
DESCRIPTION LASER ANNEALING METHOD AND APPARATUS BACKGROUND OF THE
INVENTION  Technical Field of the Invention  [0001]           The present invention relates to a laser
annealing method and apparatus for performing an annealing treatment 10on a workpiece to be
processed by irradiating the workpiece with laser light. Description of the Related Art  [0002] Hitherto,
in order to realize a high-performance 15device such as a liquid crystal display, a method of forming a
high-performance semiconductor device such as a thin film transistor on an insulating substrate such
as a glass substrate has been developed. In this semiconductor device, thin-film polycrystalline silicon
obtained by 



20crystallizing amorphous silicon by a heat treatment is generally used. [0003]           As a method of
manufacturing a polycrystalline silicon film, a method of forming an amorphous silicon film 25in
advance on a substrate and crystallizing the film by irradiation of laser light is generally used.
According to this method, since it utilizes a crystallization phenomenon  - 2 - in the process of melting
and solidification of the semiconductor thin film it is possible to obtain a high-quality polycrystalline
silicon film having a relatively large particle size. 5[0004] As the laser annealing method that is most
commonly used at present, a method that uses pulsed laser light, particularly, an excimer laser is
known. In recent years, methods that use a YAG laser or a YLF laser which is 10a solid-state laser
have been developed. The method that uses pulsed laser light involves locally melting an amorphous
silicon film and heating the melted area to a high temperature for only a very short period. For this
reason, since the high temperature is not transmitted to 



15the substrate, it is possible to use a low-cost glass substrate rather than using an expensive quartz
substrate having excellent heat resistance. Thus, such a method is most suitable for low-temperature
processes of a large-area electronic device. 20[0005]           In a general laser annealing method,
when an excimer laser is used, for example, laser light is shaped by an optical system into a linear
beam of which the long-side beam length is 465 mm and the short-side beam length  25 is 0.4 to 5
mm. In the case of a YAG laser, is possible to obtain a linear beam of which the long-side beam length
is 200 rm and the short-side beam length is 40 to 50 p.m.  - 3 - The laser light and the substrate are
moved relative to each other so that the irradiation position of the linear beam partially overlaps with
the irradiation area in the short-side direction of the beam, whereby crystallization 5 of the
semiconductor film is realized. In general, the overlap ratio is set to about 95%, and the same area is
irradiated with about 20 shots of laser beams. [0006] Figs. lA and 1B are diagrams illustrating a
10conventional laser annealing method. Fig. lA shows a state in which a substrate 30 is irradiated with
laser light 31 while moving the laser light 31 in the short-side direction of the beam relative to a
substrate 30. When the substrate 



30 of which the size is longer than the beam length is 15processed, first, a first row El is irradiated as
shown in Fig. 1A. When irradiation of the first row El is completed, the laser light 31 is relatively moved
in the long-axis direction so as to perform irradiation of second and subsequent rows. Fig. 1B shows
an example in which the 20 entire surface of the substrate is processed by irradiation of two rows. At
that time, a seam portion W of the beam is formed between adjacent rows (in Fig. 1B, the first row R1
and the second row R2). [0007] 25In general laser annealing, the edges of the linear beams of
adjacent rows are irradiated in an overlapping manner, whereby the seam portion W is formed.  - 4 --
In this seam portion W, the overlap (overlapped irradiation of beams) is excessive, and a crystallization
quality thereof is different from that of the other areas, whereby the seam portion W is visible to the
naked eye. On the 5other hand, when there is a small or no overlap of the beams of adjacent rows, the
overlap becomes insufficient at the edges of the beams. Thus, an amorphous portion remains, and as
was expected, the crystallinity thereof is different from that of the other areas. 10[0008] 



Since the beam seam portion W is an area which is irradiated with both the beams of the adjacent
rows (for example, the first row R1 and the second row R2), the crystallinity of that area is different
from that of the 15other areas. The crystallinity fluctuateseatly in the case of the excimer laser, and
although the fluctuation becomes small with a second harmonic wave of a YAG laser compared to the
excimer laser, the crystallinity fluctuates as was expected. 20[0009]           When a thin film transistor is
manufactured using an area in which the crystallinity is not uniform, it is not possible to obtain a
uniform performance of the thin film transistor. In a display apparatus such as a liquid 25crystal display
or an organic EL display, the display quality thereof is likely to depend on the uniformity of the
performance of the thin film transistor. Therefore, in  -5 order to maintain the display quality, a display
panel has to be manufactured within an area that is limited to the beam length of laser light. In the
case of a green YAG laser, since the beam length thereof is short, it is 5difficult to manufacture a
large-size display whose size exceeds 20 inches. [0010] 



