
- 1 - LASER ANNEALING METHOD AND APPARATUS BACKGROUND OF THE INVENTION [0001]
51. Field of the Invention         The present invention relates to a laser annealing method and
apparatus that anneal the surface of an object to be irradiated by laser irradiation. [0002] 102.
Description of the Related. Art          In recent years, a. high-performance thin film transistor has been
fabricated by the laser annealing to an amorphous semiconductor film or a crystalline semiconductor
film that is formed on an insulated substrate such as a glass substrate. A 15glass substrate is
inexpensive and excellent in terms of machining property as compared to a quartz substrate that has
been commonly used in the past. For this reason, the glass substrate has an advantage of being
formed to have a large area. The reason to use laser in crys allizing a semiconductor film 20is that a
melting point of a glass substrate is 600C or less 



but it is possible to melt and crystallize a semiconductor film without heating the glass substrate if
using laser. [0003] Since a crystalline silicon film formed by using laser  25 annealing having high
mobility, a thin film transistors for driving pixels and a TFT for a drive circuit may be fabricated on one
glass substrate. The crystalline silicon TETs are used  - 2 -  in a liquid crystal display of a portable or
digital still camera, and has been widely provided as a product. [0004]          Currently, a laser
annealing apparatus shapes a pulsed laser beam, which is generated from a source of laser such as
excimer laser or solid-state laser, into a linear beam that has a profile of, for example, 100 to
400mmx0.05 to 0.5mm; irradiates the amorphous silicon film which is deposited on the glass
substrate, with the linear beam; and melts and 10solidifies the silicon film in order to crystallize the
silicon film. If the glass substrate is transferred, it is possible to irradiate the entire surface of the silicon
film deposited on the glass substrate which is the size of, for example, 



730x920mm from amorphous silicon to crystalline silicon. 15[00051         A laser annealing method
using the linear beam has some problems, and a particularly serious problem is that visible stripes
appear in a direction perpendicular to a long axial direction of the linear beam and in a direction
parallel to the 20long axial direction. Hereinafter, stripes perpendicular to the long axial direction of the
linear beam are called as "vertical stripes", and stripes parallel to the long axial direction are called as
"horizontal stripes". Further, the vertical stripes and the horizontal stripes are collectively 25called as
"irradiated stripes". [00061  - g - a state where the irradiated stripes appear on the film, if an active
matrix type liquid crystal display or organic EL display is manufactured using the film having the
irradiated stripes, there is a disadvantage in that the sand stripes as  5 the irradiated stripes appear on
a picture of the display. In particular, since the organic EL display is more sensitive to the irradiated
stripes than the liquid crystal display, there is a demand for a countermeasure that is effective to
reduce the irradiated stripes. 10[0007] 



Some methods of reducing irradiated stripes are proposed in the following Patent Documents I to 4.
The uniformity of the beam, interference, the deviation of laser shots, the change of the profile of laser,
and the like have been mentioned as factors generating the irradiated stripes, but have not been
clarified. [0008] [Patent Document 1]                 Japanese Unexamined Patent Application publication
No. 2010-294288 [Patent Document 2]         Japanese Unexamined Patent Application Publication No.
2001-68430 [Patent Document 3] 25Japanese Unexamined Patent Application Publication No.
10-242073 [Patent Document 4]  



-4          Japanese Examined Patent Application Publication No. 5-41006 [0009]            The present
inventors came to specify factors generating 5the irradiated stripes after a. process of trial and error for
clarifying the cause of the irradiated stripes.         First, the present inventors investigated the pattern of
vertical stripes when the position of a lens array was shifted by 1 mm in. a direction corresponding. to
a. long axial direction  10 of a linear beam in a. homogenizer for homogenizing the light intensity in the
long axial direction of the linear beam, As a result, the pattern of the vertical stripes was changed. The
reason for the change was considered as follows:           (a) the vertical stripes appeared depending on
the profile of a laser beam emitted from a laser source, or          (b) the vertical stripes appeared due to
scattered light generated on the surface of a lens of the homogenizer. [0010] Then, in order to
determine which is right, the present 20inventors made two kinds of laser beano enter the same 



homogenizer optical system, and investigated vertical stripes. In general,
thelightintensityprofileoflaserisan intrinsic property of an each laser oscillator. Therefore, if the pattern
of the vertical stripes is different, it may be determined that  25 the irradiated stripes depend on the
profile of a laser beam. However, as a. result of the investigation, the same pattern of the vertical
stripes appeared. From this result, it was  -5 determined that the irradiated stripes were caused by the
scattered light generated on the surface of the lens. That is, it could be concluded as follows: since a
laser beam was scattered on one surface of the leans and the uniformity of the laser beam thus
deteriorated on the irradiated surface, the irradiated stripes appeared. [0011]          In general, the
surface accuracy of a lens is A/4or k/10. However, a lens used in laser annealing, particularly, a lens
provided on the rear side is a large-sized lens having a length of 100 mm or more. Accordingly, since it
is difficult to work the lens and to measure the surface accuracy of the lens, the surface accuracy of
the lens significantly deteriorates and may be 2,.or more. According to the current technology, since
there isa limit to the machining accuracy of a large-sized lens, it is difficult to further improve the
surface accuracy. For this reason, other countermeasures should be taken to improve the surface
accuracy. SUMMARY OF THE INVENTION [0012]         The present invention has been made in
consideration of the above-mentioned problems.  - 5a - 



[0012a]         According to one aspect of the present invention, there is provided a laser annealing
method that shapes a laser beam generated by laser oscillation in order to condense the laser beam
into a linear beam on the surface of an object to be irradiated, relatively scans the object to be
irradiated with the linear beam in a short axial direction of the linear beam so that the irradiation of the
laser beam overlaps each other, and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing method comprising: dividing the laser beam into plural beams in a
direction corresponding to a long axial direction of the linear beam by long-axis lens arrays; making the
laser beam, which is divided by the long-axis lens arrays, condense each other in the long axial
direction on the surface of the object to be irradiated, by a long-axis condensing optical system; and
reciprocating the long-axis lens arrays in a direction corresponding to the long axial direction of the
linear beam during the laser irradiation, wherein a moving width S of the reciprocation of the long-axis
lens arrays is one thirds or more of a pitch P of stripes, which appear visually when laser annealing is
performed without the reciprocation, and the moving width is less than a width W of each cylindrical
lens of the long-axis lens arrays.  [0012b]          According to one aspect of the present invention, there
is provided a laser annealing method that shapes a laser beam generated by laser oscillation in order
to condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam so
that the irradiation of the laser beam overlaps each other, and anneals the surface of the object to be
irradiated by laser irradiation, the laser annealing method comprising: dividing the laser beam into
plural beams in a direction corresponding to a long axial direction of the linear beam by long-axis lens
arrays; making the laser beam, which is divided by the long-axis lens arrays, overlap each other in the
long axial direction on the surface of the object to be irradiated, by a long-axis condensing optical
system; and increasing or decreasing relative distances on an optical path between the long-axis
condensing optical system and the long-axis lens arrays during the laser irradiation, while a distance
on an optical path between the long-axis condensing optical system and the surface of the object to be
irradiated is maintained constant.  - Sc - [0012c]          According to one aspect of the present
invention, there is provided a laser annealing method that shapes a laser beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser irradiation, the laser annealing method comprising: focusing the
laser beam into a long-axis waveguide by a long-axis focusing lens; dividing the laser beam into plural
beams in a direction corresponding to a long axial direction of the linear beam by the long-axis
waveguide; making the laser beam, which is divided by the long-axis waveguide, overlap each other in
the long axial direction on the surface of the object to be irradiated, by a long-axis condensing optical
system; and reciprocating the long-axis focusing lens in a direction corresponding to the long axial
direction of the linear beam during the laser irradiation, wherein a moving width S of the reciprocation
of the long-axis focusing lens is one thirds or more of a pitch P of stripes, which appear visually when
laser annealing is performed without the reciprocation.  - Sd - [0012d] 



