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(57) Abrégée/Abstract:
Methods for processing an amorphous silicon (542) thin film sample (170) into a polycrystalline silicon (540) thin film are disclosed.
In one preferred arrangement, a method includes the steps of generating a sequence of excimer laser pulses (164), controllably
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(57) Abrege(suite)/Abstract(continued):
modulating each excimer laser (110) pulse In the sequence to a predetermined fluency, homogenizing each modulated laser pulse

INn the sequence In a predetermined plane, masking portions of each homogenized fluency controlled laser pulse In the sequence
with a two dimensional pattern of slits (220) to generate a sequence of fluency controlled pulses of line patterned beamlets, each
slit In the pattern of slits being sufficiently narrow to prevent inducement of significant nucleation in region of a silicon thin film
sample Irradiated by a beamlet corresponding to the slit, irradiating an amorphous silicon thin film sample with the sequence of
fluency controlled slit patterned beamlets to effect melting of portions thereof corresponding to each fluency controlled patternea

beamlet pulse In the sequence of pulses of patterned beamlets.
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(54) Title: METHODS FOR PRODUCING UNIFORM LARGE-GRAINED AND GRAIN BOUNDARY LOCATION MANIPU-
LATED POLYCRYSTALLINE THIN FILM SEMICONDUCTORS USING SEQUENTIAL LATERAL SOLIDIFICATION

<

(57) Abstract: Methods for processing an amorphous silicon (542) thin film sample (170) into a polycrystalline silicon (540) thin
film are disclosed. In one preferred arrangement, a method includes the steps of generating a sequence of excimer laser pulses (164),
controllably modulating each excimer laser (110) pulse in the sequence to a predetermined fluency, homogenizing each modulated
~ laser pulse in the sequence in a predetermined plane, masking portions of each homogenized fluency controlled laser pulse in the
sequence with a two dimensional pattern of slits (220) to generate a sequence of fluency controlled pulses of line patterned beamlets,
each slit in the pattern of slits being sufficiently narrow to prevent inducement of significant nucleation in region of a silicon thin
O film sample irradiated by a beamlet corresponding to the slit, irradiating an amorphous silicon thin film sample with the sequence
of fluency controlled slit patterned beamlets to effect melting of portions thereof corresponding to each fluency controlled patterned
beamlet pulse in the sequence of pulses of patterned beamlets.
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METHODS FOR PRODUCING UNIFORM LARGE-GRAINED
AND GRAIN BOUNDARY LOCATION MANIPULATED
POLYCRYSTALLINE THIN FILM SEMICONDUCTORS USING
SEQUENTIAL LATERAL SOLIDIFICATION

SPECIFICATION

BACKGROUND OF THE INVENTION

[. Field of the invention.

The present invention relates to techniques for semiconductor processing,

and more particularly to semiconductor processing which may be performed at low

temperatures.
I1. Description of the related art.

In the field of semiconductor processing, there have been several attempts
to use lasers to convert thin amorphous silicon films into polycrystalline films. For
example, in James Im et al., “Crystalline Si Films for Integrated Active-Matrix Liquid-
Crystal Displays,” 11 MRS Bullitin 39 (1996), an overview of conventional excimer laser
annealing technology is presented. In such a system, an excimer laser beam 1s shaped
into a long beam which is typically up to 30 cm long and 500 micrometers or greater 1n
width. The shaped beam is scanned over a sample of amorphous silicon to tfacilitate
melting thereof and the formation of polycrystalline silicon upon resohditication of the
sample.

The use of conventional excimer laser annealing technology to generate
polycrystalline silicon is problematic for several reasons. First, the polycrystalline
silicon generated in the process is typically small grained, of a random microstructure,
and having a nonuniform grain sizes, therefore resulting in poor and nonuniform devices
and accordingly, low manufacturing yield. Second, in order to obtain acceptable
performance levels, the manufacturing throughput for producing polycrystalline silicon
must be kept low. Also, the process generally requires a controlled atmosphere and

preheating of the amorphous silicon sample, which leads to a reduction 1n throughput
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rates. Accordingly, there exists a need in the field to generate higher quality
polycrystalline silicon at greater throughput rates. There likewise exists a need for
manufacturing techniques which generate larger and more uniformly microstructured

polycrystalline silicon thin films to be used in the fabrication of higher quality devices,

such as flat panel displays.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide techniques for producing
uniform large-grained and grain boundary location controlled polycrystalline thin film
semiconductors using the sequential lateral solidification process.