Techniques for preventing the non-uniformity of the crystallinity in the beam seam portion W as
described 10above are disclosed in Patent Documents 1 and 2, for example. [0011]           The method
of Patent Document 1 is to make the crystallinities unifoiu between the overlapping portion and 15the
non-overlapping portion of the laser light by regulating the width dimension and the energy density of
laser light when the irradiation areas of laser light are made to overlap each other so as to crystallize a
large-area semiconductor thin film. 20[0012]           The method of Patent Document 2 is to make the
crystallinity uniform by setting the beam profiles in a seam portion so that the slope portions of the
beam profiles overlap each other in an area where the laser 25intensity is 20% or higher and 80% or
lower. [0013] [Patent Document 1] Japanese Unexamined Patent  



6 Application Publication No. 2000-315652 [Patent Document 21Japanese Unexamined Patent
Application Publication No. 2005-243747 [0014]           However, the method of Patent Document 1
has a problem in that it is not easy to regulate the width dimension and the energy density of the laser
light, and productivity of the device decreases.           In the method of Patent Document 2, since the
beams overlap each other under the conditions of different energy densities, it is expected that the
crystallinity becomes nonuniform in the case of the excimer laser with which the crystallinity fluctuates
particularly greatly with variations in energy. SUMMARY OF THE INVENTION [0015]
Thepresentinventionhasbeen madein consideration of the above-mentioned problems. Herein
disclosed is a laser annealing method and apparatus capable of forming a crystalline semiconductor
thin film on the entire surface of a substrate when the semiconductor thin film formed on the substrate
such as a glass is crystallized by laser irradiation, without sacrificing the uniformity of crystallinity in a
seam portion in a long-axis direction of laser light, the crystalline semiconductor thin film having  7
good properties and high uniformity to an extent that the seam portion is not visually recognizable. 



[0016]           The laser annealing method and apparatus of the present invention may employ the
following means.           In one aspect, there is provided a laser annealing method of perfo ning an
annealing treatment on a workpiece by irradiating the workpiece with a linear beam having a linear
beam spot obtained by shaping laser light into a linear shape while moving the linear beam in a
short-axis direction of the linear beam spot relative to the workpiece, characterized in that: irradiation
of the linear beam with the relative movement in the short-axis direction of the linear beam spot is
performed on two or more rows while shifting in a long-axis direction of the linear beam spot so that
beam irradiation areas of adjacent rows partially overlap each other; and controlling an overlap ratio of
adjacent two rows by shielding during the irradiation of the linear beam, portions corresponding to
edges in the long-axis direction of the linear beam spot by a mask which is disposed on an optical path
of the laser light, and the mask is operated so as to periodically increase and decrease the amount of
shielding.  7a            (1) The present invention provides,in one embodiment, a laser annealing method
of performing an annealing treatment on a workpiece to be processed by irradiating the workpiece with
a linear beam obtained by shaping laser light into a linear shape while moving the linear beam in a
short-side direction relative to the workpiece, characterized in that: irradiation of the linear beam with
the relative movement in the short-side direction is performed on two or more rows while shifting in a
long-axis direction of the beam so that beam irradiation areas of adjacent rows partially overlap each
other; and during the irradiation of the linear beam, portions corresponding to edges of the linear beam
are shielded by a mask which is disposed on an optical path of the laser light, and the mask is
operated so as to periodically increase and decrease the amount of shielding. [0017]            (2) In the
laser annealing method as set forth in (1), the amount of shielding is periodically increased and
decreased by oscillating the mask. [0018]            (3) In the laser annealing method as set forth in  8
(2), the mask is oscillated using a piezoelectric element. [0019] 



