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(57) ABSTRACT 

A method for forming a crystallized semiconductor layer 
includes preparing a non-single-crystal semiconductor layer 
in Which at least one crystal seed is formed, and irradiating 
With an energy ray the non-single-crystal semiconductor 
layer having the crystal seed formed therein to alloW a 
crystal to laterally groW from the crystal seed in the non 
single-crystal semiconductor layer, irradiation of the energy 
ray is carried out by positioning to at least a part of the 
crystal seed an area having a minimum intensity value of the 
energy ray, the energy ray having a con?rmation that an area 

having a maximum intensity value of the energy ray is 
continuously reduced to the area having the minimum 
intensity value in an irradiated surface. 
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METHOD AND APPARATUS FORMING 
CRYSTALLIZED SEMICONDUCTOR LAYER, AND 

METHOD FOR MANUFACTURING 
SEMICONDUCTOR APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2003-158136, ?led Jun. 3, 2003, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method for 
forming a crystalliZed semiconductor layer Which is crys 
talliZed from a non-single-crystal semiconductor layer by 
using laser beams, a method for manufacturing a semicon 
ductor apparatus, an apparatus for forming a crystalliZed 
semiconductor layer, and a method for manufacturing a 
display apparatus. 

[0004] 2. Description of the Related Art 

[0005] As Well knoWn, a thin ?lm semiconductor device 
such as a thin ?lm transistor (TFT) has a substrate in Which 
a semiconductor layer consisting of a semiconductor sub 
stance such as silicon is formed on a base substance con 

sisting of an insulating material such as quartZ glass. In the 
semiconductor layer of this substrate, a channel area is 
de?ned betWeen a source area and a drain area formed to be 

separated from each other. A gate electrode is provided on 
the channel area through an insulating ?lm. 

[0006] The semiconductor layer is generally formed of 
amorphous silicon or polycrystalline silicon. In a TFT using 
a substrate having a layer of amorphous silicon, a mobility 
of electrons or holes is very loW. For example, since the 
electron mobility is usually (not more than approximately 1 
cm2/V~sec), an operating speed of the TFT is sloW. As a 
result, such a TFT in hardly be used in an apparatus Which 
requires a high-speed operation. 

[0007] A semiconductor layer in Which a channel area is 
formed of a polycrystalline silicon ?lm is recently in heavy 
usage for the purpose of increasing the mobility. This 
polycrystalline silicon ?lm is composed of many crystal 
grains having a very small particle siZe. Therefore, When it 
is operated as a semiconductor circuit apparatus, crystal 
grain boundaries become an obstacle for a How of electrons, 
and there is a limit in improvement of the mobility. 

[0008] Therefore, there has been examined acquisition of 
a thin ?lm semiconductor device With the mobility being 
increased by reducing or eliminating the crystal grain 
boundary in the channel area by increasing a siZe of the 
crystal grain of the polycrystal silicon ?lm, and further 
reducing or eliminating an obstacle for an electron ?oW. For 
example, there has been attempted formation of a thin ?lm 
TFT Which realiZes the mobility of approximately 100 
cm2/V~sec by heating a polycrystal silicon ?lm in a high 
temperature furnace in order to increase a particle siZe and 
thereby groWing crystal grains having a particle siZe of 
approximately 1 pm. In order to crystalliZe the amorphous 
silicon to have a large particle siZe and form a TFT in this 
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manner, a heat treatment at a high temperature Which is not 
less than 600° C. is required. Therefore, a quartZ glass plate 
Which can Withstand a high temperature but is expensive 
must be used as an insulating substrate, and an inexpensive 
glass plate (e.g., a soda glass plate) cannot be used. There 
fore, such a TFT becomes expensive and has a draWback that 
it is hard to be used in display apparatus or the like for a 
large-screen TV receiver Which uses many TFTs. 

[0009] Thus, there has been developed a method for 
crystalliZing non-single-crystal silicon by a laser annealing 
process Without using a high-temperature heat treatment 
step. For example, there have been proposed some attempts 
in Which silicon of an amorphous silicon ?lm or a polycrys 
tal silicon ?lm is crystalliZed or re-crystalliZed by irradiating 
the ?lm With an excimer laser beam in order to obtain a 
polycrystal silicon layer composed of crystal grains With a 
large particle siZe, and they have been put into practical use. 
According to such methods, crystal grains can be increased 
in siZe even if an inexpensive glass plate is used as a 
substrate. 

[0010] HoWever, even in a crystalliZation method using an 
excimer laser beam or the like, a particle siZe of obtained 
crystal grains is approximately 1 pm at the maximum level, 
and the particle siZe is uneven (e.g., Jpn. Pat. Appln. KOKAI 
Publication No. 2001-127301). This cited reference dis 
closes a series of operations that a Zonal amorphous silicon 
?lm is polycrystalliZed by a fusion re-crystalliZation 
method, an amorphous silicon ?lm is further deposited 
thereon and this is crystalliZed by using a solid phase groWth 
method. This prior art method is a technique Which ?rst 
forms a crystal of a Zonal polycrystal ?lm composed of 
many small crystal grains, groWs a crystal in a horiZontal 
direction by using this as a crystal seed in order to obtain a 
polycrystal ?lm having a crystal With a large grain siZe. 

[0011] Even this proposed method is not satisfactory. That 
is because an acquired maximum crystal grain siZe is 
approximately 1000 nm (i.e., 1 pm), the particle siZe is 
uneven and it is suggested that irregularities in mobility 
become large (see FIGS. 2 to 5 in the above-described cited 
reference). 
[0012] Furthermore, as a problem Which has passed unno 
ticed in the conventional polycrystal semiconductor device, 
there is a problem in a crystal grain arrangement conforma 
tion in a layer. That is, in the conventional polycrystal 
semiconductor layer, the crystal grain arrangement confor 
mation in a tWo-dimensional direction is completely ran 
dom, and aligning the crystal grains has not been attempted. 
The randomness of the crystal grain arrangement and the 
uneven particle siZe produce irregularities in characteristics 
of thin ?lm transistors, and bring a serious draWback to 
performances of an apparatus to be used for the folloWing 
reasons. 