According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a short axial direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing apparatus comprising: long-axis lens arrays that divide the laser beam into plural
beams in a direction corresponding to a long axial direction of the linear beam; a long-axis condensing
optical system that makes the laser beam, which is divided by the long-axis lens arrays, condense
each other in the long axial direction on the surface of the object to be irradiated; and a long-axis lens
array moving device that reciprocates the long-axis lens arrays in a direction corresponding to the long
axial direction of the linear beam during the laser irradiation, wherein a moving width S of the
reciprocation of the long-axis lens arrays is one thirds or more of a pitch P of stripes, which appear
visually when laser annealing is performed without the reciprocation, and the moving width is less than
a width W of each cylindrical lens of the long-axis lens arrays.  - Se - [0012e]          According to one
aspect of the present invention, there is provided a laser annealing apparatus that shapes a laser
beam generated by laser oscillation in order to condense the laser beam into a linear beam on the
surface of an object to be irradiated, relatively scans the object to be irradiated with the linear beam
in.. a short axial direction of the linear beam so that the irradiation of the laser beam overlaps each
other, and anneals the surface of the object to be irradiated by laser irradiation, the laser annealing
apparatus comprising: long-axis lens arrays that divide the laser beam into plural beams in a direction
corresponding to a long axial direction of the linear beam; a long-axis condensing optical system that
makes the laser beam, which is divided by the long-axis lens arrays, condense each other in the long
axial direction on the surface of the object to be irradiated; and a long-axis lens array reciprocating
apparatus that reciprocates the long-axis lens arrays in a direction corresponding to an optical axis
direction during the laser irradiation,wherein a moving width S of the reciprocation of the long-axis lens
arrays is one thirds or more of a pitch P of stripes, which appear visually when laser annealing is
performed without the reciprocation.  - if - [0012f]          According to one aspect of the present
invention, there is provided a laser annealing apparatus that shapes a laser beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser irradiation, the laser annealing apparatus comprising: a long-axis
waveguide that divides the laser beam into plural beams in a direction corresponding to a long axial
direction of the linear beam; a long-axis focusing lens that introduces the laser beam into the long-axis
waveguide; a long-axis condensing optical system that makes the laser beam, which is divided by the
long-axis waveguide, condense each other in the long axial direction on the surface of the object to be
irradiated; and a long-axis focusing lens moving apparatus that reciprocates the long-axis introducing
lens in a direction corresponding to the long axial direction of the linear beam during the laser
irradiation, wherein a moving width S of the reciprocation of the long-axis introducing lens is one thirds
or more of a pitch P of stripes, which appear visually when laser annealing is performed without the
reciprocation.  - Sg - [0012g] 



According to one aspect of the present invention, there is provided a laser annealing method that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a short axial direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing method comprising: dividing the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear beam by short-axis lens arrays; making the laser
beam, which is divided by the short-axis lens arrays, overlap each other in the short axial direction on
the surface of the object to be irradiated, by a short-axis condensing optical system; and reciprocating
the short-axis lens arrays in a direction corresponding to the short axial direction of the linear beam
during the laser irradiation, wherein a moving width S of the reciprocation of the short-axis lens arrays
is one thirds or more of a pitch P of stripes, which appear visually when laser annealing is performed
without the reciprocation, and the moving width is less than a width W of each cylindrical lens of the
short-axis lens arrays.  - 5h - [0012h]         According to one aspect of the present invention, there is
provided a laser annealing method that shapes a laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam so
that the irradiation of the laser beam overlaps each other, and anneals the surface of the object to be
irradiated by laser irradiation, the laser annealing method comprising: dividing the laser beam into
plural beams in a direction corresponding to the short axial direction of the linear beam by short-axis
lens arrays; making the laser beam, which is divided by the short-axis lens arrays, condense each
other in the short axial direction on an image plane, by a short-axis condenser lens; decreasing a
short-axis image of the image plane at a predetermined ratio and projecting the short-axis image onto
the surface of the object to be irradiated, by a projection lens; and reciprocating the short-axis
condenser lens in a direction corresponding to the short axial direction of the linear beam during the
laser irradiation, wherein a moving width S of the reciprocation on the surface of the object is one third
or more of a pitch P of stripes, which appear visually when laser annealing is performed without the
reciprocation.  - 5i - [0012i         According to one aspect of the present invention, there is provided a
laser annealing method that shapes a laser beam generated by laser oscillation in order to condense
the laser beam into a linear beam on the surface of an object to be irradiated, relatively scans the
object to be irradiated with the linear beam in a short axial direction of the linear beam so that the
irradiation of the laser beam overlaps each other, and anneals the surface of the object to be irradiated
by laser irradiation, the laser annealing method comprising: uniformizing light intensity distribution in
the short axial direction of the linear beam by a short-axis homogenizer; and tilting a reflecting mirror,
which is provided on an optical path on the upstream side of the short-axis homogenizer, during the
laser irradiation so that the linear beam is reciprocated in the short axial direction, wherein a moving
width S of the reciprocation on the surface of the cbject is one thirds or more of a pitch P of stripes,
which appear visually when laser annealing is performed without the reciprocation. [0012jj
According to one aspect of the present invention, there is provided a laser annealing method that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface  



of an object to be irradiated, relatively scans the object to be irradiated with the linear beam in a short
axial direction of the linear beam so that the irradiation of the laser beam overlaps each other, and
anneals the surface of the object to be irradiated by laser irradiation, the laser annealing method
comprising: focusing the laser beam into a short-axis waveguide by a short-axis focusing lens; dividing
the laser beam into plural beams in a direction corresponding to the short axial direction of the linear
beam by the short-axis waveguide; making the laser beam, which is divided by the short-axis
waveguide, overlap each other in the short axial direction on the surface of the object to be irradiated,
by a short-axis condensing optical system; and reciprocating the short-axis focusing lens in a direction
corresponding to the short axial direction of the linear beam during the laser irradiation, wherein a
moving width S of the reciprocation of the short-axis focusing lens is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation. [0012k]
According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a short axial  - 5k -  direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing apparatus comprising: short-axis lens arrays that divide the laser beam into plural
beams in a direction corresponding to the short axial direction of the linear beam; a short-axis
condensing optical system that makes the laser beam, which is divided by the short-axis lens arrays,
overlap each other in the short axial direction on the surface of the object to be irradiated; and a
short-axis lens array moving apparatus that reciprocates the short-axis lens arrays in a direction
corresponding to the short axial direction of the linear beam during the laser irradiation, wherein a
moving width S of the reciprocation of the short-axis lens arrays is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation, and the
moving width is less than a width W of each cylindrical lens of the short-axis lens arrays. [00121]
According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a. short axial  - 51- direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing apparatus comprising.: short-axis lens arrays that divide the laser beam into plural
beams in a direction corresponding to the short axial direction of the linear beam; a short-axis
condenser lens that makes the laser beam, which is divided by the short-axis lens arrays, overlap
each other in the short axial direction on an image plane; a projection lens that decreases a short-axis
image of the image plane at a predetermined ratio and projects the short-axis image onto the surface
of the object to be irradiated; a short-axis condenser lens moving device that reciprocates the
short-axis condenser lens in a direction corresponding to the short axial direction of the linear beam
during the laser irradiation, wherein a moving width S of the reciprocation on the surface of the object
is one thirds or more of a pitch P of stripes, which appear visually when laser annealing is performed
without the reciprocation. [0012m] 



According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object  - 5m - to be irradiated
with the linear beam in a short axial direction of the linear beam so that the irradiation of the laser
beam overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation,
the laser annealing apparatus comprising: a short-axis homogenizer that uniformizes light intensity
distribution in the short axial direction of the linear beam;a reflecting mirror that is provided on an
optical path on the upstream side of the short-axis homogenizer; and a mirror tilting device that tilts the
reflecting mirror so that the linear beam is reciprocated in the short axial direction, wherein a moving
width S of the reciprocation on the surface of the object is one thirds or more of a pitch P of stripes,
which appear visually when laser annealing is performed without the reciprocation [0012n]
According to one aspect of the present invention, there is provided a laser annealing apparatus that
shapes a laser beam generated by laser oscillation in order to condense the laser beam into a linear
beam on the surface of an object to be irradiated, relatively scans the object to be irradiated with the
linear beam in a short axial direction of the linear beam so that the irradiation of the laser beam
overlaps each other, and anneals the surface of the object to be irradiated by laser irradiation, the
laser annealing apparatus comprising: a short-axis waveguide that  - 5n -  divides the laser beam into
plural beams in a direction corresponding to the short axial direction of the linear beam; a short-axis
focusing lens that introduces the laser beam into the short-axis waveguide; a short-axis condensing
optical system that makes the laser beam, which is divided by the short-axis waveguide, condense
each other in the short axial direction on the surface of the object to be irradiated; and a short-axis
introducing lens moving apparatus that reciprocates the short-axis focusing lens in a direction
corresponding to the short axial direction of the linear beam during the laser irradiation, wherein a
moving width S of the reciprocation of the short-axis focusing lens is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation.
Embodiments of the present invention provide a laser annealing method and apparatus capable of
significantly reducing the appearance of irradiated stripes accompanied with the deterioration of the
uniformity of a homogenized linear beam on an irradiated surface that is  6 