In one aspect, there is provided a laser annealing apparatus that performs an annealing treatment on
a workpiece by irradiating the workpiece with a linear beam having a linear beam spot obtained by
shaping laser light into a linear shape while moving the linear beam in a short-axis direction of the
linear beam spot relative to the workpiece, characterized in that the apparatus comprises: means for
controlling an overlap ratio of adjacent two irradiated rows by shielding during the irradiation of the
linear beam, portions corresponding to edges in the long-axis direction of the linear beam spot by a
mask that is disposed on an optical path of the laser light; wherein a mask drive unit is adapted to
operate the mask so as to periodically increase and decrease the amount of shielding by the mask.
(4) The present invention further provides, in one embodiment, a laser annealing apparatus that
performs an annealing treatment on a workpiece by irradiating the workpiece with a linear beam
obtained by shaping laser light into a linear shape while moving the linear beam in a short-side
direction relative to the workpiece, characterized in that the apparatus comprises: a mask that is
disposed on an optical path of the laser light so as to shield portions corresponding to edges of the
linear beam; and a mask drive unit that operates the mask so as to periodically increase and decrease
the amount of shielding by the mask.  8a [0020]            (5) In the laser annealing apparatus as set forth
in (4), the mask drive unit periodically increases and decreases the amount of shielding by oscillating
the mask. [0021]       (6) In the laser annealing apparatus as set forth in (5), the mask drive unit is a
piezoelectric element. [0022]           According to the method as set forth in (1) and the apparatus as
set forth in (3), since portions corresponding to the edges of the linear beam are shielded by the mask,
and the mask is operated so as to periodically increase and decrease the amount of shielding, the
overlap ratio at the shielded beam edge portion is lower than that  - 9 - at the non-shielded portion. In
this way, it is possible to suppress an excess of the overlap at the seam portion and prevent a deficit of
the overlap by irradiating the beams so as to overlap each other at adjacent rows. Therefore, it is
possible to reduce non-uniformity of the crystallinity at the seam portion and form the semiconductor
thin film having high unifonity on the entire surface of the substrate. 



[0023] 10According to the method as set forth in (2) and the apparatus as set forth in (4), it is possible
to easily control the overlap ratio by oscillating the mask.           According to the method as set forth in
(3) and the apparatus as set forth in (6), since the piezoelectric 15element is able to generate a
high-frequency oscillation by controlling an application voltage, it is possible to easily realize a fast
oscillation of the mask and easily control the overlap ratio. 20BRIEF DESCRIPTION OF THE
DRAWINGS  [0024] Fig. lA is a diagram illustrating irradiation of a firt row according to a conventional
laser annealing method. 25Fig. 1B is a diagram illustrating a state in which the entire surface of a
substrate is processed according to the conventional laser annealing method.  - 10 - 



Fig. 2 is a diagram showing an entire configuration of a laser annealing apparatus according to an
embodiment of the present invention.                 Fig. 321 is a diagram showing a mask and one
5configuration example of a mask drive unit.           Fig. 33 is a diagram showing energy distribution in
the long-axis direction of a beam edge.           Fig. 4 is a diagram showing another arrangement
example of the mask. 10Fig. 5 is a diagram showing the relationship between an oscillation frequency
of the mask and an overlap ratio of the beam edge.           Fig. 621 is a diagram illustrating irradiation
of a first row by a laser annealing apparatus of the present 15invention.           Fig. 63 is a diagram
illustrating a state in which the entire surface of a substrate is processed by the laser annealing
apparatus of the present invention. 20DESCRIPTION OF THE PREFERRED EMBODIMENT  [0025]
Preferred embodiments of the present invention will be described below in detail with reference to the
accompanying drawings. Same reference numerals are given 25to common portions in each of the
drawings to avoid 



redundant description. [0026]  Fig. 2 is a diagram showing an entire configUration of a laser annealing
apparatus 1 according to an embodiment of the present invention. The laser annealing apparatus 1
includes, as its 5basic constituent elements, a laser light source 3 that emits laser light 2, a beam
shaping optical system 4 that shapes the laser light 2 from the laser light source 3, a reflecting mirror 5
that reflects the laser light 2 towards a workpiece 7, a condensing lens 6 that condenses the laser
10light 2 from the reflecting mirror 5 onto the surface of the workpiece 7, and a movable stage 9 that
moves while carrying the workpiece 7.          As the laser light source 3, an excimer laser, a solid-state
laser, or a semiconductor laser can be used, 15for example. As examples of the solid-state laser,
YAG, YLF, YVO4, and the like can be used. The laser light 2 may be either pulse oscillated or
continuously oscillated. 