[0013] In an arrangement of a transistor circuit in a thin 
?lm semiconductor device, many unit circuits must be 
aligned regularly and systematically, e.g., in a geometrical 
arrangement conformation. If a crystal particle siZe or a 
crystal arrangement of a polycrystal layer Which is a base of 
formation of circuits is uneven, unit circuits are formed over 
crystal grains With various particle siZes or arrangements. 
This brings a result that the mobility or the electron passage 
conformation differs depending on each unit circuit, and 
adversely affects performances of the thin ?lm semiconduc 
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tor apparatus. For example, if there are irregularities in 
characteristics of each unit circuit, the entire apparatus must 
be designed With loW-level characteristics as a basis. 

BRIEF SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
method for forming a crystallized semiconductor layer in 
Which crystalliZed grain formation positions are aligned and 
electron or hole mobility characteristics are also uni?ed, a 
method for manufacturing a semiconductor apparatus, an 
apparatus for forming a crystalliZed semiconductor layer and 
a method for manufacturing a display apparatus. That is, in 
a thin ?lm semiconductor apparatus in Which a unit electri 
cal circuit is arranged in accordance With each crystalliZed 
grain having a large particle siZe, irregularities in mobility of 
electrons or holes are improved. 

[0015] The inventors of the present invention have devel 
oped a technique by Which positions Where crystalliZed 
crystal grains are generated are aligned in good order by 
irradiating a non-single-crystal semiconductor layer depos 
ited on a substrate of glass or the like With a regular energy 
line or ray or a laser beam having a predetermined energy 
ray irradiation intensity distribution. That is, in this tech 
nique, at least one crystal seed is formed or regularly 
arranged in a non-single-crystal semiconductor layer in 
advance, and an energy ray is applied in such an irradiation 
intensity distribution conformation as that at least a part of 
this crystal seed is not melted but the portion of the non 
single-crystal semiconductor ?lm adjacent to the crystal 
seed is melted, thereby aligning the crystal grain generation 
positions in good order. Here, “application of an energy ray 
in such an irradiation intensity distribution conformation as 
that at least a part of this crystal seed is not melted but the 
portion of the non-single-crystal semiconductor ?lm adja 
cent to the crystal seed is melted” means that an area of the 
energy ray having a minimum value of an irradiation inten 
sity, Which continuously varies from an area of the energy 
ray having a maXimum value of the same to the area having 
the minimum value, is positioned to the crystal seed, and the 
energy ray or rays are applied. The present inventors have 
found that using a crystal phase initial ?lm having a so 
called crystal orientation plane of (110) or (111) as the 
crystal seed can obtain matching of crystal orientations of 
generated crystal grains, and reached the present invention. 

[0016] Providing a crystal seed to a semiconductor layer 
before applying the energy ray to the non-crystal semicon 
ductor layer can hasten start of crystalliZation of the semi 
conductor layer, prolong a crystalliZation advancing time, 
and thereby have a good impact on an increase in particle 
siZe of generated crystal grains or arrangement of a crystal 
grain boundary in order. In order to hasten start of the crystal 
groWth, there are knoWn application of an energy ray such 
as a laser beam and a reduction in a period of a supercooling 
state (i.e., a state in Which semiconductor is not solidi?ed 
even if it enters a state Which is not more than its melting 
point) Which is generated by heat conduction to a glass 
substrate involved by this application. As a result, the 
crystalliZation advancing time must be prolonged. As means 
for reducing the period of the supercooling state, there has 
been Widely carried out provision of a head conduction 
control ?lm such as made of silicon oXide (SiO2) betWeen a 
glass substrate and a semiconductor layer in order to loWer 
heat conduction to the glass substrate. In order to suf?ciently 
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loWer heat conduction to the glass substrate by using such a 
heat conduction control ?lm, the heat conduction control 
?lm must have the porosity. Although providing the porous 
?lm is effective for reducing heat conduction, the strength of 
the manufactured thin ?lm semiconductor device may be 
possibly loWered due to the brittleness derived from the 
porosity, and there is a problem that the quality of the 
semiconductor ?lm formed on the porous ?lm is deterio 
rated. 

[0017] The present inventors have discovered that arrang 
ing the crystal seed or seeds in the semiconductor layer in 
advance can hasten start of a crystal groWth on an early stage 
before the semiconductor enters the excessive supercooling 
state, even if the porous heat conduction control ?lm or the 
like is not used. Thus, there may be obtained an increase in 
particle siZe of crystal grains or arrangement of the crystal 
grain boundary in order. 

[0018] Therefore, a method for forming a crystalliZed 
semiconductor layer according to a ?rst aspect of the present 
invention, comprises a method for forming a crystalliZed 
semiconductor layer comprising: preparing a non-single 
crystal semiconductor layer in Which at least one crystal 
seed is formed; and irradiating With an energy ray the 
non-single-crystal semiconductor layer having the crystal 
seed formed therein to alloW a crystal to laterally groW from 
the crystal seed in the non-single-crystal semiconductor 
layer, Wherein irradiation of the energy ray is carried out by 
positioning to at least a part of the crystal seed an area 
having a minimum intensity value of the energy ray, the 
energy ray having a con?rmation that an area having a 
maXimum intensity value of the energy ray is continuously 
reduced to the area having the minimum intensity value in 
an irradiated surface. 