caused by scattered light generated on the surface of a lens. [0013]         A method, which temporally
changes an angle of a laser beam entering a lens without shifting the linear beam toward 5long beam
direction on the irradiated surface, has been made the close investigation of a method of reducing the
deterioration of the uniformity of a. line beam that is caused by scattered light generated on the
surface of a lens. That is, the method changes the direction of scattered light to be  10 generated on
the surface of a lens by temporally changing an angle of a laser beam entering a lens, and removes
visible stripes by temporally changing the uniformity of the beam on the irradiated surface that is
caused by scattered Light. Since the laser beam is irradiated so as to overlap each other in a 15short
axial direction of a linear beam, the uniformity of the linear beam is changed for every shot. Therefore,
it is possible to obtain an effect of dispersing stripes, so that the stripes are visually significantly
reduced. As a result, when an overlap ratio is, for example, 90% or more, the laser 20irradiation is
performed so that stripes are not seen. [0014]         Specifically, an embodiment of the present
invention includes the followings in order to reduce vertical stripes. In a lens array type homogenizer
optical system, the 25incident angle and intensity of a laser beam, entering a 



large-sized lens of a long-axis condensing optical system, which is provided on the rear side, are
changed for every shot  7 by performing laser irradiation while long-axis lens arrays are reciprocated in
a direction corresponding to a long axial. direction ofa linear beam. Therefore, theuniformityof a beam
in the long axial direction on the surface to be irradiated is changed for every shot, so that it is possible
to obtain an effect of dispersing vertical stripes on the surface to be irradiated that are caused by
scattered light generated on the surface of a lens and vertical stripesarevisuallysignificantlyreduced.
Further, if a relationship of "P/35LS<W", "P/25.S<W", or 10is satisfied when a moving width of the
reciprocation of each of the long-axis lens arrays is represented by S; a pitch of stripes, which are
parallel to a scanning direction of the linear beam and appear visually when laser annealing is
performed without reciprocating the long-axis lens arrays, is 15represented by P; and a width of each
cylindrical lens of the long-axis lens arrays is represented by W, the energy distribution nonunifcrmity
causing the vertical stripes is adequately deviated in a direction (horizontal direction in Fig. 2)
perpendicularto a substrate transfer direction. Asa result, 20the vertical stripes are properly dispersed,
so that the occurrence of the visible vertical stripes can be effectively reduced. Alternatively, a
relationship of "1.0=5.S<W", "1.5mm<S<W", or "3.0mmSS<W" may be satisfied. [0015] 



25Further, in a lens array type homogenizer optical system, the incident angle and intensity of a laser
beam entering a large-sized lens of a long-axis condensing optical system,  8 which is set on the rear
side of optical system, are changed for every shot while a distance on an optical path between the
long-axis condensing optical system and the surface of a film to be irradiated is maintained constant
and the relative 5distances on the optical path between the long-axis condensing optical system and
long-axislens arrays are increased or decreased. Therefore, vertical stripes are significantly reduced.
In this case, it is possible to easily increase or decrease the relative distances on the optical path
between the 10long-axis condensing optical system and the long-axis lens arrays by reciprocating the
long-axis lens arrays, which are formed in a small size, in an optical axis direction. [0016] Furthermore,
in the case of a waveguide type homogenizer 15optical system, the incident angle and intensity of a
laser beam 



entering a large-sized lens of a long-axis condensing optical system, which is provided on the rear
side, are changed for every shot while long-axis focusing lens are reciprocated in a direction
corresponding to a long axial direction of a linear 20beam. Therefore, vertical stripes are significantly
reduced. [0017j         Another embodiment of the present inventionincludesthe followings in order to
reduce horizontal stripes.                 In a lens array type homogenizer optical system, the 25incident
angle and intensity of a laser beam entering a large-sized lens of a short-axis condensing optical
system, which is set on the rear side of optical system, are changed  9  for every shot while short-axis
lens arrays are reciprocated in a direction corresponding to a short axial direction of a linear beam.
Therefore, the uniformity of a beam in the short axial direction on the surface to be irradiated is
changed for 



5every shot, so that it is possible to obtain an effect of dispersing horizontal stripes on the surface to
be irradiated that are caused by scattered light generated on the surface of a lens and horizontal
stripes are visually significantly reduced_ 10[0018]          In the case of a lens array type homogenizer
optical system, the incident angle and intensity of a laser beam entering a large-sized projection lens,
which is set on the rear side of optical system, are changed for every shot also by 15performing laser
irradiation while a short-axis condenser lens, which is set at the rear of short-axis lens arrays, is
reciprocated in a direction corresponding to a short axial direction of a linear beam. Therefore,
horizontal stripes are significantly reduced. 20[0019]         Further, the incident angle and intensity of a
laser beam entering a large-sized projection lens, which is set on the rear side of optical system, are
changed for every shot also by tilting a reflecting mirror, which is set on an optical path 25on the
upstream side of a short-axis homogenizer, so that a linear beam is reciprocated in a short axial
direction. Therefore, horizontal stripes are significantly reduced. In  - 10 - 



this case, the short-axis homogenizer may be any one of a lens array type homogenizer and a
waveguide type homogenizer. [0020]           Furthermore, in the case of a waveguide type
homogenizer optical system, the incident angle and intensity of a laser beam entering a large-sized
lens of a condensing optical system, which is set on the rear side, are changed for every shot of
optical system while short-axis focusing lens is reciprocated in a direction corresponding to a short
axial direction of a linear beam. Therefore, horizontal stripes are significantly ...educed. [0021]           In
addition, the polarization direction of the laser beam may correspond to S polarization with respect to
the surface of the film to be irradiated. When an amorphous semiconductor film is annealed by an
S-polarized laser beam, a polycrystalline semiconductor film, which has uniform crystal grains having
grain size larger (coarser) than crystal grains of a polycrystalline semiconductor film annealed by a
P-polarized laser beam, is obtained. For this reason, it is possible to obtain an effect of reducing visible
stripes. [0022]           Therefore, according to embodiments of the laser annealing method and
apparatus of the present invention, it is possible to obtain an excellent effect of significantly reducing
the occurrence of irradiated stripes accompanied with the deterioration of the uniformity of a linear
beam on an irradiated surface that is  - 11 - caused by scattered light generated on the surface of a
lens. BRIEF DESCRIPTION OF THE DRAWINGS [0023] 5Fig. IA is a view showing the schematic
structure of a 



laser annealing apparatus according to a first embodiment of the present invention.          Fig. 18 is
another view showing the schematic structure of the laser annealing apparatus according to the first
10embodiment of the present invention.          Fig. 2 is a view illustrating a pitch P of vertical stripes.
Fig. 3 is a view illustrating the moving width S of the reciprocation of each of long-axis cylindrical lens
arrays and 15the width W of a cylindrical lens.          Fig. 4A is a photograph of a semiconductor film
annealed by laser while the long-axis cylindrical lens arrays are not reciprocated_              Fig. 48 is a
photograph of a semiconductor film annealed 20by laser while the long-axis cylindrical lens arrays are
reciprocated.         Fig. 5 is a SEM photograph showing the difference of crystal grains depending on
polarization.             Fig. 6A is a view showing the schematic structure of a 



25laser annealing apparatus according to a second embodiment of the present invention. Fig. 6B is
another view showing the schematic structure  12 of the laser annealing apparatus according to the
second embodiment of the present invention.         Fig. 7A is a schematic view showing the structure of
a laser annealing apparatus according to a third embodiment of the present invention.         Fig. 7B is
another schematic view showing the structure of the laser annealing apparatus according to the third
embodiment of the present irwention.             Fig. 8A is a schematic view showing the structure of a
10laser annealing apparatus according to a fourth embodiment of the present invention.         Fig. BE
is another schematic view showing the structure of the laser annealing apparatus according to the
fourth embodiment of the present invention. 15 



