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57 ABSTRACT 

In a method of forming a polycrystalline Silicon film in a 
process of manufacturing an LCD, a hydrogenated amor 
phous silicon film is formed on a glass Substrate by plasam 
CVD throughout areas Serving as the pixel portion and 
driver unit of the LCD. Alaser beam is radiated on a selected 
region of the film on the area Serving as the driver unit. The 
energy of the laser beam is set Such that hydrogen in the film 
is discharged without crystallizing the film and damaging 
the film. The energy of the laser beam is gradually increased 
to gradually discharge hydrogen from the film. The energy 
of the laser beam is finally set such that the film is trans 
formed into a polycrystalline Silicon film. The amorphous 
Silicon film can be poly-crystallized without damaging the 
film by the discharge of hydrogen. 

21 Claims, 17 Drawing Sheets 
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METHOD OF FORMING 
POLYCRYSTALLINE SILICON FILM IN 
PROCESS OF MANUFACTURING LCD 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of forming a 
polycrystalline Silicon (i.e., polysilicon) film in a process of 
manufacturing an LCD (Liquid Crystal Display). 

2. Description of the Related Art 
An LCD using a TFT (Thin-Film Transistor) has received 

a great deal of attention because the LCD provides very 
excellent picture quality. 
An LCD Substrate used in the LCD is schematically 

shown in FIG. 1. A large number of pixel units U each of 
which is obtained by combining an TFT 102 to a pixel 
electrode 103 connected to the drain of the TFT 102 are 
arranged on a glass Substrate 104. For example, Several 
hundred thousands Square pixel units U whose side has a 
length of about Several hundreds um are arranged. A trans 
parent electrode 105 commonly used for the pixel units U is 
formed to oppose the pixel electrode 103 Such that a liquid 
crystal 106 is formed between the pixel electrodes 103 and 
the transparent electrode 105, thereby forming a pixel por 
tion 100 as shown in FIG. 2. 
A large number of packaged IC chips 107 are arranged on 

the glass Substrate 104 along the peripheral edge of the pixel 
portion 100. Adriver unit 101 is formed by the IC chips 107. 
These IC chips are independently formed and then adhered 
to the glass substrate 104. The terminals of each of the IC 
chips 107 are connected to a Source bus and a gate bus 
connected to each of the pixel units U of the pixel portion 
100. For example, the number of gate buses and the number 
of source buses may reach 400 to 1,920. For this reason, a 
large number of wiring Steps are required to connect the IC 
chips 107 to the pixel units. This is a factor of increasing the 
cost of an LCD. 

The TFT of each pixel unit does not require its high-speed 
operation because the TFT causes the pixel of the pixel unit 
to be displayed as an image. For this reason, an amorphous 
Silicon layer can be used as a Semiconductor layer for the 
TFT. However, each transistor of the driver unit must have 
an operation speed considerably higher than that of the TFT 
because a circuit requiring a high-Speed Switching operation 
must be mounted on the driver unit. Therefore, a polysilicon 
film having a field-effect mobility higher than that of an 
amorphous Silicon layer must be used as the Semiconductor 
layer of the driver unit. 

The film formation proceSS must be performed at a 
temperature of about 600 C. or more by, e.g., low-pressure 
CVD (LPCVD) to obtain a polysilicon layer. However, an 
inexpensive glass Substrate has a thermal Strain point of 
about 600 C. A glass Substrate which can withstand a high 
temperature of about 600 C. is expensive. 

Under the above circumstances, a common Semiconduc 
tor layer which is used for constituting a driver unit, a pixel 
portion, and a wiring layer cannot be formed on the same 
glass Substrate at the same time. Therefore, a cumberSome 
and costly operation of adhering IC chips for a driver unit to 
a glass Substrate is inevitable at present. 
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2 
SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
Simplify the Steps in a process of manufacturing an LCD 
and, more Specifically, to form a polysilicon film at least for 
a driver unit using an amorphous Silicon film commonly 
formed for the driver unit, a pixel portion, and a wiring layer. 

According to the present invention, there is provided a 
method of forming a polycrystalline Silicon film in a process 
of manufacturing an LCD having a pixel portion and a driver 
unit, comprising: 

the Step of preparing a glass Substrate Serving as a 
Substrate of the LCD; 

the Step of forming a hydrogenated amorphous Silicon 
film on the glass Substrate throughout areas Serving as 
the pixel portion and the driver unit; 

the hydrogen discharging Step of radiating a laser beam 
having a hydrogen discharging energy on a Selected 
region of the film at least in the area Serving as the 
driver unit, the hydrogen discharging energy being Set 
Such that hydrogen in the film is discharged without 
crystallizing the film and damaging the film; and 

the crystallizing Step of radiating a laser beam having a 
crystallizing energy on the Selected region, the crystal 
lizing energy being Set to be higher than the hydrogen 
discharging energy Such that the film is transformed 
into a polycrystalline Silicon film. 

More Specifically, a hydrogenated amorphous Silicon 
(a-Si:H) film having a large area is formed on a glass 
Substrate by plasma CVD in an atmosphere of, e.g., about 
300 C. A laser beam is radiated on the amorphous silicon 
film of a driver unit and a pixel portion, if desired, to locally 
heat the amorphous Silicon film to a Surface temperature of 
about 1,000 C. to 1,414 C. In this manner, the amorphous 
Silicon film is melted and poly-crystallized to form a poly 
silicon film for the driver unit. 
A heating temperature in the Step of forming an amor 

phous Silicon film is lower than that of a polysilicon film. 
Annealing performed by a laser beam, i.e., laser annealing 
instantaneously heats the amorphous Silicon film to poly 
crystallize the amorphous Silicon film, and the glass Sub 
Strate is not heated to a high temperature accordingly. 
Therefore, the glass Substrate does not require a high heat 
resistance, and an inexpensive material can be used as the 
glass Substrate, So that a large-area transparent liquid crystal 
display can be manufactured. 
An a-Si:H film formed by plasma CVD contains a con 