[0019] In particular, it Was found that using a crystal seed 
or seeds having a so-called crystal plane orientation of (110) 
or (111) as a crystal seed, crystal plane orientations of 
respective generated crystal grains are matched to have a 
plane orientation of (110) or (111), Which greatly contributes 
to an improvement in performances of a manufactured thin 
?lm semiconductor device in addition to the effect of has 
tening start of crystalliZation. That is, even if a semicon 
ductor layer in Which single crystal grains With a large 
particle siZe are arranged in good order is obtained and a thin 
?lm semiconductor device in Which a unit electrical circuit 
is arranged in accordance With a crystal grain is acquired, 
irregularities in crystal plane orientations of respective gen 
erated crystal grains cause the mobility of each unit electri 
cal circuit to slightly differ, and an improvement in mobility 
of the entire apparatus may thereby possibly become insuf 
?cient. Further, When irregularities occur in opening values 
With Which currents are caused to ?oW, performances of the 
entire circuits may be deteriorated. 

[0020] HoWever, When a crystal seed having a crystal 
orientation plane of (110) or (111) is used as a crystal seed 
Which is arranged in the semiconductor layer in advance, 
groWth directions of the crystal are tWo-dimensionally 
de?ned, and the crystal plane orientations of the generated 
crystal grains are de?ned to a plane orientation of (110) or 
(111). As a result, the mobility of the electrical circuit 
arranged in accordance With each crystal grain is uni?ed, 
thereby obtaining a high-performance thin ?lm semiconduc 
tor device in Which the mobility is suf?ciently improved. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0021] FIGS. 1A to 1E are views illustrating a method for 
manufacturing a semiconductor thin ?lm or layer according 
to an embodiment of the present invention in a process 

order; 
[0022] FIGS. 2A to 2C are vieWs illustrating a method for 
manufacturing a semiconductor thin ?lm or layer according 
to another embodiment in a process order; 

[0023] FIGS. 3A and 3B are vieWs illustrating an 
example of obtaining a laser beam intensity distribution used 
for crystallization explained in FIG. 1E, in Which FIG. 3A 
shoWs a phase shifter and FIG. 3B shoWs a light intensity 
distribution; 
[0024] FIGS. 4A and 4B are vieWs illustrating a relation 
ship betWeen an irradiation position obtained by laser beams 
having a light intensity distribution depicted in FIG. 3B and 
a crystal seed; 

[0025] FIGS. 5A and 5B are vieWs illustrating crystalli 
Zation steps based on laser beam application depicted in 
FIGS. 4A and 4B; 

[0026] FIGS. 6A and 6B are vieWs illustrating another 
embodiment of FIGS. 4A and 4B; 

[0027] FIG. 7 is a system block diagram illustrating an 
embodiment Which automatically positions the irradiation 
position of laser beams having the light intensity distribution 
depicted in FIG. 4B and the crystal seed; 

[0028] FIGS. 8A and 8B are plane vieWs schematically 
shoWing a comparison betWeen crystal grains crystalliZed by 
the crystalliZation steps described in conjunction With FIGS. 
1A to 1E or FIGS. 2A to 2C and crystal grains crystalliZed 
by a conventional method, in Which FIG. 8A concerns the 
present invention and FIG. 8B concerns the conventional 
example; 
[0029] FIG. 9 is a plane vieW schematically shoWing a 
crystalliZed state When crystal seeds have a dot-like form in 
the embodiment according to the present invention; 

[0030] FIGS. 10A to 10E are vieWs schematically shoW 
ing a method for manufacturing a semiconductor layer 
according to another embodiment in a process order; 

[0031] FIGS. 11A to 11D are vieWs schematically shoW 
ing a method for manufacturing a semiconductor layer 
according to still another embodiment in a process order; 

[0032] FIGS. 12A to 12D are vieWs illustrating an 
embodiment in Which an MOS transistor Which is formed in 
a crystalliZed area of the semiconductor layer depicted in 
FIG. 1E is formed to pass a current in a grain boundary 

direction; 
[0033] FIG. 13 is a vieW illustrating a structure of a 
CMOS thin ?lm transistor formed in a crystalliZed area of 
the semiconductor layer depicted in FIG. 1E; 

[0034] FIGS. 14A to 14L are vieWs illustrating steps for 
manufacturing the CMOS thin ?lm transistor depicted in 
FIG. 13; 

[0035] FIG. 15 is a vieW illustrating an example in Which 
a display apparatus according to an embodiment of the 
present invention is applied to a liquid crystal display 
apparatus; 
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[0036] FIG. 16 is a cross-sectional vieW of the liquid 
crystal display apparatus depicted in FIG. 15; and 

[0037] FIG. 17 is a circuit diagram illustrating a display 
pixel peripheral control circuit depicted in FIG. 15. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] Embodiments according to the present invention 
Will noW be described With reference to the accompanying 
draWings. In respective ?gures, like reference numerals 
denote substantially the same or similar parts or members, 
and their detailed explanations Will be eliminated. 

[0039] In the present invention, as arrangement confor 
mations of a crystal seed, there are roughly tWo types of 
conformations. An example of a ?rst conformation Will noW 
be described With reference to FIGS. 1A to 1E. 

[0040] A non-single crystal semiconductor such as an 
amorphous silicon ?lm 12 is formed on an insulative base 
substance 11 formed of a glass substrate or the like by a 
knoWn ?lm formation method, e.g., a CVD method (FIG. 
1A). Thus, a base body is formed in order to form this 
amorphous silicon ?lm 12 as a crystal seed, crystalliZation 
processing is applied by a knoWn method, e.g., the method 
described in the section “background”, and shaping process 
ing is applied to the ?lm in order to obtain a predetermined 
pattern by means such as photo-etching (FIG. 1B). As a 
result, many dot-shaped, island-shaped or linearly shaped 
crystal seed semiconductor layers or crystalliZed semicon 
ductor layers 13 are regularly arranged on the insulative base 
substance 11. FIG. 1B shoWs one linear or ?liform crystal 
seed semiconductor layer 13 as an example. 