[0027J The beam shaping optical system 4 is configured to 20shape the laser light 2 so as to form a
linear beam on the surface of the workpiece 7, and can include a beam expander, a homogenizer, and
the like as its constituent elements. [0028] 25The workpiece 7 includes a substrate 7a and an
amorphous semiconductor film 7b fotmed thereon. The substrate 7a is a glass substrate or a
semiconductor  - 12 - substrate. The amorphous semiconductor film 7b is an amorphous silicon film,
for example. [0029] The movable stage 9 is configured to be movable in 5the direction indicated by
arrow A in the figure. 



Therefore, by moving the workpiece 7 in the short-side direction (A direction) of the linear beam using
the movable stage 9 while irradiating the laser light 2, it is possible to move the irradiation portion of
the laser light  10 1 in the short-side direction relative to the workpiece 7. Moreover, the movable stage
9 is configured to be movable in a direction perpendicular to the sheet plane of Fig. 2, which is the
same direction as the long-axis direction of the linear beam. [0030]           The laser annealing
apparatus 1 of the present invention further includes a mask 10 that is disposed on the optical path of
the laser light 2 so as to shield portions corresponding to the edges of the linear beam and 20a mask
drive unit 12 that operates the mask 10 so that the amount of shielding by the mask 10 is periodically
increased and decreased. [0031] Fig. 3A is a diagram showing the mask 10 and one 25configuration
example of the mask drive unit 12, and the left-right direction of the figure corresponds to the long-axis
direction of the beam of the laser light 2. In this  - 13 - example, the mask 10 is disposed at a position
right above the substrate and shields the laser light 2 at this position. Moreover, in this example, the
mask 10 is disposed at both edges in the long-axis direction of the laser light 2. Fig. 3B shows the
energy distribution in the long-axis direction of a beam edge (only the left edge in the figure). When the
light is shielded by the mask 10 in this manner, a gradient portion resulting from a diffracted light 2a is
formed at the position of the energy 



10distribution A corresponding to the beam edge.           The mask 10 can be formed by subjecting a
metal plate or a glass plate, for example, to metal plating and can be formed of mcnocrystalline silicon.
[0032] 15The mask drive unit 12 may be configured to periodically increase and decrease the amount
of shielding by oscillating the mask 10. In the configuration example of Fig. 3, the mask drive unit 12
oscillates the mask 10 in the long-axis direction of the beam. By oscillating the 20mask 10, it is
possible to easily control an overlap ratio described later. [0033]           The mask drive unit 12 that
oscillates the mask 10 can be configured by a piezoelectric element. Since the 25piezoelectric element
can generate a high-frequency oscillation through control of an application voltage, it is possible to
easily realize a fast oscillation of the  - 14 - Trask 10. Moreover, the mask drive unit 12 may be 



configured by a motor and a mechanism that converts a rotational movement of the motor into a
reciprocating movement. 5[0034]           The operation mode of the mask 10 may include a rotation as
well as an oscillation. For example, the same effects can be obtained when the mask 10 is configured
as a rotating plate with a cutout corresponding to the 10oscillation width of the mask (the rotating plate
may be made of metal or ceramics or may be a glass plate coated with a shielding film such as a
chrome film). For example, when an overlap ratio is set to 95% using a pulsed laser of which the pulse
frequency is 2 kHz (for example, a case 15where irradiation is performed at a transfer speed of 5
pm/pulse with a beam width of 100 12m: the same area is   radiated with 20 shots of laser beams), if
the rotation frequency of the rotating plate is synchronized at 2 kHz so that the laser beam passes
through the cutout, the overlap 20ratio will remain at 95%. On the other hand, when the rotation
frequency of the rotating plate is set to 1 kHz, since the laser beam is shielded once every two
rotations by the rotating plate, the beam edge is irradiated with 10 shots among the 20 shots. Thus,
since the apparent 25transfer speed per pulse is doubled, the overlap ratio is decreased to 90%.
Further, by decreasing the synchronization rotation frequency, the overlap ratio can  - 15 - 