siderably large amount of hydrogen. For this reason, when 
an energy required for poly-crystallizing the a-Si:H film is 
given to the a-Si:H film by using a laser beam, hydrogen is 
discharged from the film at once to degrade the film. 
Therefore, according to the present invention, the radiation 
energy of the laser beam is gradually increased to gradually 
discharge hydrogen frown from the a-Si:H film. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the Specification, illustrate presently 
preferred embodiments of the invention, and together with 
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the general description given above and the detailed descrip 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a view for explaining an LCD substrate; 
FIG. 2 is a perspective view showing the outer appearance 

of an LCD; 
FIG. 3 is a longitudinal sectional side view showing a film 

forming apparatus according to the present invention; 
FIG. 4 is a perspective view showing the outer appearance 

of the apparatus shown in FIG. 3; 
FIG. 5 is a view showing the control system of the 

apparatus shown in FIG. 3; 
FIG. 6 is a view for explaining laser annealing, 
FIG. 7 is a perspective view showing a Scanned/irradiated 

region of an a-Si:H film; 
FIG. 8 is a graph showing a relationship between an 

irradiation mode of a laser beam and an amount of dis 
charged hydrogen; 

FIG. 9 is a graph showing a relationship between another 
irradiation mode of a laser beam and an amount of dis 
charged hydrogen; 

FIG. 10 is a graph showing a relationship between still 
another irradiation mode of a laser beam and an amount of 
discharged hydrogen; 

FIG. 11 is a graph showing a relationship between still 
another irradiation mode of a laser beam and an amount of 
discharged hydrogen; 

FIG. 12 is a graph showing a relationship between Still 
another irradiation mode of a laser beam and an amount of 
discharged hydrogen; 

FIG. 13 is a graph showing a relationship between still 
another irradiation mode of a laser beam and an amount of 
discharged hydrogen; 

FIG. 14 is a graph showing a relationship between still 
another irradiation mode of a laser beam and an amount of 
discharged hydrogen; 

FIG. 15 is a graph showing a relationship between still 
another irradiation mode of a laser beam and an amount of 
discharged hydrogen; 

FIG. 16 is a flow chart showing a method of forming a 
polysilicon film with a crystallized State evaluated; 

FIG. 17 is a view showing an energy-band structure of a 
Silicon crystal; 

FIG. 18 is a graph showing the band gap spectral reflec 
tance of a polysilicon film in an ideal State; 

FIG. 19 is a graph showing the band gap spectral reflec 
tance of an amorphous Silicon film; 

FIG. 20 is a graph showing the band gap spectral reflec 
tance of a film in which amorphous Silicon is insufficiently 
transformed into polysilicon due to an insufficient energy of 
a laser beam; and 

FIG. 21 is a graph showing the band gap spectral reflec 
tance of a film damaged by an excessive energy of a laser 
beam. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 3 is a longitudinal Sectional view showing an appa 
ratus of manufacturing a Semiconductor thin film according 
to an embodiment of the present invention, and FIG. 4 is a 
partially cutaway perspective view showing the outer 
appearance of the apparatus. In this embodiment, a pneu 
matic Support mechanism 1 using an air preSSure is used as 
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4 
the base of the apparatus. In the pneumatic Support mecha 
nism 1, a Support plate 2 consisting of a material having 
rigidity, e.g., a metal is Supported by an air Suspension to be 
floated by an air pressure, and the air pressure is controlled 
Such that the Support plate 2 is always kept at a horizontal 
position. 
A processing chamber, e.g., a cylindrical vacuum cham 

ber 4 air-tightly covered by an aluminum outer wall is 
mounted and fixed on the Support plate 2 through a Support 
table 3. In the vacuum chamber 4, a placing table 6 for 
holding an object to be processed, e.g., a glass Substrate 5 
having a hydrogenated amorphous Silicon (a-SiH) film 
manufactured by a plasma CVD (PCVD) or an amorphous 
silicon film manufactured by an LPCVD apparatus, such 
that the Surface to be processed of the glass Substrate 5 faces 
downward. 

An exhaust pipe 7 connected to, e.g., a vacuum pump (not 
shown) communicates with the vacuum chamber 4, and a 
mass spectrometer 8 for measuring an amount of hydrogen 
generated by the amorphous Silicon film on the Substrate 5 
is arranged in the vacuum chamber 4. A gate valve G is 
formed in a part of the side wall of the vacuum chamber 4 
Such that the glass Substrate 5 can be loaded and unloaded 
between the vacuum chamber 4 and the exterior (outer 
atmosphere) thereof. A window 9 consisting of, e.g., Syn 
thetic quartz glass is formed on the bottom wall of the 
vacuum chamber 4 to cause a laser beam (to be described 
later) to pass. 
A Susceptor 18 is arranged on the placing table 6 to be 

opposite thereto. The Susceptor 18 incorporates a heater. In 
processing, the Susceptor 18 is brought into contact with the 
minor Surface of the Substrate 5 to heat the minor Surface. 
The susceptor 18 can be vertically moved by a motor 19 
such that the substrate 5 can be easily loaded/unloaded. 
A reflecting member 10 and a moving mechanism 11 for 

moving the reflecting member 10 horizontally, e.g., in an X 
or Y direction are arranged on the Support plate 2. The 
moving mechanism 11 is constituted by, e.g., an X-direction 
movable portion 13 and a Y-direction movable portion 15. 
The X-direction movable portion 13 is moved along a rail 12 
arranged on the Support plate 2 in the X direction, and the 
Y-direction movable portion 15 is moved along a rail 14 
arranged on the X-direction movable portion 13 in the Y 
direction. The reflecting member 10 is mounted on the 
Y-direction movable portion 15. A light source 17, which 
emits a light having an uniform intensity in a range between 
200 nm and 500 nm, is arranged under the window 9 to 
irradiate the amorphous Silicon film formed on the Substrate 
5 with the light. A reflected light of the light from a selected 
region of the film is introduced into a spectroscope 16 
through a lens focusing optical System (not shown) and is 
Spectroscopically detected by the SpectroScope 16. 
A beam splitter 17a may be used as shown in FIG. 5 for 

radiating the light from the Source 17 on the Selected region 
of the film. By virtue of this, the orientation of the light can 
be controlled Simultaneously with a laser beam controlled as 
described below. 

