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‘1. Field of the Invention

The present invention relates to a_method of manufacturing
semiconductor chips for display, and more particularly to a
method of thermally treating a semiconductor thin film with laser
irradiation.

2. Description of Related Art

| Liquid crystal display devices which are designed in a large
size and with high minuteness and in which polycrystal silicon
thin film transistors are used as switching elements have been
developed with much hope. In order to mass-produce liquid crystal
displays with polycrystal silicon thin film transistors in a
large size and with high minuteness, it is indispensable to
establish a low-temperature process in which low-price glass
substrates are usable. A technique that a laser beam is
irradiated onto a semiconductor thin film of amorphous silicon
or the like'to form high-quality polycrystal silicon on a glass
substrate having a low melting point hde been greatly expected
as a method to perform the low-temperature process.

Fig. 1 is a schematic diagram showing a previous paper
suggested laser beam irradiation method. A semiconductor chip 101
for display which is a target to be processed has such a
laminating structure that a semiconductor thin film 103 is formed

\ on a transparent insulating substrate 102. In this method, a
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chip 101
laser beam 105 is irradiated onto a predetermined sectioned area

104 which is provided on the semiconductor thin £ilm 103. In the
conventional method, the output power of the laser beam is
limited to a small level, and thus the maximum area which can be
irradiated with one-shot laéer irradiation of laser is limited
to a narrow area about 100um?. Accordingly, when a semiconductor
thin film 103 having a large area is required to be processed to
satisfy a requirement for a large-scale picture, the laser beam
is irradiafed onto the whole semiconductor thin film while
‘scanning the laser beam 105 or shifting the laser-irradiation
area stepwisely. That is, it has been hitherto considered
important to increase the energy density of the laser beam rather
than te narrow the laser-irradiation area down. With increase of
the energy -density, a semiconductor thin film of amorphous
silicon or polycrystal silicon_having relatively small grain size
is perfectly melted to increase its jrain size. In this method,
howevef, an irradiation time per chip increases and thus a
throughput is reduced. Furthermore, the scanning of the
irradiation ef the laser beam causes temperature difference to
occur locally, and thus causes increase in dispersion of crystal
grain size. Therefore, there occurs great dispersion in
~electrical characteristics of the thin film transistors such as

mobility, a threshold voltage, etc.
The above point will be described in detail with reference

to Fig. 2.
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In the method as described above, the semiconductor thin

film 103 having a large area is crystallized by irradiafing a
laser beam onto a small area while scanning the lasér beam as
shown in Fig. 2. Accordingly, ununiformity of crystallization
occurs at an overlap area 106 between a lasér shot and a next
laser shot, so that the electrical characteristics of thin film
transistors formed at the overlap area 106 are dispersed. For
example, ;he overlap area 106 is subjected to the laser
irradiation several times, whereas the other areas are subjected
to the laser irradiation only once, so that the heating
temperature for the semiconductor thin film is also locally
dispersed.

In Addition to the method as described above, various laser
irradiation systems have been hitherto proposed. For example, in
a method of manufacturing a semiconductor device as disclosed iﬁ
Japanese Laid-open Patent Application No. Sho-60-245124, a laser
pulse having wavelength of 150nm to.350nm is irradiated at an
energy density of 200 to 500mJ/cm? to promote crystallization of
a semiconductor thin film. In this system, an amorphous area and
a crystal area coexist on a substrate, and thin film transistors
are integrated over the two areas. Accordingly, the electrical
characteristics of the thin film fransistors vary between both
the amorphous area and the crystal area, and thus controllability
is lost.

Furthermore, in a method of manufacturing a semiconductor



|rrad|ated Wi th one-shot laser irradiation of |aser is I|n1ted to a narrow
~area about 1O err]. Accordingly, when a sem conduct or - i
a large area is required to be processed to satisfy ar
| arge-scale picture, the laser beamis irradiated onto [
sem conductor thin filmwhile scanning -the | aser beam 105 or s |Iflnn Lh%,

| aser-irradiation area stepwisely. That is, it has been hitherto consi der ed
i nportant to increase the energy density of the Iaser beamis stiektdias Bdea Reflaved
narrow the laser-irradiation area dowmn. Wth increase of t
density, a sem conductor thin filmof amorphous 5|I|con or
silicon having relatively small grain size

- 4 -

memory as disclosed in Japanese Laid-open Patent Application No.
" Hei~3-273621, a laser annealing treatment is performed on a
memory-cell basis (microarea in several tens pum order), and non-
irradiated areas remain in between memory cells..Therefore, it
is impossible to irradiate a laser beam onto a large-scale
circuit at the same time.

Still furthermore, in a method of manufacturing a liquid
crystal display device as.disclosed.in Japanese Laid-open Patent
Application No. Hei-5-66422, for crystallization of a
semiconductor thin film, a one (single) shot of laser pulse is
irradiated onto each of areas on which a horizontal scanning
circuit and a vertical scanning circuit respectively will be
formed. In this case, it is necessary to make crystallized areas
continuous, and thus the crystal particle size is dispersed at
a linking boundary between the laser-irradiated areas. |

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
of manufacturing semiconductor chips for display in which
semiconductor thin films haviﬁg a large size can be mass-produced
to have uniform particle size with shortening a heat-treatment
time. '

In order to attain the above object, a method of
manufacturing semiconductor chips for display comprises a.step
of forming a semiconductor thin film on an insulating substrate,

- a step of processing the semiconductor thin film to form an
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and a step of forming pixel electrodes in the sectioned area to
foro a picture (frame), wherein the processing step contains a
step of irradiating a laser pulse to the sectioned area by a
single shot exposure to perform a batch heat—treatmeht on the
semiconductor thin layer for one chip. At the laser-irradiation
step, the semiconductor thin film is crystallized with the batch
heat-treatment, or the semiconductor thin film is doped with
impurities and then the impurities are activated with the batch
heat-treatment. If necessary, the laser-irradiation step as
described above may be performed after the semiconductor thin
film is doped with the impurities, whereby the crystallization
of the semiconductor thin film and the activation of the
impurities are performed at the same time.

In the laser-irradiation step, a one-shot laser pulse may
be successively irradiated onto each of plural sectioned areas
which are beforehand provided on an insulating substrate. In this
case, a one-shot laser pulse is irradiated onto an individual
sectioned area except for a separation band which is provided
between neighboring sectioned areas. When the individual
sectioned area is rectangular, a laser pulse having a rectangular
section which conforms to the shape of the sectioneq area may be
irradiated by one shot.

As a condition for laser irradiation, a one-shot laser pulse

may be- irradiated for a pulse time which is set to 40 nanoseconds

b
spersion

an
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to control crystallization of the semiconducfor thin film in a
state where the temperature of the insuiating substrate is
increased to the room temperature or more, or decreased to the
room temperature or less. Furthermore, if the semiconductor thin
film is beforehand formed at a thickness which is smaller than
the absorption'depth of tlhe laser pulse, the crystallization or
activation can be perfeﬁtly performed.

| If necessary, a one-shot laser pulse may be irradiated
through a microlens array to selectively concentrate the laser
pulse on a portion of the semiconductor thin film, which
corresponds to the element area of an .individual thin f£film
transistor. Furthermore, the one-shot laser pulse irradiation may
be performed while 'controlling the cross-section intensity
distribution of the laser pulse so that the irradiation energy
density increases from the central portion of a sectioned area
toward the pefipheral portion thereof.

Furthermore, if necessary, the laser pulse may be irradiated
in an oblique direction onto the insulating substrate.
Specifically, at this oblique laser irradiation step, the laser
pulse is irradiated within an incident angle range of 30 to 60°
to the normal direction of the insulating substrate. For example,
the oblique laser irradiation step is used to crystallize a
semiconductor thin film formed of amorphous silicon with the

batch heat-treatment. In this case, the batch heat-treatment is
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performed while the insulating substrate is kept in a temperature
range of 550°C to 650°C,  thereby promoting crfstallization of
amorphous silicon.

According to the present ihveﬁtion, a one-shot laser pulse
is irradiated onto.a sectioned area to perform the batch heat-
treatment on a semiconductor thin film for one.chip. With this
operation, the processing time for the laser irradiation step can
be shortened, and the mass-production can be performed. The laser
irradiation step is used to promote crystallization of the
semiconductor thin film with the batch heat-treatment. The batch
heat-treatment provides crystals having excellent uniformity, so
that the process coﬁdition can be stabilized and uniformity‘in
electric characteristics of the thin film transistors can be

" kept. The laser irradiation step as described above is
effectively usable not only for the crystallization of a
semiconductor thin film, but also for the ‘activation of

impurities which is performed with a batch heat-treatment after
a semiconductor thin film is doped with the impurities. When the
laser pulse is irradiated onto the semiconductor thin film, its
energy is absorbed on only the surface of the semiconductor thin
fiim, and then heat is thermally conducted into the inner portion
of the semiconductor thin film, so that the inner portion of the
semiconductof thin film is melted to be recrystallized or
annealed to ‘increase the crystal grain size. Furthermore, the

impurities doped into the semiconductor thin film are activated.
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As described above, the laser pulse irradlatlon enables

crystallization of the semiconductor thin film, the activation
of the impurities, etc. at a low temperature without increasing

the temperature of the substrate.

According to the laser irradiation step of the present
invention, the one-shot laser pulse irradiatioh is performed for
a pulse time which is éet to 40 nanoseconds or more. By setting
a one-shot irradiation time of the laser pulse to a sufficient
one, the semiconductor thin fiim can be melted and crystallized
by only one-shot laser pulse, so that it is expected to improve
the uniformity of the crystal grain size and the throughput.
Furthermbre, in the laser irradiation step, the semiconductor
thin film can be subjected to the batch heat-treatment in the
state where the insulating substrate is beforehand increased to
the room temperature or more or decreased to the room temperature
or less. Therefore, a cooling speed of the semiconductor thin
film which is once melted by the laser irradiation can be
controlled, so that the crystal graih size, the activation degree
of the impurities, etc. can be adjusted to the optimum values.
Furthermore, by forming the semiconductor thin film at a
thickness which is smaller than the absorption depth of the laser
pulse, the semiconductor thin film can be perfectly melted, and
it can be promoted to obtain crystals having a large particle

size.
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one-shot radiation of the laser pulse is performed through the
microlens array to selectively concentrate the.laser pulse on a
portion of the semiconductor thin film which is to be an element
area of an individual thin film transistor. Accordingly, the
enerqgy contained in the one-shot laser pulse can be efficiently
used.

- According to another aspect of the present invention, the
one-shot laser pulse irradiation is performed while the cross-
sectional intensity distribution of the laser pulse is controlled
so that the irradiation energy'dénsity is more increases from the
central portion of the sectioned area to the peripheral portion
thereof. In a laser anneal treatment for a relative-large area,
thermal diffusion occurs from the peripheral portion of an
irradiated area, so that the cooling speed of the peripheral
portion is higher than that of the central portion. In order to
compensate for this (i.e., the difference in cooling speed
between the central and peripheral portions), the cross-sectional
intensity distribution of the laser pulse is beforehand set so
as to be increased toward the peripheral portion to thereby make
the cooling speed uniform over the sectioned area.

Accorxding to another aspect of the present invention, the
oblique laser irradiation step of irradiating the laser pulse
onto the insulating substrate in an oblique direction  is

adopted. For example, by irradiating the laser pulse within an
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insulating substrate, the batch heat-treatment can be performed
on a broader area than a vertical laser irradiation step. That
is, when the oblique laser irradiation is performed, the
irradiation area is larger than the cross section of the laser
pulse, aﬁd thus a: broader area can be subjected to thé batch
~ heat-treatment with a one-shot laser pulse. However, the
irradiation energy density per unit area is smaller in the
oblique laser irradiation than that in the vertical laser
irradiation. In order to compensate for this, the oblique laser
irradiation may be performed in a state where the insulating
substrate is kept at a high temperature. For example,iwheh a
semiconductor thin filﬁlof amorphous silicon is crysfallized, the
oblique laser irradiation is preferably performed in a state
where the insulating substrate is heated within a temperature
range of 550°C fo 650°C. If the laser pulse is irradiated within
an incident angle of 60° to the normal direction, the irradiation
area would be increased to be twice as large as- that in the
vertical laser irradiation, however, the energy density would be
reduced to half.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram showing a laser irradiation
process; |

Fig. 2 is another schematic diagram showing the laser

irradiation process;
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method of manufacturing a semiconductor chip for display

Fig. 4 is a cross-sectional view showing an example of the
construction of a thin film transistor contained in a
semiconductor chip for display which is manufactured according
to the present invention;

Fig. 5 is a crOss-sectibnal view showing another example of
the constructipn'of_a thin film transistor;

Fig. 6 is a plan view showing a multi-chip wafer which is
subjected to a laser irradiatién process of the presenf
invention;

Figs. 7A to 70 are diagrams showing a series of processes
for the method of manufacturing a semiconductor chip for display
éccording to the present invention;

Figs. 8A to 8D are diagrams showing a series of processes
for another embodiment of the semiconductor chip manufacturing
method according to the present invention;

Fig. 9 is a schematic diagram showing a laser irradiation
process which is performed'in the process shown in Fig. 7D;

Figs? 10A to 10C are schematic diagrams showing a series of
proceéses for another embodiment of the semiconductor chip
manufacturing method according.to.the present invention;

Figs. 11A to 11C are schematic diagrams showing a series of
processes for another embodiment of the semiconductor chip

manufacturing method according to the present invention;
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Figs. 12A and 12B are schematic diagramg showing a series
of processes for another embodiment of the semiconductor chip
manufacturing method according to the present invention;

Fig. 13 is a graph showing electrical characteristics of
thin film transistors which are formed by the present invention
and the conventional method;

Fig. 14 is a schematic diagram showing a laser beam
irradiation method using a microlens array;

Fig. 15 is a cross-sectional view showing the microlens
array to explain the function of the microlens array;

Fig. 16 is a schematic diagram showing a surface state of
a semiconductor thin film which was subjected to laser
irradiation through the microlens array:;

Fig; 17 is a schematic diagram showing an improved example
of the laser irradiation process according to the present
invention; and

Fig. 18 is a graph showing the cross-sectional intensity
distribution of a laser pulse shown in Fig. 17.

Fig. 19 is a schematic diagram showing an improved example
(oblique laser irradiation method) of the conventional laser
irradiation process;

Fig. 20 is a cross-sectional view showing the oblique laser
irradiation method shown in Fig. 3; |

DETAILED DESCRIPTION- OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present invention
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will be described hereunder with reference to the accompanying
drawings.

Fig. 3 is a schematic diagram showing a basic process for
a method of manufacturing a semiconductor chip for display (e.qg.,
display panel). In the semiconductor chip manufacturing method,
a film forming process is first performed to form a semiconductor
thin film 2 on a transparent insulating substrate 1 which .is
formed of glass material having relatively low melting point
(below 60°C, for example). The semiconductor thin film 2 is
formed of amorphous or polycrystal having relatively small grain
size before processed, for example, it is formed of amorphous
silicon or polycrystal silicon. The sémicénductor thip film 2 is
subjected to a series of processes containing a heat treatment
process to form integrated thin film transistors on a sectioned
area 3 for one chip. In this embodiment, the sectioned are& 3
contains a matrix array (containing thin film transistors and
electrodes for pixels) 4, a horizontal scanning circuit 5 and a
vertical scanning circuit 6. Integrated thin film transistors are
formed on each of the above elements. Finally, pixel electrodes
for one panel arefformed on the matrix array 4 to ébmplete a
semiconductor_chip 7 for a display panel.

According to.the present invention, the series of processes

as described above contain a laser irradiation process of

irradiating a laser pulse 8 on the sectioned area 3 by a one shot .

exposure to perform the batch heat-treatment on the semiconductor
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« As a condition for laser irradiation, a one-shot |aser.pul.se.nay.be.
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thin film 2 for one chip. The laser irradiation process is used

- 14 -

to crystallize the semiconductor thin film 2 by the batch heat-
treatment. For example, when the semiconductor thin film 2 is
' formed of amorphous silicon in its precursive state (i.e., before
it is processed), the semiconductor thin film 2 is temporarily
melted by the batch heat-treatment, and then crystallized to
obtain polycrystal silicon having relatively large grain size.
On the other hand, when the semiconductor thin film 2 is formed
of polycrystal having é relatively small grain size in its
precursive state, the semiconductor thin film 2 is temporarily
melted by the batch heat-treatment, and then crysfallized to
obtain polycrystal silicon having,a relatively large grain size.
The laser irradiation process is not limited to crystallization,
and it may be applied to a case where the semiconductor thin film
2 is doped with impurities and then the impurities are activated
by the batch heat-treatment. Furthermore, the crystallization of
the semiconductor thin film 2 and the activation of the
impurities can be simultaneously performed by the batch heat-
treatment. |

An excimer laser beam source may be used to emit the laser
pulse 8. Since the excimer laser beam is a strong pulse
ultraviolet ray, it is absorbed on the surface layer of the
semiconductor thin film 2 of silicon or the like to increase the
temperature of the surface layer, however, it does not heat the

insulating substrate 1. As a precursive film to be formed on the




- increased to the roomtenperature or nore, or decreased.to the room
tenperature or less. Furthernore, if the sen1conductof P, 1 S
bef orehand forned at a thickness which is smaller thaﬁ he absonptlon depth
of the laser pulse, the crystallization or activation|can-be-perfeetly =~
perfornmed. If necessary, a one-shot |aser pulse nmay be irradiated through a
mcrolens array to selectively concentrate the | aser pulse on a portion of
the semiconductor thin film which corresponds to therngsps®nks RS8R

individual, thin filmtransistor. Furthernore, the one
I rradi atlon may be perforned while controlling the cro mmu ' nsity
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insulating substrate 1 may be selected a plasma CVD silicon film

or the like which can be formed at a low temperature. For
example, when a plasma CVD silicon film is formeq at a thickness
of 30nm on a transparent insulating substrate 1 of glass
material, the melting threshold energy when an XeCl excimer laser
beam is irradiated is about 130mJ/cm?. Energy of about 220mJ/cm?
is required to melt the whole film, and it takes about 70ns from
the time when it is melted until the time when it is solidified.

The insulating substrate 1 is generally formed.of a large-
size wafer from which many semiconductor chips 7 for display are
taken out. That is, plural sectioned areas 3 are set on the
insulating substrate 1 in advance, and the laser pulse 8 is
successively irradiated onto each sectioned area by a single shot
exposﬁre in the laser irradiation process. In this case, the
laser pulse 8 is irradiated onto each sectioned area 3 by one
shot except for a separation baﬁd which is provided betweén
neighboring sectioneduareas 3. In this embédiment, each sectioned
aréa 3 has a rectangular shape, and thus the laser pulse 8 having
a rectangular section 10 which conforms to the shape of the
sectioned area 3 is irradiated by one shot.

As an irradiation condition, the one-shot irradiation of the
laser pulse 8 is performed for a pulse time which is set to 40
nanoseconds or more, for example. At this time, the batch heat-
treatment is performed in a state where the insulating substrate

1 is increased to the room temperature or more or decreased to
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. inereaseés fromthe central portion of a sectioned ar¢ge=toward -t he: R
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Specifically, at this oblique |laser irradiation step, €

irradiated wthin an incident angle range of 30 to 60[errj .TO0 tne nornal

direction of the insutating substrate. For exanple, qf sereﬁle
ﬁii’ d of

irradiation step is used to crystallize a sen1conductor
anor phous silicon with the batch heat-treatment. In t atch
heat-treatnment is
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the room temperature or less, thereby controlling the
crystallization of the semiconductor'thin_film 2. Furthermore,
the semiconductor thin film 2 is formed at a thickness which is
smaller than the absorption depth of the laser pulse 8, thereby
enabling the semiconductor thin film 2 to be perfectly melted.

If necessary, the one-shot irradiation of the laser pulse
8 may be performed through a microlens array to selectively
concentrate the irradiation of the laser pulse on a portion of
the semiconductor thin film 2 which is an element area for each
thin film transistor, whereby the laser energy can be efficiently
used. Furthermore, the cross-sectional intensity distribution of
the laser pulse 8 may be controlled for the one-shot irradiation
so that the irradiation energy density is more increased from the
central portion of each sectioned area 3 toward the'peripheral
portion thereof, whereby the temperafure gradient of heat
radiation through the insulating substrate 1 is made uniform.
Still furthermore, the laser pulse 8 is irradiated from the
vertical direction onto the insulating substrate 1 in Fig. 3,
however, it may be irradiated from an oblique direction to the
insulating substrate 1 to perform the heat treatment. With this
irradiation, the sectioned area 3 can be set to .a value which is
larger than the cross-sectional area 10 of the laser pulse 8.

As described above, the present invention is characterized
in that the large-area semiconductor chip 7 foxr display is

annealed at a time. In this embodiment, the laser pulse 8 is



. REPLACEMENT SHEET Date: 0 4 NOV 1995 -7- perforned whirl“e“the i nisul ati ng.,
substrate is kept in a tenperature range of 550[err] o"650[j'err] thereby
pronoting crystallization of amorphous silicon. Accordi A e,s_ent!
i nvention, a one-shot laser pulse is irradiated onto a sSectioned area to

performthe bat ch heat - _
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irradiated over the semiconductor thin film 2 formed of amorphous
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silicon or polycrystal silicon having relatively minute grain
size at a time. Each sectioned area 3 serves as an irradiation
area, and each separation band 9 serves as a rion—irradiation_
area. The sectioned area 3 serving as the iaser irradiation area
is provided with a matrix array 4, a horizontal scanning circuii:
5 and a vertical scanning circuit 6. Any of these elements
contains thin film transistors. In the semiconductor chip 7 for
display as described above, the total number of thin film
transistors exceeds 100kbits, and the diagonal dimension of the
sectioned ai'ea 3 is above l4mm. The maximum diagonal dimension
extends to about 3 inches. The excimer laser beam of 300nm to
350nm in wavelength is irradiated to the sectioned area 3, and
the energy density thereof is set to about 200mJ/cm? to
400mJ/cm?. No thin film transistor is formed at the separation
band 9 serving as the non-irradiation area and it is used as a
scribe area for the semiconductor chip 7 for display. As a
result, the laser irradiation area and the laser non-irradiation
area coe.xist'on the semiconductor chip 7 for display.

Fig. 4 is a cross-sectional view showing an éxample of
integrated thin film transistors (TFT). which are formed on the
semiconductor chip 7 for display showri in Fig. 3. In this
embodiment, a planar type thin film transistor is formed. As
shown in Fig. 4, a semiconductor thin film 12 constituting an

element area of TFT is formed on the transpafent insulating



.treatnent on a seniconductor thin filmfor one chip. Wth this oper ati on,
the. processing tinme for the laser irradiation step gam-be shortened, a

t he mass-production can be performed. The laser irrgd &Flon st'ep:i-s=us|
pronote crystallization of the sem conductor thin f wi £ e pat ch

heat-treatnment. The batch heat-treatnent provides CLysLaLs_haVJng_exc31lent

nd

(Td to

uniformty, so that the process condition can be stabilized and unifor

| aser
for

in electric characteristics of .the thin f|In1tranS|sﬂbs$1 B@n ced
irradiati on step as descri bed above is effectiv
the crystallization of a sem conductor thin fi or

activation of
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substrate 11. The semiconductor thin film 12 is formed of silicon
which is crystallized by the one-shot irradiation of the laser
pulse as described above. A gate electrode G which is formed of
alloy of aluminum and silicon or the like is patterned through
a gate insulating film 13 on the semiconductor thin film 12. Both
portions of the semiconductor thin film 12 at both sides of the
gate electrode G are doped with n-type impurities of high
concentration to form a source region S and a drain fegion D of
the TFT. A channel region Ch is élso provided between the source
region S and ﬁhe drain region D. The impurities which are doped
at a high concentration by an ién implantation method or the like
are activated by the one-shot irradiation of the laser pulse. The
TFT thus constructed is covered with a first layer insulating
film 14 formed of PSG or the like. A wiring 15 formed of metal
aluminum or the like is formed on the first layer insulating film
14 by a patterning treatment, and it is conducted to the source
region S and the drain region D through contact holes. With
respect to the thin film transistors formed on the matrix array
4 shown in Fig 5, in place of the wiring 15, a pixel electrode
is connected to the drain region D. The wiring 15 is further
covered witﬁ a second layer insulting film 16 formed of PSG or
the like, and a passivation film 17 formed of P-SiN or the like
is formed on the second layer insulating film 16.