DESCRIPTION OF THE PREFERRED EMBODIMENTS [0024]         Preferred embodiments of the
present invention will be described below with reference to the accompanying drawings. 20Same
reference numerals are given to common portions in each of the drawings to avoid redundant
descriptions. [0025] [First Embodiment]                 Figs. IA and 1B show the schematic structure of a
laser 25annealing apparatus 10 according to a first embodiment of the present invention_ Fig. lA is a
plan view, and Fig. 1B is a side view. Further, an optical system, which acts only in a  - 13 - 



short axial direction of a linear beam, is shown by a phantom line (broken line) in Fig. 1A. An optical
system, which acts only in a long axial direction of a linear beam, is shown by a phantom line in Fig.
1B. 5[0026]         The laser annealing apparatus 10 is that shapes a laser beam, 1 generated by lamer
oscillation in order to condense the laser beam into a linear beam on the surface of an object 3 to be
irradiated, relatively scans the object 3 to be irradiated  10 with the linear beam in a short axial
direction of the linear beam so that the irradiation of the laser beam 1 overlaps each other, and
anneals the surface of the object 3 to be irradiated by laser irradiation. Meanwhile, the vertical
direction indicates a long axial direction of the linear beam in Fig. 1A,  15 and the horizontal direction
on the surface to be irradiated indicates a short axial direction of the linear beam in Fig. IB.         The
laser annealing apparatus 10 will be described in more detail below. 20[0027]         The laser beam 1
emits from a laser source 12 at a pulse frequency of, for example, 2 to 4 kHz. The type of the laser
source 12 is not particularly limited, An excimer laser, a YAP laser, a YLF laser, a YVO4 laser, a glass
laser, a semiconductor  25 laser, a CO2 laser, or the like may be used as the laser beam. In particular,
a solid-state laser, such as a YAP laser, a YLF laser, or a YVO4laser, makes it possible to utilize laser
energy,  which has high reliability and stability, at high efficiency. Further, since a silicon film has a
high absorption coefficient in a visible light region of 330 to 800 ma, but wavelength of the YAG laser,
the =laser, the YVO laser, or the glass laser 



5 maybe one converted by the second or third harnonic generator. [0028]          The laser beam 1,
which emits from the laser source 12 by pulse oscillation, is sequentially reflected by reflecting mirrors
ha and 11b. Then, the diameter of the laser beam is  10 enlarged by a beam expander 14. The beam
expander 14 shown as one structural example includes a convex spherical lens 15, a short-axis
cylindrical lens 16 that has a curvature plane in a short axial direction, and a long-axis cylindrical lens
17 that has a curvature plane in a long axial direction. In the  15 beam expander 14 having the
above-mentioned structure, it is possible to separately set an enlargement ratio in the long axial
direction and the short axial direction. The beam expander 14 may have other structure. For example,
the beam expander may have structure where a concave spherical lens and 20a. convex spherical
lens are combined with each other. [0029]         The light intensity distribution of the laser beam 1, of
which diameter is enlarged by the beam expander 14, in the long axial direction of the linear beam is
homogenized by a  25 long-axis homogenizer 19 on the surface to be irradiated, and the light intensity
distribution thereof in the short axial direction of the linear beam is homogenized by a short-axis  - 15 -
homogenizer 25 on the surface to be irradiated. [0030] 



As shown in Fig. 1A, the long-axis homogenizer 19 includes a long-axis lens arrays 20a and 20b and a
long-axis condenser lens 22 used as a long-axis condensing optical system. The long-axis lens arrays
divide an incident laser beam 1 into plural beams in a direction corresponding to the long axial
directionof the li. ear beam. The long-axis condensing optical system makes the laser beam 1, which is
divided into the plural 10beams in the long axial direction, condense each other .1..n the long axial
direction on the surface of the film 3 to be irradiated_ [0031] In the long-axis homogenizer 19 having
the 15above-mentioned structure, the laser beam 1 enlarged by the beam expander 14 is divided into
plural beams in the long axial direction by the long-axis lens arrays 20a and 20b. The laser beam 1,
which passes through the long-axis lens arrays 20a and 20b and is divided into the beams, forms an
image on the surface 20 of the film 3 to be irradiated, which is formed on a substrate 2, as an
rectangular beam elongated in the long axial direction by the long-axis condenser lens 22. Meanwhile,
a vertical reflecting mirror 24 is disposed on an optical path between the long-axis condenser lens 22
and the substrate 2 so that light 25emitted from the long-axis condenser lens 22 is reflected toward the
substrate 2. The length of the rectangular beam, which is irradiated.  



- 16 - onto the substrate 2, in the long axial direction may be, for example, several tens mm. [0032] In
this embodiment, two long-axis lens arrays 20a and  5 20b are disposed with a distance therebetween
in an optical axis direction. A composite focal length of the long-axis lens arrays 20a and 20b is dpte
mined by the focal lengths of the lens arrays 20a and 20b and a distance of each of the lens arrays in
the optical axis direction. Further, a factor, which is used  10 to determine the length of the linear beam
in the long axial direction, includes the composite focal length of the long-axis lens arrays 20a and
20b. Accordingly, if the laser annealing apparatus is formed to have the structure where the distance
of each of the lens arrays 20a and 20b in the optical axis  15 direction can be changed, it is possible to
change the length of the linear beam in the long axial direction by changing the composite focal length
according to need. However, only one long-axis lens array may be used in the present invention.
[0033] 20The short-axis homogenizer 25 includes short-axis lens arrays 26a and 26b and a short-axis
condensing optical system (29 and 30). The short-axis lens arrays divide an incident laser beam 1 into
plural beams in the short axial direction. The short-axis condenstng optical system makes the laser
beam 251, which is divided into the plural beams by the short-axis lens arrays 26a and 26b, overlap
each other in the short axial direction on the surface of the f lm 3 to be irradiated. The  



- 17 - short-axis condensing optical system of this embodiment includes a short-axis condenser lens
29 and a projection lens 30. The short-axis condenser lens makes the laser beam. 1, which is divided
into plural beams by the short-axis lens arrays 26a  5 and 26b, condense each other on an image
plane S in the short axial direction. The projection lens decreases the short-axis image of an image
plane S at a predetermined ratio, and projects the short-axis image onto the surface of the object 3 to
be irradiated. 10[0034]          In the short-axis homogenizer 25 having the above-mentioned structure,
the laser beam 1 enlarged by the beam expander 14 is divided into plural beams in the short axial
direction by the short-axis lens arrays 26a and 26b. The laser  15 beam 1, which passes through the
short-axis lens arrays 26a and 26b and is divided into the beams, is condensed in the short axial
direction by the short-axis condenser lens 29 and then forms an image on the image plane S.
Subsequently, after the laser beam is reflected toward the substrate 2 by the vertical. 20reflecting
mirror 24, the short-axis image formed on the image plane S is decreased in the short axial direction at
a predetermined ratio and then projected onto the surface of the object 3 to be irradiated that is formed
on a substrate 2, by the projection lens 30. The length of the rectangular beam, 25which is irradiated
onto the substrate 2, in the short axial direction may be, for example, several tens gm. [0035]  



- 18 -          In this embodiment, two short-axis lens arrays 26a. and 26b are disposed with a distance
therebetween in an optical axis direction. Further, ifthelaserannealingapparatuslb formed to have the
structure where the distance of each of the  5 short-axis lens arrays 26a and 26b in the optical axis
direction can be changed, it is possible to change the width of the homogenized beam in the short
axidd direction by changing the composite focal length according to need_ However, only onb
short-axis lens array may be used in the present invention. 10[0036]          The object 3 to be irradiated
with the laser beam 1 is an amorphous semiconductor film, and is formed on the substrate 2 by a film
deposited method such as a CVD method_ An a-Si film or a compound semiconductor film
(amorphous silicon-germanium  15 film or the like) having amorphous structure is exemplified as the
amorphous semiconductor film. [0037]          The substrate 2 is held by a substrate stage 4, and is
transferred in the short axial direction of the linear beam.  20 As the substrate stage 4 is moved, the
film 3 to be irradiated, which is formed on the substrate 2, can be scanned in the short axial direction.
The transferring speed of the substrate stage 4 is controlled so that the irradiation is performed several
times per unit region of the surface to be irradiated, that is,  25 the irradiation of the linear beam
overlaps each other. For example, the irradiation is performed so that an overlap ratio becomes 90%
or more. Meanwhile, the overlap ratio indicates  - 19 - 



a ratio of the moving distance of the substrate 2 for every laser shot to a flat region (half width in
thooase of a Gaussian shape) of the light intensity distribution in the short axial direction of the linear
beam. [0038]         The substrate stage 4 of this embodiment is set in a processing chamber 40 of
which atmosphere can be controlled to be vacuum or a non-oxidizing gas atmosphere. Since the
atmosphere of the processing chamber 40 is controlled to be 10vacuum or a non-oxidizing gas
atmosphere during annealing, the oxidation of the surface of the object 3 to be irradiated is prevented_
Hydrogen or inert gas (nitrogen gas, argon gas, helium gas, neon gas, or the like) may be used as the
non-oxidizing gas. Meanwhile, at the process-frig chamber 40 15transmission window 41 through
which the laser beam 1 is transmitted is put in. [0039]          Instead of the above-mentioned structure
where the substrate 2 on which the film 3 to be irradiated is processed 20 in the processing chamber
40, there may be used a. method of blowing inert gas only on portions irradiated with the linear beam
without using the processing chamber 40. This may also be applied to second to fourth embodiments
to be described below. 25[0040] 