FIG. 5 is a block diagram Showing a laser optical System 
of the apparatus of manufacturing a polysilicon thin film and 
a feedback control System for a laser beam from the laser 
optical system. As shown in FIG. 5, when a laser power 
Source 21 is turned on in response to a command from a CPU 
20, a laser beam having, e.g., a wavelength of 248 nm is 
emitted from a laser Source 22, e.g., an excimer laser 
oscillator. The laser beam is transmitted through a homog 
enizer 23, and the laser beam is radiated in a Z-axis direction, 
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i.e., on the bottom surface of the vacuum chamber 4 by the 
reflecting member 10. The homogenizer 23 comprises an 
expand lens 24 and a biprism lens 25. The biprism lens 25 
divides the laser beam into four parts and inverts them So as 
to improve the laser beam to have a uniform intensity 
distribution. The laser beam emitted from the homogenizer 
23 is radiated on the Substrate 5 as an optical beam having 
a Square Section and a uniform intensity distribution. AS 
described above, the reflecting member 10 can be freely 
moved on the horizontal plane in the X and Y directions by 
the moving mechanism 11, So that the optical beam from the 
reflecting member 10 can be radiated to Scan a desired 
region in the Surface to be processed of the lower Surface of 
the substrate 5 through the transparent window 9. 
A method of transforming a hydrogenated amorphous 

silicon film (a-Si:H) into a polysilicon film by laser anneal 
ing using the above apparatus will be described below. AS an 
object to be processed, a glass Substrate having an a-Si:H 
film formed during the process of manufacturing an LCD is 
used. A glass Substrate is prepared as the Substrate for an 
LCD, and an a-Si:H film commonly used for a pixel portion 
and a driver unit is formed in a predetermined pattern. The 
a-Si:H film is formed on the glass substrate by plasma CVD 
in an atmosphere of about 300° C. At this time, as described 
above, at least the a-Si:H film of the driver unit must be 
transformed into a polysilicon film to increase the field 
effect mobility. 

The gate valve G is opened, and the Substrate 5 is placed 
on the placing table 6 in the vacuum chamber 4 by a convey 
mechanism (not shown) Such that the Surface to be pro 
cessed of the Substrate faces downward. The gate value G is 
closed, and the vacuum chamber 4 is evacuated by a vacuum 
pump (not shown) through the exhaust pipe 7 to be set in a 
vacuum atmosphere of, e.g., a pressure of 2.5x107 Torr. The 
susceptor 18 is moved downward to be brought into contact 
with the minor surface of the Substrate 5. The temperature of 
the Susceptor 18 is set such that the temperature of the 
substrate 5 in laser annealing is set at, e.g., 300° C. The 
Substrate 5 is heated to prolong crystallization of the Silicon 
film after the film is melted, and grow crystalline grains 
bigger. In consideration of the heat resistance of the glass 
substrate 5 and the crystallization of the silicon film, the 
temperature of the substrate 5 is preferably set to be about 
300 C. A laser beam transmitted from the excimer laser 
beam oscillator is radiated on the a-Si:H film in the region 
of the driver unit on the Substrate 5 through the reflecting 
member 10 to Scan the region while the moving mechanism 
11 is driven. 

In this case, an excimer laser beam is oscillated like a 
pulse, and the laser beam has a period of 10 Hz. The laser 
beam scans the a-Si:H film to be shifted by an interval of 
1.25 mm every pulse. For this reason, when a laser beam 
having a beam size of 0.9 cmx0.9 cm is used, the a-Si:H film 
is irradiated with the laser beam corresponding to about 7.2 
pulses per Scanning operation. When a laser beam having a 
beam size of 0.65 cmx0.65 cm is used, the a-Si:H film is 
irradiated with the laser beam corresponding to about 5.2 
pulses per Scanning operation. 

when When the laser beam is radiated on the a-Si:H film, 
at the beginning, the output energy of the laser beam is Set 
to be a lower energy than an energy required for polycrys 
tallizing the a-Si:H film. The laser beam having the constant 
low energy, e.g., 160 m.J (a beam size is 0.9 cmx0.9 cm, and 
the transmittance of all the optical systems is 70%, thereby 
setting the energy density of the film surface to be 138 
mJ/cmi) scans the a-Si:H film a plurality of times. 
An amount of hydrogen is monitored by the mass spec 

trometer. After the amount of hydrogen is almost equal to the 
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6 
amount of the hydrogen in the immediately preceding Scan 
ning operation, the output energy is slightly increased to, 
e.g., 200 m.J (energy density: 173 m.J/cm. The laser beam 
having the energy is radiated on the film Several times to 
Scan the film, and Similarly, an amount of hydrogen is 
monitored. In addition, the energy is further increased to, 
e.g., 240 m.J (energy density: 207 m.J/cm), and the same 
process as described above is performed. In this manner, the 
energy is gradually increased, and the above process is 
repeated, thereby gradually discharging hydrogen from the 
a-Si:H film. A laser beam having an energy enough to 
poly-crystallize the a-Si:H film is radiated on the a-Si:H 
film, and the a-Si:H film is transformed into a polysilicon 
film. In this case, an aperture for the laser beam may be 
regulated without changing the output energy of the laser 
beam to change the irradiation energy (energy per unit area 
of a Surface to be processed) of the laser beam. 

FIG. 6 is a schematic view showing the state of the above 
laser annealing. In FIG. 6, reference symbol 81 denotes a 
glass substrate; 82, an a-Si:H film for forming TFTs of a 
pixel portion; and 83, an a-Si:H film for forming a driver 
unit. 