Fig. 5 is a cross-sectional view showing another example of

nity

onIy
t he

the thin film transistor formed on the semiconductor chip for'



Jdnpurities which is perforned with a batch heat-treateEﬂI -atter-a-
sem,condyctor thin filmis doped with the inpurities.||Wen: thealaser p
is irradiated onto the semiconductor thin film its epergy W& absearbed. dﬁ
only the surface of the semiconductor thin film and HeFHeat Ts “Thernal |y
conducted into the inner portion of the sem conductor—thim—f+tm—sothat

the inner portion of the sem conductor thin filmis nelted to be

recrystallized or annealed to increase the crystal gr‘a‘ﬁ W'iﬁﬁimi{e li‘Fd

Furthernore, the inpurities doped into the sem conduct
display shown in Fig. 3. The TFT of this embodiment is of a

activat ed.
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reverse-staggered type, and a gate electrode G formed of alloy
of aluminum and silicon or thé like is formed on a transparent
insulating substrate 21 by the patterning treatment. Furthermore,
a semiconductor thin film 23 is formed on the gate electrode G
through a gate insulating film 22. The semiconductor thin film
23 is formed of silicon or the like which is crystallized by the
one-shot irradiation of the laser pulse as described above. A
" wiring 25 formed of aluminum or the like is formed at both sides
.of the gate electrode G on the semiconductor thin'film 23 through-
an impurity-diffusion layer 24. The TFT thus constructed is
covered with a passivation film 26 formed of P-SiN or the like.
The following table 1 shows a concrete irradiation condition
for the laser irrédiation method of the present invention, and
an irradiation condition for the previously suggested irradiation

method is also shown in the table for. comparison.

TABLE 1

COMPARATIVE METHOD PRESENT INVENTION
CRYSTAL GRAIN SIZE 20nm - 150nm 100nm - 150nm
LASER TREATMENT 25x(150nsec + 150nsec
TIME - 100msec) = 2.5sec
(IRRADIATION TIME + | LASER IRRADIATION AT SINGLE LASER
SCANNING TIME) 25 TIMES IRRADIATION
LASER IRRADIATION lem x 1lcm : 5cm x 5cm

In an example of the table 1, the one-shot irradiation of

the laser beam was performed on a section area of 5Scm X 5cm. At



. -8-.As described above, the laser pulse irradiation enables
crystaIiJzatlon of the sem conductor thin film the aot1vat|on of "the"
inmpurities, etc. at a | ow tenperature wthout mcreasﬂnd; tt-he terrperature of
the substrate. According to the laser irradiation step[Qi__t he present,

i nvention, the one-shot laser pulse irradiation is perforned for a pul se
time which is set to 40 nanoseconds or nore. By setting a one-shot

irradiation time of the |aser pulse to a sufficient 3 ct or
thin filmcan be melted and crystallized OﬂT Shwﬁassﬁ%ggﬁe lilgeld

this time, the energy density was set to 200mJ/cm? to 450mJ/cm?.
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In the comparative method, the laser pulse irradiation on a
sectioned area of 5Scm X 5cm must be divided into 25 laser pulse
irradiation shots. That is, the laser irradiation area per laser
pulse shot is limited to an area of lcm X lcm, and thus the one-
shot laser pulse irradiation must be performed totally 25 times
to irradiate the whole sectioned area of 5cm X 5cm. The laser
processing-'timé per one chip is equal to the sum of an
irradiation time and a séanning time. In the present invention,
the scanning time is equal to zero because the one-éhot
irradiation is adopted, énd thus the laser processing time is
equal to 150 nsec. On the other hand, in the prior art, the
irradiation time per one-shot is equal to 150 nsec, and the
scanning time is egual to 100 msec. Therefore, when‘the laser
.irradiation is carried out 25 times, the total processing time
is equal to 2.5 seconds. Accordingly, the throughput is more
remarkably improved in the present invention than in the prior
art. The grain size of the semiconductor fhin film which was
processed according to the method of the present invention was
equal to 100nm to 150nm. The grain size was measured with a
transmission-type electrdn microscope (TEM). The grain size of
the semiconductor thin film which was processed according to the
comparative method was equal to 20nm to 150nm. As is apparent
from this result, the dispersion of the grain size could be

reduced by the one-shot irradiation of the laser pulse.



by anly one-shot |aser pulse, so that it is expected to inprove the
uniformity of the crystal grain size and the throughpt .LFurthernDre Jin
the laser irradiation step, the sem conductor thin f I e an CL: éibjectep to
t he batch heat-treatnent in the state where the insu ' L.SUﬁ§§L§£§=L&J

bef orehand increased to the roomtenperature or nore or decreased to the
room tenperature or |ess. Therefore, a cooling speed of the semconductor
thin filmwhich is once nelted by the |aser |rrad|atrmp&£§ con roIIed
so that the crystal grain size, the activation degree
etc. can be adjusted to the optinum val ues. Furtherrm "ﬂ mﬁm the
sem conductor thin filmat a :
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Fig. 4 schematically shews a multi-chip wafer to which the
laser irradiation method of the present invention is applied. In
this embodiment, the laser pulse is successively irradiated by
one shot onto each of plural sectioned areas 32 which are
beforehand provided on a transparent insulating substrate (wafer)
of 5 inches in diametér, thereby obtaining totally nine
semiconductor chips for display. In the present invention, the
one-shot irradiation of the laser pulse is carried out on each
.sectioned area 32 except for a separation band 33 which are
provided between the neighboring sectioned areas 32. As shown in
Fig. 4, the size of each sectioned area is set to a in lateral
length and b in longitu&ina; length. The size of the separation
band is set to b in longitudinal width and d in lateral width.
In this embodiment, a is set to be larger than b, and c is set
to be larger than d. The longitudinal and lateral separation
bands are used as scribe lines at a subsequent process.

Next, the method of manufacturing semiconductor chips for
display according to this embodiment will be described in more
detail with reference to Figs. 7A to 70.

First, a transparent insulating substrate 41 is provided in
a process of Fig. 7A. Subsequently, an émorphous silicon film 42
is formed on the transparent insulating substrate 41 by LPCVD
method in a process of Fig. 7B. Thereafter, a resist 43 is
patterned on the amorphous silicon film 42 upen the shape of a

gate electrode in a process of Fig. 7C, and then n-type



. thi'ckness which is smaller than the absorption depth of the laser pulse,

the,senfponductor thin filmcan be perfectly nelted, 2 IL .can “be~profot ed
to obtain crystals having a large particle size. - QiR Ldlﬁg t'6“8npt her
aspect of the present invention, the one-shot radiatlion o'*fh% FHser. .plil se

I's perfornmed through the m crol ens array to selectlvely concenirate the.
| aser pul se on a

eet Has Been Replaced
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impurities are doped through the resist by an ion implantation
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method to form a source region S and a drain region D in a
process of Fig. 7D.

Subsequently, a nonreflective coating 44 is formed on the
amorphous silicon film 42 in a process of Fig. 7E. The
nonreflective coating is formed of Sioz', SiN, SiON or the like.
In a next process of Fig. 7F, the one-shot irradiation of the
laser pulse is conducted to crystallize the amorphous silicon
film 42 and activate the impurities doped in the source region
S and the drain region D. At this time, the nonreflective coating
44 has an effect of improving the absorption efficiency of the
irradiation energy of the laser pulse. After the laser
irradiation procéss of Fig. 7F, the used nonreflective coating
is removed by an etching treatment in a process of Fig. 7G so
that only the crystallized silicon film 42 remains. Subsequently,
in a process of Fig. 7H, a patterning is conducted with a
photoresist, and an undesired portion of the silicon film 42 is
removed by a dry etching treatment. Thereafter, a SiO, film is
formed by a pressure-reduced CVD to form a gate insulating film
45.

Subsequently, a metal film 46 formed of alloy of aluminum
and silicon is formed in a process. of Fig. 7I, and then the
metal film is patterned in a desired shape to form a gate
electrode 47 in a process of Fig. 7J. This patterning is

performed with phosphoric acid by a wet etching treatment.



. portion of the semi conductor thin filmwhich is to be an elenent area of an
indjvidual thin filmtransistor. Accordingly, the energy contained in the
one-shot |aser pulse can be efficiently used. According to another aspect
of the present invention, the one-shot laser pulse iirtadiation is perfgrmed
while the cross- sectional intensity distribution om:;hewﬁégéﬁ;hﬂLse;ﬁg
controlled so that the irradiation energy density is—pore—increases -from
the central portion of the sectioned area to the peripheral portion

thereof. In a |aser anneal treatnent for a rel ativeT'PTﬂiW‘iiil m“lir dral

di ffusion occurs fromthe peripheral portion of an I

Thereafter, a first layer insulating film 48 of PSG is formed by
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a CVD method in a process of Fig. 7K, and then contact holes are
formed in the first layer insulating film 48 and the gate
insulating film 45 by the wet etching treatment in a process of
Fig. 7L.

Subsequently, a metal aluminum film is formed by the
patterning in a process of Fig. 7M, and then patterned in a
desired shape to form wirings 49 whiéh intercommunicate with the
source region S and the drain region D. Thereafter, a second
layer insulating film 50 of PSG is formed by the CVD method in
a process of fig. 7N, and then a P-SiN film 51 is formed by a
plasma CVD method in a process of Fig. 70. Thereafter, hydrogen
is introduced into the silicon film 42 through the first layer
insulating film 4 and the second layer insulting'film 50 using
the P-SiN film 51 as a cap film. Through the series of processes
as described above, a planar type thin film transistor (TFT) is
completed.

Next, another embodiment of the method of manufacturing
semiconductor chips for display -according to the present
invention will be described in moré detail with reference to
Figs. 10A to 12C.

First, a transparent insulating substrate 61 is providedln
a process of Fig. 8A. The transparent insulating substrate 61 is
formed of glass material haVing a relatively low melting point,

and its heat-resistance temperature slightly exceeds about 600°C.



,|rrad|ated area, so that the cooling speed of the peripheral portion is
hlgher than that of the central portion. In order to cpfipensate for this:
(i.e., the difference in cooling speed between the.cen rhhvand perlpheré'
portions), the cross-sectional intensity distribution pf the? Figdur ulsells
bef orehand set so as to be increased toward the periphéral portion to -

t hereby nake the cooling speed uni formover the sectioned area. Accordlng

to another aspect of the present invention, the obliqyg; ke@las BéchReplaed on

step of irradiating the |aser pulse onto the |nsulat|n an
obl i que direction I s adopted. For exanple, by irradi %'M pul se
w thin an
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If necessary, a transparent insulating layer of SiO, or the like
is formed on the surface of the transparent insulating substrate
61. However, in this embodiment the transparent insulating layer
is not formed. Thereafter, a semiconductor thin film 62 serving
as an active layer for a thin film transistor is formed on the
transparent insulating substrate 61. For example, an amorphous
silicon film or a polycrystal silicon film having fine grain size
is formed by a pressure-reduced CVD method, for example. In this
embodiment, the amoxrphous silicon film is deposited by the
pressure-reduced CVD method. Subsequently, in a process of Fig.
8B, the amorphoué silicon film 62 is patterned in a desired shape
to form an element area for a thin film transistor. This
patterning treatment may be performed after a laser annealing
treatment as described later is performed. Impurities are doped
into the element area by the ion implantation or the like to form
a source region S and a drain region D. When an N-channel type
thin film transistor is formed, arsenic is doped, and when a P-
channel type thin film transistor is formed, boron is doped. The
dose amount is set to about 3X10!°/cm?. Subsequently, in a process
of Fig. 8C, an antireflection film 63 is beforehand formed to
improve the laser processing efficiency. The antireflection film
is formed of Si0, or the like, and it is deposited at a thickness
of 30nm to 100nm. The antireflection film 63 is required to be
formed at a temperature which is ﬂot more than the heat-

resistance temperature of the transparent insulating substrate



.REPLACEMENT SHEET Date: 04 NOV 1995 - 10 - incident angle range of 30[err]
to-60[err] to the normal direction of the insulating substrate, the. batch

heat -treatment can be perfornmed on a broader area than-awvertlcal

Iaser

irradiation step. That is, when the oblique | aser |rradﬂat1bn - perfor

the irradiation area is Iarger t han t he cross SECtIOH\Q theﬁlagggzzxzz-
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61. Subsequently, the laser pulse is irradiated from the side of

the antireflection film 63 in a process of Fig. 8D. The energy
of the laser pulse is set to 150mJ/cm? to 500mJ/cm?, and its
pulse width is set to 40 nanoseconds or more. With the laser
irradiation, a portion of the silicon thin film 62 which serves
as a channel region Ch is crystallized, and at the same time the
impurities doped in the source region S and the drain region D
are activated.‘The crystallization of the silicon film and the
activation of the impurities can be performed by the one-shot
irradiation of the laser pulse below the heat-resistance
temperature'of_the transparent insulting substrate 61.

Fig. 9 ie a schematic diagram showing an irradiation method
of a laser beam. As shown in Fig. 9, a sectioned area 65 on which
the laser beam 64 is irradiated by a single shot centains at
least all of circuits and pixels which are used for a
semiconductor chip for display.

Subsequently, the process goes to a.process of Fig. 10A to
exfoliate the antireflection film 63 which is undesired after the
laser irradiation. Thereafter, a gate insulating film 66 is
formed on the channel region Ch. The gate insulating film 66 is
formed of SiO,, P-SiN or the like, and it has a thickness of
about 150nm. Thereafter, a gate electrode 67 is formed on the
gate insulating film 66. Aluminum is used as material for the
gate electrode 67, and it can be processed below 600°C.

Subsequently, a first layer insulating film 68 of PSG is formed

d



. pul se, and thus a broader area can be subjected to the*qﬁt
heat-treatment with a one-shot |aser pulse. However, the idi-at 1.on
density per unit area is smaller in the oblique |aser iltradiatiaon™t
in the vertical laser irradiation. In order to conpensate for this, the
oblique laser irradiation may be perforned in a state where the insalrating
substrate is kept at a high tenperature. For exanple, WaRSh: 3R E:HYD ﬁgéor

thin filmof anmorphous silicon is crystallized, the obli I
irradiation is preferably performed in a state where th Mwﬂ["ﬂ””
substrate is heated within a tenperature range of 550[er igsy . | f

the laser pulse is irradiated within
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at a thickness of 500 nﬁ. In the first layer insulating film 68
is formed a contact hole 69 which intercommunicates with the
source region S. In a next process of Fig. 10B, a wiring 70 which
intercommunicate with the source region S is patterned, and PSG
is formed at a thickness of 500 nm on the wiring 70 to form a
second layer insulating film 71. Thereafter, a contact hole 72
which intercommunicates witb the drain region D through the
second layer insulating film 71 and the first layer insulating
film 68 is formed. Finally, in a process of Fig. 10C, ITO is
formed on the second layer insulating film 71, and patterned in
‘a desired shape.to form a pixel electrode 73. Through the series
of processes as described above, a pixel electrode driving thin
film transistor which is contained in the matrix array of the
semiconductor chip for display is completed.

According to this embodiment, the pulse time of the laser
beam is set to 40 nanoseconds or more. Accordingly, the amorphous
silicon thin film can be melted by one-shot irradiation, and thus
crystailization can be uniformly performed. In this embodiment,
the crystallization of the'silicon thin film and the activation
of the source and drain regions are performed simultaneously with
each other, however, the laser irradiation may be performed
before the source and drain regions are formed, whereby only the
crystallization'is performed. Furthermore, it is needless to say
that the source region and the drain region are formed on the

silicon thin film which has been already crystallized, and then



.an igncident angle of 60 to the normal direction, the |r[ad|at|on area mould
be increased to be twice as large as that in the verti I-aser ¥
irradiation, however, the energy density would be reduggd"LQ”half‘ BRIEF i
DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic di agram showi ng a | aser

i rradi ati on process; Fig. 2 is another schematic di agramshoew-ng-the-laser

I rradi ati on process; '
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the laser irradiation is performed again to activate these
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regions. '

Next, a control method for crystallization by adjusting the
temperature of the substrate when the laser irradiation is
performed will be described with reference to Figs. 11A-to 11C.
In 'the following description, processes until a process of
forming an. activation layer of a thin film transistor will be
described.

First, in a process of Fig. 11A, an amorphous or polycrystal
(having minute grain size) silicon thin film 82 is formed on a
transparent insulating substrate 81.having a heat-resistance
temperature of about 600°C. In a next process of Fig. 11B, an
antireflection film 83 is formed on the silicon film 82, and then
a one-shot laser beam is irradiated thereto. When the laser
irradiation is carried out, the transparent insulating substrate
81 is heated to a temperature between 100°C and 500°C or cooled
to a temperature between -~-10°C and.5°C. That is, the silicon thin
film 82 is heated by the one-shot irradiation of the laser pulse
while the temperature of the transparent insulating substrate is
increased to the room temperature or more, or decreased to the
room temperature or less, thereby controlling the grain size of
the silicon thin film when the silicon thin film is crystallized.
That is, the temperature gradient from the time when the silicon

“thin film 82 is melted by the laser irradiation until the time

when it is solidified is adjusted.



. 11.— F|g 3 is a schematic diagram showi ng an. enbodi meat-—.of .a net-hod-of=

mandf act‘dri ng a semi conductor chip for display Fig. 4 i augroess=sectionalj
vi ew showi ng an exanple of the construction of a thifp fllnrinranslstOM
contained in a sem conductor chip for display which i FRerared = ="

according to the present invention; Fig. 5is a cross—secfr0ﬁ3%~vremr———_

showi ng anot her exanple of the construction of a thin f | mtransi stor;
This Sheet Has Been Reﬂlace

6 is a plan view showing a nulti-chip wafer which is ”II‘I”III III ||

When the temperature of the transparent insulating substrate
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is increased to more than the room temperature, the temperature
gradient as described above is relatively moderate, so that the
graih size is large. Conversely, when the temperature of the
transparent insulating substrate 81 is decreased_to less than the
room temperature, the temperature gradient as described above is
sharp, so that the grain size is small. Thereafter, the used
antireflection film 83 is removed in a subsequent process of fig.
11C, and a thin film transistor is completed in a subsequent
process. In this embodiment, the laser irradiation is performed
on the silicon thin film 82 before source and drain regions are
formed to crystallize only the silicon thin film 82. In place of
this operation, crystallization of the silicon thin film ad
activation of the source and drain regions can be simultaneously
performed by performing the laser irradiation afterwards.
Furthermore, if the source and drain regions are formed on the
silicon thin film which has been already crystallized and the
laser irradiation is perfonned again, the_ activation of the
'source and drain regions can be performed. In this case, the
control of the grain size is performed with the first laser pulse
irradiation, and then the activat%on of the impurities is
controlled by the secdnd laser pulse irradiation.

The relationship between a substrate temperature and a grain

size is shown in the following table 2.



' subjected to a laser irradiation process of the present invention;
Fi'gs. 7A to 70 are diagrans showing a series of processes-for:the- nEthod of
manuf acturi ng a sem conductor chip for display accor?|ng 1o~ the pr esefit |

i nvention; Figs. 8A to 8D are diagrams showi ng a seriles of ‘Focesses f ofl
anot her enbodi ment of the seni conduct or chip nanufacﬂﬂFFﬁg et hod“accor di ng
to the present invention, Fig. 9 is a schematic di agram-showing a |aser

i rradi ati on process which is performed in the process shown in Fig. 7D
Figs. 10A to 1CC are schematlc di agranms showi ng a serTh€§§heiHas
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TABLE 2
SUBSTRATE TEMP. (°C) AVERAGE PARTICLE SIZE(nm)
25 115
200 163
0 43

The table 2 shows data on the average crystal particle
diameter (grain size) and when the laser irradiation (energy of
350mJ/cm?) is performed to crystallize in a state where the
substrate is heated or cooled. In this case, a sectioned area
which is subjected to one-shot laser irradiation contains at
least all the circuits and pixels in a semiconductor chip fo;
display. When the substrate temperature was kept at the room
temperature (25°C0, the average particle diameter was equal to
115nm. When'the substrate temperature was increased to 200°C, the
average particle diameter was equal to 163nm. Conversely, when
the substrate temperature was decreased to 0°C, the average
particle diameter was equal to 43nm. In general, as the grain
size is larger, the device characteristics of the thin film
transistor are more improved, however, they trend to be more
dispefsive between individual thin film transistors. On the other
hand, as the grain.size is smaller, the dispersion of the device
characteristics can be suppressed, however, the performance of
the thin film transistor itself is lowered. Therefore, the grain

size is required to be controlled in accordance with the



'proeesses for anot her enbodi nent of the sem conductor ngfacturh@
met hod according to the present invention; Figs. 11A . Nggq(

di agrams showing a series of processes for another e odi_mefit: mlﬁ ne-—»
sem - conduct or chi p manufacturing nethod according to tThe presenL_LﬂMeL+on
-12- Figs. 12A and 12B are schematic diagrans showi nga series of processes

for another enbodi ment of the semi conductor chip asgmmkqimxd

\\ll\l\\ T

characteristics to be required for the thin film transistor.
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Next, with reference to Figs. 12A and 12B will be described
an effect that the grain size can be contrqlled by setting the
thickness of the semiconductor thin film, serving as a laser
irradiation target, to be smaller than the laser absorption
depth.

As showh in Fig. 12A, an amorphous silicon thin film 82 was
formed at a thickness of 140 nm on a transparent insulating
substrate 81. That is, the thiékness of the silicon thin film 82
was set to be smaller than the absorption depth of the laser to
be irradiated onto the thin film 82. For example, the wavelength
of a XeCl excimer laser is 308nm, and the absorption depth of the
amorphous siliqon thin film for the laser is equal to 160nm.
Accordingly, in this embodiment the thickness of the silicon thin
film 82 is set to 140nm which is smaller than the absorption
depth of 160nm. Subsequently, as show in Fig. 12B, an
antireflection film 83 was formed on the amorphous silicon film
82, and then one-shot irradiation of a laser pulse having

'wavelength of 308nm was performed. At this time, the energy
density of the laser beam was.set to 350mJ/cm?, For comparison,
one-shot laser irradiation was conducted using a KrF excimer
laser under the same condition. The KrF excimer laser has the
wavelength of 248nm, and the absorption depth of thé amorphous
silicon thin film for the KrF excimer laser is equal to 131nm.

Accordingly, when the KrF excimer laser is used, the thickness



'manuf ‘act url ng method according to the present invention:
showi ng el ectrical characteristics of thin filmtransi M ehi s b
formed by the present invention and the conventional hod; thgActé is au
~schematic diagram showing a |aser beamirradiation net o=es
;array; Fig. 15 is a cross-sectional view show ng the m crol ens ar_rWto—*

explain the function of the nmicrolens array; Fig. 16 |snﬁss§g,lpg£gaé di agr am
showi ng a surface state of a sem conductor thin fil mvvhl ["mﬂ"m Cﬁ to

| aser irradiation through the mcrolens array;
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140nm of the silicon thin film 82 is larger than the absorption
depth 131nm. |

The following table 3 shows a measurement result of average
particle size. When the laser pulse having the laser absorétion
depth of 160nm was irradiated onto the amorphous silicon thin
film having a thickness of 140nm by one shot, the average
particle size was equal to 1640nm. On the other hand, when thé
laser pulse having the laser absorption depth of 131nm is
irradiated onto the amorphous silicon thin film having a
thickness of 140nm by one shot, the average particle size was

equal to 1105 nm.