A further object of the present invention is to form large-grained and grain
boundary location manipulated polycrystalline silicon over substantially the entire
semiconductor sample.

Yet another object of the present invention 1s to provide techniques for the
fabrication of semiconductors devices useful for fabricating displays and other products
where the predominant orientation of the semiconductor grain boundaries may be
controllably aligned or misaligned with respect to the current flow direction of the
device.

In order to achieve these objectives as well as others that will become
apparent with reference to the following specification, the present invention provides
methods for processing an amorphous silicon thin film sample 1nto a polycrystalline
silicon thin film are disclosed. In one preferred arrangement, a method includes the steps
of generating a sequence of excimer laser pulses, controllably modulating each excimer
laser pulse 1n the sequence to a predetermined fluence, homoginizing each modulated
laser pulse 1n the sequence in a predetermined plane, masking portions of each
homoginized fluence controlled laser pulse in the sequence with a two dimensional
pattern of slits to generate a sequence of fluence controlled pulses of line patterned
beamlets, each slit in the pattern of slits being sufficiently narrow to prevent inducement
of significant nucleation in region of a silicon thin film sample irradiated by a beamlet
corresponding to the slit, irradiating an amorphous silicon thin film sample with the

sequence of fluence controlled slit patterned beamlets to effect melting of portions
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thereof corresponding to each fluence controlled patterned beamlet pulse in the sequence
of pulses of patterned beamlets, and controllably sequentially translating a relative
position of the sample with respect to each of the fluence controlled pulse of slit
patterned beamlets to thereby process the amorphous silicon thin film sample into a
single or polycrystalline silicon thin film.

In a preferred arrangement, the masking step includes masking portions
of each homoginized fluence controlled laser pulse in said sequence with a two
dimensional pattern of substantially parallel straight slits spaced a predetermined distance
apart and linearly extending parallel to one direction of said plane of homoginization to
generate a sequence of fluence controlled pulses of slit patterned beamlets.
Advantageously, the translating provides for controllably sequentially translating the
relative position of the sample in a direction perpendicular to each of the fluence
controlled pulse of slit patterned beamlets over substantially the predetermined slit
spacing distance, to the to thereby process the amorphous silicon thin film sample into
polycrystalline silicon thin film having long grained, directionally controlled crystals.

In an especially preterred arrangement, the masking step comprises
masking portions of each homoginized fluence controlled laser pulse in the sequence
with a two dimensional pattern of substantially parallel straight slits of a predetermined
width, spaced a predetermined distance being less than the predetermined width apart,
and linearly extending parallel to one direction of the plane of homoginization to generate
a sequence of fluence controlled pulses of slit patterned beamlets. In this arrangement,
translating step comprises translating by a distance less than the predetermined width the
relative position of the sample in a direction perpendicular to each of the fluence
controlled pulse of slit patterned beamlets, to the to thereby process the amorphous
silicon thin film sample into polycrystalline silicon thin film having long grained,
directionally controlled crystals using just two laser pulses. In one exemplary
embodiment, the predetermined width 1s approximately 4 micrometers, the
predetermined spacing distance i1s approximately 2 micrometers, and the translating
distance 1s approximately 3 micrometers.

In an alternative preferred arrangement, the masking step comprises

masking portions of each homoginized fluence controlled laser pulse in the sequence
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with a two dimensional pattern of substantially parallel straight slits spaced a
predetermined distance apart and linearly extending at substantially 45 degree angle with
respect to one direction of the plane of homoginization to generate a sequence of fluence
controlled pulses of slit patterned beamlets. In this arrangement, the translating step
provides for controllably sequentially translating the relative position of the sample in a
direction parallel to the one direction of the plane of homoginization over substantially
the predetermined slit distance, to thereby process the amorphous silicon thin film sample
into polycrystalline silicon thin film having long grained, directionally controlled crystals
that are disoriented with respect to the XY axis of the thin silicon film.

In yetanother preferred arrangement, the masking step comprises masking
portions of each homoginized fluence controlled laser pulse in the sequence with a two
dimensional pattern of intersecting straight slits, a first group of straight slits being
spaced a first predetermined apart and linearly extending at substantially 45 degree angle
with respect to a first direction of the p.lane of homoginization, and a second group of
straight slits being spaced a second predetermined distance apart and linearly extending
at substantially 45 degree angle with respect to a second direction of the plane of
homoginization and intersecting the first group at substantially a 90 degree angle, to
generate a sequence of fluence controlled pulses of slit patterned beamiets. The
corresponding translating step provides for controllably sequentially translating the
relative position of the sample in a direction parallel to the first direction of the plane of
homoginization over substantially the first predetermined slit spacing distance, to thereby
process the amorphous silicon thin film sample into polycrystalline silicon thin film
having large diamond shaped crystals.

