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(57) ABSTRACT 

There is provided an improvement on homogeneity of 
annealing performed utilizing radiation of a laser beam on a 
silicon ?lm having a large area. In a con?guration Wherein 
a linear laser beam is applied to a surface to be irradiated, 
optimization is carried out on the Width and number of 
cylindrical lenses forming homogeniZers 103 and 104 for 
controlling the distribution of radiation energy density in the 
longitudinal direction of the linear beam. For example, the 
Width of the cylindrical lenses forming the homogeniZers 
103 and 104 is set in the range from 0.1 mm to 5 mm, and 
the number of the lenses is chosen such that one lens is 
provided for every 5 mm-15 mm along the length of the 
linear laser beam in the longitudinal direction thereof. This 
makes it possible to improve homogeneity of the radiation 
energy density of the linear laser in the longitudinal direction 
thereof. 
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APPARATUS AND METHOD FOR LASER 
RADIATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an apparatus for 
annealing a semiconductor material by means of irradiation 
With a laser beam. 

[0003] 2. Description of Related Art 

[0004] Techniques for crystalliZing amorphous silicon 
?lms by irradiating them With a laser beam have been 
knoWn. Other techniques have been knoWn Wherein irradia 
tion With a laser beam is performed to recover crystallinity 
of a silicon ?lm Which has been damaged as a result of 
implantation of impurity ions and to activate implanted 
impurity ions. 

[0005] As a typical eXample of the latter kind of tech 
niques, a technique has been knoWn Wherein regions Which 
are to become a source and a drain of a thin ?lm transistor 

are annealed by irradiating them With a laser beam after 
implanting impurity ions Which are typically phosphorus or 
boron. 

[0006] Such a process utiliZing irradiation With a laser 
beam (generally referred to as “laser process”) is character 
iZed in that it causes substantially no thermal damage to a 
substrate. This is because a method utiliZing irradiation With 
a laser beam only instantaneously heat the irradiated surface 
and the effect of the heating is not eXtended to the substrate. 

[0007] This feature of causing no thermal damage to a 
substrate is important in fabricating active matrix type liquid 
crystal displays Which recently have an expanding range of 
application. 

[0008] There are demands for use of glass substrates as 
substrates of active matriX type liquid crystal displays from 
the vieWpoint of cost and needs for such displays With a 
larger surface area. 

[0009] HoWever, a glass substrate can not Withstand a 
heating process at temperatures as high as 600° C. or more 
or 700° C. or more. One effective technique for avoiding this 
problem is to perform the crystalliZation of a silicon ?lm and 
the annealing after implantation of impurity ions as 
described above utiliZing irradiation With a laser beam. 

[0010] According to a method utiliZing irradiation With 
laser beams, even if a glass substrate is used, there is 
substantially no thermal damage to the glass substrate. It is 
therefore possible to fabricate a thin ?lm transistor having a 
crystalline silicon ?lm even With a glass substrate. 

[0011] HoWever, since the area of a laser beam is small, a 
laser process has problems including loW ef?ciency in 
processing a large area and loW homogeneity in processing 
a large area. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
technique for a laser process used in fabrication of semi 
conductor devices Wherein homogeneous annealing can be 
performed on a large area. 
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[0013] FIGS. 1(A) and 1(B) shoW an eXample of a laser 
radiation apparatus that employs the present invention. In 
FIGS. 1(A) and 1(B), 101 designates a laser oscillator Which 
oscillates a laser beam by decomposing a predetermined gas 
using high frequency discharge to realiZe a state referred to 
as “eXcimer state”. 

[0014] For eXample, a KrF eXcimer laser oscillates a laser 
beam by means of high frequency discharge using Kr and F 
as material gases. 

[0015] 102 through 105 designate homogeniZers. A 
homogeniZer is constituted by a set of cylindrical lenses. The 
homogeniZers 102 and 105 have a function of splitting a 
laser beam oscillated by the laser oscillator into parallel 
beams in a vertical direction to perform optical correction in 
the vertical direction. 