[0041] Then, a semiconductor layer 14 of a non-single 
crystal semiconductor (e.g., an amorphous semiconductor or 
a mixture of an amorphous semiconductor and a microcrys 
tal semiconductor) is formed by, e.g., the same method as 
that used to form the layer 12 to cover surfaces of the crystal 
seed semiconductor layer or crystal seed 13 and the insula 
tive base substance 11 (FIG. 1C). Thereafter, the part of the 
semiconductor layer 14 positioned on the crystal seed semi 
conductor layer 13 is removed by means such as CMP 
(chemical mechanical polishing) to expose an upper surface 
of the crystal seed 13, and this upper surface and an upper 
surface of the semiconductor layer 14 are ?attened to be on 
the same level (FIG. 1D). The exposed crystal seed semi 
conductor layer 13 is used as a crystal seed in a crystalli 
Zation step, and a crystalliZed semiconductor layer 15 hav 
ing large-siZe crystal grains is formed by later-described 
laser annealing. 

[0042] In the step shoWn in FIG. 1A, When forming the 
crystalline semiconductor layer, the semiconductor layer can 
be formed in such a manner that its side surfaces have a ?xed 
crystal plane orientation by the later-described technique. As 
a result, one or more crystal seed semiconductor layers 13 
subjected to the shaping processing depicted in FIG. 1B 
have a desired ?xed crystal plane orientation or crystal 
groWth start plane. 

[0043] A second crystal seed arrangement conformation 
Will noW be described With reference to FIGS. 2A and 2B. 

[0044] A semiconductor layer 12 Which is an amorphous 
or polycrystal semiconductor or a microcrystal semiconduc 
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tor or a mixture of these semiconductors is formed on an 

insulative base substance 11 (FIG. 2A). Thereafter, many 
dot-shaped, island-shaped or linearly shaped crystal seed 
semiconductor layers, areas or crystal seeds 13 are formed 
at predetermined positions of this semiconductor layer 12 by 
means such as laser beam irradiation (FIG. 2B). This ?gure 
shoWs only one crystal seed 13 for clarify. The resultant 
semiconductor layer 13 is used as a crystal seed, and a 
crystalliZed semiconductor layer 15 having large-siZe crystal 
grains is formed in the non-single-crystal semiconductor 
layer 12 by laser annealing like the ?rst conformation (FIG. 
2C). In case of this semiconductor layer 13, as Will be 
described later, by forming the crystal seed semiconductor 
layer 13 of Which side surfaces have a ?xed crystal plane 
orientation, the crystalliZed semiconductor layer 15 having 
a ?xed crystal plane orientation can be formed. 

[0045] After obtaining the crystal seed semiconductor 
layer 13 in Which one or more crystal seeds are arranged at 
predetermined positions on the insulative base substance 11 
by one of the above-described conformations, the non 
single-crystal semiconductor layers 12 and 14 can be sub 
jected to crystal groWth around the crystal seed by applying 
energy rays to this crystal seed semiconductor layer 13 and 
the non-single-crystal semiconductor layers 12 (FIG. 2B) 
and 14 (FIG. 1D) around the layer 13, thereby acquiring the 
crystalliZed semiconductor layer or area 15 having a large 
particle siZe. 

[0046] An embodiment of a method for forming the crys 
talliZed semiconductor layer 15 Will noW be described. 
Energy rays Which are required for crystalliZation With the 
crystal seed semiconductor layer 13 being used as a seed 
crystal are applied to the non-single-crystal semiconductor 
layers 12 (FIG. 2B) and 14 (FIG. 1D). This irradiation of 
the energy rays is application of an energy ray intensity 
distribution suitable for crystal groWth With the crystal seed 
semiconductor layer 13 being used as a crystal nucleus When 
crystalliZing the non-single-crystal semiconductor layers 12 
and 14. This intensity distribution is a distribution having an 
area in Which an energy ray application intensity has a 
maximum value and an area in Which the intensity is 
continuously decreased and changed from this area to have 
a minimum value in an energy ray irradiation plane. The 
minimum intensity area of the energy ray having such an 
intensity distribution is positioned to a part or all of the 
crystal seed semiconductor layer 13, and the energy ray is 
applied in order to perform crystalliZation in a horiZontal 
direction or a lateral direction (right-and-left direction in 
FIGS. 1E and 2C). 

[0047] Speci?cally, there are applied the energy ray hav 
ing the intensity distribution by Which at least a part of the 
crystal seed semiconductor layer 13 is not melted but the 
non-single-crystal semiconductor layers 12 and 14 are 
melted. 

[0048] By applying the above-described energy crystal 
grains having a large particle siZe groW in the horiZontal 
direction With the crystal seed 13 as a nucleus. As a result, 
it is possible to ef?ciently manufacture a thin ?lm semicon 
ductor apparatus substrate having the crystalliZed semicon 
ductor layer 15 in Which crystal grains With a large particle 
siZe Which have groWn from the crystal seed are arranged. 

[0049] A basic example of the method for manufacturing 
the thin ?lm semiconductor device by using the thus 
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obtained thin ?lm semiconductor apparatus substrate Will 
noW be schematically described. 

[0050] The semiconductor layer having crystal grains With 
a larger particle siZe formed at predetermined positions is 
formed into an island shape by using means such as photo 
etching, and an island-shaped portion is formed at a position 
Where the thin ?lm semiconductor device is formed. Sub 
sequently, a transistor, e.g., a gate insulating thin ?lm (e.g., 
a silicon oxide ?lm) is formed on this island-shaped portion, 
then a gate electrode, a source electrode and a drain elec 
trode are formed, and thus a thin ?lm transistor is formed. 