TABLE 3
LASER ABSORPTION LENGTH AVERAGE PARTICLE SIZE
(nm) (nm)
160 ' 1640
131 - 1105

As is apparent from the above result, when the absorption
depth of the laser is larger than the thickness of the
semiconductor thin film, the semiconductor thin film is wholly
melted by irradiating the laser beam having the same energy, so
that a large grain size can be obtained in the crystallization
process. On the other hand, when the thickness of the
semiconductor thin film is larger than the absorption dépth of

the laser, there occurs a portion which is hafdly melted because




‘Figs+17 is a schematic di agram showi ng an |rrproved exanpl e of .the laser
irradi ati-on process according to the present inventi gff “Fi 8,15

graph showi ng the cross-sectional. intensity distrib
shown in Fig. 17. Fig. 19 is a schematic di agram show RLE
exanpl e (oblique laser irradiation method) of the conve-m_lmlaj_l

I rradi ation process; Fig. 20 is a cross-sectional view show ng the obl T que
| aser irradiation method shown in Fig. 3; DETAI LED DEZuRSHHMBLR ﬁﬁ&

et Baatiens T
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the laser cannot reach that portion, and thﬁs a cooling process
at that portion proceeds rapidly, so that the grain size is
small. In this embodiment, the laser irradiation is performed
before the source and drain regions are formed, thereby
performing only the crystallization of the silicon thin f£ilm.
However,  in pIace of this process, the crystallization and the
activation of the source and drain regions can be performed at
the same time. Furthermore, after the sourée and drain regions
are formed on the semiconductor thin film which was crystallized
by a first laser irradiation, only the activation of the source
and drain regions may be selectively performed by a second laser
irradiation. The size control of the grain size can be performed
by the first laser irradiation, and the control of the activation
degree of the impurities can be performed by the next laser
irradiation. At this time, the diffusion of the impurities in a
lateral direction can be made uniform in éhe source and drain
regions of the laser-irradiated semiconductor thin film, so that
the dispersion in electrical characteristics of the-transistor
is reduced.

Fig. 13 is a graph showing a compariéon result between the
electrical characteristics of a thin film transistor formed by
the present invention and the electrical characteristics of a
thin film transistor formed by the prior art. The abscissa of the
graph represents a gate voltage VSG, and the ordinate of the

graph represents a drain current IDS. As shown in Fig. 13, the
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electrical characteristics of the thin film transistor of the

present invention are more improved than those of the
conventional thin film transistor, and on-current is more
increased while off-current is more suppressed.

Fig. 14 is a perspective view showing a modification of the
laser irradiation method shown in Fig. 3. The elements
corresponding to those of Fig. 3 are represented by the same
reference numerals. In this embodimeht, the laser pulse 8 is also
irradiated to a desired section area 3 by one shot to conduct the
batch heat treatment on the semiconductor thin film 2 of one chip
for crystallization. A different point resides in that a
microlens array 91 is interposed between the excimer laser source
(not shown) and the semiconductor thin film 2, and the laser
pulse 8 is selectively concentrated on a portion of the
semiconductor thin film which is used as an element area of each
thin film transistor. With this system, the use efficiency of the
laser energy 1is increased, and a processing time for
crystallization can be shortened.

Fig. 15 is a cross-sectional view shoﬁing an optical action
of the microlens array 91. As described above, integrated thin
film transistors for driving pixel electrodes are formed on the
matrix array portion of the semiconductor chip for display. The
remainihg portion of the semiconductor thin film except for the
elgment'areas on which the thin film transistors are formed, are

removed by the patterning treatment to make the matrix array



. display:panel). In the sem conductor chip manufacturing nmethod, a film
form ng .process is first perforned to forma sem conduct.or. . thﬂ.fikﬂt@—pn a
transparent insulating substrate 1 which is forned of[ - @ﬁﬁ.waheﬁLa[ =Ha\i ng
relatively low nelting point (below 60[err], for exa e pEReAGED *ﬂﬁ
sem conductor thin film2 is formed of armrphous or pelyerystarE=RavT g
relatively small grain size before processed, for exanple, it is fofmed of

anor phous silicon or polycrystal silicon. The Se”‘ConﬁMﬁﬁgiﬁﬁJﬂékﬁcigg 2.is
subjected to a series of processes containing a heat t g to
formintegrated thin filmtransistors on a sectloned a’mlﬁnm MIF ']Chl p.
In this enbodi nent, the sectioned area 3
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portion transparent. Accordingly, it - is unnecessary to
crystallize the portion of the semiconductor thin film 2 which
excludes the element areas 92 shown in Fig. 15, and thus it is
- sufficient to irradiate the laser pulse 8 to only the element
areas 92. Accordingly, when the laser pulse 8 is irradiated in
a state where the respéctive microlenses 93 formed on the
microlens array 91 and the element areas 92 are aligned with one
another, the laser beam can be concentrated on only the element
areas 92,
Fig. 16 is a plan view showing the semiconductor thin film
2 shown in Fig. 15. Only the element areas 92 in the matrix array
are selectively exposed to the laser pulse, and crystallized. The
semiconductor thin film 2 at the other areas are kept in an
amorphous state. At least inside of the matrix array 4, the
semiconductor thin film 2 at the amorphous state is removed in
a subsequent etching process. The horizontal scanning circuit and
the vertical scanning circuit shown in Fig. 3 may be provided
outside of the matrix array 4. In this case, like the matrix
array 4, the one-shot irradiation of the lasér pulse must be
performed to crystallize the semiconductor thin film at these
areas. The laser §ulse may be irradiated onto these areas
directly or through the microlens array like the matrix array 4.
As described above, a sectioned area having a relatively
large area of about 1 to 10cm square can be crystallized with

only one laser-pulse irradiation using a high output power laser



«contains;a matrix array (containing thin filmtransistors and el ectrodes
for .pi xéls) 4, a horizontal scanning circuit 5 and a iﬁﬁﬂ#ﬁ$€aﬁﬂ#ﬁgmﬂ
circuit 6. Integrated thin filmtransistors are forneg Tohs &aEh T of -t Be-M
el ements. Finally, pixel electrodes for one panel are fornedﬁaﬁuvhe nat r
array 4 to conplete a sem conductor chip 7 for a disp -

9

to the present invention, the series of processes as descrlbed above

contain a laser irradiation process of irradiating a
sectioned area 3 by a one shot exposure to perforn1the nent
on the sem conduct or "
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device. In this system,the cross-sectional intensity distribution
of the laser pulse is set to be constant by irradiating the laser
pulse through an optical system called as a homogenizer so that
the crystéllization of the semicondﬁctor thin film is made
uniform within the section area which is exposed to the laser
beam. However, with respect to the laser annealing process for
a relatively large sectioned area, heat radiation occurs from the
peripheral portion of allasér pulse irradiation area. Therefore,
if the cross-sectional intensity distribution of the laser pulse
is constant over the whole irradiation area, the cooling speed
at the peripheral portion of the sectioned area is higher than
the cooling speed at the central portion. Accordingly, the
temperature gradient in the crystallization process becomes
larger at the peripheral portion than at the central portion, and
thus the grain size at the peripheral portion becomes smaller
than that at the central portion. Therefore, the crystallinity
of the semiconductor thin film cannot be uniform over the same
sectioned area. If a transistor is formed of such a semiconductor
thin film having ununiform crystallinity as described above,
dispersion in TFT’'s characteristics would occur in the same chip
due to the different in grain size. In order to avoid such a
disadvantage is proposed a method of selectively forming an
antireflection film along fhe peripheral portion of the laser
irradiation area to substantially increase the temperature éf the

peripheral portion, thereby improving the crystallinity in the



. REPILACEVENT SHEET DATE: 04 NOV 1995 - 14 - thin film2 for one chip.. Th@
| aser irradiation process is used to crystallize the'spvf onduqtor t,;
film2 by the batch heat- treatnent. For exanple, wh n“the. 1T
thin film2 is formed of anorphous silicon in its pr IMB—SLBFP-
before it is processed), the sem conductor thin film2-is_te nporart_x
nelted by the batch heat-treatnent, and then crystallized to
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laser irradiation area. However, this method needs a process of
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beforehand forming an antireflection film on the semiconductor
thin film by the patterning treatment, and thus it induces
increase in the number of processes.

In view of the foregoing, in an embodiment shown in Fig. 17,
the cross-sectional intenéity distribution of the laser pulse 8
is controlled so that the irradiation energy density increases
more from the central portion of the sectioned area 3 to the
peripheral portion thereof, and the one-shot irradiation of the
laser beam having such a cross-sectional intensity distribution
is performed.

As shown in Fig. 17, an amorphous silicon film is first
formed on an insulating substrate 1 (wafer) formed of glass
material having low melting point or the like. The amorphous
silicon film may be formed by the plasma QVD method or by a
magnetron sputtering method. The amorphous silicon film @ay be
formed by thermally discompoéing Si,Hg, SiHhcmr‘the like under a
substrate temperature condition of about 500°C wiﬁh'the LPCVD
method, or a polycrystal silicon film which is formed by he LPCVD
method or the like may be made amorphous by implaﬁting Si cations
into the film. In this embodiment, mixture gas of SiH, and
hydrogen was used as raw gas, and the amorphous silicon film was
formed under the condition of the substrate temperature of 150
to 250°C by the plasma CVb method. "7059 glass" produced by

Coning Company was used as the insulating substrate 1. A large



.obtain paglycrystal silicon having relatively large grain size. On the other
hand, when the sem conductor thin film2 is formed of polycrystal having a
relatively small grain size in its precursive state, the.sen. ductor thln
film2 is tenporarily nelted by the batch heat- treatnant and;tmen '
crystallized to obtain polycrystal silicon having a r Haﬁtﬁely Large graﬁ
size. The laser irradiation process is not limted to—tfystarfrzatlon and
it may be applied to a case where the sem conductor thin f|| i S dpgﬁ
with inmpurities and then the inpurities are actlvated H .
heat-treatnment. Furthernore, the crystallization of the th|n
film2 and the activation of the
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amount of hydrogen is contained in the amorphous silicon film
which has been just formed, and thus'the_subétrate was heated at
450°C under nitrogen gas atmosphere and annealed for 30 minutes
to discharge hydrogen gas therefrom. The one-shot irradiation
of the laser pulse 8 was perforﬁed on a prescribed sectioned area
3 of the amorphous silicon film. In this case, the excimer laser
pulse of 308nm wavelength was irradiated under the following
condition: laser energy density of 150 to 450mJ/cm,, pulse
duration time of about 100 to 1000 ns and-substrate temperature
of 20 to 450°C. The sectioned area 3 which was a target to be
irradiated with a laser beam was designed in a size of 5X5cm?’.

Fig. 18 is a graph showing a cross-sectional intensity
distribution of the laser pulse 8 which is taken along a diagonal
line A-A of the sectioned area 3. As show in Fig. 18, the laser
beam intensity is set so as to be low at the central portion of
the sectioned area serving as the irradiation target and high at
the peripheral portion thereof. Speécifically, the laser beam
intensity at the peripheral portion is set to be higher than that
at the central.portion by about 1 to 70%. Fig. 18 shows the
cross-sectional intensity distribution along the diagonal line
A-A shown in Fig. 17, however, the same intensity distribution
is also obtaihed along another direction. Accordingly, the shape
which is obtained by rotating the profile of Fig. 18 around a
perpendicular passing the cénter point of the diagonal line A-A

represents a three-dimensional energy distribution of the laser



.|npur|t|es can be simultaneously performed by the batch heat-
exci-ner *Laser beam source may be used to enit the |adgr—puLs Sinet

exci mer | aser beamis a strong pul se ultraviolet ray, ,qbagn ed onjthe
surface | ayer of the sem conductor thin film2 of sil 1= the- bike o
increase the tenperature of the surface layer, homeverL__L.d@@%—n@%-hear

the insulating substrate 1. As a precurS|ve filmto be forned on the
eet Has Been Reﬁaced
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pulse. By setting the energy distribution as described above, the.
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temperature reduction from the peripheral portion due to heat
radiation can be prevented, and thus the uniform grain size can
be obtained over the whole sectioned area which is the laser-
irradiation target. Such a cross-sectional intensity distribution
of the laser pulse can be realized by relatively increasing the
beam intensity at the peripheral portion and relatively
decreasing the beam intensity at the central portion'with a
simple optical system.

The average grain size in the central portion of lcm? and
the grain size at the central portion of lcm? in the sectioned
area of 5X5cm?, are shown in the following table 4. For
cbmparison, in the table 4 are also shown the grain sizes at the
central and peripheral portions of lcm? of the prior art in which
only a homogenizer is use. The grain size was measured by a plan
TEM. The data shown in the table 4 were obtained by performing

the laser anneal at the substrate temperature of 400°C.

TABLE 4

GRAIN SIZE (nm

POSITION PRESENT INVENTION PRIOR ART
CENTRAL PORTION 100 TO 150 100 TO 150
PERIPHERAL PORTION 90 TO 150 _ 10 TO 90

As is apparent from the table 4, in the prior art the grain

size at the central portion ranges from 100 to 150nm while the



t her llke which can be forned at a | ow tenperature. For—exaonE' Wh"
plasma CVD silicon filmis formed at a thickness of 3Qn transpa )
i nsul ating substrate | of glass material, the neltingj hngshbhﬁ;éggﬂg:m,ﬁ
an XeCl exciner |laser beamis irradiated is about 130mI/cn®. Energy of
about 220mJ/[err] is required to nmelt the whole film and it takes about ~
70ns fromthe tine when it is nelted until the tine thlusst:eelI-$asBQJ|ﬁife
ﬂ f om

The insulating substrate 1.s generally forned of a |ar
whi ch many sem conductor chips 7 for display are
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- 15-- |nsulat|ng substrate 1 may be selected a plasma CVD silicon filmor

%

grain size at the peripheral portion ranges from 10 to 90nm.
Accordingly, a large difference in the grain size occurred in the
same sectioned area. On the other hand, in the present invention,
the grain size at the central portion ranges from 100 to 150nm
while the grain size at the peripheral portion ranges from 90 to
150nm, and a substantially uniform grain size could be obtained
in the same sectioned area. in this embodiment, the laser beam
annealing treatment is described. However, the present invention
is applicable to an annealing treatment using electron beam.

Fig. 19 is a perspective view showing a modification of the
lasef irradiation method shown in Fig. 3. The elements

. corresponding to those of Fig. 3 are represented by the same
reference numerals.

In this embodiment, the one-shot irradiation of the laser
pulse 8 is also performed on a prescribed sectioned area 3 to
perform the batch heat treatment on thelsemiconductor thin film“
2 of one chip, thereby crystallizing the thin film. The different
point is as follows. In place of the vertical laser irradiation
method shown in Fig. 3, an oblique laser irradiation method is
adopted. Specifically, the laser pulse 8 is irradiated within an
incident angle of 30 to 60° to the normal direction of the
insulating substrate 1. With this irradiation, a sectioned area
3 which is larger than the cross section 10 of the laser pulse
8 can be subjected to the batch heat treatment. However, the

irradiation energy density per unit area is more reduced in the



takem out. That is, plural sectioned areas 3 are set on the insulating
substrate. 1 in advance, and the |aser pulse 8 is successy Vérgulrradlated
onto each sectioned area by a single shot exposure in the“laser |rrad|at|on
process. In this case, the laser pulse 8 is irradiated;ont.o. each sétcti.gned
area 3 by one shot except for a separation band which is ng!_ded bet ween
nei ghbori ng sectioned areas 3. In this enbodi nent, each sectioned area3—

. has a rectangul ar shape, and thus the |aser pulse 8 having ge AgtAn elar
section 10 which conforns to the shape of the sectioned a
irradiated by one shot. As an irradiation condition, the Hm, mgm,mf"
I rradiation of the )
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oblique laser ifradiation than in the vertical laéer irradiation.
If the incident angle is smaller than 30°, the irradiation energy
density is reduced by a large amount and thus there occurs a case
where the crystallization of the semiconductor thin film 2 is not
sufficiently performed. Furthermore, if the incident angle is
larger than 60°, the enlargement effect of the irradiation area
is not remarkable. Accordingly, in this émbodiment, the incident
angle is set to just 60° for oblique laser irradiation. With this
irradiation, the area of the sectioned area 3 can be increased
to be twice as large as the cross-sectional area of the laser
pulse 8. in this embodiment, the semiconductor thin film 2 of
amorphous silicon is crystallized by the batch heat treatment
using the oblique léser irradiation. in this case, the batch heat
treatment is performed in a state where the insulating substrate
1 is beforehand keptat a temperature of 550°C to 650°C, and thus
the crystallization of the amorphous silicon can be promoted
while compensating for reduction in the irradiation energy
density.

As described above, in this embodiment, the oblique laser
irradiation is performed at the incident.angle of 60°, and the
sectioned area 3 whose area is twice as large as that in the
vertical laser irradiation system can be crystallized. At the
same time, the insulating substrate is beforehand heated at the
temperature of 5550 to 650°C, and in this state the

crystallization is performed. This substrate temperature is a



. laser pufse 8 is perfornmed for a pulse tinme which is set to 40 nanoseconds
or ‘nore; .for exanple. At this tine, the batch heat- treat.nent= s perforned
in a state where the insulating substrate 1 is increas@dyhe dhe” rioom- ' L
tenperature or nore or decreased to REPLACEVENT SHEHET Dat &% 04" rfov,.1995
- 16 - the roomtenperature or |ess, thereby controlllﬁbfthe~ e
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condition to perform solid-phase growth of silicon, and the

- 41 -

crystal size and its wuniformity are improved through an
interaction with the laser irradiation. The amorphous silicon
under the condition that the substrate is heated has such energy
that its lattice structure is made variable, and in this state
the crystallization thereof is promoted with a relatively small
temperature increase. By irradiating the laser pulse in this
state, the amorphous silicon is shifted to polycrystal silicon
in a éhort time. As compared with the case where the laser
irradiation is started from the room temperature, the
ununiformity of the temperature distribution in the substrate at
the.laser irradiation time can be suppressed, and thus the grain
size of the silicon film can be stabilized.

The matrix array 4, the horizontal scanning circuit 5 and
the vertical scanning circuit 6 are formed in the sectioned area
3 to which the laser beam is irradiated to form the semiconductor
chip 7 for display. The semiconductor chip 7 for display contains
the total number of thin film transistors which reaches 100kbits
or more, and it has a chip size of 28mm or more in diagonal
dimension. The laser pulse 8 having a wavelength of 300nm to
350nm is irradiated onto the sectioned area 3, and the energy
density of the laser pulse 8 is set to 200mJ/cm? to 400mJ/cm?. No
thin film transistor is formed on a laser non-irradiation area,
and it serves as a separation band 9 between-semiconductor chips

for display.
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» crystal lfzation of the sem conductor thin film2. Furthernore, the
sem.conductor thin film2 is forned at a thickness whjFfeRF+Ss=smaltrer—t-han
the absorption depth of the |aser pulse 8, thereby enadHIR§HERE LS sz |
sem conductor thin film2 to be perfectly nelted. |f |pecesgtify. A tilie ;:}
one-shot irradiation of the |aser pul se 8 nay be perforned through—a ==
mcrolens array to selectively concentrate the irradiation of the [|aser

pul se on a portion of the sem conductor thin film2 m%%@hée?ﬂgsrheglﬁ Dy
area for each thin filmtransistor, whereby the |aser € \
efficiently used. Furthernore, the cross-sectional i nteH“l']Iﬂﬂﬂu “Yion
of the laser pulse 8 may be controlled for the one-shot ! B¥fg
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Fig. 20 is a cross-sectional view showing an exémple of the
oblique laser irradiation process shown in Fig. 3. This oblique
laser irradiation process is carried out in place of the vertical
laser irradiation process shown in Fig. 7F. In this view point,
the elements corresponding to those of the process shown in Fig.
7F are represented by the reference numerals to make the
understanding clear.

.As shown in Fig. 20, an amorphous'silicon film 42 is formed
on the surface of a transparent insulating substrate 41 of quartz
or the like. The amorphous silicon film 42 is beforehand
selectively doped with high-concentration impurities by the ion
implantation method to form a source region S and a drain region
D of a thin film transistor. Furthermore, in order to improve the
laser irradiation efficiency, a non-reflective coating 44 formed
of SiQ,, SiN, SiON or the like is formed to improve an absorption
efficiency of irradiation energy. In this sate, the laser pulse
is obliquely irradiated to perform the crystallization of the
amorphous silicon film 42 and the activation of the source and
drain regions S and D at the same time. Thereafter, the non-
reflective coating 44 at the upper side is removed by the etching
treatment to 1leave only the crYstallized silicon film 42.
Thereafter, the patterning treatment is. conducted using a
photoresist, and an undesired portion of the silicon film 42 is
remo'ved by a dry etching treatment to form an element area.

Thereafter, an Si0, film is formed as a gate insulating film on



+ so.that “the irradi ati on energy density |s nor e |ncreased fromthe central,

portion-of each sectioned area 3 toward the peripheral {ff Ilon.thereof,.,
whereby the tenperature gradient of heat radiation thrgu tpe%iﬂ§u%aTTﬁq
substrate 1 is made uniform Still furthernore, the | ag S

irradiated fromthe vertical direction onto the |nsula%4ng—subsanLe_i_Ln
Fig. 3, however, it may be irradiated froman oblique direction to the
i nsul ating substrate 1 to performthe heat treatnent. , VWHidShednHss Been Replaced

irradiation, the sectioned area 3 can be set to a val lueAi\mm ,"m Ilal
than the cross-sectional area 10 of the |laser pulse 8
the present invention is characterized
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the element area by the pressure-reduced CVD method or the like.
Thereafter, a metal film of AlSi or the like is formed, and
patterned into a gate electrode. Subsequently, a first layer
insulating film of PSG or the like is formed, contact holes are
formed and then wirings which are connected to the source region
S and the drain region D are formed through the contact holes.
Finally, a second layer insulating film of PSG or the like is
formed, and a P-SiN film is superposed on the second layer
insulating film by the plasma CVD method to perform a hydrogen
treatment. The processes as described above are identical to
those of the manufacturing process shown in Figs. 7A to 70 except
that the oblique laser irradiation is used in place of the
vertical laser irradiation.
As described above, according to the present invention, the
one-shot irradiation of the laser pulse is conducted on a
prescribed sectioned area to perform the batch heat treatment on
a semiconductor thin film of one chip. With this operation, the
heat processing time of the semiconductor thin film by the laser
irradiation can be shortened, and thus the mass-production of the
semiconductor thin films can be éerformed. Furthermére, crystals
having excellent uniformity can be obtained, so that the process
condition is stabilized andlthé uniformity of the thin film
transistor chafacteristics can be secured. Therefore, a large-
area semiconductor chip for display which contains scanning

circuits, etc. on the same substrate can be formed.



an that the | ar ge- area sem conductor chip 7 for display is annealed at a
time. In.this enbodinent, the [aser pulse 8 is - 17 m:F¥Fad+ated*ovéT*}€
the semi conductor thin film2 formed of anmor phous si | i cprifké® Sp ‘ A
silicon having relatively mnute grain size at a tine. fFach sett;

3 serves as an irradiation area, and each separation bar 9 SErv
non-irradi ation area. The sectioned area 3 serving as the Iaser i rradiation
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According to the present invention, the semiconductor thin
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film is crystallized by the batch heat treatment which is
performed by the one-shot irradiation of the laser pulse.
Therefore, the crystallization of the semiconductor in the
sectioned area is uniformly promoted to thefeby suppress the
dispersion in the electrical characteristics of integrated thin
film transistors which are formed on the semiconductor chip for
display.

According to the present invention, after the impurities are
doped into the semiconductor thin film, the one-shot irradiation
of the laser pulse is performed to activate the impurities
through the batch heat treatment which is enabled by the one-shot
irradiation. With this operation, the diffusion of the impurities
along a lateral direction in the source region and the drain
region of the laser-irradiated semiconductor thin f£ilm can be
made uniform to stabilize the electrical characteristics of the
thin film transistor.