- 20 - reciprocates the long-axis lens arrays 20a and 20b in a direction corresponding to the long axial
di ction of the linear beam (X-direction in Fig. 1A) during the laser irradiation. The long-axis lens array
moving apparatus 32 is 5automatically controlled by a control unit (not shown). [0041]         The
inci.dent angle and intensity of the laser beam 1 entering a. large-sized lens (the long-axis condenser
lens 22 in this embodiment) of the long-axis condensing optical system, 10 which is set on the rear
side of optical system, are changed for every shot while the long-axis lens arrays 20a and 20b are
reciprocated in the direction corresponding to the long axial direction of the linear beam as described
above. Therefore, the uniformity of the beam in the long axial direction on the 15 surface to be
irradiated is changed for every shot, so that it is possible to obtain an effect of dispersing vertical
stripes on the surface to be irradiated that are caused by scattered light generated on the surface of
the lens and vertical stripes are visually significantly reduced. As a result, when the 20 overlap ratio for
example, 90% or more, the laser irradiation is performed so that stripes are not seen_ [0042]         A
moving width of the reciprocation of each of the long-axis lens arrays 20a and 20b is represented by S;
a pitch 25 of the vertical stripes, which are parallel to the scanning direction of the linear beam (the
transferring direction of the substrate 2 in this embodiment) and appear visually when laser 



- 21 - annealing is performed without reciprocating the long-axis lens arrays 20a. and 20b, is
represented by P; and a width of each cylindrical lens 21 of the long-axis lens arrays 20a and 20b is
represented by W. Preferable conditions of the moving width S and the width W will be described
below. [0043]         Fig. 2 is a schema 1c diagram illustrating the pitch P of the vertical stripes. As
shown in Fig. 2, the vertical stripes are composed of bright and dark parts Land Dthdt appear 10
alternately. Since Fig. 2 is a schematic diagram, boundaries between the bright parts L and the dark
parts Dare clearly shown in Fig. 2. However, in actual stripes, the bright and darkparts L and D
gradates and appear alternately. Distances PL2 PL3 ... between the centers of the bright parts L have
deviation, 15and distances distance m,P -13`2, between the centers of  the dark parts D have
deviation. [0044] 



In this specification, the pitch P of the vertical stripes means any one of an average value FLA of the
distances 20  distance P44, PL, P53 -. between the centers of the bright parts L, an average value
PDA of the distances distance PD, PD2, PD3 ...between the centers of the dark parts D, and an
average value of the sum of PIA and FDA. [0045] 25Fig. 3 is a view illustrating the moving width S of
the reciprocation of each of the long-axis lens arrays 20a and 20b and the width W of the cylindrical
lens 21.  - 22 -          As shown in Fig. 3, the moving width S of the reciprocation of each of the
long-axis lens arrays 20a and 20b is a moving stroke of the cylindrical lens 21 in the X direction, and
the width W of the cylindrical lens 21 is the width of the 5cylindrical lens in a reciprocating direction (X
direction). [0046]          Considering that the non-uniformity of the energy distribution of the beam in the
long axial direction, which causes vertical stripes, is dispersed by reciprocating the  10 long-axis lens
arrays 20a and 20b, the moving width S of the reciprocation of each of the long-axis lens arrays 20e
and 20b may be at least P/3 or more. Further, the moving width S is preferably smaller than the width
W of the cylindrical lens so that the moving stroke of each of the long-axis lens arrays 20a 



15and 20b does not exceed the lens width W. [0047]          Accordingly, it is preferable that the moving
width S and the lens width W be set so as to satisfy the condition of "P/35-S<W". For this reason, the
energy distribution causing 20the vertical stripes is deviated in a direction (horizontal direction in Fig.
2) perpendicular to a substrate transferring direction by a distance corresponding to at least 1/3 of the
pitch P of the stripes. Therefore, it is possible to effectively reduce the occurrence of the visible vertical
25stripes by properly dispersing the vertical stripes. Further, if the condition is P/2<s<w or PS<W, it is
possible to further  - 23 - possible to obtain a larger stripe-reducing effect. [0048]          Furthermore, it
has been identified that the pitch P of the vertical stripes is set to about 3 to 4 mm. Therefore, in 



5 particular, the moving width S is preferably 1.0 mm or more, more preferably 1.5 mm or more, and
most preferably 3.0 mm or more. Even in this case, it is preferable that a. condition of "S<W" be
satisfied. [0049] 10It is preferable that the frequency F of the reciprocation of the long-axis lens arrays
20a and 20b be 5 Hz or more. Fig. 4A is a photograph of a semiconductor film annealed by laser while
the long-axis cylindrical lens arrays 20a and 20b are not reciprocated_ Fig. 43 is a photograph of 15a
semiconductor film annealed by laser while the long-axis cylindrical lens arrays 20a and 20b are
reciprocated at a frequency of 7.5 Hz. It can be seen from Fig. 43 that if the frequency F is increased,
horizontal stripes as well as the vertical stripes are reduced only by reciprocating the 20long-axis lens
arrays 20a and 20b. The reason for this is guessed as follows: there is an action where the energy
distribution of the laser beam I, which enters a large-sized lens (projection lens 30) set on the rear side
of optical system, in the short axial direction is changed due to the reciprocation 25of the long-axis
lens arrays 20a and 20b. The action becomes significant by setting preferable conditions of the moving
width S and the width W and increasing the frequency F, so that  - 24 - 



the horizontal stripes are also reduced. [0050]         Further, the polarization direction of the laser beam
1 may correspond to S polarization with respect to the surface 5of an amorphous semiconductor film
3. S polarization corresponds to the polarization direction perpendicular to the incidence plane (the
surface of the amorphous semiconductor film3 in the present invention), and P polarization
corresponds to thh polarization direction parallel to the incidence plane.  10 Fig. 5 is an SEW
photograph of crystal grains when the amorphous semiconductor film is annealed by a P-polarized
laser beam and when the amorphous semiconductor film is annealed by an S-polarized laser beam.
When the amorphous semiconductor film is annealed by the S-polarized laser beam, a
15polycrystalline semiconductor film, which has uniform crystal grains having grain size larger
(coarser) than crystal grains of a polycrystalline semiconductor film annealed by the P-polarized laser
beam, as shown in Fig. 5, is obtained. For this reason, it is possible to obtain an effect of reducing
20visible stripes. [0051]         If P polarization components are lesser, the effect of reducing visible
stripes is more excellent. Accordingly, the irradiation of an S-polarized laser beantthat is most
preferable,  25 the alternate irradiation of P- and S-polarized laser beams, the random polarization,
and the irradiation of a P-polarized laser beam are preferable in this order. Further, from the 



- 25 - standpoint of the influence of the polarization direction, it is preferable that a solid-state laser
apparatus for generating a linearly polarized laser beam be used as the laser source 12. Meanwhile,
as for second to fourth embodiments to be described 5below, it is also preferable that the polarization
direction of the laser beam 1 correspond. to S polarization. [0052]         As shown. in Fig. 1B, the laser
annealing apparatus 10 further includes a short-axis lens array moving apparatus 33 10that
reciprocates the short-axis lens arrays 26a and 26b in a direction corresponding to the short axial
direction of the linear beam (Y-direction in Fig. 1A) during the laser irradiation. The short-axis lens
array moving apparatus 33 is automatically controlled by a control device (not shown). 15[0053]
The incident angle and intensity of the laser beam 1 entering a large-sized lens (the projection lens 30
in this embodiment) of the short-axis condensing optical system, which is set on the rear side, are
changed for every shot while the 