According to the above method, when a laser beam 
having a low energy is radiated on the a-Si:H film, an 
amount of hydrogen proportional to the energy is dis 
charged. When a laser beam having the same energy is 
radiated on the a-Si:H film several times to Scan the a-Si:H 
film, an amount of hydrogen proportional to the energy is 
gradually decreased in accordance with the number of times 
of Scanning, and almost all hydrogen is discharged. The 
energy of the laser beam is slightly higher than the previous 
irradiation energy, and the same process as described above 
is performed. At this time, an amount of hydrogen propor 
tional to the high energy is gradually generated in accor 
dance with the number of times of Scanning irradiation. In 
this manner, when the irradiation energy of the laser beam 
is increased, hydrogen in the a-Si:H film is Sequentially 
discharged in accordance with a change in energy. 

Hydrogen in the a-Si:H film is discharged Stepwise, and 
irradiation is shifted to irradiation having a high energy 
while an amount of hydrogen is monitored, thereby Substan 
tially preventing the film from being damaged. Almost all 
hydrogen which the a-Si:H film contains is discharged, and 
the hydrogen content of the a-Si:H film is small when a high 
energy is applied to the a-Si:H film to poly-crystallize the 
a-Si:H film. For this reason, even when the remaining 
hydrogen is discharged at once, the film is not damaged. In 
contrast to this, when a laser beam having an energy enough 
to poly-crystallize the a-Si:H film is radiated on the a-Si:H 
film from the beginning, hydrogen contained in the a-Si:H 
film is discharged at once to be exploded. For this reason, the 
abrupt hydrogen jet damages the film. 
An amount of hydrogen Smaller than a predetermined 

amount is generated even when the irradiation energy of the 
laser beam is increased. In this State, the Step of radiating the 
laser beam having an energy required for poly-crystallizing 
the a-Si:H film is performed for the first time. 
A method of Setting the output energy of the laser beam 

and the number of times of Scanning irradiation may be set 
on the basis of the result obtained as follows. For example, 
irradiation having various patterns is performed to each of 
various types of objects to be processed in advance, and an 
amount of discharged hydrogen is detected by the mass 
Spectrograph 8. In other words, when the values of an energy 
of the laser beam for discharging hydrogen for the first time, 
an intermediate energy of the laser beam for discharging 
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hydrogen, and an energy of the laser beam for crystallizing 
the film are Set in advance by performing experiments Such 
as experiments (will be described later) to a sample having 
a condition Similar to that of an actual object to be processed, 
the present invention can be performed without monitoring 
an amount of discharged hydrogen. Note that a measuring 
means other than a mass Spectrograph may be used to detect 
an amount of hydrogen gas. 
The polysilicon film is formed as described above, and the 

preSSure in the vacuum chamber 4 is returned to an atmo 
Spheric pressure. The gate valve G is opened, and the 
substrate 5 is unloaded from the vacuum chamber 4 by a 
convey mechanism (not shown). A film formation process is 
performed to the Substrate in a Semiconductor processing 
Station including a film form processing Station or a litho 
graphic Station. In this film formation process, masks having 
different predetermined patterns are independently used in a 
pixel portion area and a driver unit area of an LCD Substrate 
on the same Substrate, and TFTS each constituting a part of 
a pixel unit and Switching elements of the driver unit are 
Simultaneously formed. At the same time, in this process, an 
electrode wiring layer for connecting the pixel portion to the 
driver unit is formed. 

In the apparatus shown in FIG. 3, the reflecting member 
10 is arranged outside the vacuum chamber 4 below the 
Vacuum chamber 4, and the Surface to be processed of the 
Substrate faces downward Such that a laser beam is radiated 
upward on the Surface. For this reason, the moving mecha 
nism may be fixed on the Support plate 2 without being 
Suspended, and the moving mechanism can be stably moved, 
So that the accuracy of the movement path of the reflecting 
member 10 can be kept high. 
The Support plate 2 can be horizontally maintained under 

the pneumatic control, and the vacuum chamber 4 is Sup 
ported on the Support plate 2. For this reason, both the 
movement path and the LCD substrate 5 can be horizontally 
maintained at high accuracy. Therefore, Scanning irradiation 
of a laser beam can be performed at high accuracy. AS the 
Support plate 2, any Support plate having a structure which 
does not transmit external vibrations even when the Support 
plate is not horizontally controlled by an air pressure or the 
like may be used. 

In laser annealing to an a-Si:H film, various irradiation 
modes of the laser beam were used, and experiments of 
detecting an amount of hydrogen discharged from the a-Si:H 
film and of observing the state of the a-Si:H film were 
performed. A sample obtained by formed an a-Si:H film 
having a thickness of 1,000 A on a glass Substrate by plasma 
CVD was prepared. This Sample was placed in the vacuum 
chamber 4 of the apparatus shown in FIG. 3. The pressure 
in the vacuum chamber 4 was set to be 2.5x107 Torr. The 
temperature of the Susceptor 18 was Set Such that the 
temperature of the sample was set at 300° C. The distance 
between the sample and the biprism lens 25 was set to be 340 
mm when a laser beam had a beam size of 0.9 cmx0.9 cm, 
and the distance was set to be 230 mm when the laser beam 
had a beam size of 0.65 cmx0.65 cm. 

AS described above, an excimer laser beam was oscillated 
like a pulse, and the period of the beam was 10 HZ. Scanning 
was performed such that the laser beam was shifted by an 
interval of 1.25 mm every pulse. Therefore, when the laser 
beam having a beam size of 0.9 cmx0.9 cm was used, the 
a-Si:H film was irradiated with the laser beam corresponding 
to about 7.2 pulses per Scanning operation. When a laser 
beam having a beam size of 0.65 cmx0.65 cm was used, the 
a-Si:H film was irradiated with the laser beam corresponding 
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to about 5.2 pulses per Scanning operation. In addition, the 
transmittance of the entire optical System through which the 
laser beam passes was 70%. 