[0051] An n-channel type MOS transistor and a p-channel 
type MOS transistor can be formed into a CMOS structure 
in this island-shaped portion. Further, in particular, forming 
tWo MOS transistors in the same crystal grain can reduce 
irregularities in characteristics of the mobility of electrons 
and holes of the MOS transistors due to unevenness of 
properties or the like of the crystal grains to a very small 
value. The thus formed thin ?lm semiconductor device can 
have performances comparable to those of a single-crystal 
Si-MOS or an SOI device since there is no crystal grain 
boundary Which runs across the source area/drain area 

direction (current ?oWing direction) in the channel area of 
the manufactured MOS transistor. 

[0052] Although roughly tWo types of methods can be 
used as the crystal seed arrangement method in the present 
invention as described above, the ?rst method by Which the 
crystalline semiconductor layer is ?rst formed on the insu 
lative base substance 11 and it is then shaped in order to 
arrange the dot-shaped, island-shaped or linearly shaped 
crystal seeds are arranged in good order speci?cally have 
some modi?cations. That is, the amorphous silicon ?lm 12 
can be formed as an amorphous semiconductor layer can be 
?rst formed on the insulative base substance 11, entirely or 
partially crystalliZed and then subjected to shaping process 
ing, thereby forming a crystal seed or seeds. Furthermore, a 
crystalliZed semiconductor layer Which is crystalliZed from 
the beginning can be formed on the insulative base sub 
stance 11, and it can be subjected to shaping processing, 
thereby forming a crystal seed or seeds. 

[0053] A preferred example of forming the amorphous 
semiconductor layer 12 Will noW be described hereinafter. 

[0054] The amorphous silicon ?lm 12 is deposited on the 
insulative base substance 11 With a deposition ?lm thickness 
of 30 nm to 200 nm and, preferably, approximately 100 nm, 
and a crystal nucleus or nuclei having a crystal plane 
orientation of (111) are formed in this amorphous silicon 
?lm 12. After dehydrogenation processing, a laser beam 
application step is carried out. That is, a pulse laser having 
YAG second harmonic Waves (532 mm), fourth harmonic 
Waves (266 nm) or the like is used, and a laser beams is 
repeatedly applied While adjusting a laser energy in such a 
manner that the entire ?lm is molten in a ?lm thickness 
direction. As a result, a crystalline Si ?lm having a crystal 
orientation plane (111) is oriented can be obtained on the 
insulative base substance surface. By sequentially perform 
ing such energy ray application processing on the entire 
surface of the substrate, a crystal seed having a crystal 
orientation plane of (111) can be formed. 

[0055] Generally, When the crystalline Si thin ?lm or layer 
is directly formed on the insulative base substance 11, a 
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plane having a crystal orientation of (100), (110) or (111) 
grows in a predetermined direction. A temperature of the 
insulative base substance 11 such as made of glass, a raW 
material ?ux quantity, a coverage of hydrogen on the insu 
lative base substance layer surface and others greatly con 
cern a crystal orientation plane Which is apt to appear among 
these crystal orientation planes. In case of the groWth of a 
plane Whose crystal plane orientation is, e.g., (110), tWo Si 
atoms coupled With each other on the base substance 
become a crystal groWth nucleus, Which is enabled by the 
one-dimensional crystal groWth under the circumstance that 
a diffusion distance betWeen the Si atoms is suf?ciently long 
on the surface of the insulative base substance 11. When the 
surface of the insulative base substance 11 is covered With 
hydrogen and the raW material ?ux is supplied at such a 
temperature of the insulative base substance 11 (e.g., 30° C. 
to 400° C., preferably, 350° C.) as that hydrogen on the 
surface is not desorbed, the above-described condition can 
be realiZed. 

[0056] As a method for forming a crystalline semiconduc 
tor layer, it is appropriate to use a plasma CVD method 
under, e.g., the folloWing condition. 

[0057] When forming a ?lm by plasma-decomposing SiH4 
gas, a temperature of the insulative base substance 11 at the 
time of ?lm formation is set to 350° C., the SiH4 gas is 
diluted approximately tenfold by using H2 gas, and plasma 
CVD is carried out. By this ?lm formation method, a crystal 
seed having a crystal plane orientation (110) is formed on 
the insulative base substance 11, and using a ?lm formed by 
plasma CVD employing a process gas in Which SiH4 gas and 
SiF4 gas are mixed at the rate of 1:1 can form a crystalline 
Si ?lm having a crystal plane orientation of (110). In any 
case, it is desirable to perform a heat treatment for the 
purpose of removing the hydrogen gas contained in the 
silicon thin ?lm or layer after forming the silicon ?lm. 

[0058] After forming the crystalline Si thin ?lm on the 
entire surface of the insulative base substance 11 as 
described above, it is shaped into a crystal seed (seeds) or a 
small crystal layer (layers) having a desired shape by the 
photo-etching process. In the photo-etching process, it is 
desirable to form an island-shaped mark Which is used for 
laser beam application positioning Which Will be performed 
later. The above-described process is not restricted to the 
plasma CVD method, and an LPCVD method, a sputtering 
method or the like may be used. 

[0059] A description Will noW be given as to an example 
of a concrete process of the second aspect of the crystal seed 
arrangement, i.e., the method for forming a crystal seed or 
seeds in a linear shape or a dot-like shape at a predetermined 
position of the layer by laser beam application or the like. 