20 short-axis lens arrays 26a and 26b are reciprocated in the direction corresponding to the short axial
direction of the linear beam as described above. Therefore, the uniformity of the beam in the short
axial direction on the surface to he irradiated is changed for every shot, so that it is possible  25 to
obtain an effect of dispersing horizontal stripes on the surface to be irradiated that are caused by
scattered light generated on the surface of the lens. As a result, the  - 26 - horizontal strips are visually
significantly reduced.         Meanwhile, as described above, the horizontal stripes as well as vertical
stripes are reduced by reciprocating the long-axis lens arrays 20a and 20b. Accordingly, the laser
5annealing apparatus may have strubture where the short-axis lens arrays 26a and 26b are not
reciprocated and the only long-axis lens arrays 20a and 20b are reciprocated, and may reduce both
vertical stripes and the horizontal stripes by using the structure. 10[0054]         In this embodiment,
even though the lens arrays 20a, 20b, 26a, and 26b are reciprocated, the position of the beam
radiated onto the surface to be irradiated is not changed. [0055] 15[Second Embodiment] 



Figs. 6A and 6B show the schematic structure of a laser annealing apparatus 10 according to a
second embodiment of the present invention_ As shown. in Fig. 6A, instead of the long-axis lens array
20moving apparatus 32 of the first embodiment, a laser annealing apparatus 10 according to this
embodiment includes a long-axis lens array reciprocate apparatus 34, which reciprocates long-axis
lens arrays 20a and 20b in an optical axis direction (Z-direction in Fig. 6P.,) during the laser irradiation,
as a unit 25for increasing or decreasing relative distances on an optical path between a long-axis
condensing optical system and long-axis lens arrays 20a and 20b while maintaining a distance  - 27 -
on the optical path between the long-axis condensing optical system (a long-axis condenser lens 22 in
this embodiment) and the surface of the object 3 to be irradiated constant. The long-axis lens array
reciprocate apparatus 34 is automatically 5controlled by a control device (not shown). [0056]         The
incident angle and intensity of the laser beam 1 entering a large-sized le-is (the long-axis condenser
lens 22) of the long-axis condensing optical system, which is set on the 



10 rear side, are changed for every shot while a distance on the optical path between the long-axis
condensing optical system and the surface of the object 3 to be irradiated is maintained constant and
the relative distances on the optical path between the long-axis condensing optical system and the
long-axis lens  15 arrays 20a and 20b are increased or decreased as described above. Therefore, it is
possible to obtain an effect of dispersing vertical stripes on the surface to be irradiated that are caused
by scattered light generated on the surface of the lens, so that the vertical stripes are significantly
reduced. Further, as  20 described in this embodiment, it is possible to easily increase or decrease the
relative distances on the optical path between the long-axis condensing optical system and the
long-axis lens arrays 20a and 20b by reciprocating the long-axis lens arrays 20a and 20b, which are
formed in a small size, in the optical. 25axis direction. [0057] Furthermore, as shown in Fig. 63, instead
of the  - 28 - short-axis lens array moving apparatus of the first embodiment, the laser annealing
apparatus 10 according to this embodiment includes a short-axis condenser lens moving apparatus 35
that reciprocates the short-axis lens in a direction corresponding 5to the short axial direction of the
linear beam (Y-direction in Fig. 6B) during the laser irradiation. The short-axis condenser lens moving
apparatus 35 is automatically controlled by a control device (not shown). [0058] 



10The incident angle and intensity of the laser beam 1 entering the projection lens 30, which is set on
the rear side, are changed for every shot also while the short-axis condenser lens 29, which is set at
the rear of the short-axis lens arrays 26a and 26b, is reciprocated in a direction corresponding to 15the
short axial direction of the linear beam. Therefore, it is possible to obtain an effect of dispersing
horizontal stripes on the surface to be irradiated that are caused by scattered light generated on the
surface of the lens, so that the horizontal stripes are significantly reduced. 20[0059]         Other
structure of this embodiment is the same as that of the first embodiment. [0060] [Third Embodiment]
25Figs. 7A and 76 show the schematic structure of a laser annealing apparatus 10 according to a third
embodiment of the present invention.  



- 29 -          As shown in Fig. 7A, a long-axis homogenizer 19 of a laser annealing apparatus 10
according to this embodiment is composed of a waveguide type homogenizer using a waveguide 39.
That is, the long-axis homogenizer 19 of this embodiment includes a  5 long-axis waveguide 39, a
long-axis introducing lens 38, and a long-axis optical system 23 used as a long-axis condensing
optical system, which projects the edge face of wave guide 39 to the surface of the film. The long-axis
waveguide divides a laser beam 1 into plural beams in a direction corresponding  10 to the long axial
direction of a linear beam. The long-axis focusing lens introduces the laser beam 1 into the long-axis
waveguide 39. The long-axis condensing optical system makes the laser beam 1, which is divided into
the plural beams by the long-axis waveguide 39, condense overlap each other on the  15 surface of
the object 3 to be irradiated. The long-axis optical system 23 of this embodiment is composed of two
cylindrical lenses 23a and 23b. The long-axis optical system enlarges a long-axis image formed on the
emitting surface of the long-axis waveguide 39 at a predetermined ratio, and then projects the
20image onto the surface to be irradiated_ [0061]         As shown in Fig. 7A, the laser annealing
apparatus 10 according to this embodiment includes a long-axis focusing lens moving apparatus 36,
which reciprocates the long-axis focusing  25 lens 38 in a direction corresponding to the long axial
direction of the linear beam (X-direction in Fig. 7A) during the laser irradiation. The long-axis focusing
lens moving apparatus 36  - 30 - is automatically controlled by a control device (not shown). [0062] 



The incident angle and intensity of th.e laser beam. 1 entering large-sized lenses (the cylindrical
lenses 23a and 23b 5in this embodiment) of the long-axis condensing optical system (the long-axis
optical system 23 in this embodiment), which is set on the rear side, are changed for every shot while
the long-axis focusing lens 38 is reciprocated in a direction corresponding to the long axial direction of
the linear beam 10as described above. Therefore, it is possible to obtain an effect of dispersing
vertical stripes on the surface to be irradiated that are caused by scattered light generated on the
surface of the lens, so that the vertical stripes are significantly reduced. 15[0063; As shown in Ti.73,
instead of the short -axis lens array moving apparatus 33 of the first embodiment, the laser annealing
apparatus 10 according to this embodiment includes a mirror tilting apparatus 37. The mirror tilting
apparatus 37 tilts  20 the reflecting mirror ilb during the laser irradiation so that a li.near beam is
reciprocated in the short axial. direction. The mirror tilting apparatus 37 is automatically controlled by a
control device (not shown). 



[0064] 25The incident angle and intensity of the laser beam 1 entering large-sized lenses (the
projection lens 30 and the cylindrical lenses 23a and 23b in this embodiment), which is  - 31 - set on
thb rear side, are changed for every shot by tilting the reflecting mirror lla, which is provided on the
optical path on the upstream side of the short-axis homogenizer 25 as described above. Accordingly,
the linear beam is reciprocated  5 in the short axial direction. Therefore, it is possible to obtain an
effect of dispersing horizontal stripes on the surface to be irradiated that are caused by scattered light
generated on the surface of the lens, so that the horizontal stripes are significantly reduced. In this
case, the short-axis 10homogenizer 25 may be any one of a lens array type homogenizer and a
waveguide type homogenizer. Further, as long as the reflecting mirror to be tilted is provided on the
optical path on the upstream side of the short-axis homogenizer 25, any reflecting mirror may be used.
Alternatively, the reflecting 15mirror ha maybe tilted instead of the reflectrror [0065] 



Other structure of this embodiment is the same as that of the first embodiment. [0066] 20[Fourth
Embodiment]          Figs. HA and 86 show the schematic structure of a laser annealing apparatus 10
according to a fourth embodiment of the present invention. As shown in Fig. 86, a short-axis
homogenizer 25 of a  25 laser annealing apparatus 10 according to this embodiment is composed of a
waveguide type homogenizer using a waveguide 44. That is, the short-axis homogenizer 25 of this
embodiment  - 32 - includes a short-axis waveguide 44, a short-axis focusing lens 43, and a short-axis
optical system (31a. and 31b) used as a short-axis condensing optical system. The short-axis
waveguide 44 divides a laser beam 1 into plural beams in a direction corresponding to the short axial
direction of a linear beam. The short-axis focusing lens 43 introduces the laser beam 1 into the
short-axis waveguide 44. The short-axis condensing optical system makes the laser beam 1, which is
divided into plural beams by the short-axis waveguide 44, condense each other 10on the surface of
the object 3 to be irradiated. The short-axis face optical system of this embodiment is composed of two
cylindrical lenses 31a and 31b. The short-axis face optical system decreases a short-axis image
formed on the emitting surface of the short-axis waveguide 44 at a predetermined ratio, 