[0016] The optical correction in the vertical direction 
contributes to homogeniZation of the energy density of a 
laser beam in the direction of the Width of a line into Which 
the laser beam is ultimately shaped. 

[0017] Further, the homogeniZers 103 and 104 have a 
function of splitting a beam in a horiZontal direction to 
perform optical correction in the horiZontal direction. 

[0018] The optical correction in the horiZontal direction 
contributes to homogeniZation of the energy density of a 
laser beam in the longitudinal direction of a line into Which 
the laser beam is ultimately shaped. 

[0019] 106 designates a lens for controlling focusing of a 
laser beam in the horiZontal direction. The lens 106 con 
tributes to focusing of a linear laser beam in the longitudinal 
direction thereof. 

[0020] 107, 108 and 110 designate a lens system for 
controlling focusing of a linear laser beam in the direction of 
the Width thereof. The primary function of this lens system 
is to shape the ultimately radiated laser beam into a linear 
con?guration. 109 designates a mirror. A laser beam 
re?ected by the mirror 109 is ultimately directed to a surface 
to be irradiated 111 through the lens 110. 

[0021] For eXample, the surface to be irradiated 111 is a 
surface of an amorphous silicon ?lm or a surface of a 
crystalline silicon ?lm on Which crystallinity is to be 
enhanced. 

[0022] What is important is the setting of optical param 
eters of the homogeniZers 103 and 104 for controlling the 
distribution of the radiation energy density of a laser beam 
in the horiZontal direction (Which corresponds to the longi 
tudinal direction of the linear laser beam). 

[0023] In general, variation occurs in the radiation energy 
density in the longitudinal direction of a linear laser beam 
unless the optical parameters of the homogeniZers 103 and 
104 are properly set. 

[0024] The present invention is characteriZed in that varia 
tion in the radiation energy density in the longitudinal 
direction of a linear laser beam is corrected by optimiZing 
the optical parameters of the homogeniZers 103 and 104. 

[0025] Aset of the homogeniZers 102 and 105 is provided 
in a different direction than another set of the homogeniZers 
103 and 104. 



US 2001/0015854 A1 

[0026] FIGS. 3(A) and 3(B) show photographs of a sur 
face of a crystalline silicon ?lm obtained by irradiating an 
amorphous silicon ?lm With a laser beam. 

[0027] FIG. 3(A) shoWs the result of annealing performed 
by forming the homogeniZer 104 in FIGS. 1(A) and 1(B) 
using tWelve cylindrical lenses having a Width of 5 mm. 

[0028] FIG. 3(B) shoWs the result of annealing performed 
by forming the homogeniZer 104 in FIGS. 1(A) and 1(B) 
using ?ve cylindrical lenses having a Width of 6.5 mm. 

[0029] FIG. 2 is an enlarged vieW of the homogeniZer 
indicated by 104 in FIGS. 1(A) and 1(B). The homogeniZer 
201 is constituted by a plurality of cylindrical lenses 202. 

[0030] Importantly, the number of the cylindrical lenses in 
the direction of the Width of a laser beam incident upon the 
homogeniZer is 7 or more, preferably 10 or more. The 
direction of the Width of the laser beam must coincide or 
substantially coincide With the longitudinal direction of the 
line into Which the laser beam is ultimately shaped. 

[0031] Further, the Width “a” of the cylindrical lenses 202 
in FIG. 2 must be 5 mm or less. Again, the direction of this 
Width must coincide or substantially coincide With the 
longitudinal direction of the line into Which the laser beam 
is ultimately shaped. 

[0032] The length of the linear laser beam used for the 
annealing that provided the result as shoWn in FIG. 3(A) 
Was 12 cm in its longitudinal direction. Any change in the 
length of the laser beam in the longitudinal direction still 
results in a difference in the effect of annealing as shoWn in 
FIGS. 3(A) and 3(B). 

[0033] Homogeneous annealing as shoWn in FIG. 3(A) 
can be achieved When the above-described conditions are 
satis?ed. 

[0034] If there is any deviation from the above-described 
conditions, a vertically extending stripe pattern Will be 
observed as shoWn in FIG. 3(B). This stripe pattern origi 
nates from variation in the radiation energy density of the 
linear laser beam in the longitudinal direction thereof. 