In still another alternative arrangement, the masking step comprises
masking portions of each homoginized fluence controlled laser pulse in the sequence

with a two dimensional pattern of sawtooth shaped slits spaced a predetermined distance
apart and extending generally parallel to one direction of the plane of homoginization to
generate a sequence of tluence controlled pulses of slit patterned beamlets. In this
arrangement, the translating step provides for controllably sequentially translating the

relative position of the sample in a direction perpendicular to each of the fluence

controlled pulse of slit patterned beamlets over substantially the predetermined slit
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spacing distance, to thereby process the amorphous silicon

thin film sample into polycrystalline silicon thin film

having large hexagonal crystals.

In a modified arrangement, an alternative

technique for processing an amorphous silicon thin film

sample i1nto a polycrystalline silicon thin film using a

polka-dot pattern 1s provided. The technique includes

P

generating a sequence of excimer laser pulses, homogenizing

cach laser pulse 1n the sequence in a predetermined plane,

masking portions of each homogenized laser pulse in the

pr—

sequence with a two dimensional pattern of substantially

opaque dots to generate a sequence of pulses of dot

patterned beamlets, 1rradiating an amorphous silicon thin

film sample with the sequence of dot patterned beamlets to

F

fect melting of portions thereof corresponding to each dot

T
—

e ]

¢

gro—
amad

patterned beamlet pulse in the sequence of pulses of

patterned beamlets, and controllably sequentially

P

translating the sample relative to each of the pulses of dot

patterned beamlets by alternating a translation direction in

two perpendicular axls and 1n a distance less than the super

lateral grown distance for the sample, to thereby process

the amorphous silicon thin film sample into a

polycrystalline silicon thin film.

e

Accordlng to one aspect of the present invention,

Chere 1s provided a method for processing an amorphous

silicon thin film sample into a polycrystalline silicon thin

F
—

film, comprising the steps of: (a) generating a sequence of

excimer laser pulses; (b) controllably modulating each

excimer laser pulse in said sequence to a predetermined

fluence; (c) homogenizing each modulated laser pulse 1n said

g

sequence 1n a predetermined plane; (d) masking portions of

cach homogenized fluence controlled laser pulse in said
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sequence with a two dimensional pattern of slits to generate

#
p—

a sequence of fluence controlled pulses of line patterned

beamlets, each slit 1n

—
—

sufficiently narrow to

nucleation 1in a region

said pattern of slits being

P

prevent i1nducement of significant

g

of a silicon thin film sample

lrradlated by a beamlet corresponding to said slit;

(e) 1lrradiating an amorphous silicon thin film sample with

P
p——

sald sequence O:

fluence controlled slit patterned beamlets

to effect melting of portions thereof corresponding to each

fluence controlled patterned beamlet pulse 1in said sequence

of pulses of patterned

beamlets; and (f) controllably

—

sequentially translating a relative position of said sample

F

with respect to each of said fluence controlled pulse of

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein step (b) is performed in

P

real-time during at least one of step (e) and step (f).

According to

another aspect of the present

1nvention, there is provided a method for processing an

amorphous silicon thin

film sample into a polycrystalline

silicon thin film, comprising the steps of: (a) generating a

P

sequence of excimer laser pulses; (b) controllably

modulating each excilmer laser pulse 1n said sequence to a

predetermined fluence;

pulse 1n said sequence

P

(c) homogenizing each modulated laser

1n a predetermined plane; (d) masking

portions of each homogenized fluence controlled laser pulse

1n sald sequence with a two dimensional pattern of slits to

generate a sequence ot

F

fluence controlled pulses of line

pr—

patterned beamlets, each slit in said pattern of slits being

sufficiently narrow to

nucleation in a region

prevent 1nducement of significant

*

of a silicon thin film sample

irradiated by a beamlet corresponding to said slit;

(e) 1rradiating an amorphous silicon thin film sample with

r—
p—

sald sequence of fluence controlled slit patterned beamlets
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—