15and than projects the image onto the surface to be irradiated. [0067]          Further, as shown in Fig.
8B, the laser annealing apparatus 10 according to this embodiment includes a short-axis focusing lens
moving apparatus 45 that reciprocates the 20 short-axis focusing lens 43 in a direction corresponding
to the short axial direction of the linear beam (Y-direction in Fig. 8B) during the laser irradiation. [0068]
The incident angle and intensity of the laser beam 1 25entering large-sized lenses (the cylindrical lens
31b and the long-axis condenser lens 22 in this embodiment) of the short-axis condensing optical
system, which is set on the rear  - 33 - side, are changed for every shot while the short-axis focusing
lens 43 is reciprocated in a direction corresponding to the short axial. direction of the linear beam as
described above. Accordingly, it is possible to obtain an effect of dispersing horizontal stripes on the
surface to be irradiated that are caused by scattered light generated on the surface of the lens, so that
the horizontal stripes are significantly reduced. [0069] 



Meanwhile, the combination of the structure for reducing 10the vertical stripes and the structure for
reducing the horizontal stripes is not limited to the structure described in each embodiment.The
structure for reducing the vertical stripes and the structure for reducing the horizontal stripes may be
combined while being freely interchanged between the 15embodiments. [0070]         The embodiments
of the present invention have been described above. However, the above-described embodiments are
illustrative in all aspects, and the scope of the present 20 invention is not limited to the embodiments of
the present invention. The scope of the present invention is defined by the appended claims, and all
changes and modifications that fall within meets and bounds of the claims, or equivalences of such
meets and bounds are therefore intended to be embraced by the 25claims.  - 34 - 



WHAT IS CLAIMED IS:         1. A laser annealing method that shapes a laser beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be 5
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser irradiation, the laser annealing method comprising:  10 dividing
the laser beam into plural beams in a direction corresponding to a long axial direction of the linear
beam by long-axis lens arrays; making the laser beam, which is divided by the long-axis        lens
arrays, condense each other in the long axial direction 15on the surface of the object to be irradiated,
by a long-axis condensing optical system; and         reciprocating the long-axis lens arrays in a
direction corresponding to the long axial direction of the linear beam during the laser irradiation,
20wherein a moving width S of the reciprocation of the long-axis lens arrays is one thirds or more of a
pitch P of stripes, which appear visually when laser annealing is performed without the reciprocation,
and the moving width is less than a width W of each cylindrical lens of the long-axis 



25lens arrays.  - 35 -      2. The laser annealing method according to claim 1, wherein the pitch P of
stripes is 3.0mm or more, and the moving width S of the long-axis lens arrays is 1.0mm or more.
3. A laser annealing method that shapes a laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam 10 so
that the irradiation of the laser beam overlaps each other, and anneals the surface of the object to be
irradiated by laser irradiation, the laser annealing method comprising:         dividing the laser beam into
plural beams in a direction corresponding to a long axial direction of the linear beam by 15long-axis
lens arrays;         making the laser beam, which is divided by the long-axis lens arrays, overlap each
other in the long axial direction on the surface of the object to be irradiated, by a long-axis condensing
optical system; and 20increasing or decreasing relative distances on an optical path between the
long-axis condensing optical system  



- 36 -  and the long-axis lens arrays during the laser irradiation, while a distance on an optical path
between the long-axis condensing optical system and the surface of the object to be irradiated is
maintained constant. 5          4. The laser annealing method according to claim 3,         wherein the
relative distances on the optical path between the long-axis condensing optical system and the
long-axis lens arrays are increased or decreased by 10reciprocating the long-axis lens arrays in an
optical axis direction.          5. A laser annealing method that shapes a laser beam generated by laser
oscillation in order to condense the laser 15beam into a linear beam on the surface of an object to be
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser 20irradiation, the laser annealing method comprising:
focusing the laser beam into a long-axis waveguide by a long-axis focusing lens; 



dividing the laser beam into plural beams in a direction corresponding to a long axial direction of the
linear beam by 25the long-axis waveguide;         making the laser beam, which is divided by the
long-axis waveguide, overlap each other in the long axial direction on  - 37 - the surface of the object
to be irradiated, by a long-axis condensing optical system; and            reciprocating the long-axis
focusing lens in a direction corresponding to the long axial direction of the linear beam 5during the
laser irradiation,         wherein a moving width S of the reciprocation of the long-axis focusing lens is
one thirds or more of a pitch P of stripes, which appear visually when laser annealing is performed
without the reciprocation. 10         6. A laser annealing apparatus that shapes a laser beam generated
by laser oscillation in order to condense the laserbeam into a linear beam on the surface of an object
to be irradiated, relatively scans the object to be irradiated with  15 the linear beam in a short axial
direction of the linear beam so that the irradiation of the laser beam overlaps each other, and anneals
the surface of the object to be irradiated by laser irradiation, the laser annealing apparatus comprising:
long-axis lens arrays that divide the laser beam into 



20plural beams in a direction corresponding to a long axial direction of the linear beam;         a
long-axis condensing optical system that makes the laser beam, which is divided by the long-axis lens
arrays, condense each other in the long axial direction on the surface 25of the object to be irradiated;
and         a long-axis lens array moving device that reciprocates the long-axis lens arrays in a direction
corresponding to the  - 37a - long axial direction of the linear beam during the laser irradiation,
wherein a moving width S of the reciprocation of the long-axis lens arrays is one thirds or more of a
pitch P of 5stripes, which appear visually when laser annealing is performed without the reciprocation,
and the moving width is less than a width W of each cylindrical lens of the long-axis lens arrays. 10 



- 38 - V. The laser annealing apparatus according to claim 6, wherein the pitch P of stripes is 3.0mm or
more, and the moving width S of the long-axis lens arrays is 1.0mm or more.         8. A laser annealing
apparatus that shapes a laser beam generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be irradiated, relatively scans the object to be
irradiated with the linear beam in a short axial direction of the linear beam 10 so that the irradiation of
the laser beam overlaps each other, and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing apparatus comprising:         long-axis lens arrays that divide the laser
beam into plural beams in a direction corresponding to a long axial 15direction of the linear beam;  - 39
-         a long-axis condensing optical system that makes the laser beam, which is divided by the
long-axis lens arrays, condense each other in the long axial direction on the surface of the object to be
irradiated; and 



5a long-axis lens array reciprocating apparatus that  reciprocates the long-axis lens arrays in a
direction corresponding to an optical axis direction during the laser irradiation., wherein a moving width
S of the reciprocation of the 10long-axis lens arrays is one thirds or more of a pitch P of stripes, which
appear visually when laser annealing is performed without the reciprocation. 9. A laser annealing
apparatus that shapes a laser beam 15generated by laser oscillation in order to condense the laser
beam into a linear beam on the surface of an object to be irradiated, relatively scans the object to be
irradiated with the linear beam in a short axial direction of the linear beam so that the irradiation of the
laser beam overlaPs each other, 20and anneals the surface of the object to be irradiated by laser
irradiation, the laser annealing apparatus comprising:         a. long-axis waveguide that divides the
laser beam into plural beams in a direction corresponding to a long axial direction of the linear beam;
25a long-axis focusing lens that introduces the laser beam 



into the long-axis waveguide; a long-axis condensing optical system that makes the  - 39a - laser
beam, which is divided by the long-axis wavegbide, condense each other in the long axial direction on
the surface of the object to be irradiated; and a long-axis focusing lens moving apparatus that  - 40 -
reciprocates the long-axis introducing lens in a direction corresponding to the long axial direction of the
linear beam during the laser irradiation,               wherein a moving width S of the reciprocation of the
5long-axis introducing lens is one thirds or moreof a pitch P of stripes,  which appear visually when
laser annealing is performed without the reciprocation. 