[0035] The horiZontally extending stripe pattern in the 
photograph (horiZontal stripes) is variation caused during 
irradiation With a linear laser beam Which is being scanned 
and is simply attributable to insufficient compliance to the 
conditions for radiation. 

[0036] The difference in the effect of annealing as indi 
cated by FIGS. 3(A) and 3(B) is attributable to improper 
setting of the optical parameters of the homogeniZer 104. 

[0037] According to one aspect of the present invention, 
there is provided an apparatus for radiating a linear laser 
beam characteriZed in that the Width of cylindrical lenses 
forming a homogeniZer for controlling the distribution of 
energy density of the linear laser beam in the longitudinal 
direction thereof is in the range from 0.1 mm to 5 mm. 

[0038] According to another aspect of the invention, there 
is provided an apparatus for radiating a linear laser beam 
characteriZed in that the length of the linear laser beam 
in the longitudinal direction thereof and the number of 
cylindrical lenses forming a homogeniZer for controlling the 
distribution of energy density of the linear laser beam in the 
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longitudinal direction thereof are in the range de?ned by 
coordinates represented by (100, 7), (700, 50), (700, 140), 
and (100, 20). 

[0039] The above-described coordinates are shoWn in 
FIG. 7. The relationship shoWn in FIG. 7 indicates that high 
homogeneity is achieved When the length of the linear laser 
ultimately radiated in the longitudinal direction thereof that 
corresponds to one cylindrical lens is generally in the range 
from 5 mm to 15 mm. 

[0040] According to another aspect of the present inven 
tion, there is provided an apparatus for radiating a linear 
laser beam characteriZed in that it comprises a homogeniZer 
for controlling the distribution of energy density of the linear 
laser beam in the longitudinal direction thereof and in that 
the Width of the laser beam incident upon the homog 
eniZer corresponding to the longitudinal direction and the 
Width of cylindrical lenses forming the homogeniZer 
are in the range de?ned by coordinates represented by (30, 
0.1), (80, 0.1), (80, 5), (50, 5) and (30, 3). 
[0041] The above-described coordinates are shoWn in 
FIG. 8. The relationship shoWn in FIG. 8 satis?es a con 
dition that the Width of the laser beam incident upon the 
homogeniZer is in the range from 30 mm to 80 mm; the laser 
beam is divided by the homogeniZer into 10 or more beams; 
and the Width of the cylindrical lenses is in the range from 
0.1 mm to 5 mm. 

[0042] The homogeniZer has a con?guration as indicated 
by 201 in FIG. 2 and is constituted by a multiplicity of 
cylindrical lenses indicated by 202. 

[0043] For eXample, the homogeniZer for controlling the 
distribution of the energy density of a linear laser beam in 
the longitudinal direction thereof is indicated by 103 and 
104 in FIGS. 1(A) and 1(B). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIGS. 1(A) and 1(B) schematically shoW an optical 
system of a laser radiation apparatus. 

[0045] FIG. 2 is a schematic vieW shoWing a con?gura 
tion of a homogeniZer. 

[0046] FIGS. 3(A) and 3(B) are photographs shoWing a 
thin ?lm. 

[0047] FIGS. 4(A) through 4(F) illustrate steps of fabri 
cating a thin ?lm transistor. 

[0048] 
[0049] FIGS. 6(A) and 6(B) schematically shoW an optical 
system of a laser radiation apparatus. 

[0050] FIG. 7 illustrates the relationship betWeen the 
number of cylindrical lenses and the length of a linear laser 
beam in the longitudinal direction thereof. 

[0051] FIG. 8 illustrates the relationship betWeen the 
Width of cylindrical lenses and the Width of a laser beam 
incident upon a homogeniZer. 

FIG. 5 illustrates radiation of a linear laser beam. 

[0052] FIG. 9 shoWs a beam pro?le of a rectangular laser 
Wave Which has been passed through a homogeniZer split 
into nine parts. 
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[0053] FIG. 10 shows a beam pro?le of a rectangular laser 
Wave Which has been passed through a homogeniZer split 
into eighteen parts. 