[0060] The amorphous silicon ?lm 12 is formed on the 
insulative base substance 11 formed of glass, by the plasma 
CVD method. Since a large amount of hydrogen is included 
in the amorphous silicon ?lm 12 formed by the plasma CVD 
method, it is desirable to remove hydrogen in the amorphous 
silicon (Si) ?lm 12 by a heat treatment. As a method for 
forming the amorphous silicon ?lm 12, it is not restricted to 
the plasma CVD method, and the amorphous silicon ?lm 12 
may be formed by the LPCVD method, the sputtering 
method or the like. In this case, the heat treatment for 
dehydration can be eliminated. Thereafter, the substrate is 
arranged on an optical stage, and crystalliZation in a linear 
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shape or a dot-like shape is carried out at a coordinate 
position speci?ed by a laser beam narroWed doWn to 
approximately 1 pm(]). A laser device may be a pulse 
oscillation laser or a continuous oscillation laser, and a 
Wavelength Which is shorter than 550 nm is desirable. 
Moreover, a “mask” Which cuts off unnecessary ports of the 
beam and shapes the beam into a predetermined shape may 
be inserted and arranged in place of narroWing doWn the 
laser. 

[0061] A concrete process of the crystalliZation step 
according to the present invention Will noW be described 
With reference to FIGS. 3A and 3B. 

[0062] The energy ray such as a laser beam used for 
preferred crystalliZation in the present invention must have 
cyclic characteristics in a laser intensity distribution thereof 
in order to alloW a plurality of crystal seeds to simulta 
neously groW. This light intensity distribution can be formed 
by modulating the light intensity of the laser beam 21 
emitted from an excimer laser device, e.g., a KrF laser 
excimer laser device by using a laser intensity modulation 
element, e.g., a phase shifter 22 shoWn in FIG. 3A. As to the 
laser beam 21, although an example of using the KrF laser 
is described here, it is possible to use any other laser, e.g., 
an XeCl laser as long as it has the light coherency and can 
emit the energy Which is required for melting silicon. 
Additionally, any other energy rays may be used. Since the 
laser beam 21 has a very high coherency, When a member 
With a different refractive index such as glass is arranged in 
the light path of the laser beam 21, a phase difference from 
the incident laser beam is generated in the emitted parts of 
laser beam, due to a difference in refractive index of the 
member. 

[0063] As the phase shifter 22, for example, a transparent 
substrate Whose thickness varies in a light path direction, 
e.g., a quartZ plate having a step portion or portions can be 
used. As shoWn in FIGS. 3A and 3B, by setting a phase 
difference at the part of a step portion 23 betWeen rectan 
gular elongated areas or parts 22a and 22b having different 
thicknesses to correspond to 1/2 of a laser Wavelength, the 
laser beam 21 Which has passed through the phase shifter is 
Weakened by the interference of the parts of the laser beam 
21, and a loW-intensity portion or a minimum intensity area 
24a of the laser beam is generated at a position correspond 
ing to the step portion 23 in an application area. The 
intensity of the laser beam 21 is increased as distanced from 
the loW-intensity portion 24a, and a high-intensity portion or 
a maximum intensity area 25a is generated. An inclined laser 
beam intensity of a laser beam intensity change area 26a 
betWeen the loW-intensity portion 24a and the high-intensity 
portion 25a is utiliZed for crystalliZation. Here, the present 
inventors have experimentally con?rmed that a temperature 
distribution formed When the laser beam intensity distribu 
tion and the laser beam is applied onto the substrate has a 
strong correlation With positions and the relative intensity of 
the loW-intensity portion 24a and the high-intensity portion 
25a in the laser beam-irradiated area. It is desirable that the 
laser loW-intensity portion 24a matches With a loWest 
temperature portion 24 and the high-intensity portion 25a 
matches With a highest-temperature portion 25. 

[0064] The crystal groWth step described in conjunction 
With FIG. 1E Will noW be described in detail With reference 
to FIGS. 4A to 6B. Another embodiment shoWn in FIG. 2C 
is the same. 
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[0065] The crystal growth step is performed by matching 
the loWest-temperature portion 24 generated When the laser 
irradiating energy shoWs the minimum value With a center 
13b of the crystal seed 13 (indicated by a dotted line) shoWn 
in FIG. 4A. In FIG. 4A, a melting point (T1) of the 
amorphous silicon ?lm is approximately 1000° C., and a 
melting point (T2) of crystalliZed silicon is approximately 
1415° C. FIG. 4A shoWs a temperature distribution in the 
layer (the crystal seed 13 and the non-single-crystal semi 
conductor layer 14) immediately after irradiation of the laser 
beam 21. At this point in time, in the illustrated area, since 
a temperature in the entire area is more than the melting 
point (T1) of the non-single-crystal semiconductor layer 14 
composed of the amorphous silicon ?lm, the non-single 
crystal semiconductor layer 14 is entirely melted. Further, a 
partial area 13a in the crystal seed 13 Which is irradiated 
With the laser having an intensity corresponding to a tem 
perature more than the melting point (T2) of the crystalliZed 
silicon is also melted. FIG. 5A shoWs this state. Therefore, 
since the partial area of the crystal seed 13 is melted, the 
remaining crystal seed Without being melted becomes an 
area narroWer than the original crystal seed 13. Thereafter, 
the crystal silicon at a position Which has a solid-liquid 
boundary of the crystalliZed silicon becomes a groWth 
nucleus, and crystal groWth immediately starts. 

[0066] FIG. 4B shoWs a temperature distribution of the 
crystalliZed silicon When a predetermined time (t second) 
elapses after stopping the laser beam 21. Areas outside a 
temperature area sandWiched betWeen points Q1 and Q2, in 
the vicinity of the center in the ?gure have a higher tem 
perature than the melting point of the crystalliZed 
silicon. Thus, crystalliZation laterally advances in the non 
single-crystal semiconductor layer 14, thereby forming the 
crystalliZed areas 15. FIG. 5B shoWs this state. Since 
crystalliZation advances taking the same crystal plane ori 
entation as that of the crystal seed 13, the silicon single 
crystal grain With a large particle siZe Whose plane orienta 
tion is controlled can be formed by controlling the crystal 
plane orientation of the crystal seed 13. Furthermore, since 
the crystal nucleus eXists, the supercooling state does not 
occur, and crystalliZation rapidly starts. 