10. A laser annealing method that shapes a laser beam 10generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with the linear beam in a short axial direction of the linear beam so
that the irradiation of the laser beam overlaps each other, 15and anneals the surface of the object to
be irradiated by laser irradiation, the laser annealing method comprising:         dividing the laser beam
into plural beams in a direction corresponding to the short axial direction of the linear beam by
short-axis lens arrays; 20making the laser beam, which is divided by the short-axis lens arrays,
overlap each other in the short axial direction on the surface of the object to be irradiated, by a
short-axis condensing optical system; and            reciprocating the short-axis lens arrays in a direction
25corresponding to the short axial direction of the linear beam during the laser irradiation, wherein a
moving width S of the reciprocation of the 



- 40a - short-axis lens arrays is one thirds or more of a pitch P of stripes, which appear visually when
laser annealing is performed without the reciprocation, and the moving width is less than a width W of
each cylindrical lens of the short-axis 5lens arrays 11. A laser annealing method that shapes a laser
beam generated by laser oscillation in order to condense the laser        beam into a linear beam on the
surface of an object to be 10irradiated, relatively scans the object to be irradiated with  - 41 - the linear
beam in a short axial direction of the linear beam so that the irradiation of the laser beam overlaps
each other, and anneals the surface of the object to be irradiated by laser irradiation, the laser
annealing method comprising: 5  dividing the laser beam into plural beams in a direction
corresponding to the short axial direction of the linear beam by short-axis lens arrays; 



making the laser beam, which is divided by the short-axis lens arrays, condense each other in the
short axial direction 10on an image plane, by a short-axis condenser lens;         decreasing a
short-axis image of the image plane at a predetermined ratio and projecting the short-axis image onto
the surface of the object to be irradiated, by a projection lens; and 15reciprocating the short-axis
condenser lens in a direction corresponding to the short axial direction of the linear beam during the
laser irradiation, wherein a moving width S of the reciprocation on the         surface of the object is one
third or more of a pitch P of stripes, 20which appear visually when laser annealing is performed
without the reciprocation. 12. A laser annealing method that shapes a laser beam        generated by
laser oscillation in order to condense the laser 25beam into a linear beam on the surface of an object
to be 



irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam  - 41a - so that the irradiation of the laser beam overlaps each other, and anneals the
surface of the object to be irradiated by laser irradiation, the laser annealing method comprising:
uniformizing light intensity distribution in the short  - 42 - axial direction of the linear beam by a
short-axis homogenizer; and         tilting a reflecting mirror, which is provided on an optical path on the
upstream side of the short-axis homogenizer, 5during the laser irradiation so that the linear beam is
reciprocated in the short axial direction, 



wherein a moving width S of the reciprocation on the surface of the object is one thirds or more of a
pitch P of stripes,        which appear visually when laser annealing is performed without 10the
reciprocation.         13. A laser annealing method that shapes a lase, beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be  15
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser irradiation, the laser annealing method comprising: 20focusing
the laser beam into a short-axis waveguide by a short-axis focusing lens;         dividing the laser beam
into plural beams in a direction corresponding to the short axial direction of the linear beam by the
short-axis waveguide; 25making the laser beam, which is divided by the short-axis waveguide, overlap
each other in the short axial direction on the surface of the object to be irradiated, by a short-axis 



- 42a - condensing optical system; and         reciprocating the short-axis focusing lens in a direction
corresponding to the short axial direction of the linear beam during the laser irradiation, 5wherein a
moving width S of the reciprocation of the short-axis focusing lens is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation_  - 43 -
14. A laser annealing apparatus that shapes a laser beam generated by laser oscillation in order to
condense the laser beam into a linear beam on the surface of an object to be irradiated, relatively
scans the object to be irradiated with  5 the linear beam in a short axial direction of the linear beam so
that the irradiation of the laser beam overlaps each other, and anneals the surface of the object to be
irradiated by laser irradiation, the laser annealing apparatus comprising: short-axis lens arrays that
divide the laser beam into 



10plural beams in a direction corresponding to the short axial direction of the linear beam; a short-axis
condensing optical system that makes the laser beam, which is divided by the short-axis lens arrays,
overlap each other in the short axial direction on the surface 15of the object to be irradiated; and a
short-axis lens array moving apparatus that reciprocates the short-axis lens arrays in a direction
corresponding to the short axial direction of the linear beam during the laser irradiation, 20wherein a
moving width S of the reciprocation of the short-axis lens arrays is one thirds or more of a pitch P of
stripes, which appear visually when laser annealing is performed without the reciprocation, and the
moving width is less than a width W of each cylindrical lens of the short-axis 25lens arrays. 



15. A laser annealing apparatus that shapes a laser  - 43a - beam generated by laser oscillation in
order to condense the laser beam into a linear beam on. the surface of an object to be irradiated,
relatively scans the object to be irradiated with the linear beam in a short axial direction of the linear
beam 5so that the irradiation of the laser beam overlaps each other,  - 44 - and anneals the surface of
the object to be irradiated by laser irradiation, the laser annealing apparatus comprising:
short-axis lens arrays that divide the laser beam into plural beams in a direction corresponding to the
short axial 5direction of the linear beam;         a short-axis condenser lens that makes the laser beam,
which is divided by the short-axis lens arrays, overlap each other in the short axial direction on an
image plane; a projection lens that decreases a short-axis image of 



10the image plane at a predetermined ratio and projects the short-axis image onto the surface of the
object to be irradiated; a short-axis condenser lens moving device that        reciprocates the short-axis
condenser lens in a direction 15corresponding to the short axial direction of the linear beam during the
laser irradiation, wherein a moving width S of the reciprocation on the surface of the object is one
thirds or more of a pitch P of stripes,        which appear visually when laser annealing is performed
without 20the reciprocation.         16. A laser annealing apparatus that shapes a laser beam generated
by laser oscillation in order to condense the laser beam into a linear beam on the surface of an object
to be  25 irradiated, relatively scans the object to be irradiated with the linear beam in a short axial
direction of the linear bean so that the irradiation of the laser beam overlaps each other, 



- 44a - and anneals the surface of the object to he irradiated by laser irradiation, the laser annealing
apparatus comprising:        a short-axis homogenizer that uniformizes light intensity distribution in the
short axial direction of the  - 45 - linear beam; a reflecting mirror that is provided on an optical path on
the upstream side of the short-axis homogenizer; and               a mirror tilting device that tilts the
reflecting mirror 5so that the linear beam is reciprocated in the short axial direction, 



wherein a moving width S of the reciprocation on the surface of the object is one thirds or more of a
pitch P of stripes,        which appear visually when laser annealing is performed without 10the
reciprocation.         17. A laser annealing apparatus that shapes a laser beam generated by laser
oscillation in order to condense the laser beam into a linear beam on the surface of an object to be  15
irradiated, relatively scans the object to be irradiated with the linear beam in a short axial direction of
the linear beam so that the irradiation of the laser beam overlaps each other, and anneals the surface
of the object to be irradiated by laser _radiation, the laser annealing apparatus comprising:  20 a
short-axis waveguide that divides the laser beam into plural beams in a direction corresponding to the
short axial direction of the linear beam;         a short-axis focusing lens that introduces the laser beam
into the short-axis waveguide; 25a short-axis condensing optical system that makes the laser beam,
which is divided by the short-axis waveguide, condense each other in the short axial direction on the
surface  



- 45a - of the object to be irradiated; and         a short-axis introducing lens moving apparatus that
reciprocates the short-axis focusing lens in a direction corresponding to the short axial direction of the
linear beam  - 46 - during the laser irradiation,         wherein a moving. width S of the reciprocation of
the short-axis focusing lens is one thirds or more of a pitch. P of stripes, which appear visually when
laser annealing is performed without the reciprocation.         18. The laser annealing method according
to any one of claims 1 to 5,         wherein the polarization direction of the laser beam corresponds to S
polarization with respect to the surface of the object to be irradiated.         19. The laser annealing
method according to any one of claims 10 to 13,         wherein the polarization direction of the laser
beam corresponds to S polarization with respect to the surface of the object to be irradiated.         20.
The laser annealing apparatus according to any one of claims 6 to 9, 



wherein the polarization direction of the laser beam corresponds to S polarization with respect to the
surface of the object to be irradiated.          21. The laser annealing apparatus according to any one of
claims 14 to 17,  - 46a -         wherein the polarization direction of the laser beam corresponds to S
polarization with respect to the surface of the object to be irradiated.  - 47 - ABSTRACT OF THE
DISCLOSURE          In the case of a lens array type homogenizer optical system, the incident angle
and intensity of a laser beam 1 5entering a. Large-sized lens (long-axis condenser lens 22) of a
long-axis condensing optical system, which is provided on the rear side, are changed for every shot by
performing laser irradiation while long-axis lens arrays 20a and 20b are reciprocated in a direction
corresponding to a long axial 10direction of a linear beam (X-direction)Therefore, vertical 



stripes are significantly reduced. Further, the incident angle and intensity of a laser beam 1 entering a
large-sized lens (projection lens 30) of a short-axis condensing optical system, which is provided on
the rear side, are changed for every 15shot by performing laser irradiation while short-axis lens arrays
26a and 26b are reciprocated in a direction. corresponding to a short axial direction of a linear beam
(Y-direction). Therefore, horizontal stripes are significantly reduced. 