According to the present invention, the one-shot irradiation
of the laser pulse is performed on each sectioned area except for
the separation bahd which is provided between the neighboring
sectioned areas. With this 6peration, the scribe line for each.
chip along the separation band is clarified, and for example in
a fabrication process of a liquid crystal cell or the like, the
alignment'preéision is imprbved. | |

According to the present invention, the one-shot irradiation



.is provided with a matrix array 4, a horizontal scanning gircuit 5 and a __
vertical .scanning circuit 6. Any of these el ements cont ai N =+ Bl
transistors. In the sem conductor chip 7 for display as ﬂesc%?%gﬂ’g@g%e, h
the total nunmber of thin filmtransistors exceeds | OCkbi tls—=ahs !
di agonal di mension of the sectioned area 3 is above l4mm—Fhe-maxinoum _
di agonal di nension extends to about 3 inches, The excinmer |aser bean1of
300nmto 350nmin mavelength isirradiated to the sect|0n§USﬁk&ah§B the

energy density thereof is set to about 200mJ/[err] to 4 0 m f,"”mn’l T‘ﬁj

filmtransistor is fornmed at the separation band 9 serV|ng
non-irradiation area and it is used as a
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of the laser pulse is performed for the pulse time which is set
to 40 nanoseconds or more. By lengthening the time of the one
laser pulse irradiation, the semiconductor thin film can be
sufficiently melted with one laser irradiation. The improvement

in uniformity of crystallinity and in throughput can be expected.

According to the present invention, the one-shot irradiation
of the laser pulse is performed to perform the batch heat
treatment in a state where the temperature of the insulating
substrate is increased to the room temperature or more or
decreased to the room temperature or less. With this operation,
the cooling spéed of the semiéonductor thin film which is
temporarily melted can be adjusted. Accordingly, the
crystallization §f the semiconductor thin film, the diffusion
length of the source and drain regions of the semiconductor thin 
film and the activation of the impurities can be controlled.

According to the present invention, the semiconductor thin
film is formed at a thickness which is smaller than the
absorption 1length of the 1laser pulse. Therefore, the
semiconductor thin film can be perfectly melted, and the grain
size of crystals can be easily increased.

According to the present invention, the one-shot irradiation
of the laser pulse is performed through the microlens array to
selectively concentrate the laser energy on the element area of

each thin film transistor. Accordingly, the laser energy can be



,Scri-pe area for the sem conductor chip 7 for display. As a result, the

| aser irradiation area and the | aser non-irradi ati on area coexi st -on the
sem conductor chip 7 for display. Fig. 4 is a cross-segtional view-show ng
an exanple of integrated thin filmtransistors (TFT) Jhitch: ar-e-f ormed..on

t he sem conductor chip 7 for display shown in Fig. 3. In thl..embadlnentm a
pl anar type thin filmtransistor is formed. As shown I'Fr¢. 4, a

sem conductor thin film12 constituting an el ement area-of TET is fornmed on
the transparent insulating
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According to the present invention, the one-shot irradiation

efficiently used.

is perforﬁed while the cross-sectional intensity distribution of
the laser pulse is controlled so that the irradiation energy
density increases more from the central portion of a prescribed
sectioned area toward the peripheral portion. Therefore, the
crystallinity can be kept uniform within the beam irradiation
area in the batch laser annealing process for a large area.
According to the present invéntion, the oblique 1laser
irradiation system in which the laser pulse.is irradiated in an
oblique direction to the insulating substrate is performed.
Accordingly, an irradiation area which is larger than the cross-
sectional area of the laser pulse can be thermally treated at the
.same time, so that the semiconductor manufacturing process can
be still more efficiently perfbrmed. Furthermore, by heating the
-insulating substrate together with the oblique laser irradiation
system, the crystallization of the semiconductor thin film can

be promoted.
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thin fitm12 is formed of silicon which is crystalllzedngsySthggas%

irradiation of the |aser pulse as described above. A gat |Ch

is forned of alloy of alum numand silicon or the Iike | au ough
{ ong

a gate insulating film13 on the sem conductor thin fil
of the sem conductor thin film 12 at both sides of the—gate electrode G are

doped with n-type inpurities of high |
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WHAT IS CLAIMED IS
1. A method of manufacturing semiconductor chips for
display, comprising the steps of
forming a semiconductor thin film on an insulating
substrate;
processing the semiconductor thin film to form
integrated thin film transistors in a sectioned area for one
chip; and
forming pixel electrodes in the sectioned area to form
a picture, ‘wherein said processing step contains a step of
irradiating a laser pulse to the sectioned area by a single shot
exposure to perform a batch heat-treatment_on the semiconductor
thin layer for one chip. |

2. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of crystallizing the
semiconductor thin film with the batch heat-treatment.

3. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of activating impurities in the
semiconductor thin film with the batch heat treatment after the
impurities are doped with the semiconductor thin film.

4. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of crystallizing the
semiconductor thin film and activating impurities doped in the
semiconductor thin film at the same time with the batch heat

treatment after the semiconductor thin film is doped with the



.concentration to forma source region S and a drain region D of-the TFT" A

channel * region Ch is also provided between the source region S and the
drain region D. The inpurities which are doped at a hiThis Sheshid

an ion inplantation nethod or the |like are activated, by

irradiation of the |aser pulse. The TFT thus constructe

first layer insulating film14 formed of PSG or the Iike. A wring 15
formed of netal aluminumor the like is forned on the first |ayer
insulating film14 by a patterning treatment, and it is comducted to the .
source region S and the drain region D through cont act ct

. to the thin filmtransistors fornmed on the matrix array““mﬂ""mllnllmnm

- 48 -

impurities.

5. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of successively irradiating a
one~shot laser pulse onto each of plural sectioned areas which
are beforehand provided on the insulating substrate.

6. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of irradiating a one~shot laser
pulse onto an individual sectioned area except for a separation
band which is provided between neighboring sectioned areas.

7. The method as claimed in claim 1, wherein said laser
irradiation step includes a step of irradiating a one-shot laser
pulse having a reétangular section which conforms to the shape
of a rectangular sectioned area.

8. The method as claimed in claim 1,'wherein said laser-
irradiation step inéludes a step of irradiating a one-shot laser
pulse for a pulse time which is set to 40 nanoseconds or more.

9. The method as claimed in claim 2, wherein said laser-
irradiation step includes a sfep of performing the batch heat
treatment in a state where in a state where the temperature of
the insulating substrate is increased to the room temperature or
more, or decreased to the room temperature or less, thereby
controliing the crystallization of the semiconductor thin film.

- 10. The method as claimed in claim 2, whe;ein said laser-
irradiation step includes a step irradiating a one-shdt laser

pulse through a microlens array to selectively concentrate the



4 shomn i'n Fig 5, in place of the wiring 15, a pixel electrode IS connected
tothe drain region D. The wiring 15 is further covere&‘ NF y@r
insulting film16 formed of PSG or the like, and a paSSI II |

formed of P-SiN or the like is formed on the second | aye |Irm

16 Fig. 5 is a cross-sectional view show ng another exanple of the thin !

filmtransistor formed on the sem conductor chip for_ REPLACEMENT-SHEET

O g n
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laser pulse on a portion of the semiconductor thin film which
corresponds to the element area of an individual thin film
transistor. |

11. The method as claimed in claim 1, wherein said
semiconductor film forming step includes a step of forming the
semiconductor thin film at a thickness which is smaller than a
laser pulse absorption depth.

12. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of irradiating the one-shot
laser pulse while controlling the cross-section intensity
distribution of the laser pulse so that the irradiation energy
density increases more from the central portion of a sectioned
area toward fhe peripheral portion thereof.

13. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of irradiating the laser pulse
in an oblique direction to the insulating substrate.

14. The method as claimed in claim 13, wherein said oblique
laser irradiation step includes a step of irradiating the laser
pulse at an incident angle of 30° to 60° to a normal direction
of the insulating substrate.

15. The method as claimed in ¢laim 13, wherein said oblique
laser irradiation step includes a step of crystallizing the
semiconductor thin film of amorphous silicon by the batch heat
treatment.

16. The method as claimed in claim 15, wherein said oblique



'i s ‘of a’reverse-staggered type, and a gate el ectrode G ffRet Qs Bbd e¥lab

~alumnumand silicon or the like is formed on a transpare
substrate 21 by the patterning treatnent. Furthernore, a Hmllgmﬂm!m I
film23 is formed on the gate electrode G through a gate

22. The sem conductor thin film23 is fornmed of silicon or the |Iike which

is crystallized by the one-shot irradiation of the |aser pulse as described

above. A wiring 25 fornmed of al urri.num or the like is for”!'"lcmlllm!,n,"]llﬂm :

- 50 -

t hin
m

laser irradiation step includes a step of performing the batch
heat treatment in a state where the insulating substrate is kept
at a temperature of 550°C to 650°, thereby promoting the

crystallization of amorphous silicon.



of the
I mpurit

passivation film26 formed of P-SiN or the |ike. The fol | Thié Sheet HasBeen Heplaced
shows a concrete irradiation condition for the_ |laser irradi
the present invention, and an irradiation condition for th i |

suggest

gate el ectrode G on the sem conductor thin film 23 through an
y-di ffusion |ayer 24. The TFT thus constructed is covered with a

ed irradiation nethod is also shown in the table fo

TABLE 1 COVPARATI VE METHOD  PRESENT | NVENTI ON CRYSTAL GRAI N SI ZE

20nm -
150nsec

150nm 10nm - 150nm LASER TREATNMENT 25x( 150nsec

- 51 -

ABSTRACT OF THE DISCLOSURE

METHOD OF MANUFACTURING SEMICONDUCTOR CHIPS FOR DISPLAY

In a method of manufacturing semiconductor chips for
display, a semiconductor thin film is first formed on an

insulating substrate, and then a series of processes containing

a heat-treatment process for the semiconductor thin film are

carried out to form integrated thin film transistors on a

sectioned area for one chip. Thereafter, pixel electrodes for one

~picture (frame) are formed within the sectioned area. During the

series of processes, a laser pulse is irradiated onto the
sectioned area by one shot to perfofm a heat treatment on the
semiconductor thin film . for one chip collectively. and
simultaneously (i.e., perform a batch heat treatment on the
semiconductor thin £ilm). Through the batch heat treatment, the
crystallization of the semiconductor thin film is promqted. In
addition, after the semiconductor thin film is doped with
impurities, the activation of impurities doped in the
semiconductor thin film can be performed by the batch heat

treatment.

P

+



TIME 100msec) = 2.5sec (I RRADI ATION TI ME + LASER

| RRADI ATI-ON AT SI NGLE LASER SCANNI NG Tl ME) 25 TI MES

| RRADI ATI ON LASER | RRADI ATI ON lcmx lcm 5cmx 5cmin
an exanple of the table 1, the one-shot irradiation {

performed on a section area of 5cmX&gm At REPL A[PENESTE -SHEEA TRERN

4 NOV 1995 REPLACED
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- 20.--thi's. time, the energy den5|ty was set to 200mJ/[err] to 450md/[err].
In the conparative nethod, the laser pulse irradiation on a sectioned area
of 5cm X 5cm nust be divided i nto 25 |aser pul se irradiation shots. That

is, the laser irradiation area per |aser pulse shot is |limted to an area
of 1cm X 1cm and thus the one- shot s pul se irradiation nust be
perfornmed totally 25 tinmes to irradigt’e the whol e sectm&ned:%of» 5cm X
5cm The | aser processing tinme per one chipis equal t’orrﬂS@Hggﬁn ‘EFhs-,
irradiation tinme and a scanning tinme. In the present |nvent 'FEEhL»L e,;ei,—/.

scanning time is equal to zero because the one-shot T
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irradiation is adopted, and thus the |aser processing tine is equal to 150
nsec. On the other hand, in the prior art, the irradiation tinme per
one-shot is equal to 150 nsec, and the‘gpannlng time is equal to 100 nsec.
Therefore, when the | aser i rradiation | rried out 25 tines, -the.total
processing tinme is equal to 2.5 secondsw A érdlngly, t he throughput [
nore renarkably inproved in the present invention than in the prior art’
The grain size of the sem conductor thin filmwhich was processed accordlng
to the nmethod of the present invention was equal to 100nmto 150nm__The

grain size was neasured with a transii ssion-type el ectron n1croscope ( TEM——no.
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the seniconductor thin filmwhich was processed according to the
conparative nethod was equal to 20nmto 150nm As is apparent fromthis
result, the dispersion of the grain size could be reduced by the one-shot
irradi ati on of the |aser pul se. REPLACEVENT SHEET Date : 04 NOV 1995 -21

- Fig. 4 schematically shows a nultigelp wafer to whi, ch the
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| aser irfadiation nethod of the present
enbodi nent, the | aser pulse is successively irradiated by one shot onto

each of plural sectioned areas 32 which are beforehand prOV|ded on &= - .
transparent insulating substrate (gwafer) of 5 inches in. dIanLe ;~uhereby

obtaining totally nine sem conducggyr @i ps for display. ‘In the'pfésent
I nvention, the one-shot irradiation of the laser pulse is carried out on

each sectioned area 32 except for a separation band 33 which are provided
between the nei ghboring sectioned areas 32. As shown_in Fig...4, the size of

each sectioned area is set to a in lateral |ength and b i n | ongitudi nal
| ength. The size of the separation This Sheet Has Been R laced

6 AR

FIG.8

invention is applied. In this
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band.is set to binlongitudinal width and d in lateral width. In this
enbodinent, a is set to be |arger than b, and c is set to be |larger than d.
The Iong|tudi nal and | ateral separatjon bands are used as scribe. li-pes=-at=a ;
subsequent process. Next, the method of nanufacturing sem conductor ehi pge™
for display according to this enbod&®B0Qw || be described in nore;detai |
with reference to Figs. 7Ato 70. First, a transparent insulating. substrate
41 is provided in a process of Fig. 7A. Subsequently, an_anorphous silicon

filmd42 is formed on the transparent insulating substrate 41 by LPCVD
method in a process of Fig. 7B. Thereafter, a resist 43; "f’hszheetHasBeenR
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patt er.ned- gqn the anor phous silicon film42 upon the shape of a gate

electrode in a process of Fig. 7C, and then n-type REPLACEMENT
SHEET Date: 04 NOV 1995 - 22 - inpurities are doped through the resist by
an ion inplantation nmethod to form;—»source region S and a drain region D
in a process of Fig. 7D. g,

“‘ﬁﬁ'iimi‘iirﬁiri"m i
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Subsequently, a nonreflective coating 44 is formed on the anorphous silicon
film42 in.a process of Fig. 7E. The nonreflective coating is forned of
[err] SIN, SION or the like. In a next process of Fig. 7F, the one-shot
irradiation of the laser pulse is cadiducted to crystalliz .
silicon film42 and activate the infgf2(es doped in the OWHEBS$§§#RES§EE5~¥
and the drain region D. At this tine, the nonreflective cﬁatingﬁé#;hgﬁgan' :
effect of inproving the absorption efficiency of the irradiati-on-energy—at-
the | aser pul se. Aft the laser irradiation process of Fig. 7F the-used__
nonrefl ective coatingyis renoved by an etching treatnent:hﬂkgmggocess of

RGeS il

46
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that only the crystallized silicon film42 remains . Subsequently, in a

process of Fig. 7H a patterning is conducted with a phot/sragist, and an
undesired portion of the silicon fil 2 is removed by a friygtchh
treatment. Thereafter, a [err] filmgiz{)msd by a pressyfe-rediced, Y
forma gate insulating film45. Subs ly, a nmetal fil e e 0f8Es)
all oy of alumnumand siliconis forned in a process of Fig. 71, =8 )
the nmetal filmis patterned in a desired shape to forma_gate e el ect r ode3 I

in a process of Fig. . This patterning is perfornmed with phOSpTTUTT{-:-ﬁCLd
by a wet etching treaynent. ThlSSh
een Replaced
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REPLACENENT SHEET Date: 04 NOV 1995 - 23- Thereafter, a first |ayer
insulating film48 of PSGis formed by a CVD method in a process of Fig.

7K, and thén contact holes are formed in the first layer insulating film48
and the gate insulating f|Im45 by tp@ wet etching treatrrent Iﬂ:-&-’@fﬂﬁﬁ%‘.‘::-;

of -Flg 7L. . ﬁ./fd- , N ;;)955:\1
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Subsequently, a netal alumnumfilmis forned by the patterning in a
process of Fig. 7M and then patterned in a desired shape to formwrings
49 which intercomunicate with the source region S and the drain region D
Thereafter, a second |layer insulatinpg film50 of PSG |s'fofneﬂ: t he CVD
nmethod in a process of Fig. 7N, and hqg pa P-SiN filmgl’ g 8 $ /o ine, A & -
pl asma CVD nethod in a process of Flg 0. Thereafter, hydro@Engaswl EEN
introduced into the silicon film42 through the first Iayer rﬂsuLathngllm
4 and the second layer insulting filmb50 using the P-SiN film51 as a cap
film Through the series of processes as described above, a planar type
thin filmtransistor (TFT) is
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conpleted- ,Next, another enbodi nent of the nethod of manufacturing

sem conduct or chips for display according to the present invention will be
described in nore detail with reference to Figs. 10A to 12C. First, a
transparent insulating substrate 614 s provided n a process of Fig. 8A The
transparent insulating substrate 61tgs/£0rmed of glass material having a
relatively low nelting point, and its heat-resistan @ZLeHﬁeF&fﬂfE”S tly
exceeds about 600[err]. i T»LDQ%L-T- = B T
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REPLACEIVENT SHEET Date : 04 NOV 1995 - 24 - If necessary, a transparent
i nsdl at’i hg | ayer of [err] or the like is forned on the surface of the

transparent insulating substrate . However, in this enbodi nent the
transparent insulating layer is n 2 d Ther eafter, a sem conduct or
thin film®62 serving as an active for a thin fFEmtraist

formed on the transparent insul ati ng substrate 61. X &ripl e, *ARPEEN
anor phous silicon filmor a polycrystal silicon filnhavi rf&“’f‘-t%’é%ral njisi ze
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IS forrred by a pressure-reduced CVD nethod, for exanple. In this

enmbodi ment , t he anorphous silicon filmis deposited by the :
pressure- reduced CVD net hod. Subsequently, in a process of Fig. 8B, the
anor phous silicon filme62 is pat tikned in a desired shape to form.an..
element area for a thin filmtramgst®@. This patterning treatng
performed after a | aser annealing treatment as described | at'er:i-§
performed. Inpurities are doped into the elenent area by the ion - . -

i mplantation or the like to forma source region S and a drain region D
Wen an N-channel type thin filmtransistor is forned, arsenic is doped,
and when a P- channel type thin filmtransistor is forrred boron is doped.
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dose-amount is set to about 3X1O[err]/[err]. Subsequently, in a process of
Fig. 8C, an antireflection film®63 is beforehand fornmed to i nprove the

| aser processing efficiency. The antireflection filmis fornmed of SiQ2 or
the like, and it is deposited at a thgckness of 30nmto | GOnm The .
antireflectjon filme63 is required tﬁ"fb?é ormed at a tenperature -whi-eh-is,
not nore than the heat- resistance tenperature of the transpa’ enf 1A% BEEN |
i nsulating substrate REPLACEMENT SHEET !
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<

Date:. 04 NOV 1995 - 25 61. Subsequently, the laser pulse is irradiated from
the side of the antireflection film63 in a process of Fig. 81). The energy
of the laser pulse is set to 150m)/[err] to 500m)/[err], and its pul se
width is set to 40 nanoseconds or mpge. Wth the |aser lrradlatlon a
portion of the silicon thin film 62 ggl serves as a 'hcfmnef Tegrea=Ch IS
crystallized, and at the sane time tie inpurities dope¢ in he ‘SOUrEBEEN :
region S and the drain region D are activated. The cry |

Zat oatnf the
S|I|con filmand the activation of the inpurities can be perfor
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7\ ‘ 939,
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i rradi atiion of the |aser pulse below the heat-resistance tenperature of the
transparent insulting substrate 61. Fig. 9 is a schemati ¢ di agram show ng
“an irradiation nethod of a | aser b?anl .As shown in Fig. 9, a sectioned area
65 on which the | aser beam 64 is i'fradiated by a single shot contains at

least all of circuits and pixel s: W@iCEQre used for a seni condu

i p
for display. Subsequently, the process goes to a pr of L o]
exfoliate the antireflection film.63 which is und fmﬁ%E;Ef e A er
irradi ation. Thereafter, a gate insulating film 66 j|s forl LP Y annel
region Ch. The gate insul ating fiIU166 S

/ 6 heet Has Been Replaced
FIG. b T
gz

»,

A
MR ::N\\\\\

2'd ' 4z¢£ ON) 82:91_P1-pB-S5.



formed .of (ferr] P-SiNor the like, and it has a thickness of about 150nm
Thereafter, a gate electrode 67 is forned on the gate insulating film 66.
Alumnumis used as material for the gate electrode 67, and it can be
processed bel ow 600[err]. Subsequen gy; a first layer insulating film 68 of
PSG is forned REPLACEMENT SHEET t/e"Z:('J 04 Nov 1995 - 26 -
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T

S

at a.thickréss of 500 nm In the first | ayer insulating filme68 is forned a
contact hol.e 69 which intercomunicates with the source region S. In a next

process of Fig. 10B, a wiring 70 whi

i ntercommunicate with the source

region Sis patterned, and PSGis f dr med at a thickness of 500 nmon the
wiring 70 to forma second | ayer ins&%a20ng film71. Thereafter, a contact
hol e 72 which i nterconmunicates with the drain region_D_through the second

| ayer insulating film71 and the first layer insulati 1004,51d068 (1 S5 bord 0.
Finally, in a process of Fig. oraVars RN\
insulating film71, and patterned in a desired shape te-ftorma
el ectrode 73. Through the series
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of processes as described above, a pixel electrode driving thin film
transistor which is contained in the matrix array of the sem conductor chip
for display is conpleted. According to this enbodi nent, the pul se tine of
the | aser beamis set to 40 nanosecehds or nore. Accordingly, the anorphous
silicon thin filmcan be nelted bydq?efshot irradiation, and thus
crystallization can be uniformy per orned. In thi "enbodlnent tfie—
crystallization of the silicon thin filmand the agtiVation of the~§ olyr ce
and drain regions are perforned sinultaneously wt ot her.-*howevgr ,
the laser irradiation may be performed before the source and drain regions
are formed, whereby only the
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crystallization is perforned. Furthernmore, it is needless to say that the
source region and the drain region are formed on the silicon thin.film..
whi ch has been already crystallized, and then REPLACENENT SHEET,Date Q 4
NOV 1995 - 27 - the laser irradiation is perforned agaln to acxlvate thege
reglons ST N ﬁ

""4

-1 -
METHOD OF MANUFACTURING SEMICONDUCTOR CHIPS FOR DISPLAY
BACKGROUND OF THE JINVENTION
1. Field of the Invention

The present invention relates to a method of manufacturing
semiconductor chips for displéy, and more particularly to a
method of thermally treating a semiconductor thin.filnlwith-laser
irradiation.

2. Description of Related Art

Liguid crystal display devices which are designed in a large
size and with high minuteness and in which polycrystal silicon
thin film transistors are used as switching elements have been
developed with much hope. In order to mass-produce liquid crystal
displays with polycrystal'silicon thin film transistors in a
large size and with high minuteness, it is indispensable to
establish a low-temperature process in which low-price glass
substrates are wusable. A technique that a laser beam is
irradiated onto a semiconductor thin film of amorphous silicon
or the like to form high-quality polycrystal silicon on a glass
substrate having a low meléing point has been gfeatly expected
as a method to perform the low—témperature process.