Experiment 1 
As shown in FIG. 7, the a-Si:H film was divided into five 

areas A to E. A laser beam having a beam size of 0.9 cmx0.9 
cm and an output energy of 120 m.J was repeatedly radiated 
on all the areas predetermined times. At this time, the energy 
density of the laser beam per pulse on the film Surface was 
about 104 m.J/cm. A relationship between an output energy, 
a repetition count, and an amount of discharged hydrogen is 
shown in FIG.8. In FIG. 8, output values corresponding to 
amounts of discharged hydrogen (H) in the mass spectrom 
eter are plotted along the ordinate. Each of the areas was 
divided into three regions of each area, and the same 
processing as described above was performed to the three 
regions, and an average of output values obtained by per 
forming the processing three times was calculated. ASSum 
ing that a process of performing Scanning irradiation from 
one end of each area to the other end is called one Scanning 
operation, the repetition count means the number of times of 
Scanning in the same area. In this experiment, any damage 
was not detected in the a-Si:H film. It was understood that 
a variation in output value of the areas was caused by 
experimental errors. 

Experiment 2 
After Experiment 1, a laser beam having a beam size Of 

0.9 cmx0.9 cm was repeatedly radiated on the areas A to E 
with output energies of 160 m, 200 m, 240 m, 280 m.J., and 
340 m.J predetermined times, respectively. At this time, 
energy densities of the laser beam per pulse on the film 
surface were about 138 m.J/cm, 173 m.J/cm, 207 m.J/cm’, 
242 m/cm’, and 294 m.J/cm’, respectively. Relationships 
between the output energies, repetition counts, and amounts 
of discharged hydrogen are shown in FIG. 9. In this 
experiment, any damage was not detected in the a-Si:H film. 

Experiment 3 
A laser beam having a beam size of 0.9 cmx0.9 cm was 

repeatedly radiated on all the areas with an output energy 
being increased in an order of 120 ml, 160 m, 220 m, 280 
mJ, 340 m), and 450 m) four times without distinguishing 
the areas from each other. At this time, energy densities per 
pulse of the laser beam having the output energies on the 
film surface were about 104 m.J/cm, 138 m.J/cm, 190 
mJ/cmi, 242 m.J/cm, 294 m.J/cm’, and 389 m.J/cm’, respec 
tively. The result is shown in FIG. 10. In this experiment, 
any damage was not detected in the a-Si:H film. 

Experiment 4 
A laser beam having a beam size of 0.9 cmx0.9 cm was 

repeatedly radiated on the areas A to E with outputs energies 
of 110 m), 160 m.J., 200 m.J., 240 m.J., and 280 m.J predeter 
mined times, respectively. At this time, energy densities of 
the laser beam per one pulse on the film Surface were about 
95 m.J/cm°, 138 m.J/cm°, 173 m.J/cm°, 207 m.J/cm’, and 242 
mJ/cm, respectively. The result is shown in FIG. 11. In this 
experiment, damage to the film was detected in an area on 
which the laser beam having an output energy of 200 m) 
(energy density: 173 m.J/cm ) or more was radiated. 

Experiment 5 
A laser beam having a beam size of 0.9 cmx0.9 cm was 

repeatedly radiated on all the areas with an output energy 
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being increased in an order of 120 m, 160 m, 340 m), and 
450 m.J predetermined times without distinguishing the areas 
from each other. At this time, energy densities per pulse of 
the laser beam having the output energies on the film Surface 
were about 104 m.J/cm, 138 mJ/cm, 294 m.J/cm, and 389 
mJ/cm, respectively. The result is shown in FIG. 12. In this 
experiment, when a laser beam having an output energy of 
340ml) (energy density: 294m.J/cm) or less was radiated on 
the film, any damage was not detected in the film. However, 
when a laser beam having an output energy of 450 m.J 
(energy density: 389 m.J/cm) was radiated on the film, 
damage to the film was detected. 

Experiment 6 

A laser beam a beam size of 0.9 cmx0.9 cm was repeat 
edly radiated on all the areas with an output energy being 
gradually increased in an order of 120 m) and 450 ml] 
predetermined times without distinguishing the areas from 
each other. At this time, energy densities per pulse of the 
laser beam having the output energies on the film Surface 
were about 104 m.J/cm° and 389 m.J/cm’, respectively. The 
result is shown in FIG. 13. In this experiment, when the laser 
beam having the output energy of 450 ml (energy density: 
389 m.J/cm) was radiated on the film, damage to the film 
was detected. 

Experiment 7 

Alaser beam having a beam size of 0.65 cmx0.65 cm was 
radiated on all the areas once with an output energy being 
gradually increased from 120 m) to 480 m), as shown in 
FIG. 14, without distinguishing the areas from each other. 
The result is shown in FIG. 14. In this experiment, any 
damage was not detected in the a-Si:H film. The a-Si:H film 
was poly-crystallized by radiating the laser beam having the 
output energy of 480 m) on the a-Si:H film. This was 
confirmed by an X-ray analyzer. 
When the output energies of 120 m) and 480 m) were 

used, energy densities per pulse of the laser beam on the film 
surface were about 199 m.J/cm and 795 m.J/cm, respec 
tively. In addition, since the light absorbance of the a-Si:H 
film at a wavelength of 248 nm was 30%, the absorption 
energy densities of the a-Si:H film at the output energies of 
120 m.J and 480 m.J were 60 m.J/cm° and 239 m.J/cm’, 
respectively. 

Experiment 8 
An al-Si:H film was divided into two areas. A laser beam 

having a beam size of 0.65 cmx0.65 cm was radiated on one 
area with an output energy being gradually increased in an 
order of 120 m.J., 220 ml, 300 m.J., 400 m), and 480 m) once. 
A laser beam having a beam size of 0.65 cmx0.65 cm was 
radiated on the other area with an output energy being 
gradually increased in an order of 160 m, 280 m.J., 380 m), 
and 480 m.J once. The result is shown in FIG. 15. In this 
experiment, damage to all the films was detected. At each 
hatched point in FIG. 15, an output value of hydrogen 
exceeded 25. 