be decreased further. The overlap ratio OR is defined by the following formula.           OR=(1-V/W)x
100 (where W is a beam width and V is a transfer speed (per pulse)) [0035]           Moreover, as
another example of the arrangement position of the mask 10, as shown in Fig. 4, a configuration in
which the edges of a temporarily formed 10image are shielded by the mask 10, and the image is
imaged on an irradiation surface by an optical system 14 may be possible. In this case, the mask 10
may be disposed at both edges in the long-axis direction of the laser light 2 similarly to Fig. 3. 15[0036]
Fig. 5 shows changes in the overlap ratio of a laser beam irradiated to a beam edge by the oscillation
frequency of the mask 10 when the overlap ratio is set to 95% using a pulse laser of which the pulse
frequency is 2 20 kHz (for example, a case where irradiation is performed at a transfer speed of 5
gm/pulse with a beam width of 100 mm: the same area is irradiated with 20 shots of laser beams).
When the oscillation frequency is set to 1 kHz, since the beam edge is irradiated with only 10 shots of
25laser beams, the apparent transfer speed per pulse is doubled, and the overlap ratio is changed
from 95% to 90%. When the oscillation frequency is changed to 500 Hz, since 



- 16 - as is clear from Fig. 5, the beam edge will be irradiated with only 5 shots of laser beams, the
overlap ratio can be reduced to 80%.           Given the above, by controlling the oscillation frequency
so as to be lower, it is possible to decrease the overlap ratio at the beam edge. The overlap ratio OR is
defined by the following formula.                 OR-(1-V/W)x 100 (where W is a beam width and V is 10a
transfer speed (per pulse)) [0037]           Next, a description of the operation of the laser annealing
apparatus 1 configured as above will be provided. In Fig. 2, the laser light 2 is emitted from the 15laser
light source 3, and the laser light 2 is condensed into a linear beam by the beam shaping by the beam
shaping optical system 4 and the condensing by the condensing lens 6 and irradiated onto the
workpiece 7. [0038] 20In this state, as shown in Fig. 6A, the linear 



beam (an irradiation portion B thereof) is moved in the short-side direction relative to the workpiece 7
by the movement of the movable stage 9, whereby an amorphous semiconductor film is crystallized at
the laser irradiation 25portion B. For example, the amorphous silicon film is changed to a polysilicon
film. [0039]  - 17 -           When a substrate of which the size is longer than the length in the long-axis
direction of the linear beam is processed, after irradiation of the first row is completed, the laser light 2
is moved relatively in the long-axis 5direction by the movement of the movable stage so as to perform
irradiation of the second and subsequent rows. At that time, the irradiation is performed so that the
beam irradiation areas of the adjacent rows overlap each other. In this way, the entire surface of the
substrate is 10irradiated. Fig. 6B shows an example in which the workpiece 7 is processed by
irradiation of two rows, and R1 is the first row and R2 is the second row. Moreover, W is an overlap
portion (seam portion) of the first and second TOWS. 



15[0040)           In the present invention, during the irradiation of the linear beam, portions
corresponding to the edges of the linear beam are shielded by the mask 10 which is disposed on the
optical path of the laser light 2, and the 20mask 10 is operated so as to periodically increase and
decrease the amount of shielding, thus decreasing the overlap ratio. In the case where the overlap
ratio is not controlled as in the conventional technique, the seam portion W is irradiated with shots of
laser beams 25corresponding to two rows. However, by decreasing the overlap ratio at the beam
edges as in the present invention, it is possible to decrease the amount of  - 18 - irradiation at the
seam portion W, and accordingly, to prevent an excess of the overlap ratio. Moreover, by irradiating
the adjacent rows with      overlapping laser beams, it is possible to prevent a 5deficit of the overlap. 



[0041]           Here, the control of the overlap ratio at the beam edges by the mask 10 may be
performed on a beam edge at the side corresponding to the sear, portion W when at least one 10of the
adjacent two rows is irradiated. For example, the first row may be irradiated without being shielded by
the mask 10, and the overlap ratio at the beam edge may be controlled during the irradiation of the
second row. Conversely, the overlap ratio at the beam edge may be 15controlled during the irradiation
of the first row R1, and the second row may be irradiated without being shielded by the mask 10. In
this case, since the control of the overlap ratio at the beam edge can be performed on only one edge,
it is only necessary to dispose the mask 10 at only 20one side of the laser light 2. [0042] Alternatively,
the control of the overlap ratio at the beam edges on the side corresponding to the seam portion W
may be performed when both of the adjacent two 25rows are irradiated. 