[0067] The description has been given as to the case in 
Which the loWest-temperature portion 24 (minimum light 
intensity portion 24a) obtained by the laser beams having 
such a temperature distribution 106 as shoWn in FIG. 4A 
matches With the center 13b of the crystal seed 13 in the 
above-described embodiment. HoWever, this portion does 
not necessary have to match With the center, and it is good 
enough for the loWest-temperature portion 24 to be placed at 
any position in the crystal seed 13. FIG. 6A shoWs an 
embodiment in Which the loWest-temperature portion 24 is 
placed at a position shifted from the center 13b of the crystal 
seed 13. FIG. 6A shoWs a case in Which the loWest 
temperature portion 24 is positioned on the left side of the 
center of the crystal seed 13. A temperature distribution 106 
is formed on an irradiated surface by such laser application 
and, at this moment, the part of the crystal seed 13 placed 
betWeen Q2 on the non crystal semiconductor layer 14 and 
the left end portion 13C of the crystal seed 13 remains 
Without being melted. This state is constituted of the crystal 
seed 13d of the solid layer remaining Without being melted 
and a state that the melted silicon Which is in contact With 
the crystal seed 13d eXists. 
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[0068] Thereafter, the lateral crystal groWth starts With the 
crystal seed 13d remaining as the solid layer being used as 
a crystal nucleus, and the crystalliZed areas 15 is formed as 
shoWn in FIG. 6B. In this case, since crystalliZation likeWise 
advances taking the same crystal plane orientation as that of 
the crystal seed 13, the silicon crystal grain With a larger 
particle siZe Whose plane orientation is controlled can be 
formed by controlling the crystal plane orientation of the 
crystal seed or the crystal seed semiconductor layer 13. 
Moreover, since the crystal nucleus eXists, the supercooling 
state does not occur, crystalliZation rapidly starts, and a long 
time required for the progress of crystalliZation can be 
assured. Thus there is formed a crystal Which has a large 
particle siZe or is long in the lateral direction. 

[0069] A description Will noW be given as to an eXample 
of an apparatus Which automatically matches the loWest 
temperature portion 24 With a position of the crystal seed 13 
and crystalliZes the amorphous silicon ?lm With reference to 
FIG. 7. 

[0070] An opto-spatial modulation element, e.g., a phase 
shifter 22 shoWn in FIG. 3A is provided in a path of the 
energy ray, e.g., a path of the laser beam from the KrF laser 
beam source 40 to modulate the light intensity of the laser 
beam emitted from the beam source 40. The laser beam 
source has a laser beam generation device and a homog 
eniZer Which homogeniZes the intensity of the laser beam 
generated by this generation device. Thus, the laser beam 
With the homogeniZed intensity enters the phase shifter 22. 

[0071] Generally, assuming that a Wavelength of the laser 
beam 21 is 7», a ?lm thickness t of a transparent medium 
Which is used to provide a phase difference of 180 degrees 
to the transparent medium With a refractive indeX n is 
t=7»/{2X(n—1)}. As to the phase shifter 22, assuming that a 
Wavelength of the KrF eXcimer laser is 248 nm and a 
refractive indeX of a quartZ base substance forming the 
phase shifter 22 is 1.508, a step of the step portion 23 Which 
is used to provide a phase difference of 180 degrees to the 
incident laser beams is 244 nm. Therefore, as the phase 
shifter 22, there can be used one having a step of 244 nm at 
a predetermined position of the quartZ base substance. 

[0072] The incident laser beam 21 is diffracted and inter 
fered by this phase shifter 22, and a cyclic spatial distribu 
tion is given to the intensity of the laser beam 21. That is, a 
part of the laser beam 21 Which has passed through a thick 
part 22b of the phase shifter 22 is delayed as compared With 
a part of the laser beam 21 Which has passed through a thin 
part 22a. As a result of mutual interference and diffraction 
betWeen these parts of the laser beam 21, a passed laser 
beam intensity distribution shoWn in FIG. 3B can be 
obtained. FIG. 3B shoWs an eXample in Which a phase 
difference of 180 degrees is provided on the right and left 
sides With the step portion 23 as a boundary (boundary 
portion). 
[0073] A table 41 movable in a X, Y, Z, and 0 directions 
is arranged in the laser beam path on the emitting radiation 
side of the phase shifter 22. The insulative base substance 11 
(shoWn in FIGS. 1D and 2B) Which has the crystal seed and 
has the amorphous silicon ?lm to be crystalliZed formed 
thereon is ?Xed at a predetermined position on this moving 
table 41 by the knoWn method. Thus, the laser beam 
intensity distribution shoWn in FIG. 3B is image-formed on 
the upper surface of the insulative base substance 11 (amor 
phous silicon ?lm). 
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[0074] In this apparatus, in order to image the crystal seed 
13 as a target provided on the insulative base substance 11, 
an imaging camera 42, e.g., an ITV camera is arranged 
above the table 41 on the slant. A circuit 43 for outputting 
target crystal seed positional information is connected to the 
output side of the imaging camera 42. The circuit 43 
converts an analog signal into a digital signal, then outputs 
positional information of the crystal seed 13. A comparison 
circuit 44 is connected to the output side of the positional 
information output circuit 43. A circuit 45 for outputting 
loWest-temperature positional information is connected to 
the input side of the comparison circuit 44. The loWest 
temperature positional information output circuit 45 outputs 
positional information of the loWest-temperature portion 24 
stored therein in advance to the comparison circuit 44. 