Experiment 9 
Under the same conditions as those in Experiment the 

temperature of the substrate 5 was set to be 25 C. and 300 
C. through the susceptor 18 to poly-crystallize the a-Si:H 
film. When the temperature of the substrate 5 was 25 C., an 
average crystal grain size was about 100 nm. When the 
temperature of the substrate 5 was 300 C., an average 
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10 
crystal grain size was six times of the above average crystal 
grain size, i.e., about 600 nm. 

According to the above results, when a laser beam having 
a high energy is radiated on the a-Si:H film from the 
beginning, hydrogen in the a-Si:H film is discharged at once 
to damage the film. Although a laser beam having a low 
energy is radiated on the a-Si:H film from the beginning, 
when a laser beam having a high energy is then radiated on 
the a-Si:H film at once, the film is damaged as described 
above. However, the following fact will be understood. That 
is, a laser beam having a low energy is radiated on the a-Si:H 
film from the beginning, and the energy is gradually 
increased, thereby preventing the film from being damaged. 
This leads to the following analysis result Surmised by the 
following reason. When the irradiation energy of a laser 
beam is gradually increased, hydrogen in the film is gradu 
ally discharged, and a shock caused by the discharge is 
Small, Such that the film is not damaged. Although a method 
of forming a polysilicon film while an amount of hydrogen 
is monitored had been described in the above embodiment, 
when required data are obtained in advance, the polysilicon 
film can be formed without monitoring the amount of 
hydrogen. For example, when a relationship between a laser 
beam intensity, an irradiation count, and an amount of 
discharged hydrogen for each of Substrates having the same 
thin film and the Same size is obtained in advance, the 
relationship can be used as data in place of data obtained by 
monitoring an amount of discharged hydrogen. 
A method of laser-annealing the amorphous area of an 

object to be processed and evaluating the crystallized State 
of the area by using the apparatus shown in FIGS. 3 and 5 
will be described below. In this case, as in the above 
embodiment, a polysilicon film is formed on the surface of 
a glass Substrate using a hydrogenated amorphous Silicon 
(a-Si:H) film manufactured by plasma CVD. However, 
when the problem of the heat resistance of the substrate 5 is 
Solved, a polysilicon film can be formed by using an 
amorphous silicon film manufactured by LPCVD. Laser 
annealing in which a polysilicon film is formed while the 
crystallized State is evaluated can be applied to a case of 
using the above LPCVD silicon film and a case of using a 
Semiconductor film consisting of a material other than 
Silicon. 
The method of this embodiment will be described below 

with reference to a flow chart shown in FIG. 16. 

In Step S1, the laser power Source 21 is turned on 
according to a command from the CPU20 in which a control 
program on the basis of the present invention is incorpo 
rated. A laser beam is transmitted from the excimer laser 
Source 22 to the reflecting member 10 through the homog 
enizer 23. The laser beam is directed toward a desired area 
on a surface to be processed of the substrate 5. When the 
moving mechanism 11 is appropriately driven, the laser is 
radiated to Scan the amorphous Silicon film in the desired 
aca. 

In step S2, the substrate 5 is irradiated with a beam from 
the light source 17 (FIG.5) having a light intensity which is 
uniform within the range of 200 nm to 500 nm. A reflected 
beam from the desired amorphous Silicon area is focused on 
the spectroscope 16 by the optical System (not shown) to be 
Spectroscopically detected. 

In Step S3, a band gap Spectroscopic reflectance distribu 
tion obtained by the reflected beam in the above area is 
compared with a prestored band gap spectroscopic reflec 
tance distribution concerning a reference Semiconductor 
crystal material. AS will be described later, is known that a 
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Sample having a desired Semiconductor crystal State repre 
Sents a spectroscopic reflectance distribution which is almost 
fixed. Therefore, a reference spectroscopic reflectance dis 
tribution is compared with the detected Spectroscopic reflec 
tance distribution of the observed portion. By using a degree 
of approximation of the distributions, the crystallized State 
of the observed portion, i.e., the progreSS of the laser 
annealing can be determined. 
AS the result of the comparison, when it is determined that 

the crystallized State of the observed portion does not reach 
a reference level, the CPU 20 transmits a command signal 
for increasing a laser irradiation energy to the System, and 
the laser irradiation energy is adjusted in Step S4. Note that 
it is preferable that the laser irradiation energy is gradually 
increased in a normal State because of the following reasons. 
That is, as described above, when an excessive laser irra 
diation energy is applied to the film at once, hydrogen in an 
amorphous Silicon film containing an excessive amount of 
hydrogen and manufactured by plasma CVD is sprayed at 
once, So that the Silicon film may be damaged. 
As a method of adjusting a laser irradiation energy, a 

method of changing an output from the excimer laser Source 
22, a method of changing a laser irradiation interval in Spot 
irradiation, or a method of adjusting the moving Speed of the 
moving mechanism 11 for driving the reflecting member 10 
on the X-Y plane is known. When each of these methods is 
independently used, or these methods are combined and 
used, the laser irradiation energy can be adjusted to a desired 
value. 
A sequence of laser irradiation (S1), spectroscopic detec 

tion (S2), and crystallized State evaluation (S3) is continu 
ously repeated in accordance with a command from Step S4 
until the crystallized State of the observed portion, i.e., a 
portion to be processed reaches a reference level. When it is 
determined in step S3 that the crystallized state of the 
portion to be processed reaches the reference level, the flow 
advances to step S5. The moving mechanism 11 is driven, 
and the laser beam is radiated to Scan the next irradiation 
area. In this manner, the Sequence from StepS S1 to S5 is 
repeated until it is determined in Step S6 that laser annealing 
to all the areas to be processed is finished. 
AS described above, according to a method of forming a 