In this case, since the control of the overlap ratio at the beam edges needs to be performed on both  -
19 - edges, it is necessary to dispose the mask 10 on both sides in the long-axis direction of the laser
light 2 similarly to the configuration example of Fig. 3. [0043] 5The oscillation width of the mask 10
may be set in accordance with the overlap width of the seam portion W. For example, when a
piezoelectric element is used as the mask drive unit 12, since the oscillation width of the piezoelectric
element is generally 100 pm or smaller, it is 10preferable to set the oscillation width to be within this
range. [0044]           Even when the workpiece 7 is irradiated with a laser beam in a positional
relationship such that the seam 15portions of the adjacent rows do not overlap each other 



when irradiation is performed in a state of not being shielded by the mask 10, if the seam portions W
overlap each other due to the diffracted light 2a caused by the mask 10 in the state of being shielded
by the mask 10, such 20an irradiation mode is also possible. [0045] The oscillation frequency of the
mask 10 is determined by the pulse frequency of the pulsed laser and a necessary overlap ratio. The
relationship between the 25oscillation frequency of the mask 10 and the overlap ratio at the beam
edges are as described above (see Fig. 5). [0046]  - 20 - It is preferable to form the mask 10 using
monocrystalline silicon or the like so that the energy intensity at the beam edges does not increase
due to the diffracted light 2a at the mask 10 and to regulate the 



5energy intensity while monitoring the energy distribution in the long-axis direction of the beam using a
profile monitor. [0047]           While preferred embodiments of the present invention have been
described and shown above, the disclosed embodiments have been provided for the purpose of
illustration but the present invention is not limited to the disclosed embodiments. The scope of the
invention is defined as set forth in the appended claims and is intended 15to encompass all
modifications, changes and alterations which fall within the appended claims or the equivalents
thereof.  -21- CLAIMS         1. A laser annealing method of performing an annealing treatment on a
workpiece by irradiating the workpiece with a linear beam having a linear beam spot obtained by
shaping laser light into a linear shape while moving the linear beam in a short-axis direction of the
linear beam spot relative to the workpiece, characterized in that:       irradiation of the linear beam with
the relative movement in the short-axis direction of the linear beam spot is performed on two or more
rows while shifting in a long-axis direction of the linear beam spot so that beam irradiation areas of
adjacent rows partially overlap each other; and       controlling an overlap ratio of adjacent two rows by
shielding during the irradiation of the linear beam, portions corresponding edges in the long-axis
direction of the linear beam spot by a mask which is disposed on an optical path of the laser light, and
the mask is operated so as to periodically increase and decrease the amount of shielding.        2. The
laser annealing method according to claim 1, wherein the amount of shielding is periodically increased
and decreased by oscillating the mask. 



-21a-       3. The laser annealing method according to claim 2, wherein the mask is oscillated using a
piezoelectric element.  -22-        4. The laser annealing method according to claim 1, wherein the
control of the overlap ratio at the beam edges by the mask is performed on a beam edge at the side
corresponding to a seam portion when at least one of the adjacent two rows is irradiated.        5. The
laser annealing method according to claim 1, wherein the control of the overlap ratio at the beam
edges on the side corresponding to a seam portion may be performed when both of the adjacent two
rows are irradiated.        6. A laser annealing apparatus that performs an annealing treatment on a
workpiece by irradiating the workpiece with a linear beam having a linear beam spot obtained by
shaping laser light into a linear shape while moving the linear beam in a short-axis direction of the
linear beam spot relative to the workpiece, characterized in that the apparatus comprises:       means
for controlling an overlap ratio of adjacent two irradiated rows by shielding during the irradiation of the
linear beam,po t ons corresponding to edges in the long-axis direction of the linear beam spot by a
mask that is disposed on an optical  -22a- path of the laser light;       wherein a mask drive unit is
adapted to operate the mask so as to periodically increase and decrease the amount of shielding by
the mask. 7. The laser annealing apparatus according to claim 



6, wherein the mask drive unit periodically increases and decreases the amount of shielding by
oscillating the mask. 8. The laser annealing apparatus according to claim 7, wherein the mask drive
unit is a piezoelectric element.             The laser annealing apparatus according to claim 6, wherein the
mask is disposed at only one edge in the long axis direction of the linear beam spot so that the control
of the overlap ratio is performed on a beam edge at the side corresponding to a seam portion when at
least one of the adjacent two rows is irradiated.       10. The laser annealing method according to claim
6, wherein the mask is disposed on both sides in the long-axis direction of the linear beam spot so that
the control of the overlap ratio at the beam edges on the  -22b- side corresponding to the seam portion
is performed when both of the adjacent two rows are irradiated. 