Fig. 1 is a schematic diag;ém showing a previous paper
suggested laser beam irradiation method. A semiconductor chip 101
for display which is a target to be processed has such a
laminating structure that a semiconductor thin film 103 is formed

on a transparent insulating substrate 102. In this method, a



Next, a control nethod for crystallization by adjusting the tenperature-of--
the substrate when the laser irradiation is performed wll:be describee v |
with reference to Figs. 11A to 11C. In, the following descriptiop,, ., ... .
processes until a process of forming an activation |ayer:iof a b A i
transistor will be described. First, in a process of Fig. 11A, an -anor phous
or pol yerystal (having minute grain size) silicon thin film82 is forned on
a transparent insulating substrate 81 having a heat-resistance tenperature
of about 600[err]. In a next process of Fig. 11B, an antireflection film 83
Is formed on the silicon film 82, and then

-2 -

laser beam 105 is irradiated onto a predetermined sectioned area
104 which is provided oﬁ the semiconductor thin film 103. In the
conventional method, the output power of the laser beam is
limited to a small level, and thus the maximum area which can be
irradiated with one-shot laser irradiation of laser is limited
to a narrow area about 100Qnﬂ. Accordingly, when a semiconductor
thin film 103 having a large area is required to be processed to
satisfy a requirement for a large-scale picture, the laser beam
is irradiated onto the whole semiconductor thin. film while
.scanning the laser beam 105 or shifting the laser-irradiation

" area stepwisely. That 1is, it has been hitherto considered
important to increase the energy density of the laser beam rather
than to narrow the laser-irradiation area down. With increase of
the energy density, a semiconductor thin- film of amorphous
silicon or polycrystal silicon having relatively smali grain size
is perfectly melted to increase its grain size. In this method,
however, an irradiation time per chip increases and thus a
fhroughput is reduced. Furthermore, the scanning of the
irradiation of the laser beam causes temperature difference to
occur locally, énd thus causes increase in dispersion of crystal
grain size. Therefore, there occurs dgreat dispersion in
electrical characteristics of the thin film transistors such as
mobility, a threshold voltage, eté.f

The above point will be described in detail with reference

to Fig. 2.



a one-shot | aser beamis irradiated thereto. Wien the laser irradiation is
carried out, the transparent insulating substiate 81 is heated to a
tenperature between 100[err] and 500[err] or cool ed tg a réwperature~"--'
between -10[err] and 5[err]. That is, the silicon thin fil'm82'i's hHeatéed! by
the one-shot irradiation of the | aser pul se while the:- terrperatlwt\@\[oﬁ J5he’
transgarent i nsul ating substrate is increased to the room tenperature or.
nore, or decreased to the roomtenperature or |ess, t hereby controlling the
grain size of the silicon thin filmwhen the sLIicon thin filmis
crystallized. That is, the tenperature gradient fromthe tinme when the
silicon thin film82 is nelted by the laser irradiation until the tine
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In the method as described above, the semiconductor thin
film 103 having a large area is crystallized by irradiating a
laser beam onto a small areé while scanning the laser beam as
shown in Figq. 2. Accordingly, ununiformity of crystallization
occurs at an overlap area 106 between a laser shot and a next
laser shot, so that the electrical characteristics of thin film
transistors formed at the overlap area 106 are dispersed. For
example, the overlap area 106 is =subjected Lo the laser
irradiation several times, whereas the other areas are subjected
to the. laser irradiation only once, so that the heating
temperature for the semiconductor thin film is also locally
dispersed.

In addition to the method as described abdve, various laser
irradiation systems have been hitherto proposed. For example, in
a method of manufacturing a semiconductor device as disclosed in
Japanese Laid-open Patent Application No. Sho-60-245124, a laser
pulse having waveiength of 150nm to 350nm is irradiated at an
energy density of 200 to 500mJ/cm’ to promote crystallization of
a semiconductor thin film. In this system, an amorphous area and
a crystal area coexist on a substrate, and thin film transistors
are integrated over the two areas. Accordingly, the electrical
characteristics of the thin film transistors vary hetween boﬁh
the amorphous area and the crystal area, and thus controllability
is lost.

Furthermore, in a method of manufacturing a semiconductor -



when it is solidified is adjusted. - 28 - \Wen the tenperature of the
transparent insulating substrate is increased to nore it hanttheEQeMryy ”

tenperature, the tenperature gradi ent as described ab Ne is relatively

nmoderate, so that the grain size is large. Conversely,

of _.the_transparent insulating substrate 81 is decreaséet=to=tess=than.thel
roomténperature, the tenperature gradient as described above is
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memory as disclosed in Japanese Laid-open Patent Application No.
Hei-3-273621, a laser annealing treatment is performed on a
memory-cell basis (microarea in several tens pm order), and non-
irradiated areas remain in between memory cells. Therefore, it
is impossible to irradiate a laser beam onto a large-scale
circuit at the same time. |

Still furthermore, in a method of manufacturing a 1iqﬁid
crystal display device as disclosed in Japanese Laid-open Patent
Application No. Hei-5-66422, for crystallization of a
semiconductor thin film, a one (single) shot of laser pulse is
irradiated onto each of areas on which a horizontal scanning
circuit and a vertical scanning circuit respectively will be
formed. In this case, it is necessary to make crystallized areas
continuous, and thus the crystal particle size is dispersed at
a linking boundary between the laser-irradiated areas.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
of manufacturing semiconductor chips for display in which
semiconductor thin films having a large size can be mass-~produced
to have uniform particle size with shortening a heat-treatment
time. |

In order to attain the above object, a method of

- manufacturing semiconductor chips for display comprises a step

of forming a semiconductor thin film on an insulating substrate,

a step of processing the semiconductor thin film to form an

aienlhailienas at e



sharp, so that the grain size is small. Thereafter, the used antlreflectlon
film83 is renoved in a subsequent process of Fig. 11C,/ and~a thi'n” ffl =
transistor is conpleted in a subsequent process. In thi's’ enbodlnent

| aser irradiation is performed on the silicon thin film 82 be o#éq éﬁf |
and drain regions are forned to crystallize only the 5|I|con thin fil i
I n plade of this operation, crystallization of the silicon thin fiTmad™
activation of the source and drain regions can be sinmultaneously perforned
by performng the |aser irradiation afterwards. Furthernore, if the source
and drain regions are formed on the silicon thin filmwhich has been
already crystallized and the
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integrated thin film transistors in a sectioned area for one chip
and a step of forming pixel electrodes in the sectioned area to
form a picture (frame), wherein the processing step contains a
step of irradiating a laser pulse to the sectioned area by a
single shot exposure to perform a batch heat-treatment on the
semiconductor thin layer for one chip. At the laser-irradiation
step, the semiconductor thin film is crystallized with the batch
heat-treatment, or the semiconductor thin film is déped with
impurities and then the impurities are activated with the batch
heat-treatment. If necessary, the laser-~irradiation step as
.described above may be performed after the semiconductor thin
film is doped with the impurities, whereby the crystallization
of the semiconductor thin film and the activation of +the
impurities are performed at the same time.

In the laser-irradiation step, a one-shot laser pulse may
be successively irradiated onto each of plural’ sectioned areas
which are beforehand provided on an insulatingISubstrate.‘In this
case, a one~-shot laser pulse is irradiated onto an individual
sectioned area except for a separation band which is provided
between neighboring sectioned areas. When the individual
sectioned area is rectangular, a laser pulse having a rectangular
section which conforms to the shape of the sectioned area may be
irradiated by one shot.

As a condition for laser irradiation, a one-shot laser pulse

may be.irradiated for a pulse time which is set to 40 nanoseconds



| aser

irradiation is performed again, the activation of the source and

drain regions can be perforned. In this case, the Contr0|~0f_lluiiyiﬁﬂiﬁi

is performed with the f irst laser pulse irradiation,| and e
activation of the inpurities is controlled by the secqnd“lasgﬁ pgh

irgadiation. The relationship between a substrate tenﬁenatur é .gn
size istshown in the following table 2. REPLACENENY '

hen, t:hes:
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or more. In this case, the batch heat-treatment can be performed
to control crystallization of the semicbnductor thin film in a
state where the temperature of the insulating substrate is
increased to the room temperature or more, or decreased to the
room temperature or less. Furthermore, if the semiconductor thin
film is beforehand formed at a thickness which is smaller than
the absorption depth of the laser pulse, the crystallization or
activation can be perfectly performed.

If necessary, a one-shot laser pulse may be irradiated
through a microlens-array to selectively concentrate the laser
pulse on a portion of the semiconductor thin film, which
corresponds to the element area of an individwal thin film
transistor. Furthermore, tﬁe one-shot laser pullse irradiation may
be performed while controlling the cross-section intensity
distribution of the laser pulse so that the irradiation energy
density increases from the central portion of a sectioned area
toward the peripheral portion thereof.

Furthermore, if necessary, the laser pulse may be irradiated
in an oblique direction onto the insulating substrate.
Specifically, at this oblique laser irradiation step, the laser

pulse is irradiated within an incident angle range of 30 to 60°

.to the normal direction of the insulating substrate. For example,

the oblique laser irradiation step is used to crystallize a
semiconductor thin film formed of amorphous silicon with the

batch heat-treatment. In this case, the batch heat-treatment is

!ze



Dat e:

PARTI CLE S| ZE(nm) 25 115 20@3.5

163 0

average crystal particle diameter (grain size) and whe
irradiation (energy of 350mJ/[err]) is performed to cr

04 NOV 1995 - 29 - TABLE 2 SUBSTRATE TEMP. ([err]g- .. AVERAGE,

he laser...... ... i
R L S

43 _ The tabl e-2dghowspd,a\\{@\/0m95he i,

state where the substrate is heated or cooled. In this case, a sectioned

ar ea

-7 -
performed while the insulating substrate is kept in a temperature
range of 550°C to 650°C, thereby promoting crystallization of'
amorphous silicén. |
According to the present invention, a one-shot laser pulse
is irradiated onto a sectioned area to perform.the batch heat-
treatment on a semiconductor thin film for one chip. With this
operation, the processing time for the laser irradiation step can_.
be shortened, and the mass-production can be performed. The laser
irradiation step is used to promote crystallization of the
semiconductor thin film with the batch heat-treatment. The batch
heat-treatment provides crystals having excellent uniformity, so
that the process condition can be stabilized and uniformity in
electric characteristics of the thin film transistors can be
" kept. The laser irradiation step as described above is
effectively usable not only for the crystallization of é
semiconductor thin £film, but also for the activation of
impurities which is'performed with a batch heat-treédtment after -
a semiconductor thin film is doped with the impurities. When the
laser pulse is irradiated onto the semiconductor thin film, its
energy is absorbed on only the surface of the semiconductor thin
film, and then heat is thermally conducted into the inner portion
of the semiconductor thin film, so that the inner portion of the
éemiconductor thin film is melted to be recrystallized or
annealed to increase the crystal grain size. Furthermore, the

impurities doped into the semiconductor thin film are activated.



which is subjected to one-shot Iaser irradi ati on contai-ns-at |east all the
circuits and pixels in a sem conductor chip for dlsplay Mhen the substrate
tenperature was kept at the roomtenperature (25[err],jithe a erage particle
di aneter was equal to 115nm Wen the substrate tenper@tUre s | iﬂcﬁeased
to_200[err], the average particle diameter was equal to=163nfi"- CbnverseTy
when t he substrate tenperature was decreased to O[err], the average
particle dianmeter was equal to 43nm In general, as t he grain size is

| arger, the device characteristics of the thin filn1transistor are nore

| nproved, however, they trend to be nore di spersive between individual thin
filmtransistors. On the other
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As described above, the laser pulse irradiation enables
crystallization of the semiconductor thin film, the activation
of the .impurities, etc. at a low temperature without increasing

the temperature of the substrate.

According to the laser irradiation step of the present
invention, the one-shot laser pulse irradiation is performed for
a pulse time which is set to 40 nanoseconds or more. By setting
a one-shot irradiation time of the laser pulse to a sufficient
one, the semiconductor thin film can be melted and crystallized
by only one-shot laser pulse, so that it is expected to improve
the uniformity of the crystal grain size and the throughput.
Furthermore, in the lasér irradiation sfep; the semiconductor
thin film can be subjected to the batch heat-treatment in the
state where the insulating substrate is beforehand increased to
the room temperature or more or decreased to the room temperature
or less. Therefore, a cooling speed of'the semiconductor thin
film which is once melted by the 1laser irradiation can be
cdntrolled, so that the crystél grain size, the activation degree
of the impurities, etc. can be adjusted to the optimum values.
Furthermore, by forming the semiconductor thin film at a
thickness which is smaller than the absorption depth of the laser
pulse, the semiconductor thin film can be perfectly melted, and

it can be promoted to obtain crystals having a large particle

size.



hand, as the grain size is snmaller, the di spersion of the device.
characteristics can be suppressed, however, the perfornance of“ﬁ_,ﬂx
filmtransistor itself is |owered. Therefore the grainsizé '|s'"'

to be controlled in accordance wth the REPLACEMENT. . SH
NOV 1995 - 30 - characteristics to be required for the th.i
transistor.
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According to another aspect of the present inventioe,,the
one-shot radiation of the laser pulse is performed .through the
microlens array to selectively concentrate the laser pulse on a
portion of the semiconductor thin film which is to be an element
area of aﬁ individual thin film transistor. Accordingly, the
energy contained in the one-shot laser pulse can be efficiently
used.

| According to another aspect of the present invention, the
one-shot laser pulse irradiation is performed while the cross-
sectional intensity distribution of the laser pulse is controlled
.80 that the irradiation energy'density is more increases from the
central portion of the sectioned area to the peripheral portion
thereof. In a laser anneal treatment for a relative-large area,
thermal diffusion occurs from .the peripheral portion of an
irradiated area, so that the cooling speed of the peripheral
portion is higher than that of the central portion. In order to
' compensate\ for this (i.e., the difference in cooling speed
between the central and peripheral portions), the cross-sectional
intensity distribution of the laser pulse is befotehand'set so
as to be increased toward the peripheral portion to thereby make
the cooling speed uniform over the sectioned area.

According to another aspect of the present invention, the
oblique laser irradiation step of irradiating the laser pulse
onto the insulating substrate in an oblique direction is

adopted. For example, by irradiating the laser pulse within an



Next, with reference to Figs. 12A and 12B will be described an-effect that il
the grain size can be controlled by setting the thickness: of-'the = ﬁ
sem conductor thin film serving as a laser irradiation target Oth gy 100
smal | er than the | aser absorption depth. As shown in Fig.! 12A ~an aﬁDrphous
silicon thin film82 was forned at a thickness of 140 nm'on a transparent
i nsul at'ing substrate 81. That is, the thickness of the silicon thin film 82
was set to be snmaller than the absorptiOn depth of the laser to be
irradiated onto the thin film 82.. For exanple, the wavel ength of a Xed
excinmer laser is 308nm and the absorption depth of the

-~ 10 =~

incident angle range of 30° to 60° to the normai direction of the
insulating substrate, the batch heat-treatment can be performed
on a broader area than a vertical laser irradiation step. That
is, when the oblique laser irradiation is perférmed, the
irradiation area is larger than the cross section of the laser
pulse, and thus a broader area can be. subjected to the batch
heat-treatment with a one-shot laser pulse. However, the
irradiation energy density per unit area is smaller in the
oblique laser irradiation than that in the vertical laser
irradiation. In order to compensate for this, the oblique laser
irradiation may be performed in a state where the insulating
substrate is kept at a high temperature. For example, when a
semiconductor thin film of amérphous silicon is crystallized, the
oblique laaer.irradiation is preferably performed in a state
where the insulating substrate is héated within a temperature
range of 550°C to 650°C. If the laser pulse is irradiated within
an incident angle of 60° to the normal direction, the irradiation
area would be increased to be twice as large as that in the
vertical laser irradiation, however, the energy density would be
reduced to half. .

BRIEF DESCRIPTION OF THE DRAWINGS

'Fig. 1 is a schematic diagram showing a laser.irradiation
process;
Fig. 2 is another schematic diagram showing the laser

irradiation process;



anor phous silicon thin filmfor the laser is equal to 1600m AcCerdingly%“h
in this enbodi nent the thickness of the silicon thin f|Un182 TS S8BT £i0iry

140nm whi ch is smaller than the absorption depth of 16qhm“;8ub§§bwg h@?:?

show in Fig. 12B, an antireflection film 83 was forned [gd t’he -anorpholrsy
silicon film82, and then one-shot irradiation of a | aser pulse Having::
mavelength of 308nm was perforned. At this tinme, the energy density of the
| aser beam was set to 350m)/[err], For conparison, one-shot |aser

i rradi ati on was conducted using a KrF exciner |aser under the sane
condition. The KrF exciner |aser has the wavel ength of 248nm and. the
absor pti on depth of the anorphous
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Fig. 3 is a schematic.diagram showing an embodiment of a
method of manufacturing a semiconductor chip for display

Fig. 4 is a cross-sectiqnal viéw showing an example of the
construction of a thin film transiétor contained in a
semiconductor chip for display which is manufactured according
to the present invention; | |

Fig. 5 is a cross-sectional view showing another example of
the construction of a thin film transistor;

Fig. 6 is a plan view showing a multi-chip wafer which is
subjected to a laser irradiation -process of the present
invention;

Figs. 7A to 70 are diagrams showing a series of processes
for the method of manufacturing a semiconductor chip for display
according to the present invention;

Figs. 8A to 8D are diagrams showing a series of processes
for another embodiment of the semiconductor chip manufacturing
method accordiné to the present invention; |

fig. 9 is a schematic diagram showing a laser irradiation
process which is performed in the process shown in Fig. 7D;

Figs. 10A to 10C are schematic diagrams showing a series of
processes for another embodiment. of the semiconductor chip
manufacturing method according to the present invention;

Figs. 11A to.llC are schematic diagrams showing a series of
processes for another embodiment of the semiconductor chip

manufacturing method according to the present invenlion;



silicon thin filmfor the KrF excinmer laser is equal to 3lnm .Accordingly,
when the KrF excinmer |laser is used, the thickness - 31 . 140nm.of " t hie “T
silicon thin film82 is larger than the absorption depth 131nm The_ '
follow ng table 3 shows a neasurenent result of average:.particle st zigs V%en

the | aser pul se having the |aser absorption depth of 160nm-was. |rrad|ated
.onto the anorphous silicon thin
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Figs. 12A and 12B are schematic diagrams showing a series
of processes for another embodiment of the semiconductor chip
ménufacturing method according to the present invention;

Fig. 13 is a graph showing eléétrical characteristics of
thin film transistors which are formed by the present invention
and the conventional method;

Fig. 14 1is a schematic diagram showing a Jlaser beam
irradiation method using a microlens array;

Fig. 15 is a cross-sectional view showing the microlens
array to explain the function of the microlens array;

Fig. 16 ié a schematic diagram showing a surface state of
a semiconductor thin film which was subjected to laser
irradiation through the microleqs array; |

Fig. 17 is a schematic diagram showing an improved example
of the laser irradiation process according to the present
invention; and

Fig. 18 is a graph showing the cross-sectional intensity
distribution of a_lase; pulse shown in Fig. 17.

Fig. 19 is a schematic diagram showing an improved example
(oblique laser irradiation method) of the'conventional.laser
irradiation process; | |

Fig. 20 is a cross;sectional view showing the obhlique laser
irradiation method shown in Fig. 3;

DETAILED DESCRIPTION OF THE PREFERRED EMBOD__IMENTS

Preferred embodiments according to the present invention



filn1havfng a thickness of 140nm by one shot, the average particl.e. shze--wa
equal to 1640nm On the other hand, when the |aser pulse haV|ng t:he Iaseri
absorption depth of 131lnmis irradiated onto the anDrpMOus S|I|con éa !

filmhaving a thickness of 140nm by one shot, the aver age-. par ehé éJ
equal to 1105 nm TABLE 3 LASER ABSORPTI ON LENGTH {AVERAGE PARTHCLE=
SI ZE (nm (nm 160
1640 131 _ 1105
-~ 13 -

will be described hereunder with reference to the accompanying
drawings.

Fig. 3 is a schematic diagram showing a-basjc process for
a method of manufacturing a semiconductor chip for display (e.qg.,
display panel). In the semiconductor chip manufacturing method,
a film forming process is first performed to form a semiconductor
thin film 2 on a transparent insulating substrate 1 which is
fbrmed of glass material having relatively low melting point
(below 60°C;_for example). The semiconductor thin film 2 is
formed of amorphous or polycrystal having relatively small grain
size before processed, for example, it is formed of amorphous
silicon or polycrystal silicon. The semiconductor thin film 2 is
subjected to a series Oof processes containing a heat treatment
process to form integrated thin film transistors on a sectioned
area 3 for one chip. In this embodiment, the sectioned area 3
contains a matrix array (containing thin film' transistors and
electrodes for pixels) 4, a horizontal scanning circuit 5 and a
vertical scanning circuit 6. Integrated thin film transistors are
formed on each of the above elements. Finally, pixej electrodes
for one panel are formed on the matrix array 4 to complete a
semiconductor chip 7 for a display panel.

According to the present invention, the series of processes
as described above contain a laser irradiation process of
irradiating a laser pulse 8 on the sectioned area 3 by a one shot

exposure to perform the batch heat-treatment on the semiconductor

U)



As is apparent fromthe above result, when the absor ptipA=dept h-of-tHe=="
l'aser is larger than the thickness of the sem conductor Bhin-fiilmyii hé." |
sem conductor thin filmis wholly nelted by irradiating the | ﬁqy?fqgg§}§
‘having the sane energy, so that a large grain size can b@EGbPZﬁ ed1-n--the
crystallization process. On the other hand, when the t&r@kﬂesséﬁﬁﬁ%ﬁé*“ -----
sem conductor thin filmis larger than the absorption depth of the |aser,

there occurs a portion which is hardly nelted because
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thin film 2 for one chip. The laser irradiation process is used
to crystallize the semiconductor thin film 2 by the batch heat-
treatment. For example, when the semiconductor thin film 2 is
formed of amorphous silicon in its precursive state (i;e., before
it is processed), the semiconductor thin film 2 is temporarily
melted by the batch heat-treatment, and then crystallized to
obtain polycrystal silicon having relatively large grain size.
On the other hand, when the semiconductor thin film 2 is formed
of polycrystal having a relatively small grain size in its
precursive state, the semiconductor thin film 2 is temporarily
melted by the batch heat-treatment, and then crystallized to
obtain polycrystal silicon having a relatively large grain size.
The laser irradiation process is not limited to crystallization,
and it may be applied to a case where the semiconductor thin film
2 is doped with impufities and then the impurities are activated
by the batch heat-treatment. Furthermore, the crystallization of
the semiconductor thin film 2 and the activation of the
impurities can be simultaneously performed by the batch heat-
treatment.

An excimer laser beam source may be used to emit the laser
pulse 8. Since the excimer laser beam is a strong pulse
ultraviolet ray, it is absorbed on the surface layer oflthe
semiconductor thin filﬁ 2 of silicon or the like to increase the
temperature of the surface layer, however, it does not heat the

insulating substrate 1. As a precursive film to he formed on the



- 32 - the laser cannot reach that portion, and thus a"coollng process at
that portion proceeds rapidly, so that the grain sizei$s" ‘Sral’l. In thi's -
enbodi ment, the laser irradiation is perforned before the souy.ce . @p quﬁn
regions are formed, thereby performng only the crystalllzatlen or’t
silicon thin film However, in place of this. process, the crystalllzatlon
and thé activation of the source and drain regions can be performed at the
sanme tinme. Furthernore, after the source and drain regions are formed on
the sem conductor thin fil mwhich was crystallized by a first |aser
irradiation, only the activation of the source
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insulating substrate 1 may be selected a plasma CVD silicon film
or the like which can be formed at a low temperature. For
example, when a plasma CVD silicon film is formed at a thickness
of 30nm on a -trahsparent insulating substrate 1 of glass
material, the melting threshold energy when an XeCl excimer laser
beam is irradiated is about 130mJ/cm?. Energy of about 220mJ/cm?
is required to melt the whole film, and it takes about 70ns from
the timelwhen it is melted until the time when it is solidified.

The ;nsulating substrate 1l is geherally formed of a large-
size wafer from which many semiconductor chips 7 for display are
taken out. That is, plural sectioned areas 3 are set on the
insulating substrate 1 in advance, and the laser pulse 8 is
successively irradiaﬁed onto each sectioned area by a single shot
exposure in tﬁe laser irradiation process. In this case, the
laser pulse 8 is irradiated onto each sectioned area 3 by one
shot except for a separation band which is provided between
neighboring sectioned areas 3. In this embodiment, each sectioned
area 3 has a rectangular shape, and thus the laser pulse 8 having
a rectangular section 10 which conforms to the shape of the
sectioned area 3 is irradiated by one shot.