TO e:

fect melting of portions thereof corresponding to each

fluence controlled patterned beamlet pulse 1n sald seguence

of pulses of patterned beamlets; and (f) controllably

ﬁ

sequentially translating a relative position of said sample

wlith respect to each of said fluence controlled pulse of

pr—
p—

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein: (a) said masking step

comprises maskiling portions of each homogenized

controlled laser pulse 1n said seguence with a

r—

tluence

TWO

dimensional pattern of substantially parallel straight slits

of a predetermined width, spaced a predetermined distance

peing less than said predetermined width apart,

extending parallel to one direction of said plane of

e
—

and linearly

homogenization to generate a sequence of fluence controlled

pulses of slit patterned beamlets; and (b) said translating

step comprises translating by a distance less than said

ﬁ

o=

predetermined width of said relative position of said sample

1n a direction perpendicular to each of said fluence

P

controlled pulse of slit patterned beamlets, to thereby

process sald amorphous silicon thin film sample into a

polycrystalline silicon thin film having long grained,

directionally controlled crystals using two laser pulses.

According to still another aspect of

the present

lnvention, there 1s provided a method for processing an

amorphous silicon thin film sample into a polycrystalline

—
-

sillcon thin film, comprising the steps of: (a)

ﬁ

generating a

sequence of exclimer laser pulses; (b) controllably

modulating each excimer laser pulse in saild sequence to a

predetermined fluence; (c) homogenizing each modulated laser

pulse 1n said sequence 1n a predetermined plane; (d) masking

portions of each homogenized fluence controlled laser pulse

F

1n said sequence with a two dimensional pattern of slits to

ﬁ
p—

generate a sequence of fluence controlled pulses of line
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F

patterned beamlets, each slit 1n saild pattern of slits being

r—

sufficiently narrow to prevent 1nducement of significant

F

nucleation 1n a region of a silicon thin film sample

lrradiated by a beamlet corresponding to said slit;

(e) 1rradiating an amorphous silicon thin film sample with

J—
p——

sald sequence of fluence controlled slit patterned beamlets

#

to effect melting of portions thereof corresponding to each

tluence controlled patterned beamlet pulse 1n sald sequence

of pulses of patterned beamlets; and (f) controllably

-

sequentially translating a relative position of said sample

wlth respect to each of said fluence controlled pulse of

ety
—

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein said masking step

comprises masking portions of each homogenized fluence

controlled laser pulse 1n sald sequence with a two

dimensional pattern of substantially parallel straight slits

spaced a predetermined distance apart and linearly extending

at substantially a 45 degree angle with respect to one

direction of said plane of homogenization to generate a

-

sequence of fluence controlled pulses of slit patterned

beamlets.

b

According to yet another aspect o

= the present

invention, there 1s provided a method for processing an

amorphous silicon thin film sample into a polycrystalline

—
p—

silicon thin film, comprising the steps of:

F

(a) generating a

sequence of excimer laser pulses; (b) controllably

modulating each excimer laser pulse in said

sequence to a

predetermined fluence; (c) homogenizing each modulated laser

pulse 1n said sequence 1n a predetermined plane; (d) masking

F

portions of each homogenized fluence controlled laser pulse

P

1n salid sequence with a two dimensional pattern of slits to

—
e

P

generate a sequence of fluence controlled pulses of line

patterned beamlets, each slit in said pattern of slits being
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sufficiently narrow to prevent inducement of significant

ﬁ

nucleation 1n a region of a silicon thin film sample

lrradlated by a beamlet corresponding to said slit;

(e) 1rradilating an amorphous silicon thin film sample with

pp—
e

sald sequence of fluence controlled slit patterned beamlets

—

to effect melting of portions thereof correspondling to each

fluence controlled patterned beamlet pulse 1n said seqguence

ﬁ

of pulses of patterned beamlets; and (f) controllably

sequentially translating a relative position of said sample

P

with respect to each of said fluence controlled pulse of

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein: (a) saild masking step

comprises masking portions of each homogenized fluence

controlled laser pulse 1n sald sequence with a two

pr——

dimensional pattern of substantially parallel straight slits

of a predetermined width, spaced a predetermined distance
peing less than said predetermined width apart, and linearly
extending at substantially a 45 degree angle with respect to

yr— v

one direction of said plane of homogenization to generate a

sequence of fluence controlled pulses of slit patterned
peamlets; and (b) said translating step comprises
translating by a distance less than said predetermined width

P

sald relative position of said sample in a direction

parallel to said one direction of said plane of

homogenlzation, to thereby process said amorphous silicon

thin film sample into a polycrystalline silicon thin film

having long grained, directionally controlled crystals that

F

are disoriliented with respect to the XY axis of the thin

silicon film using two laser pulses.

