
DESCRIPTION TITLE OF THE INVENTION       LASER ANNEALING TREATMENT APPARATUS
AND LASER ANNEALING TREATMENT METHOD TECHNICAL FIELD [0001]       The present
invention relates to a laser annealing treatment apparatus which irradiates a semiconductor film with
pulse laser light, thereby carrying out laser annealing, and a laser annealing treatment method.
BACKGROUND ART [0002]       Laser annealing using laser light is carried out as a part of a
manufacturing method which is a low temperature process for a thin film transistor used for a pixel
switch and a drive circuit for a liquid crystal display and an organic EL (Eleetro Luminescence display.
This method irradiates a non single-crystalline semiconductor film formed on a substrate with laser
light, thereby locally heating and melting the semiconductor thin film, or heating the semiconductor thin
film without melting, and then crystallizes the semiconductor thin film into a polycrystalline film or
single-crystalline film in a cooling process. The crystallized semiconductor thin film presents high
mobility of carriers, thereby increasing the performance of the thin film transistor. Moreover, the laser
annealing treatment applied to the crystalline semiconductor thin film can also carry out modification.
Regarding the irradiation of the laser light, a method of shaping pulse laser light into a rectangular form
or a line form, and carrying out overlap irradiation while scanning the pulse laser light, thereby
annealing semiconductor is proposed (for example, refer to Patent Literature) .       Homogeneous
treatment needs to be carried out over the semiconductor film when the laser light irradiates, and
control to adjust laser output within a predetelmined range, and control to adjust pulse energy within a
predetermined range by means of an 



attenuator is generally carried out so that the irradiating laser light has a stable pulse energy density.
CITATION LIST PATENT LITERATURE [0003] Patent Literature 1: Japanese Patent Application
Laid-open No. 6-5537 SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION [0004]        By the way, the semiconductor film crystallized by the irradiation of the pulse
laser light presents an excellent property as a semiconductor element brought about by a fact that
crystal grains large in grain diameter are uniformly present. Therefore, the irradiating pulse laser light
for the laser annealing needs to have an energy density which is not excessive or deficient, and which
is thus within a range suitable for the crystallization.        Though the laser output is controlled so that
the laser output falls within a range suitable for the crystallization in the laser annealing in this way, the
conventional pulse laser light poses such a problem that a proper range of the laser output is narrow,
namely a margin is small, resulting in a heavy load imposed upon an apparatus for the control, and a
crystal property tends to vary due to fluctuation in output. 



The conventional pulse laser light has a pulse waveform steep both in rising and falling as shown in
FIG. 6, and the inventors have found that, by changing the waveform into a broad pulse waveform, an
energy density itself suitable for the crystallization is increased, and a range thereof is increased
relatively wide.        However, the increase in the energy density suitable for the crystallization means
that the pulse energy density needs to be increased by decreasing an irradiated area of the pulse laser
light. If the irradiated area of the pulse laser light is decreased, the number of times of the pulse
irradiation for treating one surface of the semiconductor film necessarily increases, resulting in a
decrease in throughput. 000s]         The present invention is devised in view of the foregoing problem,
and has an object of providing a laser annealing treatment apparatus and a treatment method which
can increase the range of the energy density, namely the proper margin, suitable for the crystallization
and the like while restraining a decrease in throughput as much as possible. MEANS OF SOLVING
THE PROBLEMS [0006]       That is, a laser annealing treatment apparatus according to the present
invention in a first aspect, includes a laser light source that outputs pulse laser light, an optical system
that shapes the pulse laser light, and leads the shaped pulse laser light to a semiconductor film subject
to treatment, and a stage to be set the semiconductor film to be irradiated by the pulse laser light,
where the pulse laser light irradiating the semiconductor film presents a rising time equal to or less
than 35 nanoseconds from 10% of the maximum height to the maximum height in the pulse energy
density, and a falling time equal to or more than 80 nanoseconds from the maximum height to 10% of
the maximum height. [0007]The laser annealing treatment apparatus in a second aspect of the present
invention in a first aspect is characterized in that the rising time is equal to or less than 30
nanoseconds, and the falling time is equal to or more than 85 nanoseconds. [0008]The laser annealing
treatment apparatus in a third aspect of the present 