[0075] A table position control section 46 Which is used to 
control a position of the moving table 41 is connected to the 
output side of the comparison circuit 44. The table position 
control section 46 has a drive mechanism Which drives the 
moving table 41 in an X-Y-Z-G direction, and a control 
circuit Which controls driving of this drive mechanism. In 
this manner, there is con?gured means for positioning the 
loWest-intensity portion 24a in the passed laser beam inten 
sity distribution to the crystal seed 13 of the insulative base 
substance 11. 

[0076] A description Will noW be given as to a method for 
positioning the minimum light intensity portion 24a in the 
passed laser beam intensity distribution to the crystal seed 
13 on the insulative base substance 11. 

[0077] After ?xing the insulative base substance 11 on the 
moving table 41, the crystal seed 13 as a target on this base 
substance 11 is imaged by the imaging camera 42, and 
imaging information from the camera 42 is supplied as an 
analog signal to the target crystal seed positional informa 
tion output circuit 43. The circuit 43 coverts the supplied 
analog signal into a digital signal, and outputs positional 
information of the crystal seed 13 to the comparison circuit 
44. The comparison circuit 44 compares the inputted posi 
tional information of the crystal seed With positional infor 
mation of the loWest-temperature portion 24 from the loW 
est-temperature positional information output circuit 45, and 
executes a difference calculation of the both of positional 
information. 

[0078] This difference calculation information is inputted 
to the table position control section 46, and used to control 
a position of the moving table 41. By repeating such a 
calculation, the moving table 41 stops at a position Where a 
calculation output value of the comparison circuit 44 
becomes Zero. As a result, the loWest-temperature portion 24 
in the passed laser beam intensity distribution is aligned to 
the crystal seed 13 on the insulative base substance 11. In 
this case, as described in conjunction With FIGS. 6A and 
6B, the loWest-temperature portion 24 does not necessarily 
have to be aligned at the center of the crystal seed 13. 

[0079] A time given to the crystal groWth in the process 
according to the present invention is a time until the hour at 
Which a predetermined area of the melted amorphous silicon 
?lm is cooled to a solidi?cation temperature or beloW, Which 
is approximately 60 n seconds. As to this time, as compared 
With the mode according to a prior art by Which the crystal 
seed 13 is not formed in advance, the approximately 1.5 -fold 
time is given. As a result, the lateral groWth distance in this 
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embodiment is longer than that in the prior art, and it 
becomes 3 to 4.5 pm. FIG. 8A shoWs an enlarged crystal 
liZed area or gram 15 subjected to crystal groWth in the 
lateral direction from each crystal seed 13 according to the 
present invention. As apparent from FIG. 8A, in the lateral 
crystal groWth in this embodiment, the crystals regularly 
groW in the lateral direction in good order from a stick-like 
or linear crystal seed 13 composed of an aggregation of 
small crystal grains 30A. The large elongated crystal grains 
regularly groWn in good order can constitute even circuits 
Without irregularities in operating characteristics When 
forming circuits such as thin ?lm transistors. 

[0080] FIG. 8B schematically shoWs crystalliZed areas 
29B obtained by the prior art Which does not utiliZe a crystal 
seed. The prior art is laser annealing using a laser beam 
having a light intensity distribution Which is upWardly 
concave. In regard to a central part of the laser annealing 
according to the prior art, since an area irradiated With the 
laser beam 21 has a relatively loW temperature, this loW 
temperature portion becomes an area 30B Which is not 
melted but melted part of the Way in a thickness direction of 
the amorphous silicon ?lm 12. Since a peripheral part of the 
laser annealing according to the prior art is a high-tempera 
ture area, the entire amorphous silicon ?lm 12 in the 
thickness direction is melted, an area 30C in Which this 
melted area irregularly Wobbles is formed, and the lateral 
crystal groWth starts from this Wobbling or unstable area 
30C, thereby forming the crystalliZed areas 29B. In FIG. 
8B, reference numeral 30D denotes an amorphous silicon 
area Which is not crystalliZed. 

[0081] As apparent from the comparison betWeen FIGS. 
8A and 8B, comparing the lateral groWth distance according 
to this embodiment With that according to the prior art, the 
crystalliZed area 15 formed by the method according to the 
embodiment of the present invention is a crystal Which is 
1.5-fold longer than the crystalliZed area 29B formed 
according to the prior art. This can be achieved since the 
supercooling state does not appear because of a use of the 
crystal seed and hence the long crystalliZation progress time 
can be assured. On the other hand, in regard to a crystal 
groWth start position in the prior art, the temporal uneven 
ness occurs in generation of the crystal nucleus because of 
the crystal groWth from the supercooling state, and the 
position is not determined. As a result, in the prior art, a rim 
portion of the crystalliZation start point (the part of the area 
30C) has a ?xed Wobble. In the present invention, since the 
supercooling state does not occur, there has been con?rmed 
a result Which demonstrates the high positional controlla 
bility that substantially no Wobble is observed at the rim 
portion of the stick-like crystal seed 13 Which is the crystal 
groWth start position. 

[0082] As described above, an increase in the crystalliZed 
area is an effect obtained by substantial elimination of the 
supercooling time and the resulting extension of the time 
given to the crystal groWth. The highness of the positional 
controllability is an effect obtained from the previously 
arranged crystal seed 13 Which is a nucleus of the crystal 
groWth. Additionally, the crystal grain boundary generated 
in the crystalliZed silicon layer is a loW-angle grain bound 
ary, and it has been con?rmed that this crystal grain bound 
ary does not have a signi?cant electrical impact. 

[0083] The temperature distribution immediately after end 
of laser application has the condition that a part of the crystal 
















