la couche semi-conductrice avec un élément d’impureté afin de former une région de
source et une région de drain dans la couche semi-conductrice.
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3. Homogénéisateur de faisceau selon la revendication 1, dans lequel le premier système de lentille comporte une
première lentille à réseau combinée, et le second système de lentille comporte une seconde lentille à réseau
combinée.

4. Homogénéisateur de faisceau selon la revendication 1, dans lequel le premier système de lentille comporte une
première lentille à réseau ayant des surfaces courbées sur leurs côtés opposés et le second système de lentille
comporte une seconde lentille à réseau ayant des surfaces courbées sur leurs côtés opposés.

5. Homogénéisateur de faisceau selon la revendication 1, dans lequel le premier système de lentille comporte une
lentille à réseau combinée et le second système de lentille comporte une première lentille à réseau.

6. Homogénéisateur de faisceau selon la revendication 1, dans lequel le premier système de lentille comporte une
première lentille à réseau ayant des surfaces courbées sur leurs côtés opposés.

7. Homogénéisateur de faisceau selon la revendication 1, dans lequel le premier système de lentille comporte une
première lentille à réseau et le second système de lentille comporte une lentille à réseau combinée.

8. Homogénéisateur de faisceau selon la revendication 1, dans lequel le second système de lentille comporte une
première lentille à réseau ayant des surfaces courbées sur leurs côtés opposés.

9. Homogénéisateur de faisceau selon la revendication 3,
dans lequel la première lentille à réseau combinée comporte une première lentille à réseau et une seconde lentille
à réseau,
dans lequel la seconde lentille à réseau combinée comporte une troisième lentille à réseau et une quatrième lentille
à réseau,
dans lequel une surface courbée de la première lentille à réseau et une surface courbée de la quatrième lentille à
réseau sont convexes, et une surface courbée de la seconde lentille à réseau et une surface courbée de la troisième
lentille à réseau sont concaves, et
dans lequel la première lentille à réseau et la seconde lentille à réseau sont chacune un réseau de lentilles cylin-
driques.

10. Homogénéisateur de faisceau selon la revendication 5,
dans lequel la lentille à réseau combinée comporte une seconde lentille à réseau et une troisième lentille à réseau,
dans lequel une surface courbée de la seconde lentille à réseau est convexe, et une surface courbée de la troisième
lentille à réseau est concave, et
dans lequel la première lentille à réseau, la seconde lentille à réseau, et la troisième lentille à réseau sont chacune
un réseau de lentilles cylindriques.

11. Homogénéisateur de faisceau selon la revendication 7,
dans lequel la lentille à réseau combinée comporte une seconde lentille à réseau et une troisième lentille à réseau,
dans lequel une surface courbée de la seconde lentille à réseau est concave, et une surface courbée de la troisième
lentille à réseau est convexe, et
dans lequel la première lentille à réseau, la seconde lentille à réseau, et la troisième lentille à réseau sont chacune
un réseau de lentilles cylindriques.

12. Homogénéisateur de faisceau selon la revendication 3,
dans lequel la première lentille à réseau combinée comporte une première lentille à réseau et une seconde lentille
à réseau,
dans lequel la seconde lentille à réseau combinée comporte une troisième lentille à réseau et une quatrième lentille
à réseau,
dans lequel une surface courbée de la première lentille à réseau et une surface courbée de la quatrième lentille à
réseau sont convexes, et une surface courbée de la seconde lentille à réseau et une surface courbée de la troisième
lentille à réseau sont concaves, et
dans lequel la première lentille à réseau et la seconde lentille à réseau sont chacune une lentille en oeil de mouche.

13. Homogénéisateur de faisceau selon la revendication 5,
dans lequel la lentille à réseau combinée comporte une seconde lentille à réseau et une troisième lentille à réseau,
dans lequel une surface courbée de la seconde lentille à réseau est convexe, et une surface courbée de la troisième
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lentille à réseau est concave, et
dans lequel la première lentille à réseau, la seconde lentille à réseau, et la troisième lentille à réseau sont chacune
une lentille en oeil de mouche.

14. Homogénéisateur de faisceau selon la revendication 7,
dans lequel la lentille à réseau combinée comporte une seconde lentille à réseau et une troisième lentille à réseau,
dans lequel une surface courbée de la seconde lentille à réseau est convexe, et une surface courbée de la troisième
lentille à réseau est concave, et
dans lequel la première lentille à réseau, la seconde lentille à réseau, et la troisième lentille à réseau sont chacune
une lentille en oeil de mouche.