invention in the first aspect or the second aspect is characterized in that the apparatus includes a
waveform shaping unit that shapes the pulse laser light output from the laser light source into a pulse
waveform having the rising time and the falling time. [0009]The laser annealing treatment apparatus in
a fourth aspect of the present invention in the third aspect is characterized in that the waveform
shaping unit includes beam splitting means that splits the pulse laser light output from the laser light
source into a plurality of beams, delay means that delays each of the split beams, and beam
synthesizing means that synthesizes the respective split beams. [0010]The laser annealing treatment
apparatus in a fifth aspect of the present invention in any one of the first to fourth aspect is
characterized in that the apparatus includes a plurality of laser light sources, wherein beams of the
pulse laser light output  from the respective laser light are superimposed, thereby obtaining the pulse
laser light irradiating the semiconductor film. [0011]The laser annealing treatment apparatus in a sixth
aspect of the present invention in any one of the first to fifth aspect is characterized in that the
semiconductor film to be irradiated by the pulse laser light is non single-crystalline silicon. [0012]The
laser annealing treatment apparatus in a seventh aspect of the present 



invention in any one of the first to sixth aspect is characterized in that the pulse laser light is excimer
laser. [0013]A laser annealing treatment method according to the present invention includes obtaining
pulse laser light which presents a rising time equal to or less than 35 nanoseconds from 10% of the
maximum height to the maximum height in the pulse energy density, and a falling time equal to or
more than 80 nanoseconds from the maximum height to 10% of the maximum height in a pulse
waveform, and relatively scanning the pulse laser light with respect to a semiconductor film while the
pulse laser light is irradiating the semiconductor film, thereby carrying out surface treatment of the
semiconductor film. [0014]That is, according to the present invention, the pulse laser light having the
properly defined rising time and falling time irradiates the semiconductor film, and the annealing
treatment can thus be carried out at a proper pulse energy density having a large margin Moreover,
the pulse energy density suitable for the crystallization and the like can be restrained to a relatively
small value, and an irradiated area can thus be increased as much as possible, resulting in a
treatment being carried out at an appropriate throughput. [0015]If the rising time exceeds 35
nanoseconds, the pulse energy density suitable for the crystallization and the like increases, and the
irradiated area of the pulse laser light needs to be reduced. Therefore, the rising time is set to be equal
to or less than 35 nanoseconds. For the same reason, the rising time is preferably equal to or less
than 30 nanoseconds.       If the falling time is less than 80 nanoseconds, the margin in the pulse
energy density suitable for the crystallization and the like decreases, the load imposed on the
apparatus increases, and it is hard to obtain uniform crystals. Therefore, the falling time is set to be
equal to or more than 80 nanoseconds. For the same reason, the  falling time is preferably equal to or
more than 85 nanoseconds.       It should be noted that the rising time is defined as a time from the
10% of the maximum height of a pulse waveform to the maximum height in the present invention. The
falling time is defined as a time from the maximum height of the pulse waveform to the 10% of the
maximum height in the present invention. 



[0016]The pulse waveform having the rising time and the falling time described above may be a
waveform which the pulse laser light output from the laser light source has, or a waveform which is
obtained by the waveform shaping unit shaping the pulse waveform. As a result, the desired wavefoini
can be acquired without using a special laser light source. A waveform shaping unit using the delay
means can be mentioned as the waveform shaping unit. If the delay means is used, the waveform
shaping unit includes t-lbeam splitting means that splits the pulse laser light output from the laser light
source into multiple beams, the delay means that delays each of the split beams, and t=lbeam
synthesizing means that synthesizes the respective split beams. The pulse waveform can be shaped
to a proper waveform by setting a delayed quantity in the delay means. The delay means can change
the delayed quantity by adjusting an optical path length.       For example, the beams of the laser split
by the beam splitting means are respectively led to optical systems different in optical path length. A
pulse time width can be extended, and the pulse waveform can be adjusted by leading again the
beams split and delayed to a single optical path. Particularly, the pulse time wavefonn can be properly
changed by adjusting an intensity ratio upon the split, and the setting for the respective optical path
lengths after the split. [00171Moreover, the pulse waveform having the above-described rising time
and falling time can be obtained by superimposing pulse laser lights output from a plurality of laser
light sources. The waveform may be obtained by synthesizing the plurality of pulse laser lights into a
single of pulse laser light in advance, and irradiating the semiconductor film with the single pulse laser
light, or by irradiating the semiconductor film with the plurality of pulse laser lights, resulting in
irradiation at an energy density which consequently realizes the desired waveform. When the plurality
of the pulse laser lights are superimposed, the desired pulse waveform may be obtained by adjusting
phases of the pulse outputs, or interposing delay means.  [0018]        Though the present invention is
preferably used to crystallize an amorphous silicon film, the present invention is not limited to specific
types of a material and specific purposes. For example, the present invention may be applied to
modification by irradiating a crystalline semiconductor film with pulse laser light. As the pulse laser
light, though excimer laser light having a high output can be preferably used, the present invention is
not limited to the excimer laser light. EFFECTS OF THE INVENTION [0019]        As described above,
the laser annealing treatment apparatus according to the present invention includes a laser light
source that outputs pulse laser light, an optical system that shapes the pulse laser light, and leads the
shaped pulse laser light to a semiconductor film subject to the treatment, and ca stage that carries the
semiconductor film to be irradiated by the pulse laser light, wherein the pulse laser light irradiating the
semiconductor film presents a rising time equal to or less than 35 nanoseconds from 10% of the
maximum height to the maximum height in the pulse energy density, and a falling time equal to or
more than 80 nanoseconds from the maximum height to 10% of the maximum height, and the margin
quantity proper for the crystallization and the like can thus be secured while the energy density
suitable for the crystallization and the like is not particularly increased, and unifol in annealing
treatment can be carried out without increasing the load imposed on the apparatus, and decreasing
the throughput. 