As an irradiation condition, the one-shot irradiation of the
laser pulse 8 is performed for a pulse time which is set to 40
‘nanoseconds or more, for example. At this time, the batch heat-
treatment is performed in a state where the insulating substrate

1 is increased to the room temperature or more or decreased to



I rradi ation. The size control of the grain size can be p
first laser irradiation, and the control of the activatipr &y

i mpurities can be perforned by the next |aser |rrad|at|oh At thj§QUVrﬁ£5
t he dlffu5|on of the |npur|t|es in a lateral direction c n'b 1Y —UH:
in the source and drain regions of the.laser-irradiated sen1conductor th|n
film so that the dispersion in el ectrical characteristics of the
transistor is reduced. Fig. 13 is a graph showing a conparison result
between the electrical characteristics of a thin filmtransistor formed by
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the room temperature or 1less, thereby controlling the
crystallization of the semiconductor thin film 2. Furthermore,
the semiconductor thin film 2 is formed at a thickness which is
smaller than the absorption depth of the laser pulse 8; thereby
enabling the semiconductor thin film 2 to be perfectly melted.
1f hecessary, the one-shot irradiation of the laser pulse
8 may be performed through a microlens array to selectively
concentrate the irradiation of the laser pulse on a portion of
the semiconductor thin film 2 which is an element area for each
thin film transistor, wﬁereby'the laser energy can be efficienﬁly
used. Furthermore, the cross-sectional intensity'distribution of
the laser pulse 8 may be controlled for the one-~shot irradiation
so that the irradiation energy density is more increased from the
central portion of each sectioned area 3 toward the peripheral |
portion thereof, whereby the temperature. gradient of heat
radiation through the insulating substrate 1 is made uniform.
Still furthermore, the laser pulse 8 is irradiated from the
vertical direction onto the insulating substrate 1 in Fig. 3,
however, it may be irradiated from an oblique direction to the
insulating substrate 1 to perform the heat treatment. With this
irradiation, the sectioned area 3 can be set to é value which is
larger than the cross-sectional area 10 of the laser pulse 8.
As described above, the present invéntidn is characterized
in that the large-area semiconductor chip 7 for display is

annealed at a time. In this embodiment, the laser pulse 8 is



the present invention and the electrical characteristics of a thin film
transistor forned by the prior art. The abscissa of the._graph represents.a
gate voltage VSG and the ordinate of the graph represents ‘a drain current
IDS. As shown in Fig. 13, the REPLACEMENT SHEET Date: 0 4 NOV 1995 - 33
- electrical characteristics of the thin fllmtran5|stor -of- {Bhef“f’\’,'w‘“ ’
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irradiated over the semiconductor thin film 2 formed of amorphous
silicon or polfcrystal silicon having relatively minute grain
size at a time. Each sectioned area 3 serves as an irradiation
area, and each separation pand 9 serves as a non-irradiation
area. The sectioned area 3 serving as the laser irradiation area
is provided with a matrix array 4, a horizontal scanning circuit
5 and a vertical scanning circuit 6. Any of these elements
contains thin film transistors. In the semiconductor chip 7 for
display as described above, the total number of thin film
transistors exceeds IOOkSité, and the diagonal dimension of the
sectioned area 3 is above 14mm. The maximum diagonal dimension
extends to about 3 inches. The excimer laser beam of 300nm to
350nm in wavelength is irradiated to the sectioned area 3, and
the energy density thereof is sét to about 200mJ/cm? to
400mJ/cm?. No thin film transistor is formed at the separation
band 9 serving as the non-irradiation area énd'it_is used as a
scribe area for the semiconductor chip 7 for display. As a
result, the laser irradiation area and the laser non-irradiation
area coexist on the semiconductor chip 7 for display. |
Fig. 4 is a cross-sectional view showing an example of
integrated thin film transistors (TFT) which are formed on the
semiconductor chip 7 for display shown in Fig. 3. Tn this
embodiment, a planar type thin film transistor is formed. As
shown in Fig. 4, a semiconductor thin film 12 constituting an

element area of TFT is formed on the transparent insulating



present

filmtransistor, and on-current is nore increased while!d

invention are nore inproved than those of the conV'ht;fT T

CU orl
suppressed. Fig. 14 is a perspective view showing a noduﬂcatuﬁMcNU\fH@gﬁJ

| aser irradiation nmethod shown in Fig. 3. The el enents co#?equudl

those of Fig. 3 are represented by the same reference nGmerars. in “this

enbodlnent the laser pulse 8 is also irradiated to a desired section area
3 by one shot to conduct the batch heat treatment on the sem conductor thin

film2 of one chip for crystallization. A different point resides in that
a mcrolens array 91 is interposed between the excinmer |aser source
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substrate 11. The semiconductor thin film 12 is formed of silicon
which is crystallized by the one-shot irradiation of the laser
pulse as described above. A gate electrode G which is formed of
alloy of aluminum and silicon or the like is patterned through
a gate insulating film 13 on the semiconductor thin film 12. Both
portions of the semiconductor thin film 12 at both sides of the
gate electrode G are doped with n-type impurities of hlgh
concentratlon to form a source reglon S and a drain region D of
the TFT. A channel region Ch is also provided between the source
region S and the drain regioh D. The impurities which are doped
at a high concentration by an ion impiantation method or the like
are activated by the one-shot irradiation of the laser pulse. The
TFT thus constructed is covered with a first layer insulating
film 14 formed of PSG or the like. A wiring 15 formed of metal
aluminum or the like is formed on the first layer insulating film
14 by a patterning treatment, and it is conducted to the source
region S and the drain'region D fhrough contact holes. With
respect to the thin film transistors formed on the matrix array
4 shown in Fig 5, in place of the wiring 15, a pixel electrode
is connected to the drain region D. The wiring 15 is further
covered with a second layer insulting film 16 formed of PSG or
the like, and a passivation film 17 formed of P-SiN or the like
is formed on the second layer insulating film 16.

Fig. 5 is a cross-sectional view showing another example of |

the thin film transistor formed on the semiconductor chip for




(not shown) and the seniconductor thin f|In12 and the laser. pulse 81|s
sel ectively concentrated on a portion of the sen1condud of: F0L T L LNt
is used as an el enment area of each thin filmtransistorj Vth thi's s e m
the use efficiency of the |aser energy is increased, aqpqa»pdzéeH§Vné95|nﬂ
for crystallization can be shortened. Fig. 15 is a cross-ﬁﬂﬁtlanaL'VI
showi ng an optical action of the microlens array 91. As described a ove"”‘
integrated thin filmtransistors for driving pixel electrodes are formed on
the matrix array portion of the sem conductor chip for display. The

remai ning portion of the sem conductor thin filmexcept for the
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display shown in Fig. 3. The TFT of this embodiment is of a
reverse-staggered type, and a gate electrode G formed of alloy
of aluminum and silicon or the like is formed on a trahsparent
insulating substrate 21 by the patterning treatment. Furthermore,
a semiconductor thin film 23 is formed on the gate electrode G
through a gate insulating film 22. The semiconductor thin film
23 is formed of silicon or the like which is crystallized by the
one-shot irradiation of the laser pulse as described above. A
wiring 25 formed of aluminum or the like is formed at both sides
of the gate electrode G on the semiconductor thin film 23 through
an impurity-diffusion layer 24. The TFT thus constructed is
covered with a passivation film 26 formed of P-SiN or the like.
The following table 1 shows a concrete irradiation condition
for the laser irradiation method of the present invention, and
an irradiation condition for the previously’suggested'irradiation

method is also shown in the table for comparisoén.

TABLE 1
COMPARATIVE METHOD PRESENT INVENTION
CRYSTAL GRAIN SIZE 20nm - 150nm 100pm -~ 150nm
LASER TREATMENT 25x(150nsec + ' 150nsec
TIME 100msec) = 2.5sec
(IRRADIATION TIME + | LASER IRRADIATION AT SINGLE LASER
SCANNING TIME) _ 25 TIMES ' IRRADIATION
LASER IRRADIATION lcm x 1lcm Scm x 5cm
In an example of the table 1, the one-shot irradiation of

the laser beam was performed on a section area of 5em X Scm. At



el ement areas on which the thin filmtransistors are forned, are. rermved by
the patterning treatnent to make the matrix array REPtACENENT SHEET: :
Date: 04 NOV 1995 - 34 - portion transparent. Accord:ngly ¢ﬁ ¢$§
unnecessary to crystallize the portion of the sem conduct.or ?1 ¥ 2 ..
whi ch excl udes the el enent areas 92 shown in Fig. 15, and thus it !
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this time, the energy density was set to 200mJ/cm’ to 450mJ/cm?.
In the comparative method, the laser pulse irradiation on a
sectioned area of 5cm X 5cm must be divided into 25 laser pulse
irradiaﬁibn shots. That is, the laser irradiation area per laser
pulse shot is limited to an area of lcm X lcm, and thus the one-
shot laser pulse irradiation must be performed totally 25 times
to irradiate the whole sectioned area of 5cm X 5cm. The laser
processing time per one chip is equal. to the sum of an
irradiation time and a scanning time. In the present invention,
the scanning time is equal to =zero because the one-~shot
irradiation is adopted, and thﬁs the laser processing time is
equal to 150 nsec. On the other hand, in the prior art, the
irradiation time per one-shot is equal to 150 nsec, and the
scanning time is equal to.100 msec. Therefore, when the laser
irradiation is carried out 25 times, the total processing time
is equal to 2.5 seconds. Accordingly, the throughput is more
remarkably improved in the present invention than in the prior
art. The grain size of the semiconductor thin film which was
processed according to the method of the present invention was-
equal to 100nm to 150nm. The grain size was measured with a
transmission-type electron microscope (TEM). The grain size of
the semiconductor thin film which was processed according to the
comparative method was equal to 20nm to 150nm. As is apparent.
from this result, the dispersion of the grain size could be

reduced by the one-shot irradiation of the laser pulse.



sufficient to irradiate the | aser pulse 8 to only the d‘ rent  areas-92.-
Accordingly, when the laser pulse 8 is irradiated in a tate where them“ 4
respective mcrolenses 93 fornmed on the mcrol ens arra 91 and @ glenenm
areas 92 are aligned with one another, the | aser bean1 _be conc & ratied||
on only the el ement areas 92. Fig. 16 is a plan V|em15homnng T ““““"““
seni conductor ‘thin film2 shown in Fig. 15. Only the el enent areas 92 in
the matrix array are selectively exposed to the | aser pulse, and
crystallized. The sem conductor thin film2 at the other areas are kept in
an anor phous state. At least inside of the matrix array 4, the
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fig. 4 schematically shows a multi-chip wafer to which the
laser irradiation method of the present invention is applied. In
this eﬁbodiment, the lasar pulse is successively irradiated by
one shot onto each of plural sectioned areas 32 which are
beforehand provided on a transparent insulating substrate (wafer)
of 5 inches in diameter, thereby obtaining totally nine
semiconductor chips for display. In the present invention, the
one-shot irradiation of the laser pulse is carried out on each
sectioned area 32 except for a .separation band 33 which are
provided between the neighboring sectioned areas 32. As shown in
Fig. 4, the size of each sectioned area is set to a in lateral
length and b in longitudinal length. The size of the separation
band is set to b in longitudinal width and d in lateral width.
In this embodiment, a is set to be larger than b, and c is set
to be larger than d. The longitudinal and lateral separafion
bands are used as scribe lines at a subsequent-process.

Next, the method of manufactufing semiconductor chips for
display according to this embodiment will be described in more
detail with reference to Figs. 7A to 70.

First, a transparent insulating substrate 41 is provided in
a process of.Fig. 7A. Subsequently, an amorphous silicon film 42
is formed on the transparent insulating substrate 41 by LPCVD
method in a process of Fig. 7B. Thereafter, a resist 43 is
patterned on the amorphous silicon film 42 upon the shape of a

gate electrode in a process of Fig. 7C, and then n-type



sem conductor thin film2 at the anDrphous state is rempved in a subsequent
etching process. The horizontal scanning circuit andlthe vertical . scanni ng
circuit shown in Fig. 3 may be provided outside of the matrix rray 4. in
this case, like the matrix array 4, the one-shot |rrad¢at|oéiéf h&ser
pul se nust be perforned to crystalllze t he seni condugt-or=thi-n- f|In1at “these
areas. The laser pulse may be irradiated onto these areas directly or
through the mcrolens array |like the matrix array 4. As described above, a
sectioned area having a reatively |arge area of about 1 to 10cm square can
be crystallized with only one Iaser-pulse i rradi ati on using a high output

power | aser
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impurities are doped through the resist by an ion implantation
method to form a source region S and a drain region D in a
process of Fig. 7D.

Subsequently, a nonreflective coating 44 is formed on the
amorphous silicon film 42 in a process of Fig. 7E. The
nonreflective coating is formed of Si0O,, SiN, SiON or the like.
In a next process of Fig. 7F, the one-shot irradiation of the.
laser pulée is conducted to crystallize the amorphous silicon
film 42 and activate the impurities doped in the source region
S and the drain region D. At this time, the nonreflective coating
44 has an effect of improving the absorption efficiency of the
irradiation energy of the laser pulse. After the laser
irradiation process of Fig. 7F, the used nonreflective coating
is removed by an etching treatment in a process of Fig. 7G so
that only the crystallized silicon film 42 remains. Subsequently,
in a pfocess of Figqg. 7ﬁ, a pdtterning is conducted with a
photoresist, and an undesired portion of the silicon film 42 is
removed by a dry étching treatment. Thereafter, a $i0, film is
formed by a pressure-reduced CVD tO'foxm a gate insulating film
45,

Subsequently, a metal film 46 formed of alloy of aluminum
and silicon is formed in a process of Fig. 7I, .and then the
metal film is patterned in a desired shape to form a gate
electrode 47 in a process of Fig. 7J. This paLﬁerﬁing is

performed with phosphoric acid by a .wet etching Lreatment.
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cross-sectional intensity distribution of the Iaser'p?l%%“F§ﬁSéﬁitbibé?

constant by irradiating the |aser pulse through an op

i cal s@st emcatied

a honogeni zer so that the crystallization of the seniﬁdﬁaﬁét0r~®HFﬂJ¥$Lﬂ
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Thereafter, a first layer insulating film 48 of PSG is formed by
a CVD method in a:process of Fig. 7K, and then contact holes are
formed in the first iayer ‘insulating film 48 and the gate
insulating film 45 by the wet etching treatment in a process of
Fig. 7L. |

Subsequently, a metal aluminum film is formed by the
patterning in a process. of Fig. 7M, and then patterned in a
desired shape to form wirings 49 which intercommunicate with the
source region S aﬁd the drain region D. Thereafter, a second
layer insulating film 50 of PSG is formed by the CVD method in
a process of Fig. 7N, and then a P-SiN film 51 is formed by a
plasma CVD method in a process of Fig. 70. Thereafter, hydrogen
is introduced into the silicon film 42 through the first layer
insulating film 4 and the second layer insulting film 50 using
the P-SiN film 51 as a cap film. Through the series of processes
as described above, a planar type thin film transistor (TFT) is
completed.

Next, another embodiment of the method of manufacturing
semiconductor chips for display according to the present
invention will be described in more detail with reference to
Figs. 10A to 12C.

First, a transparent insulating substrate 61 is provided n

a process of Fig. 8A. The transparent insulating substrate 61 is

formed of glass material having a relatively low melting point,

and its heat-resistance temperature slightly exceeads abhout 600°C.



bean1'kbmever, with respect to the | aser annealing progess..for a.relatively
| arge sectioned area, heat radiation occurs fromthe pegptpheral.poctidd pf

a laser pulse irradiation area. Therefore, if the cro$s sect Qﬁ\@}t neEns tyl
distribution of the | aser pulse is constant over the 10N

area, the cooling speed at the peripheral portion of- uhe":@@ttened—area*is
hlgher ‘than the cooling speed at the central portion. Accordingly, the
tenperature gradient in the crystallization process becones |arger at the
peri pheral portion than at the central portion, and thus the grain size at
t he peripheral portion beconmes smaller than that at the central portion.
Therefore, the crystallinity :
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If necessary, a transparent insulating layer of SiO, or the like
is formed on the surface of the transparent insulating substrate
61. However, in this embodiment the transparent insulating layer
is not formed. Thereafter, a semiconductor thin film 62 serving
as an active layer for a thin film transistor is formed on the
transparent insqlating substrate 61. For example, an amorphous
silicon film or a\polycrystal silicon film having fine gfain size
is formed by a pressure-reduced CVD method, for example. In this
embodiment, the amorphous -silicon film is deposited by the
pressure-reduced CVD meghod. Subsequently, in a process of Fig.
8B, the amorphoﬁs silicon film 62 is patterned in a desired shape
to form an element area for a thin film transistor. This
patterning treatment may be performed after a laser annealing
treatment as-described later is performed. Impurities are doped
into the element area by the ion implahtatioﬁ or the like to form
a source region S and a drain region D..When an N-channel type
thin film transistor is.formed, arsenic is doped, and when a P-
channel type thin film transistor is formed, boron is doped. The
dose amount is set to about 3X10'°/cm?. Subsequently, in a process
of Fié. 8C, an antireflection film 63 is beforehand formed to
improve the laser processing efficiency. The antireflection film
is formed of SiO, or the like, and it is depbsited at a thickness
of 30nm to 100nm. The antireflection film 63 is required.to be
formed at a temperature which is not more than the heat-

resistance temperature of the transparent insulating substrate



of the sem conductor thin filmcannot be uniform over (the:sane=secti-oredi
area. If a transistor is formed of such a sem conduct rwthln fVlﬁ]haﬁa%gl
ununi formcrystallinity as descri bed above, dispersio 1|n TFTe S & 5
characteristics would occur in the sane chip due to th palief f.e¥.eint 4n grajn
size: In order to avoid such a di sadvantage i.s proposeg=a=metrhetd—of~"
selectlvely formng an antireflection filmalong the peripheral portlon of
the laser irradiation area to substantially increase the tenperature of the
peri pheral portion, thereby inproving the crystallinity in the -
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61. Subsequently, ﬁﬁe laser pulse is irradiated from the side of
the antireflection film 63 in a process of Fié. 8D. The energy
of the laser pulse is.seﬁ to 150mJ/cm? to 500mJ/cm’, and its
pulse width is set to 40 nanoseconds or more. With the laser
irradiation, a portion of the silicon thin film 62 which serves
és a channel region Ch is crystallized, and at the same time the
impurities doped in the source region S and the drain region D
are activated. The crystallization of the silicon film and the
activation of thé impurities cén be performed by ﬁhe one-shot
irradiation of the léser pulse below the heat-resistance
temperafure of the transparent insulting substrate 61.

Fig. 9 is a schematic diagram showing an irradiation method
of a laser beam. As shown in Fig. 9, a sectioned area 65 on which
the laser beam 64 is irradiated by a single shot contains at
least all of circuits and pixels which are used for a
semiconductor chip for display.

Subsequently, the process goes to a process of Fig. 10A to
exfoliate the antireflection film 63 which is undesired after the
laser-irradiation. Thereafter, a gate insulating film 66 is
formed on the channel region Ch. The gate insulaﬁing film 66 is
formed of SiO0,, P-SiN or the like, and it has a thickness of
about 150nm. Thereafter, a gate electrode 65 is formed on the
gate insulating film 66. Aluminum is used as material for the
gate electrode 67, and it can be processed bhelow 600°C.

Subsequently, a first layer insulating film 68 of PSG is formed



REPLACEMENT SHEET Date: 04 NOV 1995 - 36 - laser irradiation ar ea. Fbmever
this method needs a process of beforehand formng an antite
the sem conductor thin filmby the patterning treatneni" and ‘Thus’ rt-".=
i nduces increase in the nunber of processes. In ViEM/O {( @qg%g @%%kiq}
an_enbodi mrent shown in Fig. 17, the cross-sectional |n r lt ri i~dh
of the laser pulse 8 is controlled so that the |rrad|at|on energy density
I ncr eases
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at a thickness of 500 nm. In the first layer insulating film 68
is formed a contact hole 69 which intercommunicates with the
source region S. In a next process of Fig. 10B, a wiring 70 which
intercommunicate with the source region S is patterned, and PSG
is formed at a thickness of 500 nm on the wiring 70 to form a
second layer insulating film 71. Thereafter, a contact hole 72
which intercommunicates with the drain region D through the
second layer insulating film 71 and the first layer insulating
film 68 is formed. Finally, in a process of Fig. 10C, -ITO is
formed on the second layer insulating film 71, and patterned in
a desired shape to form a pixel electrode 73. Through the series
of processes as described above, a pixel electrode driving thin
film transistor Which is contained in the matrix array of the

semiconductor chip for display is completed.
According to this embodiment, the pulse time of the laser
beam is set to 40 nanoseconds or more. Accordingly, the amorphous
. silicon thin film can be melted by one-shot irradiation, and thus
crystallization can be uniformly performed. In this embodiment,
the crystallization of the silicon thin film and the‘activat?on
of the source and drain regions are performed 'simultaneously with
each other, however, the laser irradiation may be performed
before the source and drain regions are'formed, whereby only the
crystallization is performed. Furthermore, it is needless to say
that the source region and the drain region are formed on the

silicon thin film which has been already crystallized, and then



nore fromthe central portion of the sectioned area 3 to t he penypheral
portion thereof, and the one-shot irradiation-of the WaS“
a cross-sectional intensity distribution is perfornmed

| A5 sho ! g~ 17
an anor phous silicon f ilmis first fornmed on an insul ng. s nq%JQ&( )

......................
......

(wafer) formed of glass material having low nelting po ‘*“Lﬂihe_k+k£::$5b

poam SO

anor phous silicon filmmay be formed by the plasma CVD” et hod or by a
magnetron sputtering method. The anorphous silicon filmmy be forned by
thermal |y disconposing [err] [err] or the |like under a substrate
tenperature condition of about 500[err] with the LPCVD
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the laser irradiation is performed again to activate these
regions.

Next, a control method for crystallization by adjusting the
temperature oﬁ the substrate when the laser irfadiation is
performed will be described with reference to Figs. 11A to 11C.
In the following description, processes until a process of
forming an activation layer of a thin film transistor will be
described.

| First, in a process of Fig. 11A, an amorphous or polycrystal
(having minute grain size) silicon thin film 82 is formed on a
fransparent insulafing substrate 81 having a heat-resistance
temperature of about 600°C. In a next process of Fig. 11B, an
antireflection film 83 is formed on the silicon film 82, and then
a one-shot laser beam is irradiated thereto. When the laser
irradiation is carried out, the transparent iﬁsulating substrate
81 is heated to a temperature between 100°C and 500°C or cooled
to a temperature between -10°C and 5°C. That is, the silicon thin
film 82 is heated by the one-shot irradiation of the laser pulse
while the temperature of the transparent insulating substrate is
increased to the room temperature or more, or decreased to the
room temperature or less, thereby controlling the grain size of
the silicon thin film when the silicon thin film is crystallized.
That is, the temperature gradient from the time when the silicon
thin film 82 is melted by the laser irradiation until the time

when it is solidified is adjusted.



met hod, or a polycrystal silicon filmwhich is formed by he LPCVD net hod or
the i ke may be nmade anorphous by inplanting Si cations—rﬁto Thefirlnm [n H
this enbodi ment, nmixture gas of [err] and hydrogen was [S&d’as’ raw gas,- anﬁ
the amorphous silicon filmwas.formed under the conditipn of the siggsquqtel
tenperature of 150 to 250[err] by the plasma CVD net hod L""‘?O‘alé --------

produced by Coni ng Cbnpany was used as the insulating stbstrate. 1“7:173?@5
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When the temperature of the transparent insulating substrate
is increased to more than the room temperature, the temperature
gradient as described above is relatively moderate, so that the
grain size is large. Conversely, when the témperature of the
'transparent insulating substrate 81 is decreased to less than the
room temperature, the temperéture gradient as described above is
sharp,'so that the grain éize is small. Thereafter, the used
antireflection film 83 is removed in a subsequent process of Fig.
11C, and a thin film transistor is completed in a subsequent
process. In this embodiment, the laser irradiation is performed
on the silicon thin film 82 before source and drain regions are
formed to crystallize only the silicon thin film 82. In place of
this operation, crystallization of the silicon thin film ad
activation of the source and drain regions can be simultaneously
performed by performing the laser irradiation afterwards.
Furthermore, if the source and drain regions are formed on the
silicon thin film which has been already crystallized and the
laser irradiation is performed again, the activation of the
source and drain regions can be performed. In this case, the
control of the grain size is performed with the first laser pulse
irradiation, and then the activation of the impurities ié
controlled by the second laser pulse irradiatioﬁ.