F

According to a further aspect of the present

invention, there 1s provided a method for processing an

amorpnhous silicon thin film sample into a polycrystalline

silicon thin film, comprising the steps of: (a) generating a
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sequence of excimer laser pulses; (b) controllably

modulating each excimer laser pulse 1n said seguence to a

predetermined fluence; (c¢) homogenizing each modulated laser

pulse 1n sald sequence 1n a predetermined plane; (d) masking

—

portions of each homogenized fluence controlled laser pulse

1n sald sequence with a two dimensional pattern of slits to

— p—
p—

generate a sequence of fluence controlled pulses of line

Jr—

patterned beamlets, each slit 1n saild pattern of slits being

F

sufficlently narrow to prevent inducement of significant

pr—-

nucleation 1n a region of a silicon thin film sample

irradiated by a beamlet corresponding to said slit;

(e) 1lrradiating an amorphous silicon thin film sample with

P

sald sequence of

N

fluence controlled slit patterned beamlets

to effect melting of portions thereof corresponding to each

fluence controlled patterned beamlet pulse in said sequence

F F

of pulses of patterned beamlets; and (f) controllably

P

sequentlially translating a relative position of said sample

r—

with respect to each of said fluence controlled pulse of

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein said masking step

P

comprises masking portions of each homogenized fluence

controlled laser pulse 1n said sequence with a two

dimensional pattern of intersecting straight slits, a first

group of straight slits being spaced a first predetermined

distance apart and linearly extending at substantially a 45

—

degree angle with respect to a first direction of said plane

of homogenization, and a second group of straight slits
being spaced a second predetermined distance apart and

linearly extending at substantially a 45 degree angle with

respect to a second direction of said plane of

homogenization and intersecting said first group at

i}

substantially a 90 degree angle, to generate a sequence of

ﬁ

fluence controlled pulses of slit patterned beamlets.
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P

According to‘yet a further aspect of the present

invention, there 1s provided a method for processing an

amorphous silicon thin film sample into a polycrystalline

silicon thin film, comprising the steps of: (a) generating a

sequence of excimer laser pulses; (b) controllably

modulating each excimer laser pulse in said seguence to a

predetermined fluence; (c) homogenizing each modulated laser

pulse 1n saild sequence 1in a predetermined plane; (d) masking

portions of each homogenized fluence controlled laser pulse

P

1n said sequence with a two dimensional pattern of slits to

ﬁ
p—

generate a sequence of fluence controlled pulses of line

P

patterned peamlets, each slit in said pattern of slits being

P

sufficiently narrow to prevent inducement of significant

P

nucleation in a region of a silicon thin film sample

lrradiated by a beamlet corresponding to said slit;

(e) 1lrradiating an amorphous silicon thin film sample with

sald sequence of fluence controlled slit patterned beamlets

P

Lo effect melting of portions thereof corresponding to each

fluence controlled patterned beamlet pulse in said sequence

of pulses of patterned beamlets; and (f) controllably

pr—

sequentially translating a relative position of said sample

S~

with respect to each of said fluence controlled pulse of

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein said masking step

comprises masking portions of each homogenized fluence

controlled laser pulse in said sequence with a two

dimensional pattern of sawtooth shaped slits spaced a

predetermined distance apart and extending generally

— o

parallel to one direction of said plane of homogenization to

a= =

generate a sequence of fluence controlled pulses of slit

patterned beamlets.

P

Accoraing to still a further aspect of the present

invention, there is provided a method for processing an
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amorphous silicon thin film sample 1into a polycrystalline

p—

silicon thin film, comprising the steps of: (a) generating a

sequence of excimer laser pulses; (b) homogenizing each

laser pulse 1n saild sequence 1n a predetermined plane;

P

(c) maskling portions of each homogenized laser pulse in said

F

sequence wlith a two dimensional pattern of substantially

#

opaque dots to generate a sequence of pulses of dot

patterned beamlets; (d) 1rradiating an amorphous silicon

F

thin film sample with a particular beam pulse of said

sequence of dot patterned beamlets having a predetermined

ﬁ P

size to effect melting of portions of the thin film sample

F

at first locations thereof such that the melted portions at

P
=

the first locations thereafter solidify; (e) controllably

F
——

sequentially translating said sample relative to each of

—

sald pulses of dot patterned beamlets by alternating a

Ctranslation direction in two perpendicular axes and in a

distance less than the super lateral grown distance for said

sample to reach the second location; and (f) at the second

P

location, 1irradiating said portions of the irradiated and

pr—

solidified sample with a subsequent beam pulse of said

F

sequence of beam pulses which i1nclude said dot patterned

—
ju

peamlets having the predetermined size to effect further

Gl -
—

melting of said portions thereof.