BRIEF DESCRIPTION OF THE DRAWINGS [0020]        FIG. 1 is a schematic diagram showing a
laser annealing treatment apparatus according to an embodiment of the present invention;        FIG. 2
is a schematic diagram showing a wave shaping unit according to the embodiment of the present
invention;        FIG. 3 is a diagram showing respective pulse waveforms of pulse laser light used for
examples of the present invention; FIG. 4 is a diagram showing a relationship between a pulse rising
time and a  margin of a pulse energy density;       FIG. 5 is a photograph substituting drawing showing
surface of crystals of a silicon thin film after irradiation of pulse laser light according to examples of the
present invention; and       FIG. 6 is a diagram showing a pulse wavefoini of pulse laser light used for a
conventional laser annealing treatment apparatus. MODE FOR CARRYING OUT THE INVENTION 



[0021]       A description will now be given of an embodiment of the present invention. FIG. 1 is a
diagram showing an overview of a laser annealing treatment 1 according to the present invention.
The laser annealing treatment apparatus 1 includes a treatment chamber 2, a scan device 3 which can
travel in X and Y directions in the treatment chamber 2, and a base 4 on a top portion of the scan
device 3. A substrate arrangement stand 5 is provided as a stage on the base 4. An amorphous silicon
film 100 or the like is placed as a semiconductor film on the substrate arrangement stand 5 during
annealing treatment. The silicon film 100 is formed to a thickness of 50 nanometers on a substrate,
which is not shown. The formation can be carried out by an ordinary method, and the method of fin
ming the semiconductor film is not specifically limited by the present invention.       The scan device 3
is driven by motors or the like, which are not shown. An introduction window 6 which introduces pulse
laser light from the outside is provided on the treatment chamber 2. [00221        A pulse laser light
source 10 is provided outside the treatment chamber 2. The pulse laser light source 10 is constituted
by an excimer laser oscillator, and can output pulse laser light which has a wavelength of 308
nanometers, a repetition oscillation frequency of 300 Hz, a pulse rising time of <5 nanoseconds, and a
pulse falling time of approximately 45 nanoseconds, and feedback control is provided so that the
output of the pulse laser light is maintained in a predeteilnined range in the pulse laser light source 10.
[0023]        The pulse laser light 15 output by means of pulse oscillation in the pulse laser light source
10 is adjusted in energy density by an attenuator 11 according to necessity, undergoes beam shaping
and deflection by an optical system 12 constituted by lenses, reflection min-ors, homogenizers, and
the like, and irradiates the amorphous silicon film 100 in the treatment chamber 2 through the
introduction window provided on the treatment chamber 2. A shape of an irradiated surface upon the
in-adiation is not specifically limited, and is shaped by the optical system 12 into a spot shape, a
circular shape, a rectangular shape, or a long shape. [0024]       The optical system 12 includes a
waveform shaping unit U. A description will now be given of an outline of the waveform shaping unit 13
referring to FIG. 2. 