[0054] FIG. 11 illustrates the relationship betWeen the 
number of cylindrical lenses and the length of a linear laser 
beam in the longitudinal direction thereof. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0055] A ?rst embodiment of the present invention Will 
noW be described. 

[0056] The present embodiment relates to an optical sys 
tem in Which the number of homogeniZers can be one half 
of that in the optical system shoWn in FIGS. 1(A) and 1(B). 

[0057] FIGS. 6(A) and 6(B) shoW the optical system of the 
present embodiment. In the optical system shoWn in FIGS. 
6(A) and 6(B), a laser beam oscillated by an oscillator 601 
is shaped by an optical system constituted by lenses 602 and 
603 into a laser beam having a predetermined beam shape 
and predetermined distribution of energy density. 

[0058] The distribution of the energy density in this laser 
beam is corrected by tWo homogeniZers 604 and 605. 

[0059] The homogeniZer 604 has a function of correcting 
the energy density of the laser beam Which is ultimately 
shaped into a linear con?guration in the direction of the 
Width of the same. HoWever, since the dimension of the 
linear laser beam in the direction of its Width is on the order 
of a feW millimeters, the effect of the homogeniZer 604 is not 
so signi?cant. 

[0060] The homogeniZer 605 has a function of correcting 
the energy density of the laser beam Which is ultimately 
shaped into a linear con?guration in the longitudinal direc 
tion of the same. Since the laser beam eXtends 10 cm or 
more, the optical parameters of this homogeniZer 605 must 
be carefully set. 

[0061] Lenses 606, 607 and 609 have a function of shap 
ing a laser beam into a linear con?guration. 608 designates 
a mirror. 

[0062] The con?guration shoWn in FIGS. 6(A) and 6(B) is 
characteriZed in that only the homogeniZer 605 has major 
parameters that decide Whether or not variation occurs in the 
radiation energy density of a linearly shaped laser beam in 
the longitudinal direction thereof. Therefore, the con?gura 
tion is characteriZed in that it is easy to set optical param 
eters for preventing the occurrence of variation in annealing 
in the longitudinal direction of a linear laser. 

[0063] In the con?guration shoWn in this embodiment, the 
homogeniZer 605 is formed by tWelve cylindrical lenses 
(having a Width of 5 mm) and a laser beam incident 
thereupon is split into ten beams. 

[0064] Speci?cally, the homogeniZer is provided With 
some redundancy relative to a laser beam such that the ten 
inner cylindrical lenses are mainly used. The Width of the 
homogeniZer is larger than the Width of the laser beam 
incident upon the homogeniZer. 

[0065] In the present embodiment, the length of the ulti 
mately radiated linear laser beam is 12 cm in its longitudinal 
direction. 
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[0066] The use of the con?guration shoWn in this embodi 
ment makes it possible to correct variation in the energy 
density of a linear laser beam in the longitudinal direction 
thereof and to perform homogeneous annealing on a semi 
conductor material. 

[0067] A second embodiment of the present invention Will 
noW be described. 

[0068] The present embodiment shoWs an eXample of 
fabrication of a thin ?lm transistor utiliZing the present 
invention. FIGS. 4(A) though 4(F) illustrate steps of fabri 
cating a thin ?lm transistor. 

[0069] First, a silicon oXide ?lm or silicon nitride ?lm 402 
as a backing layer is formed to a thickness of 3000 A on a 
glass substrate indicated by 401 using a sputtering process or 
plasma CVD process. 

[0070] Next, an amorphous silicon ?lm 403 is formed to 
a thickness of 500 A using a plasma CVD process or loW 
pressure thermal CVD process. The use of a loW pressure 
thermal CVD process is preferred as a means for forming the 
amorphous ?lm 403 from the vieWpoint of ?neness of the 
?lm and crystallinity of a crystalline silicon ?lm produced 
later therefrom. 