polysilicon thin film using a method of evaluating a Semi 
conductor crystal State according to the present invention, a 
crystallized State is determined by a spectroscopic reflec 
tance distribution typically conspicuously representing the 
characteristics crystallized State of the Semiconductor with 
out using an expensive apparatus Such as a Raman 
Spectroscope, for a special purpose. On the basis of this 
determination, a laser irradiation energy can be feedback 
controlled in real time. For this reason, laser annealing can 
easily be performed at a low cost. In addition, TFT liquid 
crystal displayS can be manufactured at a high yield and 
throughput. 
A laser reflectance distribution of a Semiconductor band 

gap which Serves as a reference used for performing the 
method according to the present invention will be described 
below. The energy band of a Silicon crystal, as is known 
well, has the structure shown in FIG. 17. This band gad is 
about 3.43 eV at the T point and is about 4.40 eV at the X 
point. A laser beam having a beam size of, e.g., 0.65 
(cm)x0.65 (cm)=0.43 (cm) and an laser energy of, e.g., 400 
mJ is radiated on a reference Semiconductor crystal through 
a transparent window having an optical transmittance of 
75% under the condition that the reference semiconductor 
crystal has the above band gap structure and a film thickness 
of 500 A. 
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A band gap spectroscopic reflectance distribution 

obtained when a laser having the above conditions is radi 
ated on the reference Semiconductor crystal is shown in FIG. 
18. As shown in FIG. 18, the band gap spectroscopic 
reflectance distribution has two peak values near 284 nm and 
364 nm. These peak values correspond to the X and T points 
of particular points in the first Brillouin Zone of the silicon 
crystal, respectively. 
The band gap Spectroscopic reflectance distribution of 

amorphous silicon is shown in FIG. 19 as a further reference. 
It is known that, as shown in FIG. 19, the band gap 
Spectroscopic reflectance distribution of the amorphous sili 
con has a distribution having no peak and representing a 
characteristic curve inclined downward the right. 
AS described above, as is easily understood in comparing 

FIG. 18 with FIG. 19, the outline shape of the band gap 
Spectroscopic reflectance distribution of the reference Semi 
conductor crystal is a unique shape. The first information 
concerning the band gap spectroscopic reflectance distribu 
tion is Stored as reference information in advance, and the 
first information is compared with the Second information 
concerning a band gap spectroscopic reflectance distribution 
obtained in real time during annealing of an object to be 
processed, So that the crystallized State of the object can be 
known in real time. 

For example, when a laser irradiation energy transmitted 
by the laser Source 22 is not enough to crystallize the object, 
e.g., 200 m.J., the band gap spectroscopic reflectance distri 
bution detected from a reflected beam from the object, as 
shown in FIG. 20, has a curve inclined downward to the 
right. In contrast to this, when a laser irradiation energy 
transmitted from the laser Source 22 has a value excessively 
large to crystallize a Semiconductor, e.g., 600 m, the band 
gap spectroscopic reflectance distribution detected from the 
reflected beam from the object, as shown in FIG. 21, has a 
characteristics curve representing that the Spectroscopic 
reflectance distribution has an outline shifted downward due 
to damage to the entire film. It is understood that this 
phenomenon is obtained by forming a Silicon oxide film on 
the surface of the object. 
When the band gap spectroscopic reflectance distribution 

shown in FIG. 20 is spectroscopically detected, the system 
can be feedback-operated in real time So that the laser 
irradiation energy is gradually increased to cause the Spec 
troscopic reflectance distribution in FIG. 20 to be close to 
the spectroscopic reflectance distribution in FIG. 18. In this 
manner, the laser irradiation energy is preferably controlled 
before the film damage shown in FIG. 21. In addition, if the 
band gap spectroscopic reflectance distribution shown in 
FIG. 21 is spectroscopically detected, the Sample can be 
picked as a defective one. 
AS described above, a laser irradiation energy is gradually 

increased Such that the distribution in FIG. 20 is close to the 
distribution in FIG. 18. As described above, when an exces 
Sive laser irradiation energy is applied from the beginning, 
hydrogen contained in an amorphous Silicon is sprayed at 
once, and the Silicon film may be damaged, thereby detect 
ing the Sample as a defective one. 

Since the reference reflectance distribution does not com 
pletely coincide with the reflectance distribution of an object 
to be processed due to the characteristics of the method of 
analyzing these distributions, this comparison is performed 
by a method of finding a degree of approximation between 
these distributions while allowing errors to some extent. For 
example, when the peak values at the X point (about 284 
nm) and the Tpoint (about 364 nm) are compared with each 
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other, an error of +20 nm can be allowed. In addition, the 
outline shapes of the spectroscopic reflection distributions 
are traced and processed, and the obtained data are com 
pared with each other with a certain allowance range, So that 
the crystallized State of the object to be processed can be 
evaluated. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the Specific details, and 
illustrated examples shown and described herein. 
Accordingly, various modifications may be made without 
departing from the Spirit or Scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A method of forming a polycrystalline silicon film for 

the manufacture of a liquid crystal display (LCD) having a 
pixel portion and a driver unit, comprising: 

(a) forming a hydrogenated amorphous silicon film (C. 
a-Si:H film) on a Surface of a glass Substrate in areas of 
Said Substrate corresponding to Said pixel portion and 
Said driver unit, 

(b) determining a minimum energy density of a laser 
beam which, when irradiated on the Surface of Said C. 
a-Si:H film causes hydrogen therein to explosively 
discharge from Said C. a-Si:H film, which energy 
density value is termed a ceiling value, 

(c) repeatedly irradiating saidoa-Si:H film correspond 
ing to Said driver unit with a laser beam having an 
energy density value below said ceiling value, measur 
ing the amount of hydrogen released after each Said 
irradiation, and increasing the energy density of Said 
repeated laser beam irradiations whenever consecutive 
irradiations give a measured amount of hydrogen 
released which decreases after Said consecutive 
irradiations, and 

(d) crystallizing said repeatedly irradiated Oa-Si:H film 
corresponding to Said driver unit by irradiation with a 
laser beam having an energy density above Said ceiling 
value and Sufficient to cause Silicon in Said repeatedly 
irradiated C. a-Si:H film to crystallize into a the 
polycrystalline Silicon film. 