A beam splitter 130 constituted by a half mirror is arranged on an optical path in the wavefolin shaping
unit 13, the beam is split so that a part 15a of the beam is reflected by 90 degrees, and the remaining
beam 15b transmits. That is, the beam splitter 130 corresponds to beam splitting means of the present
invention. A total reflection mirror 131 is arranged in the reflected direction of the beam splitter 130 so
that an incident angle is 45 degrees, a total reflection mirror 132 is arranged in a reflected direction of
the total reflection mirror 131 so that an incident angle is 45 degrees, a total reflection mirror 133 is
arranged in a reflected direction of the total reflection mirror 132 so that an incident angle is 45
degrees, and a total reflection mirror 134 is arranged in a reflected direction of the total reflection
mirror 133 so that an incident angle is 45 degrees.       A rear surface side of the beam splitter 130 is
arranged in a reflected direction of the total reflection mirror 134, and is irradiated by the beam at an
incident angle of 45 degrees. [0025]       The beam 15a reflected by 90 degrees by the beam splitter
130 is reflected each time by 90 degrees successively by the total reflection mirrors 131, 132, 133, and
134 becomes a delayed beam 15c, and reaches the rear surface side of the beam splitter 130, part of
the beam 15c is reflected by 90 degrees, and is superimposed in the delayed form on the beam 15b,
and the remaining beam transmits through the beam splitter 130, and repeats the total reflections and
the split by the beam splitter 130. The beams  superimposed each other on the beam 15b side are
shaped in the pulse waveform by superimposing the delayed beam, present a pulse wavefol Hi steep
in the rising, and gentle in the falling, and travel as pulse laser light 150 on the optical path.
Specifically, the pulse laser light 150 is shaped into such a pulse wavefoim that has a rising time equal
to or less than 35 nanoseconds from 10% of the maximum height to the maximum height in the pulse
energy density, and a falling time equal to or more than 80 nanoseconds from the maximum height to
10% of the maximum height. The delayed quantity of the beam can be changed by changing the
positions of the respective total reflection minors, thereby adjusting the optical path length, and, as a
result, the pulse wavefoi In of the superimposed pulse laser light can be arbitrarily changed. The
intensity of the split pulse laser light may be individually adjusted. [00261       The pulse laser light 150
is introduced into the treatment chamber 2 through the introduction window 6, and irradiates the silicon
film 100 on the substrate arrangement stand 5. On this occasion, the substrate arrangement stand 5 is
moved along with the base 4 by the scan device 3, and the pulse laser light 150 irradiates the silicon
film 100 while the pulse laser light 150 is relatively scanned on the silicon film 100.       On this
occasion, the pulse laser light 150 is set in terms of the output of the laser light source 10, the
attenuation ratio of the attenuator 11, and an irradiation cross sectional area of the pulse laser light so
as to obtain an energy density suitable for the crystallization, and uniformly crystallizes the amorphous
silicon film 100.       It should be noted that a part of the pulse laser light 150 may be extracted, and the
pulse energy density may be measured at a position equivalent to the irradiated surface. The pulse
laser light source 10 and the attenuator 11 may be adjusted based on a result of the measurement,
thereby adjusting the pulse energy density of the pulse laser light 150 to the proper value.       The
silicon film 100 crystallized by the irradiation of the pulse laser light 150 is so excellent in crystal
property that the crystal grains are relatively large, and the crystal grain diameter is uniform. It should
be noted that the margin of the proper pulse energy density is large on this occasion, the apparatus
load can be reduced, and the uniformity of the annealing treatment can be secured even if the laser
output fluctuates. Moreover, the energy density suitable for the crystallization and the like can be set to
a 



relatively low energy density, and the throughput can be increased by increasing the irradiated cross
sectional area of the pulse laser light. Example 1 [0027]       A description will now be given of an
example and a comparative example of the present invention.       The laser annealing treatment
apparatus 1 shown in FIGS. 1 and 2 were used, and the delayed quantity of the waveform shaping unit
13 was adjusted, thereby obtaining beams of pulse laser light respectively having pulse waveforms
different in the rising time and the falling time. It should be noted the shape of the irradiated surface of
the pulse laser light is a line beam shape of 465 nm and 04 mm in width, in this example.       FIG. 3
shows pulse waveforms of the respective pulse laser lights, and specifically describes rising times and
falling times in charts. It should be noted that the falling times are described as pulse attenuation times
in the charts. [0028]       The pulse laser light having the pulse waveforms were changed in the pulse
energy density, and irradiated the amorphous silicon film 100, and the crystal property was evaluated.
It should be noted that the pulse energy density was changed mainly by adjusting the attenuation rate
in the attenuator 11.       The evaluation of the crystal property was carried out by checking the surface
of the crystallized silicon film by an electron microscope, and a surface formed by large crystal grains,
and uniform in the gain diameter was detelinined as high quality. Crystal grains equal to or more than
200 nanometers, for example, were determined to be excellent.       Optimum crystallization pulse
energy densities were obtained respectively in terms of the size and the uniformity of the crystal grains
for each of the pulse wavefoims. Upper and lower limits for the pulse energy density suitable for the
crystallization were obtained for the pulse lasers light other than the pulse laser light having a rising
time of 51 nanoseconds. 