[0071] In order to improve the effect of annealing using 
irradiation With a laser beam, it is important that the thick 
ness of the amo hous ?lm 403 is 1000 A or less and more 
preferably 500 A or less. The loWer limit for the thickness 
of the amorphous ?lm 403 is about 200 

[0072] Next, a metal element for promoting crystallization 
of silicon is introduced. Ni is used here as the metal element 
for promoting crystalliZation of silicon. Instead of Ni, it is 
possible to use Fe, Co, Cu, Pd, Pt, Au, etc. 

[0073] Here, Ni is introduced using a nickel acetate solu 
tion. Speci?cally, a nickel acetate solution prepared to have 
a predetermined concentration of Ni (10 ppm by Weight 
here) is ?rst dropped on the surface of the amorphous silicon 
?lm 403. Thus, an aqueous ?lm 404 made of the nickel 
acetate solution is formed (FIG. 4(A)). 

[0074] NeXt, spin drying is performed using a spin coater 
(not shoWn) to bloW out any eXcess solution. Further, a 
heating process is performed for four hours at 550° C. to 
obtain a crystalline silicon ?lm 405 (FIG. 4(B)). 

[0075] When the crystalline silicon ?lm 405 is obtained, it 
is irradiated With a laser beam. The irradiation With a laser 
beam improves the crystallinity. Here, laser annealing is 
carried out by irradiating With a KrF eXcimer laser Whose 
beam is processed into a linear shape While scanning the 
laser. 

[0076] FIG. 5 shoWs this laser annealing process. The 
laser beam is shaped into a linear con?guration as indicated 
by 502 using the optical system as shoWn in FIGS. 1(A) and 
1(B). 
[0077] By moving the substrate in the direction of the 
arroW in FIG. 5 during irradiation, the linear laser beam is 
radiated such that it is scanned in the direction perpendicular 
to the longitudinal direction of the linear con?guration. 

[0078] In FIG. 5, 501 designates a region Which has not 
been irradiated With the laser beam yet While 503 designates 
a region Which has already been irradiated With the laser 
beam. 
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[0079] Here, the optical parameters of a homogeniZer as 
shown in FIG. 2 are set such that the Width thereof indicated 
by “a” becomes 5 mm or less (the loWer limit is preferably 
about 0.1 mm) and such that it splits a laser beam incident 
thereupon into ten or more beams. 

[0080] This makes it possible to correct variation in the 
radiation energy density of the linear laser beam 502 in the 
longitudinal direction thereof and to homogeniZe the effect 
of annealing in the same direction. 

[0081] FIG. 9 shoWs an eXample of a pro?le of a rectan 
gular Wave laser beam Which is split by the homogeniZer 
into nine beams. The pro?le of the rectangular Wave laser 
beam corresponds to a beam pro?le of a linear laser in the 
direction of the Width thereof. 

[0082] FIG. 10 shoWs an eXample of a pro?le of a 
rectangular Wave laser beam Which is split by the homog 
eniZer into eighteen beams. As apparent from comparison 
betWeen FIGS. 9 and 10, the homogeneity of a laser beam 
can be improved by splitting it into an increased number of 
beams. 

[0083] The higher energy density in FIG. 10 is regarded 
attributable to a difference in loss betWeen the different 
optical systems. 

[0084] Laser annealing as shoWn in FIG. 4(C) is per 
formed to obtain a crystalline silicon ?lm 406 having higher 
crystallinity. 

[0085] Patterning is then performed to form a region 406 
Which is to serve as an active layer of a thin ?lm transistor 

(FIG. 4(D)). 
[0086] Further, a silicon oXide ?lm 407 is formed Which 
covers the active layer 406 to serve as a gate insulation ?lm. 
Here, a silicon oXide ?lm having a thickness of 1000 A is 
formed using a plasma CVD process as the gate insulation 
?lm 407. 

[0087] Next, an aluminum ?lm (not shoWn) having a 
thickness of 5000 A is formed Which is to serve as a gate 
electrode. The aluminum ?lm includes 0.1% scandium by 
Weight for preventing the occurrence of hillocks and Whis 
kers during subsequent steps. 

[0088] Hillocks and Whiskers are protrusions in the form 
of needles or thorns formed as a result of abnormal groWth 
of aluminum. 