The relationship between a substrate temperature and.a grain

size is shown in the following table 2.



anount of hydrogen I's contained in the anorphous silicon filmwhich has

been just forned,

and thus the substrate was heated at #450[err] under ... i

nitrogen gas atnDsphere and annealed for 30 mnutes to dlscharge ‘hydr ogen !

gas therefrom The one-shot. irradiation of the |aser pulse 8

on a prescribed sectioned area 3 of the anorphous silicon”film:
case, the exciner
foll owi ng condition:

$unpﬂ9@in§d

Inthis

4
| aser pul se of 308nm wavel engt h was i rfadiated under the
| aser energy density of 150 to 450mJ/cm pul se

duration time of about 100 to 1000 ns and substrate tenperature of 20 to

450[ err]. The sectioned area 3 which was a target to be irradiated with a
| aser beam was designed in a size of 5X5[err].
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TABLE 2
SUBSTRATE TEMP. (°C) AVERAGE PARTICLE SIZE(nm)
25 ‘ 115
200 163
0 43

The table 2 shows data on the average crystal particle
diameter (grain size) and when the laser irradiation (energy of

350mJ/cm?) is performed to crystallize in a state where the

substrate is heated or cooled. a sectioned area

In this case,
which is subjected to one-shot laser irradiation contains at
least all the circuits and pixels in a semiconductor chip for

display. When the substrate temperature was kept at the room

' temperature (25°C0, the average particle diameter was equal to
115nm. When the substrate temperature was increased to 200°C, the
average particle diameter was equal to 163nm. Conversely, when

the substrate temperature was decreased to 0°C, the average

particle diameter was equal to 43nm. In general, as the grain

size is larger, the device characteristics of the thin film

transistor are more improved, however, they trend to be more

dispersive between individual thin film transistors. On the other

hand, as the grain size is smaller, the dispersion of the device

characteristics can be suppressed, however, the performance of

the thin film transistor itself is lowered. Therefore, the grain

size 1is required to be controlled in accordance with the



Fig. 18 is a graph showi ng a cross-sectional. intensityqdistri-butioen:of=the
| aser pulse 8 which is taken along a diagonal |ine A-A §fiithe. sect:iohed:? ||
area 3. As showin Fig. 18, the laser beamintensity isllset so as 90050

) : . . 3N viv St
at the central portion of the sectioned area serving as“tMﬂ@LLL di.ati.on....
target .and high at the peripheral portion thereof. SpecLﬁ¢%%ﬂ#ﬁﬁ=ﬁﬁﬁ§:F&§EF
beamintensity at the peripheral portion is set to be higher than that at
the central portion by about 1 to 70% Fig. 18 shows the cross-sectional
intensity distribution along the diagonal |line A-A shown in Fig. 17,
however, the same intensity distribution is also obtained al ong anot her
direction. Accordingly, the shape
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characteristics to be required for the thin film transistor.

Next, with reference to Figs. 12A and 12B will be described
an effect that the grain size can be controlled by setting the
thickness of the semiconductor thin film, serving as a laser
irradiation target, to be smaller "than the laser absorption
depth.

As shown in Fig. 12A, an amorphous silicon thin film 82 was
formed at a thickness of 140 nm on a transparent insulating
substrate 81. That is, the thickness of the silicon thin film 82
was set to be smaller than the absorption depth of the laser to
be irradiated onto the thin film 82. For example, the wavelength
of a XeCl excimer laser is 308nm, and the absorption depth of the
amorphous silicon thin film for the laser is equal to 160nm.
Accordingly, in this embodiment the thickness of the silicon thin
film 82 is set to 140nm which is smaller than the absorption
depth of 160nm. Subsequently, as show in Fig. 12B, an
antireflection film 83 was formed on the amorphous silicon film
82, and then one-shot irradiation of a laser pulse having
wavelength of 308nm was performed. At this time, the energy
density of the laser beam was set to 350mJ/cm?, For comparison,
one-shot laser irradiation was conducted using a KrF excimer
laser undef the same condition. The KrF excimer laser has the
wavelength of 248nm, and the absorption depth of the amorphous

silicon thin film for the KrF excimer laser is equal bto 131lnm.

Accordingly, when the KrF excimer laser is used, the thickness
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passi ng t

t hr ee-di nensi onal energy distribution of the | aser - 138 ulse

setting t
reducti on
prevented
sect i oned

obt ai ned by rotating'the profile of Fig. 18 around a perpendlcular

he center point of the diagonal line A-A represents a

he energy distribution as described above, the {g)rrper atzprNaOV Qgh
fromthe peripheral portion due to heat radiat| ¢gn. can.

and thus the uniformgrain size can be obt ai ned over - the whol e
area which is the | aser-
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140nm of the silicon thin film 82 is larger than the absorption
depth 131nm. ‘

The following table 3 shows a measurement result of average
particle size. When the laser pulse having the laser absorption
depth of 160nm was irradiated onto the amorphous silicon thin
film having a thickness of 140nm by one shot, the average
particle size was equal to 1640nm. On the other hand, when the
laser pulse having the laser absorption depth of 131lnm is
irradiated onto the amorphous silicon thin film having a
thickness of 140nm by one shot, the average particle size was

equal to 1105 nm.

TABLE 3
LASER ABSORPTION LENGTH AVERAGE‘PARTICLE SIZE
(nm) (nm)
160 1640
131 1105

As is apparent from the above result, when the absorption
depth of the 1laser is larger than the thickness of the
semiconducedr thin film, the semiconductor thin film is wholly
melted by irradiating the laser beam having the same energy, so
that a large grain size can be obtained in the crystallization
process. On the other hand, when the thickness of the
semiconductor thin film is larger than the absorption depth of

the laser, there occurs a portion which is hardly melted because

|

e«—:_, nespea—



irradiation target. Such a cross-sectional intensity distribution of the
| aser pul se can be realized by relatively increasing the beam'i ntensity
t he peripheral portion and relatively decreasing the bean1|ntens+ty at-1
central portion with a sinple optical system The avergage gra| 0 H
central portion of 1[err] and the grain size at the caﬂﬂl&L Bartﬂbn %’
1[err] in the sectioned area of 5X5[err], are sho A1 He fﬁTTomAng
table 4. For conparison, in the table 4 are al so shown the grain sizes at
the central and peripheral portions of 1[err] of the prior art in which
only a honogeni zer is use. The grain size was neasured by a plan

at
E
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the laser cannot reach that portion, and thus a cooling process
at that portion proceeds rapidly, so that the grain size is
small. In this embodiment, the laser irradiation is performed
before the source and drain regions are formed, thereby
performing only the crystallization of the silicon thin film.
However, in place of this process, the crystallization and the
activation of the source and drain regions can be performed at
the same time. Furthermore, after the source and drain regions
are formed on the semiconductor thin film which was crystallized
by a first laser irradiation, only the activation of the source
and drain regions may be selectively performed b& a second laser
irradiation. The size control of the grainlsize can be performed
by the first laser irradiation, and the control of the activation
degree of the impurities can be performed by the next laser
irradiation. At this time, the diffusion of the impurities in a
lateral direction can be made uniform in the source and drain
regions of the laser-irradiated semiconductor thin film, so that
the dispersion in electrical characteristics of the transistor
is reduced. |

Fig. 13 is a graph showing a comparison result between the -
electrical characteristics of a thin film transistor formed by
the present invention and the electrical characteristics of a
thin film transistor formed by the prior art. The abhscissa of the
graph represents a gate voltage VSG, énd the ordinate of the

graph represents a drain current IDS. As shown in Fig. 13, the
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data shown in the table 4 were obtai ned by perform ng the | aser

anneal at the substrate tenperature of 400[err]. TABLE 4 GRAIN S| ZE. (nn)w

PCSI TI ON PRESENT | NVENTI ON PRI OR ART CENTRAL: PORTI ON '’
100 TO 150 100 TO 150 PERI PHERAL PORTI ON ¥_~90 ﬁp 9
10 To 90 As is apparent fromthe table 4, in .the prior Artt ] e g d,%}z

at the central portion ranges from 100 to 150nm whi | e t he
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electrical charaéteristics of the thin film transistor of the
present invention are more improved than those of the
conventional <thin film transistor, and on¥current is more
increased while off-current is more suppressed.

Fig. 14 is a perspective view showing a modification of the
laser irradiation method shown in Fig. 3. 'The elements
corresponding to those of Fig. 3 are represented by the same
reference numerals. In this embodiment, the laser pulse 8 is also
irradiéted to a desired section area 3 by one shot to conduct the
batch heét treatment on the semiconductor thin film 2 of one chip
for crystallization. A different point resides in that a
microlens array 91 is interposed between the excimer laser source
(not shown) and the semiconductor thin film 2, and the laser
pulsé 8 is selectively concentrated on a portion of the
semiconductor thin film which is used as an element area of each
thin film transistor. With this system, the use efficiency of the
laser energy is increased, and a processing time for
crystallization can be shortened.

Fig. 15 is a cross-sectional view showing an optical.action
of the microlens array 91. As described above, integrated thin
film transistors for driving pixel electrodes are formed on the

matrix array portion of the semiconductor chip for display. The

remaining portion of the semiconductor thin f£ilm except for the-

element areas on which the thin film transistors are formed, are

removed by the patterning treatment to make the matrix array
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portion ranges from10 to 90nm Accordingly, a large di 'f.erence in the- %
grain size occurred in the sane sectioned area. On the ot her qpmdmnwnmq@e :

present invention, the grain size at the central portion ranges- fron1100 t@
150nm whil e the grain size at the peripheral portion ranges-from907to" -
150nm and a substantially uniformgrain size could be obtained in the sane
sectioned area. In this enbodi ment, the |aser beam
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portion transparent. Accordingly, it is unnecessary to
crystallize the portion of the semiconductor thin film 2 which
excludes the element areas 92 shown in Fig. 15, and thus it is
sufficient to irradiate the laser ptulse 8 to only the element
areas 92. Accordingly, when the laser pulse 8 is irradiated in
a state where the respective microlenses 93 formed on the
microlens array 91 and the element areas 92 are aligned with one
another, the laser beam can be concentrated on only the element
areas 92.

Fig. 16 is a plan view sﬁowing the semiconductor thin film
2 shown in Fig. 15. Only the element areas 92 in the matrix array
.are selectively exposed to the laser pulse, and crystallized. The
semiconductor thin film 2 at the other areas are kept in an
amorphous state. At least inside of the matrix array 4, the
semiconductor thin film 2 at the amorphous state is removed in
a subsequent etching process. The horizontal scanning circuit and
the vertical scanning circuit shown in Fig. 3 may be provided
outside of the matrix array 4. In this case, like the matrix
array 4, the one-shot irradiation of the laser pulse must be
performed to crystallize the semiconductor thin film at these
areas. The laser pulse may be irradiated ontd these . areas
directly or through the microlens array like the matrix array 4.

As described above, a sectioned area having a relatively
large area of about 1 to 10cm square can be crystallized with

only one laser-pulse irradiation using a high outpnt power laser



annealing treatnent is described. However, the present invention is
applicable to an annealing treatnent using el ectron beanr~Fig- 19-ds g -
perspective view showing a nodification of the |aser irn GEELAON ety
shown in Fig. 3. The elements corresponding to those of [Fig.
represented by the sanme reference nunerals. In this enb dpﬁ@n he'’
one-shot irradiation of the |aser pulse 8 is also perfo 'Onda”ﬁrescrrbeﬁ
sectioned area 3 to performthe batch heat treatnent on the sem conductor
thin film2 of one chip, thereby crystallizing the thin film The different
point is as follows. In place of the vertical |aser irradiation
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device. In this system,the cross-sectional intensity distribution
of the laser pulse is set to be constant by irradiating the laser
pulse through an optical system called as é homogenizer so that
the crystallization of the semiconductor thin film is made
uniform within the section area which is exposed to the laser
beam. However, with respect to the laser annealing procéss for
a rélatively large sectioned area, heat radiation occurs from the
peripheral portion of a laser pulse irradiation area. Therefore,
if the cross-sectional intensity distrisution of the laser pulse
is constant over the whole irradiation area, the cooling speed
at the peripheral portion of the sectioned area is higher than
the cooling speed at the central portion. Accordingly, the
temperature gradient in the crystallization process becomes
larger at the peripheral portion than at the central portion, and
thus the grain size at the peripheral portion becomes smaller
than that at the central portion. Therefore, the crystallinity
of the semiconductor thin film cannot be uniform over the same

sectioned area. If a transistor is formed of such a sewmiconductor

dispersxon in TFT's characteristics would occur in the same chip
due to the different in grain size. In order to avojid such a
disadvantage is'pfoposai a method of selectively forming an
antireflection film along the peripheral portion of the laser
irradiation area to substantially increase the temperature of the

peripheral portion, thereby improving the crystallinity in the



met hod shown in Fig. 3, an oblique laser irradiation method is adopted.
Specifically, the laser pulse 8 is irradiated wthin an_lncident..angte-ef- d
30 to 60[err] to the normal direction of the insulating! substxan- - sWEED
this irradiation, a sectioned area 3 which is larger than the q¥Qs§n§e¢350ﬂ
10 of the laser pulse 8 can be subjected to the batch hean A reat ment

However, the irradiation ener gy denS|ty per unit area i s.-nore -reduced- i e
t he - 40 -
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laser irradiation area. However, this method needs a process of
beforehand forming an antireflection film on the semiconductor
thin film by the patterning treafment, and thus it induces
increase in the number of processes.

In view 6f the foregoing, in an embodiment shown in Fig. 17,
the cross-sectional intensity distribution of the laser pulse 8
is controlled so'thét the irradiation energy density increases
more from the central portion of the sectioned area 3 to the
.peripheral portion thereof, and the one-shot irradiation of the
laser beam having such a c;oss-sectional intensity distribution
is performed.

As shown in  Fig. 17, an amorphous silicon film is firét
formed on an insulatirig substrate 1 (wafer) formed of glass
material having low melting point or the like. The amorphous
silicon film may be formed by the plasma CVD nmethod or by a
magnetron sputtering method. The'amorphous silicon film may be
formed by thermally discomposing Si,H;, SiH, or the like under a
substrate temperature condition of about 500°C with the LPCVD
method, or a polycrystal silicon film which is formed by he LPCVD
method or the like may be made amorphous by implanting Si cations
into the film. In this embodiment, mixture gas of SiH, and
hydrqgen was used as raw gas, and the amorphous silicon film was
formed under the condition oﬁ the substrate temperature of 150
tb 250°C by the plasma CVD method. “7059 glass” produced by

Coning Company was used as the insulatihg substrale 1. A large



oblique laser irradiation than in the vertical laser irradiation. If the
incident angle is smaller than 30, the irradiation enengy-density..1.s
reduced by a | arge anobunt and thus there occurs a case
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crystallization of the sem conductor thin film2 is not| sufflcgg '
performed. Furthernore, if the incident angle is large @ﬂ@n 6oL erry’,
enl argement effect of the irradiation area i-'s not remar 1&2¢$cﬂ&dtgg

in this enbodinment, the incident angle is set to just 60[err] for obllque
| aser irradiation. Wth this irradiation, the area of the sectioned area 3
can be increased to be twce as |large as the cross-sectional area of the
| aser pulse 8. In this enbodi nent, th§-§§?1fonductor thin film?2 of
amount of hydrogen is contained in the amorphous silicon film
which has been just formed, and thus the substrate was heated at
450°C under nitrogen gas atmosphere and annealed for 30 minutes
to discharge hydrogen gas therefrom. The one-shot irradiation
of the laser pulse 8 was performed on a prescribed sectioned area
3 of the amorphous silicon film. In this case, the excimer laser
pulse of 308nm wavelength was irradiated under the following
condition: laser energy density of 150 to 450mJ/cm,, pulse
duration time of about 100 to 1000 ns and substrate temperature
of 20 to 450°C. The sectioned area 3 which was a target to be
irradiated with a laser beam was designed in a size of 5X5cm®.
Fig. 18 is a graph shdwing a cross-sectional intensity
distribution of the laser pulse 8 which is taken along a diagonal
line A-A of the sectioned area 3. As show in Fig. 18, the laser
beam intensity is set so as to be low at the central portion of
the sectioned area serving as the irradiation target and high at
the peripheral portion thereof. Specifiéally, the laser beam
inténsity at the periphefal portion is set to be highexr than that
at the central portion by about 1 to 70%. Fig. 18 shows the
cross-sectional intehsity distribution aldng the diagohal line
A-A shown in Fig. 17, however, the séme intensity distribution
is also obtained along another direction. Accordingly, the shape
which is obtained by rotating the profile of Fig. 18 around a
perpendicular passing the center point of the diagonal linelA4A

represents a three-dimensional energy distribution of the laser



anDrphouS silicon is crystallized by'the batch heat treatnent using the ey
oblique laser irradiation. in this case, the batch heat treatnent is .
performed in a-state where the insulating substrate 1 iis:heforehand kept

at
a tenperature of 550[err] to 650[err], and thus the cryftalllifa gﬁt é ﬁ
)

anor phous silicon can be pronoted whi | e conpensating fd

x:edu

I rradi ati on energy density. As described above, in th|34eﬁhodtﬁent the
oblique laser irradiation is performed at the incident angle of 60[err],
and the sectioned area 3 whose area is twice as large as that in the

verti cal

| aser irradiation systemcan be crystallized. At the
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pulse. By setting the energy distribution as described above, the
temperature reduction from the peripheral portion due to héat
radiation can be prevented, and thus the uniform grain size can
be obtained over the whole sectioned area which is the laser-
irradiation target. Such a cross-§ectional intensity distribution

of the laser pulse can be realized by relatively increasing the

beam intensity at the peripheral portion and relatively

decreasing the beam intensity at the central portion with a
simple optical system.

The average grain size in the central portion of lcm? and

the grain size at the central portion of lcm? in the sectioned

area of 5X5cm?, are shown in the following table 4. For
comparison, in the table 4 are also shown the grain sizes at the
central and peripheral portions of lcm? of the prior art in which
only a homogenieer is use. The grain size was measured by a plan
TEM. The data shewn in the table 4 were obtained by performing

the laser anneal at the substrate temperature of 400°C.

TABLE 4

GRAIN SIZE (nm)

POSITION PRESENT INVENTION PRIOR ART
CENTRAL PORTION 100 TO 150 100 TO 150
'PERIPHERAL PORTION 90 TO 150 10 TO 90

As is apparent from the table 4, in the prior art the grain

size at the central portion ranges from'100 to 150nm while the



sane tine, the insulating substrate is beforehand heated at the tenper at-ure
of 5550 to 650[err], and in this state the crystalllzatlon is
performed. This substrat e tenperature is a REPLACEMENT SHEET; NB q@
NOV 1995 - 41 - condition to perform solid-phase growthi Si I_|% n,. Xn ttihe
crystal size and its uniformty are inproved.through ani= .- =
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grain size at the peripheral portion ranges from 10 to 90nm.
Accordingly, a large difference in the grain size occurred in the
same sectioned area. On the other hand, in the present invention,
the grain size at the central portion ranges from 100 to 150nm
while the grain size at the peripheral portion ranges from 90 to
150nm, and a substantially uniform grain size could be obtained
in the same sectioned area. In this embodiment, the laser beam
annealing treatment is described. However, the present invention
is applicable to an annealing treatment using electron beam.

Fig. 19 is a perspective view showing a modification of the
laser irradiation method shown in Fig. 3. The elements
corresponding to those of Fig. 3 are represented by the same
reference numerals.

In this embodiment, the one-shot irradiation of the laser
pulse 8 is also performed on a prescribed sectioned area 3 to
perform the batch heat treatment on the semiconductor thin film
2 of one chip, thereby érystallizing the thin film. The different
point is as follows. In place of the vertical laser irradiation
method shown in Fig. 3, an oblique laser irradiation method is
adopted. Specifically, the laser pulse 8 is irradiated within an
incident angle of 30 to 60° to the normal direction of the
insulating substrate 1. With this irradiatioh, a sectioned area
3 which is larger than the cross section 10 of the laser pulse
8 can be subjected to the batch heat treatment. However, the

irradiation energy density per unit area is more reduced in the



Interaction with the laser irradiation. The anorphous S|I|con under the
condition that the substrate is heated has such energy;that~its lattice ;
structure is nade variable, and in this state the crystalllzafubndﬂuhiﬁﬁ
is pronoted with a relatively snmall tenperature |ncrea§e‘“By lrradratrqgﬁ
the laser pulse in this state, the anorphous silicon iSTShifted to
polycrystal silicon in a short tinme. As conpared with the case where the

| aser irradiation is started from the room tenperature, the
ununiformty of the tenperature distribution in the substrate at the |aser
irradiation tinme can be suppressed, and thus the grain size of the silicon
filmcan be stabilized.
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oblique laser irradiation than in the vertical laser irradiation.
If the incident angle is smalier than 30°, the irradiation energy
density is reduced by a large amount and thus there occurs a case
where the crystallization of the semiconductor thin film 2 is not
sufficieﬁtly performed; Furthermore, if the incident angle is
larger than 60°, the enlargement effect of the irradiation area
is not remarkable. Accordingly,‘in this embodiment, the incident
angle is set to just 60° for oblique laser irradiation. With this
irradiation, the area of the sectioned area 3 can be increased
to be twice as large as the cross-sectional area of the laser
pulse 8. In this embodiment, the semiconductor thin film 2 of
amorphous silicon is crystallized by the batch heat treatment
using the oblique laser irradiation. in this case, the batch heqt
treatment is performed in a state where the insulating substrate
1 is beforehand kept at a temperature of 550°C to 650°C, and thus
the crystallization of"the amorphous silicon can be promoted
while compensating for reduction in the irradiation energy
density.

As described above, in this embodiment, the oblique laser
irradiation is performed at the incident angle of 60°, and the
sectioned area 3 whose area is twice as large as that in the
vertical laser irradiation system can be crystallized. At the
same time, the insulating substrate is beforehand heated at the
temperature of 5550 to 650°C, and in this state the

crystallization is performed. This substrate temperature is a



The matrix array 4, the horizontal scanning circuit 5 and the verti cal
scanning circuit 6 are forned in the sectioned area 3.to-which the Iaser
beamis irradiated to formthe sem conductor chip 7 for!display.- The
sem conductor chip 7 for display contains the total nunber of tig QV”@%%1
transi stors which reaches 10Ckbits or nore, and it has a‘¢cHip- 5|ze
or nore in diagonal dinension. The | aser pul se 8 havi ng a waveél efigt-h~of
300nmto 350nmis irradiated onto the sectioned area 3, and the energy
density of the laser pulse 8 is set to 200mJ/[err] to 400mJ/[err]. No thin
filmtransistor is forned on a | aser non-irradiation area, and It serves as
a separation band 9 between sem conductor chips -
- 41 -
condition to perform solid-phase growth of silicon, and the
crystal size and its uniformity are improved through an
interaction with the laser irradiation. The amorphous silicon
under the condition that the substrate is heated has such energy
that its lattice structure is made variable, and in this state
the crystallization thereof is promoted with a relatively small
temperature increase. By irradiating the laser pulse in this
state, the amorphous silicon is shifted to polycrystal silicon
in a short time. As compared with the case where the laser
irradiation. is started from the room temperature, the
ununiformity of the temperature distribution in the substrate at
the laser irradiation time can be suppressed, and thus the grain
size of the silicon film can be stabilized.
The matrix array 4, the horizontal scanning circuit 5 and
the vertical scannihg circuit 6 are formed in the sectioned area
3 to which the laser beam is irradiated to form the semiconductor
chip 7 for display. The semiconductor chip 7 for .display contains
the total number of thin film transistors which reaches 100kbits
or more, and it has a chip size of 28mm or more in diagonal
dimension. The laser pulse 8 having a wavelength of 300nm to
350nm is irradiated onto the sectioned area 3, and the energy
density of the laser pulse 8 is set to 200mJ/cm” to 400mJ/cm”. No
thin f£ilm transistor is formed on a laser non-irradiation area,

and it serves as a separation band 9 between semiconductor chips

for display.



for display. - 42 - Fig. 20 is a cross-sectional V|em15homnng an exanple
of the oblique |aser irradiation process shown in Fig. 3._Thi

| aser irradiation process is carried out in place of the
irradiation process shown in Fig. 7F. In this V|em1p0|h¢

......

the reference nunerals to nake the
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Fig. 20 is a cross-sectional view showing an example of the
oblique laser irradiation process shown in Fig. 3. This oblidue
laser irradiation process is carried out in place of the vertical
laser irradiation process shown in Fig. 7F. In this view point,
the elements corresponding to those of the process shown in Fig.
7F are represented by the referenqé numerals to make the
understanding clear.