FIG. 4 shows the irradiation result obtained by using the pulse laser light of the  respective pulse
waveforms. It is appreciated that, as the pulse rising time decreases, the optimum pulse energy
density gradually decreases, and the optimum energy density sharply decreases if the pulse rising
time is equal to or less than 35 nanoseconds. Therefore, the rising time needs to be equal to or less
than 35 nanoseconds. The optimum pulse energy density remarkably decreases if the rising time is
equal to or less than 30 nanoseconds. [00291       FIG. 5 shows electron microscope photographs
obtained by irradiating pulse laser light having a pulse waveform with the pulse rising time of 22
nanoseconds and the pulse falling time of 87 nanoseconds on an amorphous silicon film, and
observing the surfaces of the crystallized silicon films by an electron microscope. It is appreciated,
from the photographs, that the pulse energy density range suitable for the crystallization is 330-370
inJ/cm2 and an optimum pulse energy density is 340 mJ/cm2. If the pulse laser light irradiates at a
pulse energy density lower than the pulse energy density suitable for the crystallization, the obtained
crystals present a small crystal grain diameter. If the pulse laser light irradiates at a pulse energy
density higher than the pulse energy density suitable for the crystallization, the obtained crystals
present a large variation in the crystal grain diameter, and as the energy density further increases, the
crystal grains become smaller. [0030]       However, for the pulse laser light having the rising time of 7
nanoseconds, though the pulse energy density suitable for the crystallization decreases, the quantity
of the margin for providing the proper range sharply decreases. This is because the falling time is 78
nanoseconds, which is less than 80 nanoseconds.       Thus, both the rising time and the falling time
need to meet the conditions according to the present invention. [0031]       Though the present
invention is described based on the embodiment and the example, the present invention is not limited
to the contents of the description, and may be properly modified as long as the modification does not
depart from the present invention.  



DESCRIPTION OF REFERENCE NUMERAL [0032] 1laser annealing treatment apparatus 2treatment
chamber 3scan device 5substrate arrangement stand 6introduction window 10pulse laser light source
11attenuator 12optical system 13waveform shaping unit 15pulse laser light 



100silicon film 150pulse laser light  WHAT IS CLAIMED IS:  1. A laser annealing treatment apparatus
comprising: a laser light source that outputs pulse laser light;       an optical system that shapes the
pulse laser light, and leads the shaped pulse laser light to a semiconductor film subject to treatment;
and a stage to be set the semiconductor film to be irradiated by the pulse laser light,       wherein the
pulse laser light irradiating the semiconductor film presents a rising time equal to or less than 35
nanoseconds from 10% of the maximum height to the maximum height in the pulse energy density,
and a falling time equal to or more than 80 nanoseconds from the maximum height to 10% of the
maximum height.  2. The laser annealing treatment apparatus according to claim 1, wherein the rising
time is equal to or less than 30 nanoseconds, and the falling time is equal to or more than 85
nanoseconds.  3. The laser annealing treatment apparatus according to claim 1 or 2, comprising a
waveform shaping unit that shapes the pulse laser light output from the laser light source into a pulse
waveform having the rising time and the falling time. 



4. The laser annealing treatment apparatus according to claim 3, wherein the wavefoiin shaping unit
comprises beam splitting means that splits the pulse laser light output from the laser light source into a
plurality of beams, delay means that delays each of the split beams, and beam synthesizing means
that synthesizes the respective split beams.  5. The laser annealing treatment according to any one of
claims I to 4, comprising a plurality of laser light sources, wherein beams of the pulse laser light output
from the respective laser light are superimposed, thereby obtaining the pulse laser light irradiating the
semiconductor film.  6. The laser annealing treatment according to any one of claims 1 to 5, wherein
the semiconductor film to be irradiated by the pulse laser light is non single-crystalline silicon.  7. The
laser annealing treatment apparatus according to any one of claims 1 to 6, wherein the pulse laser
light is excimer laser.  8. A laser annealing treatment method comprising: obtaining pulse laser light
which presents a rising time equal to or less than 35  nanoseconds from 10% of the maximum height
to the maximum height in the pulse energy density, and a falling time equal to or more than 80
nanoseconds from the maximum height to 10% of the maximum height in a pulse waveform; and
relatively scanning the pulse laser light with respect to a semiconductor film while the pulse laser light
is irradiating the semiconductor film, thereby carrying out surface treatment of the semiconductor film. 