2. A method according to claim 1, wherein all laser beams 
are emitted from a single light Source. 

3. A method according to claim 1, wherein Said glass 
substrate is heated to about 300° C. during the crystallizing 
Step. 

4. A method according to claim 1, wherein all laser beams 
are constituted by a beam having a Square Section Smaller 
than Said repeatedly irradiated film and operated to Scan said 
repeatedly irradiated film. 

5. A method according to claim 4, wherein Said all laser 
beams pass through a homogenizer comprising an expand 
lens and a biprism lens while the laser beam is radiated from 
Said light Source on Said repeatedly irradiated film. 

6. A method according to claim 5, wherein the laser beams 
are emitted as a pulse. 

7. A method according to claim 6, wherein an energy of 
at least one of Said laser beams is adjusted by adjusting an 
output of a laser Source. 

8. A method according to claim 6, wherein an energy of 
at least one of Said laser beams per unit area is adjusted by 
changing an interval of the pulse. 

9. A method according to claim 6, wherein an energy of 
at least one of the laser beams is adjusted by changing a 
Scanning Speed of the beam. 
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10. A method according to claim 6, wherein the ceiling 

value is Set Such that an energy density on a Surface of Said 
repeatedly irradiated film is set to be lower than 173 m.J/cm. 

11. A method according to claim 6, wherein the energy 
density of Said laser beam for crystallizing Said film is Set 
Such that an energy density on a Surface of Said repeatedly 
irradiated film is set to be not less than 795 m.J/cm. 

12. A method according to claim 4, wherein the crystal 
lizing further comprises the steps of: 

radiating a test light on said repeatedly irradiated film; 
Spectroscopically detecting a reflected light of the test 

light from Said repeatedly irradiated film to obtain 
detection data concerning a band gap spectroscopic 
reflectance distribution of Said repeatedly irradiated 
film and 

comparing reference data concerning a band gap Spectro 
Scopic reflectance distribution of a polysilicon film and 
responding to the detection data with the detection data 
to evaluate a crystallized State of Said repeatedly irra 
diated film to determine whether said irradiated film 
changes to a crystallized State polysilicon film, and 

Stopping the irradiation of the laser beam Onto the film, if 
the amorphous Silicon film changes to the crystallized 
State polysilicon film, and continuing the irradiation of 
the film if the amorphous Silicon film does not change 
to the crystallized polysilicon film. 

13. A method according to claim 12, wherein the detection 
data and the reference data are peak values of the band gap 
Spectroscopic reflectance distribution. 

14. A method according to claim 12, wherein the detection 
data and the reference data are profiles of the band gap 
Spectroscopic reflectance distribution. 

15. A method according to claim 12, further comprising 
the step of adjusting an energy of Said crystallizing laser 
beam on the basis of evaluation of the crystallized State. 

16. A method for forming a polycrystalline Silicon film 
according to claim 1 further comprising determining cryS 
tallinity of the repeatedly irradiated amorphous Silicon film 
by Steps of 

heating the repeatedly irradiated amorphous Silicon film 
SO that Said amorphous Silicon film changes to the 
polycrystalline Silicon film, 

radiating a test light onto the film during or after the 
heating of Said repeatedly irradiated amorphous Sili 
con film, 

spectroscopically detecting a reflected light of the test 
light from Said heated Silicon film to obtain detection 
data concerning band gap SpectroScopic reflectance 
distribution of Said heated Silicon film, and comparing 
reference data concerning band gap Spectroscopic 
reflectance distribution of a polycrystalline sample 
Silicon film, having a reference level of crystallinity, 
with the detection data to evaluate a crystallized State 
of the heated Silicon film to detect whether the crystal 
lized State of the Silicon film reaches the reference level; 
and 

Stopping the heating of the heated Silicon film, if the 
crystallized State of the heated Silicon film reaches the 
reference level, and 

continuing the heating of the heated Silicon film, if the 
crystallized State of the film does not reach the refer 
ence level. 

17. A method according to claim 16, wherein the detection 
data and the reference data are peak valueS of the band gap 
spectroscopic reflectance distribution. 

18. A method according to claim 16, wherein the detection 
data and the reference data are profiles of the band gap 
spectroscopic reflectance distribution. 
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19. A method for forming a polycrystalline Silicon film 
according to claim 1 further comprising determining cryS 
tallinity of the repeatedly irradiated amorphous Silicon film 
by Steps of 

heating the repeatedly irradiated amorphous Silicon film 
SO that Said amorphOuS Silicon film changes to the 
polycrystalline Silicon film, 

radiating a test light onto the Silicon film during the 
heating of the repeatedly irradiated amorphous Silicon 
film, 

spectroscopically detecting a reflected light of the test 
light from Said heated Silicon film to obtain detection 
data concerning band gap spectroScopic reflectance 
distribution of Said heated Silicon film, 

comparing reference data concerning band gap Spectro 
Scopic reflectance distribution of a polycrystalline Sili 
con Sample film, having a reference level of 
crystallinity, with the detection data to evaluate the 
crystallized State of the heated Silicon film to detect 
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whether the crystallized State of the heated Silicon film 
reaches the reference level, 

Stopping the heating of the film, if the crystallized State of 
the heated Silicon film reaches the reference level, and 

continuing the heating of the heated Silicon film, if the 
crystallized State of the film does not reach the refer 
ence level. 

20. A method according to claim 19, wherein Said heating 
includes a Step of irradiating a laser beam Onto the repeat 
edly irradiated amorphous Silicon film, while adjusting an 
energy of Said laser beam according to the crystallized State 
aS evaluated in the comparing Step. 

21. A method according to claim 20, wherein the energy 
of Said laser beam is gradually increased until the crystal 
lized State of the repeatedly irradiated amorphous Silicon 
film reaches said reference level. 
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