15. Homogénéisateur de faisceau selon la revendication 4,
dans lequel la première lentille à réseau a une première surface courbée et une seconde surface courbée sur leurs
côtés opposés,
dans lequel la première surface courbée est convexe et la seconde surface courbée est concave, dans lequel la
seconde lentille à réseau a une troisième surface courbée et une quatrième surface courbée sur leurs côtés opposés,
dans lequel la troisième surface courbée est concave et la quatrième surface courbée est convexe,
dans lequel la seconde surface courbée de la première lentille à réseau et la troisième surface courbée de la seconde
lentille à réseau sont en face l’un de l’autre, et
dans lequel la première lentille à réseau et la seconde lentille à réseau sont chacune un réseau de lentilles cylin-
driques.

16. Homogénéisateur de faisceau selon la revendication 6,
dans lequel la première lentille à réseau a une première surface courbée et une seconde surface courbée sur leurs
côtés opposés,
dans lequel la première surface courbée est convexe et la seconde surface courbée est concave, dans lequel le
second système de lentille comporte une seconde lentille à réseau ayant une surface courbée sur un côté de soi-
même, et
dans lequel la première lentille à réseau et la seconde lentille à réseau sont chacune un réseau de lentilles cylin-
driques.

17. Homogénéisateur de faisceau selon la revendication 8,
dans lequel la première lentille à réseau a une première surface courbée et une seconde surface courbée sur leurs
côtés opposés,
dans lequel la première surface courbée est concave et la seconde surface courbée est convexe, dans lequel le
premier système de lentille comporte une seconde lentille à réseau ayant une surface courbée sur un côté de soi-
même, et
dans lequel la première lentille à réseau et la seconde lentille à réseau sont chacune un réseau de lentilles cylin-
driques.

18. Homogénéisateur de faisceau selon la revendication 3, dans lequel la première lentille à réseau combinée et la
seconde lentille à réseau combinée comportent chacune deux lentilles à réseau ou plus, et chaque lentille à réseau
est un réseau de lentilles cylindriques ou une lentille en oeil de mouche.

19. Homogénéisateur de faisceau selon la revendication 4, dans lequel la première lentille à réseau et la seconde lentille
à réseau sont chacune l’un quelconque d’un réseau de lentilles cylindriques, d’une lentille en oeil de mouche, et
d’un réseau de lentilles cylindriques croisées.

20. Homogénéisateur de faisceau selon la revendication 5 ou 7, dans lequel la première lentille à réseau est une lentille
à réseau composée ou une lentille à réseau homogène.

21. Homogénéisateur de faisceau selon la revendication 20, dans lequel la lentille à réseau homogène est un réseau
de lentilles cylindriques ou une lentille en oeil de mouche.

22. Homogénéisateur de faisceau selon la revendication 1, dans lequel la lentille de condensation est une lentille
cylindrique, une lentille torique, ou une lentille cylindrique croisée.

23. Homogénéisateur de faisceau selon l’une quelconque des revendications 1 et 3 à 22, dans lequel l’homogénéisateur
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de faisceau est intégré dans un appareil d’irradiation laser comprenant un oscillateur laser et un étage,
dans lequel l’homogénéisateur de faisceau homogénéise la distribution de la densité de l’énergie dans une direction
d’une direction latérale et d’une direction longitudinale, puis homogénéise la distribution de la densité de l’énergie
dans l’autre direction,
dans lequel une surface d’irradiation, sur laquelle un faisceau d’irradiation dont la distribution de la densité de
l’énergie est homogénéisée dans les deux directions est projeté, est mise sur l’étage, et
dans lequel l’oscillateur laser émet un faisceau laser.

24. Homogénéisateur de faisceau selon l’une quelconque des revendications 1 et 3 à 22,
dans lequel l’homogénéisateur de faisceau est intégré dans un appareil d’irradiation laser comprenant un oscillateur
laser et un étage,
dans lequel l’homogénéisateur de faisceau homogénéise la distribution de la densité de l’énergie dans une direction
latérale et dans une direction longitudinale,
dans lequel une surface d’irradiation, sur laquelle un faisceau d’irradiation dont la distribution de la densité de
l’énergie est homogénéisée dans les deux directions est projeté, est mise sur l’étage, et
dans lequel l’oscillateur laser émet un faisceau laser.

25. Homogénéisateur de faisceau selon la revendication 23, dans lequel l’oscillateur laser est au moins l’un choisi dans
le groupe constitué d’un laser excimer, d’un laser YAG, d’un laser verre, d’un laser YVO4, d’un laser YLF, d’un laser
Ar, d’un laser GdVO4, et d’un laser Ti: saphir.

26. Homogénéisateur de faisceau selon la revendication 24, dans lequel l’oscillateur laser est au moins l’un choisi dans
le groupe constitué d’un laser excimer, d’un laser YAG, d’un laser verre, d’un laser YVO4, d’un laser YLF, d’un laser
Ar, d’un laser GdVO4, et d’un laser Ti: saphir.
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