[0089] A resist mask (not shoWn) is then provided to 
pattern an aluminum ?lm (not shoWn). Thus, a pattern is 
formed Which is to constitute a gate electrode 408. When the 
pattern to constitute the gate electrode 408 is formed, an 
anodic oXide ?lm is formed With the above-described resist 
mask left in place. 

[0090] Here, an aqueous solution including 3% nitric acid 
is used as the electrolyte. Speci?cally, a current is applied 
betWeen the aluminum ?lm pattern (not shoWn) serving as 
an anode and platinum serving as a cathode in this aqueous 
solution to form an anodic oXide ?lm on an eXposed surface 
of the aluminum ?lm pattern. 

[0091] The anodic oXide ?lm 409 formed in this step is 
porous. Further, the porous anodic oXide ?lm is formed on 
lateral sides of the pattern as indicated by 409 because of the 
presence of the resist mask (not shoWn). 
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[0092] oThe thickness of the porous anodic oXide ?lm 409 
is 3000 A. An offset gate region can be formed With the same 
thickness as this porous anodic oXide ?lm 409. 

[0093] Next, the resist mask (not shoWn) is removed, and 
anodiZation is performed again. The electrolyte used in this 
step is an ethylene glycol solution including 3% tartaric acid 
neutraliZed by ammonia. 

[0094] An anodic oXide ?lm 410 formed in this step has 
?ne ?lm quality. In this step, the ?ne anodic oXide ?lm 410 
having a thickness of 500 A is formed through adjustment of 
the applied voltage. 

[0095] Since the electrolyte enters the porous anodic oXide 
?lm 409, the anodic oXide ?lm having ?ne ?lm quality is 
formed in contact With the gate electrode 408 as indicated by 
410. 

[0096] If this anodic oXide ?lm having ?ne ?lm quality is 
made thick, an offset gate region having the same thickness 
can be formed later. In this case, hoWever, such a contribu 
tion to the formation of an offset gate region is ignored 
because the thickness is small. 

[0097] Thus, the state as shoWn in FIG. 4(D) is achieved. 
When the state as shoWn in FIG. 4(D) is achieved, ion 
implantation is carried out to form source and drain regions. 
P (phosphorus) ions are implanted here to fabricate an 
N-channel type thin ?lm transistor. 

[0098] When the implantation of impurity ions is per 
formed in the state as shown in FIG. 4(D), the impurity ions 
are implanted in regions indicated by 411 and 415. Regions 
412 and 414 are regions in Which no impurity ion is 
implanted and Which are not subjected to a ?eld effect of the 
gate electrode 408. The regions 412 and 414 serve as offset 
gate regions. 

[0099] The region indicated by 413 serves as a channel 
formation region. Thus, the state as shoWn in FIG. 4(E) is 
achieved. 

[0100] When the above-described implantation of impu 
rity ions is ?nished, a laser beam is radiated to activate the 
regions in Which the impurity ions have been implanted. The 
radiation of a laser beam is also performed using a laser 
radiation apparatus having the optical system as shoWn in 
FIGS. 1(A) and 1(B) and an irradiation method as shoWn in 
FIG. 5. 

[0101] When the state as shoWn in FIG. 4(E) is achieved, 
a layer insulation ?lm 416 is formed of a silicon oXide ?lm, 
silicon nitride ?lm, silicon oXynitride ?lm, or a laminated 
?lm consisting of them. 

[0102] Contact holes are then formed to form a source 
electrode 417 and a drain electrode 418. Thus, a thin ?lm 
transistor as shoWn in FIG. 4(F) is completed. 

[0103] A third embodiment of the present invention Will 
noW be described. 

[0104] The present embodiment is an eXample Wherein an 
XeCl laser (having a Wavelength of 308 nm) is used in the 
con?guration as described in the second embodiment. 

[0105] The use of a KrF eXcimer laser having a short 
Wavelength (248 nm) is preferred from the vieWpoint of the 
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annealing effect on the silicon ?lm. This is because a laser 
beam having a shorter Wavelength is more easily absorbed 
by the silicon ?lm. 