As shown in Fig; 20, an amorphous silicon film 42 is formed
on the surface of a transparent insulating substrate 41 of quartz
or the 1like. The amorphous silicon film 42 is beforehand
sélectively doped with high-concentration impurities by the ion
implantation method to form a source region S and a drain region
D of a thin film transistor. Furthermore, in order to improve the
laser irradiation efficiency, a non-reflective coating 44 formed
of Si0;, SiN, SiON or the like is formed to improve an absorption
efficiency of irradiation energy. In this sate, the laser pulse
is obiiquely irradiated to perform the crystallization of the
amorphous silicon film 42 and the activation of the source and
drain regions S and D at the same time. Thereafter, the non-
reflective'coating 44 at the upper side is removed hy the etching
treatment to leave only the crystallized silicon film 42.

. Thereafter, the batterning treatment is conducted wusing a
photoresist, and an undesired portion of the silicon film 42 is
removed by a dry etching treatment to form an element area.

Thereafter, an $iO, film is formed as a gate insulating film on



under standing clear. As shown in Fig. 20, an anorphous silicon film42 is
formed on the surface of a transparent |nsulat|ng substrate 41 -of: quartz-c
the |like. The anorphous silicon film42 is beforehand sehect1ve|y doped:;

wi th high-concentration inpurities by the ion |nplantaﬂ|on met hod to fornla
source.region S and a drain region D of a thin film tranSistd4.-NGV.19%5... |
Furthernore, in order to inprove the laser irradiation é???tTenty~~a~—~ '
non-reflective coating 44 forned of [err] SIN, SiON or the like is forned
to inprove an absorption efficiency of irradiation energy. In this sate,

the laser pulse is obliquely irradiated to performthe crystallization of
t he
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the element area by the pressure-reduced CVD method or the like.
Thereafter, a metal film of AlSi or the 1like is formed, and
patterned into a'gate electrode. Subsequently, a first layer
insulating film of PSG or the like is formed, contact holes are
formed and then wirings whicﬁ are connected to the source region
S and the drain region D are formed through the contact holes.

Finally, a second layer insulating film of PSG or the like is
formed, and a P-—SiN film is superposed on the second layer
insulating film by the plasma CVD method to perform a hydrogen
treatment. The processes as described above are identical to
those of the manufacturing process shown in Figs. 7A to 70 except
that the oblique laser irradiatioﬁ is used in place of the
vertical laser irradiation.

As described abdve, according to the present invention, the
one-shot irradiation of the laser pulse is conducted on a
prescribed sectioned area to perform the batch heat treatment on
a semiconductor thin film of one chip. With this operation, the
heat processing time of the semiconductor thin film by the laéer
irradiation can be shortened, and thus the mass-production of the
semiconductor thin films can be performed. Furthermore, crystals
having excellent uniformity can be obtained, so that the process
condition is stabilized and the uniformity of the thin film
transistor characteristics can be secured. Therefore, a large-
area semiconductor chip for display which contains scanning

circuits, etc. on the same substrate can be formed.



anor phous silicon film42 and the activation of the source and drain

regions S and D at the sane tinme. Thereafter, the non- reflective coating-
44 at the upper side is renpved by the etching treatnent' -to | eave only =
the crystallized silicon film 42. Thereafter, the ;patteggiq ‘

treatnent is conducted using a photoresist, and’anﬁdﬁdéSﬁp@&EWoﬁﬁPonfbf
the silicon Film42 is renoved by a dry etching treatnent to fofmam=m==!
el enent area. Thereafter, an [err] filmis formed as a gate insulating film
on _
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According to the present inQention, the semiconductor thin
film is crystallized by the batch heat treatment which is
performed by the one-shot irradiation of the laser pulse.
Therefore, thé crystallization of the semiconductor in the
sectioned area is uniformly promoted to thereby suppress the
dispersion in the eleétrical characteristics of integrated thin
film transistors which are formed on the semiconductor chip for
display.

According to the present invention, after the impurities are
doped into the semiconductor thin film, the one-shot irradiation
of the laser pulse is performed to activate the impurities
through the batch heat treatment which is enabled by the one-shot
irradiation. With this operation, the diffusion of the impurities

- along a lateral direction in the source region and the drain
region of the léser-irradiated semiconductor thin film can be
made uniform to stabilize the electrical chéracteristics of the
thin film transistor.

According to the present invention, the one-shot irradiation
of the laser pulse is performed on each sectioned area except for
the separation band which is provided between the neighboring
sectioned areas. With this operation, the scribe line for each
chip alohg the separation band is clarifiéd, and for example in
a fabrication process of a liquid crystal cell or the like, the
alignment precision is improved. |

According to the present invention, the one-shot irradiation
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pressure-reduced CVD nethod or the like. Thereafter, ja-netal” film of A 8
or the like i.s forned, and patterned into a gate el éctrode. -Suhsequent ty,
a first layer insulating filmof PSGor the like is fiprned, ébﬁﬂﬂi?%ﬁ%$ s
are forned and then wirings which are connected to the!$Burce regi’ 65
the drain region D are formed through the contact holes™Finally, a second
| ayer insulating filmof PSG or the like is formed, and a P-SINfilmis
super posed on the second | ayer :
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of the laser pqlse.is pexrformed for the pulse time which is set
to 40 nanoseconds or more. By lengthening the time of the one
laser puise irradiation, the semiconductor thin film can be
sufficiently melted with one laser irradiation. The improvement

in uniformity of crystallinity and in throughput can he expected.

According to the present invention, the one-shot irradiation
of the laser pulse is performed to perform the batch heat
treatment in a state where the temperature of the insulating
substrate is increased to the room temperature or more or
decreased to the room temperature or less. With this operation,
the cooling speed of the semiconductor thin film which is
temporarily melted can be adjusted. Accordingly, the
crystallization of the semiconductor thin film, the diffusion
length of the source and drain regions of the semiconductor thin
film and the activation of the impurities can be controlled.

According to the present invention, the semiconductor thin
film is formed at a thickness which is smaller than the
absorption length of the 1laser pulse. Therefore, the
semiconductor thin film can be perfectly melted, and the grain
size of crystals can be easily increased.

According to the present invention, the one-shot irradiation
of the laser pulse is performéd through the microlens array to
selectively concentrate the laser energy on the element. area of

each thin film transistor. Accordingly, the laser energy can be



insulating filmby the plasna CVD nethod to performa hydrogen treatnent.
The processes as descri bed above are identical to those of.the- _

manuf acturing process shown in Figs. 7A to 70 except that t-he: obilque Iasen
irradiation is used in place of the vertical laser irradiation. wy
described above, according to the present invention, the one- éthNDV 983 _
i rradiation of the laser pulse is conducted on a prescrlbed ‘'sect'i oned area
to performthe batch heat treatnent on a sem conductor thin filmof one
chip. Wth this operation, the heat processing time of the sem conductor
thin filmby the |aser irradiation can be shortened, and thus the

mass- production of the -
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efficiently used.

According to the present invention, fhe one-shot irradiation
is performed while the cross-sectional intensity distribution of
the laser pulse is controlled so that the irradiation energy
density increases more from the central portion of a prescribed
sectioned area toward the peripheral portion. Therefore, the
crystallinity can be kept uniform within the beam irradiation
area in the batch laser annealing process for a large area.

According to the present invention, the oblique laser
irradiation system in which the laser pulse is irradiated in an
oblique direction to the insulating substrate is pexrformed.
Accordingly, an irradiation area which is larger than the cross-
sectional area of the laser pulse can be thermallf treated at the
same time, so that the semiconductor manufacturing process can
be still more efficiently performed. Furthermore, by heating the
insulating substrate together with the oblique laser irradiation
system, the crystallization of the semiconductor thin film can

be promoted.



sem conductor thin filnms can be perforned' FurthernDre _crystals haV|ng
excellent uniformty can be obtained, > Ondltron I's:

stabilized and the uniformty of th‘:fhgf;f’ n1hran8Ns\or~C aracterlstics
can be secured. Therefore, a |arge- j\atei seniqpnductor‘chl f
1 on ‘tﬁe _same=sHbSL P é&f e- f@érﬁﬁ\zpﬂﬂ@ e J}

whi ch contains scanning circuits, et
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WHAT IS CLAIMED IS
1. A method of manufacturing semiconductor chips for

display, comprising the steps ef

forming a semiconductor thin film onm an insulating
substrate;

processing the semiconductor thin film to form
integrated thin film transistors in a sectioned area for one
chip; and

forming pizxel electrodes in the sectioned area to form
a picture, wherein said processing step contains a step of
irradiating a leser pulse to the sectioned area by a single shot
exposure to perform a batch heat-treatment on the semiconductor
thin layer for one chip.

2. 'The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of crystallizing tﬁe
semiconductor thin film with the batch heat-treatment.

3. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of activating impurities in the
semiconductor thin film with the batch heat treatment after the
impurities are doped with the semiconductor thin film.

4. The method as claimed in claim 1, wherein'said laser-
irradiation step includes a step of . crystallizing the
semiconductor thin film and activating impurities doped in the
semiconductor thin film at the same time with the batch heat

treatment after the semiconductor thin film is doped with the

This Sheet Has Been Re{i




- 44 - According to the present invention, the sem conductor thin filmis

crystallized by the batch heat treatment which is perforned by.the ...
one-shot irradiation of the |aser pulse. Therefore, thg¢:grystalli-zation i
of the sem conductor in the sectioned area is uniformy:pronoted to thereby
suppress the dispersion in the electrical characteristi@qmgjbgniéﬁﬁhﬂQQD_j

thin filmtransistors which are forned on the sem condu¢toer--chip .far .

di splay. According to the present invention, after the inpurities are doped

into the sem conductor thin film the one-shot irradiation

e MW

imburities.

5. The method as claimed in claim 1, wherein said laser-
irradiaﬁion step includes a step 6f successively.irradiating a
one-shot laser pulse onto each of plurai sectioned areas which
are beforehand provided on the insulating substrate.

6. The method as claimed in claim 1, wherein said laser-
irradiation step includés a step of irradiating a one-shot laser
pulse onto an individual sectioned area except for a separation
band which is provided between neighboring sectioned areas.

7. The method as claimed in claim 1, wherein said laser
irradiation step includes a step of irradiating a one-shot laser
pulse having'a rectangular section which conforms to the shape
of a rectangular sectioned area.

8. . The method as claimed in claim 1, wherein said laser-
‘irradiation step includes a step of irradiating a one-shot laser
pulse for a pulse time which is set to 40 nanoseconds or more.

9. The method as cléimed in claim 2, wherein said laser-
irradiation step inc¢ludes a sfep of performing the batch heat
treatment in a state where in a state where the temperature of
the insulating substrate is increased to the room temperature or
moré, or decreased to the room temperature or less, thereby
controlling the crystallization of the semiconductor thin film.

10. The method as claimed in claim 2, wherein said laser-
irradiation step includes a step irradiating a one-=shot laser

pulse through a microlens array to selectively concentrate the



of the laser pulse is perfornmed to activate the inpurities through the
batch heat treatnment which is enabled by the one-shot Lrradiation. VVth
this operation, the diffusion of the inpurities along'a »aLg” . )]
in the source region and the drain region of the |aser |rradratéd"'$”‘ i
sem conductor thin filmcan be made uniformto stabllléq Lhe(ed ey i1y |
characteristics of the thin filmtransistor. Accordi nd: ngthe present o

i nvention, the one-shot irradiation of the |aser pu|se‘TS“ﬁeﬁiOLﬂEd“6ﬁ """ &ach
sectioned area except for the separation band which.i

i ghbor | ti oned Wth thi tion, th SH”WHI ?}fﬁ”ﬂ?ﬁtmen o
~nel gnhpboring secti onead areas. I'S operatl on, e ”ﬂ ,Fac
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laser pulse on a portion of the semiconductor thin film which
corresponds to the element area of an individval thin film
transistor.

11. The method as claimed in claim 1, wherein said
semiconductor film forming step iﬁcludes a step of forming the
semiconductor thin film at a thickness which is smaller than a

. laser pulse absorption depth.

12. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of irradiating the one-shot
laser pulse while controlling the cross-sectién - intensity
distribution 6f the iaser pulse so that the irradiation energy
density increases more from thé central portion of a sectioned
area toward the peripheral portion thereof.

13. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of irradiating the laser pulse
in an oblique direction to the insulating substrate;

14. The method as claimed in claim 13, wherein said oblique
laser irradiation step includes a step of irradiating the laser
pulse at an incident angle of 30° to 60° to a normal direction
of the insulating substrate.

15. The method as claimed in claim 13, wherein said oblique
laser irradiation step includes a step of cr;stallizing the
semiconductor thin film of amorphous silicon by the batch heat
treatment.

16. The method as claimed in claim 15, wherein said oblique



chip al ong ihe separation band is clarified, and for eXaane in a

fabrication process of a liquid crystal cell or thé Iu%e—*{he -akignrent .
precision is inproved. According to the present invent 3 khesone-shot -
irradi ation - 45 - of the laser pulse is perforned for the pulse tinme .

whi ch.is set to 40 nanoseconds or nore. By Iengthenlng fhe : ﬂlﬁmﬁ@ﬂ 99& one
| aser pul se irradiation, the sem conductor thin film cdn:ber ==z

iy O A

laser irradiation step includes a step of performing the batch
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heat treatment in a state where the insulating substrate is kept
at a temperature of 550°C to 650°, thereby promoting the

crystallization of amorphous silicon.



sufficiently nelted with one |aser irradiation. The inprovenent in
uniformty of crystallinity and in throughput can befexpected-=According to
the present invention, the one-shot irradiation of t,’féﬁﬂi:&ééﬁﬁfawfség«féfgﬁ}
performed to performthe batch heat treatment in a gtate n@ir the |}
tenperature of the insulating substrate is increasedLP@mtn.“L@gﬁlg§5 !
tenperature or nore or decreased to the room tenperature~ortess—WIih/this
operation, the cooling speed of  the sem conductor thin filmwhich is
tenporarily nelted can be adj ust ed. Accordi ngly, t he
crystallization of the sem conductor thin film the diffusion |ength of the
source and drain regions of the sem conductor thin
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ABSTRACT OF THE DISCLOSURE

METHOD OF MANUFACTURING SEMICONDUCTOR CHIPS FOR DISPLAY

In a method of manufacturing semiconductor chips for
display, a semiconductor thin film is first formed on an
insulating substrate, and then a series of processes containing
a heat-treatment process for the semiconductor thin film are
carried out to form integrated thin film transistors on a
sectioned area for one chip. Thereafter, pixel electrodes for one
picture (frame) are formed within the sectioned area. During the
series of processes, a laser pulse is irradiated onto the
sectioned area by one shot to perform a heat treatment on the
semiconductor thin film for one chip collectively and
simultaneously (i.e., perfannla batch "heat treatment on the
semiconductor thin film). Through the batch heat treatment, the
crystallization of the semiconductor thin film is promoted. In
addition, after the semiconductor thin film is doped with
impurities, the ' activation of impurities doped- in the
se_miconductor thin film can be performed by the batch heat

treatment.



filmand the activation of t he I mpurities can be controlled::A@cadeng 1o
the present invention, the sem conductor thin filmis formpdrat; a; i

which is smaller than the absorption length of the |asdr pulsi a
Ther ef or e, t he sem conductor thin filmcan be perfectly nﬁhp@d _______ éﬁJUbeEEB
grain size of crystals can be easily increased. According to=the-present = |

I nvention, the one-shot irradiation of the |laser pulse is perfornmed throug
the nicrol ens array to selectively copicentrate the | aser energy on the

el ement area of each thin filmtransistor. Accordingly, the | aser energy
can be WHAT IS CLAIMED IS

1._A method of manufacturing semiconductor chips for

display, comprising the steps of

forming a semiconductor thin film on an insulatihg
substrate ;

processing the semiconductor thin film to-form
integrated thin film transistors in a sectioned area for one
chip wherein said processing step containing a step of"
irradiating a laser pulse to the sectioned area by a single
shot exposure to perform a batch heat-treatment to the semi-
conductor thin layer for one chip, said sectioned area
comprising a matrix array for display and a peripheral
scanning circuit for the matrix array ; and

forming pixel electrodes in an area of the matrix
array to form a picture.

2. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of crystallizing the
semiconductor thin film with the batch heat-treatment.

3. The method as claimed in élaim 1, wherein said laser-
irradiation step includes a step of activating impurities in the
semiconductor thin film with the batch heat treatment after the
impuritigs are doped with_the semiconductor thin film.

4. The method as claimed in claim 1, wherein said laser-
irradiation step includes a step of crystallizing the
semiconductor thin film and actlvatlng lmpurltJeq doped ‘in the
semlconductor thin film at the same tlme with the batch heat

treatment after the semiconductor thin.film is doped with the




- 46 - efficiently used. According to the present
irradiation is perfornmed while the cross-sectional
of the laser pulse is controlled so that the irrad

i ncreases nore fromthe central portion of a presc|

toward the peripheral portion. Therefore, the crys

uniformwithin the beamirradi ation area in the bal

process for a | arge area. 1720
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According to the present invention, the oblique |laser irradiation systemin
which the laser pulse is irradiated in an oblique direction to the

insul ating substrate is performed. Accordingly, an j-eradatior=ares=whi ch
is larger. than the cross- sectional area of the |asemgsulise:Car el L
thermally treated at the sane tinme, so that the seniiconductor nanufactjuring
process can be still nore efficiently perforned. Fult ot 1 . A

the insulating substrate together with 2/ oblique M%Sﬂ%— i

system the crystallization of the sem conductor thin film can be pronoted.

FIG.2
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REPLACEMENT SHEET Date :12 JUL 1996 - 47 - WHAT IS CLAIMED IS 1. A et hod
of manufacturing sem conductor chips for display, conprising the steps of
form ng a sem conductor thin filmon an insulating sub;sii-af:e—.

sem conductor thin filmto form ForL A DI

NT EH

3/20 I

FIG., 3
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integrated thin filmtransistors in a sectioned area for one chip wherein
sai d processing step containing a step of irradiating a |aser pulse to the
sectioned area by a single shot exposure to perform a hatet=heat=1 e'
to the semi- conductor thin layer for one chip, said.sdctioneedaFdhSHE
conprising a matrix array for display and a peripheral |lscanni SciMMhi\?z%f'
the matrix array ; and form ng pixel electrodes in an arBaeot.-FhematriX
array to forma picture. 2. The met hag2as clainmed in T L, Wher el n
said laser- irradiation step includes a step of crystallizing the
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sem conductor thin filmwth the batch heat-treatnent. 3. The met hod as
claimed in claiml, wherein said |laser- irradiation step includes a step of
activating inpurities in the sem conductor thin filmwth the batch heat
treatnent ‘after the inpurities are doped with the seF-_Lgdiygigr—;;_-_m__n;i_ilm
4 The method as claimed in claiml, wherein said llaser-:~ 1Tfa€|'t~§itt©fl]

step includes a step of crystallizing the sem rzonductor \MR? and

activating inpurities doped in the sem g@duct or t hi h if-ied
with the batch heat treatment after the -sem conduct of: t—hur f—i'l P d:aped

with the This is the replacenent sheet

FIG.6

b
7]
%
/i //Aj
CV 4 ; %
o s /
V7T 77T 77
% ]
% /]
L~ ; ;
Ll V4 7 7
%
32 f /
/.

////

3/




REPLACEMENT SHEET Date: 04 NOV 1995 -48- inpurities. 5. The net hod as
claimed in claiml, wherein said |laser- irradiation step includes a step of
.successively irradiating a one-shot |aser pulse onto each of plural
sectioned areas which are beforehand provided on the insulating. substrate.

REFLACTHENT SHEET
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6. The nmethod as clainmed in claim1, wherein said laser- irradiation step
I ncl udes a step of irradiating a one-shot | aser puls —0nt-0-.an.-i-nth-vi-dugl
sectioned area except for a separation band which is| QFGVIdEd "bet weeAr |

nei ghbori.ng sectioned areas. 7. The net hod as clalﬁed inclaiml, mhereln
said’'laser irradiation step inctudes a step of |rradHathn Q.Mmﬁ-Eﬂa Iaser
pul se having a rectangul ar section mhlch conforms tolthe:-shape of & '
rectangul ar sectioned area. 8. The ?d as claimed in claim1, mhereln
said laser- irradiation step includes a‘Step of irradiating a one-shot

| aser pulse for a pulse tine which is set to 40 nanoseconds or noré.
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9. The method as clained in claim?2, wherein said |aser- irradiation step
I ncl udes a step of performng the batch heat treatnent in a state where in
a state where the tenperature of the insulating substr FS={-ReTreased—ta
the room+tenperature or nore, or decreased to the roonREhigératuretigecy
| ess, thereby controlling the crystallization of the sgni condu'ftor 1008 |.
film 10. The nmethod as claimed in claim2, wherein sajiddaserdS M dt-at ijon
step includes a step irradiating a one-gyp | aser pul se=through @™ i trol €ns
array to selectively concentrate the
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REPLACEMENT SHEET Date: 04 NOV 1995 -49 - |aser pulse on a portion of the
sem conductor thin filmwhich corresponds to the el epent-area..of_ an
i ndividual thin filmtransistor. 11. The nmethod as cffakived. i n, clalm
wherein said sem conductor filmformng step includeg a stgggoh Boggéh ,the
sem conductor thin filmat a thickness which is snau_énlth A pw se
absor ption. dept h. S
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12. The nethod as clainmed in claiml1, wherein said |laser- irradiation step .
includes a step of irradiating the one-shot |aser pulse while controlling
the cross-section intensity distribution of the |aser_pulse so that the
irradi atiron energy density increases nore fromthe ce fg’”igo

sectioned area toward the peripheral portion thereof.] “Thre™ Wethﬂdld%
clainmed in claim1l1, wherein said |aser- irradiation |n ep of
irradiating the | aser pulse in an obllgngﬂlrectlon t %P 2 €¥§uﬁaﬁqg98 ﬁ
substrate. 14. The nethod as clained in claim13, mhereln sald obrlque

| aser irradiation step includes a step of irradiating the |aser
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pul se at an incident angle of 30[err] to-60[err] to a normnal
the insulating substrate. 15. The nethod as claimed in claim13, wherein

said oblique laser irradiation step includes a step of crystallizing the
sem conductor thin filmof anmorphous silicon by -the batch

di recti on of

ReE 61574 L SeS—
16. 'The nethod as clainmed in claim15, wherein said obllq‘§W¥%ABEPLACENENﬁ
SHEET 1120 i 5 MAX 1B

i Date:

e




Date: 04 NOV 1995 -50- l|laser irradiation step includes a step of performng
the batch heat treatnent in a state where the insulating substrate is kept
at a tenperature of 550[err] to 650[err], thereby pronoting the
crystalli-zation of anorphous silicon. :
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