[0106] However, When the maintenance of the apparatus 
and the stability of the oscillator is taken into consideration, 
it is preferable to use an XeCl eXcimer laser having a 
Wavelength longer than that of a KrF eXcimer laser. 

[0107] The reason is that a longer Wavelength means 
loWer photon energy (hv) and a lighter load to the optical 
system and oscillator. 

[0108] A fourth embodiment of the present invention Will 
noW be described. 

[0109] What is implied by FIG. 7 is that it is preferable in 
vieW of the homogeneity of irradiation density that the 
length of a laser beam on the ?nal irradiation plane, as 
corresponding to one of cylindrical lenses constructing a 
homogeniZer, is set to about 5 mm to 15 mm. 

[0110] In other Words, it is preferable that the quotient, as 
calculated by dividing the longitudinal length of the linear 
laser beam on the irradiation plane by the number of 
cylindrical lenses, be about 5 mm to 15 mm. 

[0111] If the aforementioned condition is satis?ed, the 
length of the linear laser beam on the irradiation plane may 
be 700 mm or more. 

[0112] The present embodiment should not be limited to 
the condition, as speci?ed in FIG. 7, but relates to an 
example, in Which the upper limit of the longitudinal length 
of the linear laser beam on the irradiation plane is not 
restricted, as shoWn in FIG. 11. 

[0113] In this eXample, the combination of the length X of 
the linear laser beam on the irradiation plane and the number 
y of the cylindrical lenses can be selected to satisfy the 
formula: 

[0114] Here, the length X is preferably selected from the 
range of X27, more preferably X210. 

[0115] If the length of the linear laser beam on the irra 
diation plane is 1000 mm, for eXample, the number of 
cylindrical lenses may be selected from the range of 72 to 
200. 

[0116] If there is utiliZed a homogeniZer having one hun 
dred cylindrical lenses, on the contrary, the length of the 
linear laser beam on the irradiation plane may be selected 
from the range of 500 to 1,398 mm. In other Words, the 
optical system may be so designed that the length of the 
linear laser beam on the irradiation plane be con?ned Within 
the range of 500 mm to 1,398 mm. 

[0117] Incidentally, it is important that the Width of the 
cylindrical lens be selected from the range of 0.1 mm to 5 
mm, When the combination of the length of the linear laser 
beam on the irradiation plane and the number of cylindrical 
lenses is selected from the range of the aforementioned 
formula. 

[0118] The use of the present invention makes it possible 
to provide a technique Which alloWs homogeneous anneal 
ing on a larger area during a laser process utiliZed in 
fabrication of a semiconductor device. 
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[0119] Although preferred embodiments of the present 
invention have been illustrated and described, various alter 
natives, modi?cations and equivalents may be used. There 
fore, the foregoing description should not be taken as 
limiting the scope of the invention Which is de?ned by the 
appended claims. 

What is claimed is: 
1. A method for forming a semiconductor device com 

prising: 
forming a semiconductor ?lm comprising silicon to 
become at least a channel formation region over a 

substrate; 
irradiating a linear laser light to said semiconductor ?lm; 

homogeniZing energy density of said linear laser light in 
the longitudinal direction thereof by a homogeniZer; 
and 

forming a gate electrode adjacent to said semiconductor 
?lm With a gate insulating ?lm therebetWeen, 

Wherein length of said linear laser light in the longitudinal 
direction thereof, as an abscissa, and the number of 
cylindrical lenses of said homogeniZer, as an ordinate, 
are set in the range de?ned by coordinates represented 
by (100, 7), (700, 50), (700, 140), and (100, 20) Where 
said length of said linear laser light is measured in 
millimeters. 

2. A method for forming a semiconductor device com 
prising: 

forming a semiconductor ?lm comprising silicon to 
become at least a channel formation region over a 

substrate; 
irradiating a linear laser light to said semiconductor ?lm; 

homogeniZing energy density of said linear laser light in 
the longitudinal direction thereof by a homogeniZer; 
and 

forming a gate electrode adjacent to said semiconductor 
?lm With a gate insulating ?lm therebetWeen, 

Wherein Width of a cylindrical lense of said homogeniZer 
is in the range from 0.1 mm to 5 mm. 

3. A method for forming a semiconductor device com 
prising: 

forming a semiconductor ?lm comprising silicon to 
become at least a channel formation region over a 

substrate; 
homogeniZing energy density of a laser light, in a Width 

direction thereof, incident upon a homogeniZer; 

shaping said laser light into a linear laser light; 

irradiating said linear laser light to said semiconductor 
?lm; and 

forming a gate electrode adjacent to said semiconductor 
?lm With a gate insulating ?lm therebetWeen, 

Wherein said Width direction corresponds to a longitudinal 
direction of said linear laser light, and 

Wherein Width of said laser light, in said Width 
direction, incident upon said homogeniZer, as an 
abscissa, and Width of a cylindrical lens of said 
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homogeniZer, as an ordinate, are set in the range 
de?ned by coordinates represented by (30, 0.1), (80, 
0.1), (80, 5), (50, 5) and (30, 3). 

4. A method for forming a semiconductor device com 
prising: 

forming a semiconductor ?lm comprising silicon to 
become at least a channel formation region over a 

substrate; 
irradiating a linear laser light to said semiconductor ?lm; 

homogeniZing energy density of said linear laser light in 
the longitudinal direction thereof by a homogeniZer; 
and 

forming a gate electrode adjacent to said semiconductor 
?lm With a gate insulating ?lm therebetWeen, 

Wherein the number y of cylindrical lenses of said homog 
eniZer and length X of said linear laser light on 
said semiconductor ?lm satisfy a formula: 

5. A method according to claim 1 Wherein said laser light 
is selected from the group consisting of a KrF eXcimer laser 
light and a XeCl eXcimer laser light. 

6. Amethod according to 3 Wherein Width of said homog 
eniZer is larger than said Width of said laser light, in said 
Width direction, incident upon said homogeniZer. 

7. A method according to claim 1 Wherein said semicon 
ductor ?lm has a thickness of 1000 A or less. 

8. A method according to claim 1 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
crystallinity of said crystalliZed semiconductor ?lm is 
improved by the irradiation of said linear laser light. 

9. A method according to claim 1 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
said crystalliZed semiconductor ?lm is annealed by the 
irradiation of said linear laser light. 

10. Amethod according to claim 2 Wherein said laser light 
is selected from the group consisting of a KrF eXcimer laser 
light and a XeCl eXcimer laser light. 

11. A method according to claim 2 Wherein said semi 
conductor ?lm has a thickness of 1000 A or less. 
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12. A method according to claim 2 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
crystallinity of said crystalliZed semiconductor ?lm is 
improved by the irradiation of said linear laser light. 

13. A method according to claim 2 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
said crystalliZed semiconductor ?lm is annealed by the 
irradiation of said linear laser light. 

14. Amethod according to claim 3 Wherein said laser light 
is selected from the group consisting of a KrF eXcimer laser 
light and a XeCl eXcimer laser light. 

15. A method according to claim 3 Wherein said semi 
conductor ?lm has a thickness of 1000 A or less. 

16. A method according to claim 3 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
crystallinity of said crystalliZed semiconductor ?lm is 
improved by the irradiation of said linear laser light. 

17. A method according to claim 3 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
said crystalliZed semiconductor ?lm is annealed by the 
irradiation of said linear laser light. 

18. Amethod according to claim 4 Wherein said laser light 
is selected from the group consisting of a KrF eXcimer laser 
light and a XeCl eXcimer laser light. 

19. A method according to claim 4 vyherein said semi 
conductor ?lm has a thickness of 1000 A or less. 

20. A method according to claim 4 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
crystallinity of said crystalliZed semiconductor ?lm is 
improved by the irradiation of said linear laser light. 

21. A method according to claim 4 further comprising the 
step of crystalliZing said semiconductor ?lm by heat treat 
ment to form the crystalliZed semiconductor ?lm Wherein 
said crystalliZed semiconductor ?lm is annealed by the 
irradiation of said linear laser light. 