According to another aspect of the present

1nvention, there 1s provided a method for processing an

amorpnous silicon thin film sample into a polycrystalline

silicon thin film, comprising the steps of: (a) generating a

pr—

sequence of excimer laser pulses; (b) controllably

modulating each excimer laser pulse in said sequence to a

predetermined fluence; (c) homogenizing each modulated laser

pulse 1n saild sequence in a predetermined plane; (d) masking

F

portions of each homogenized fluence controlled laser pulse

p—

1n said sequence with a two dimensional pattern of slits to
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gr—
prere

generate a sequence of fluence controlled pulses of line

ﬁ

patterned beamlets, each slit 1in said pattern of slits being

g~

sufficiently narrow to prevent inducement of significant

ﬁ

nucleation 1n a region of a silicon thin film sample

1rradiated by a beamlet corresponding to said slit;

(e) irradiating an amorphous silicon thin film sample with

sald sequence of

fluence controlled slit patterned beamlets

P

to effect melting of portions thereof corresponding to each

tluence controlled patterned beamlet pulse 1n said sequence

of pulses of patterned beamlets; and (f) controllably

F

sequentially translating a relative position of said sample

with respect to each of said fluence controlled pulse of

slit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherelin each excimer laser pulse

1s controllably modulated 1n said seguence based on

ﬁ

dimensions of said slits.

P

According to yet another aspect of the present

1nvention, there 1s provided a method for processing an

amorphous silicon thin film sample into a polycrystalline

silicon thin film, comprising the steps of: (a) generating a

F

sequence of excimer laser pulses; (b) controllably

modulating each excimer laser pulse in said sequence to a

predetermined fluence; (c) homogenizing each modulated laser

pulse 1n sald sequence 1n a predetermined plane; (d) masking

=

portions of each homogenized fluence controlled laser pulse

1n said sequence with a two dimensional pattern of slits to

F

generate a seqguence of fluence controlled pulses of line

P

patterned beamlets, each slit 1n said pattern of slits being

P

sufficliently narrow to prevent inducement of significant

nucleation 1n a region of a silicon thin film sample

1rradiated by a beamlet corresponding to said slit;

(e) 1lrradiating an amorphous silicon thin film sample with

—
=

sald sequence of

fluence controlled slit patterned beamlets
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Jr—

to effect melting of portions thereof corresponding to each

fluence controlled patterned beamlet pulse in said sequence

ot pulses of patterned beamlets; and (f) controllably

gri=—

sequentlally translating a relative position of said sample

r—

wilth respect to each of said fluence controlled pulse of

'
—

sllit patterned beamlets to thereby process said amorphous

silicon thin film sample, wherein, after step (e), each of

—

—
s

the i1rradlated portions of said sample includes a respective

molten zone, and wherein a lateral grain growth is

p—

effectuated 1n each of said respective molten zones, and

wherein said relative position of said sample is

sequentially translated with respect to each of said fluence

controlled pulse of said slit patterned beamlets

for a

distance which 1s greater than said lateral grain growth and

smaller than said respective molten zone.

gy

According to yet another aspect of the present

invention, there 1is provided a method for processing an

amorphous silicon thin film sample into a polycrystalline

silicon thin film, comprising the steps of: (a) generating a

sequence of excimer laser pulses; (b) masking portions o:

F

cach laser pulse 1n the sequence with a predefined pattern

of openings 1n a mask having openings to generate a sequence

F '

of pulses of beamlets the shape of which at least partially

F

corresponds to the shape of the predefined pattern;

(c) irradiating the thin film sample with the sequence of

ﬁp
p—

pulses of the beamlets having a predetermined size to effect

pr——

melting of first portions of the thin film sample

ﬁ

corresponding to the shape of the predefined pattern of the

openings 1n the mask; (d) based on dimensions of the

openings of the mask, translating at least one o:

P

film sample and the excimer laser pulses relative

ﬁ

other one of the thin film sample and the excimer

pulse so as to reach a further location; and (e)

the thin
to the

laser

—

alfter
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F

step (d), 1rradiliating second portions of the thin film

sample whilich correspond to sections of the further location

P

using the sequence of pulses so as to at least partially

melt the second portions, wherein the second portions

partially overlap the first portions.

F

According to yet another aspect of the present

invention, there 1s provided a method for processing a

silicon thin film sample, comprising the steps of:

(a) generating a sequence of excimer laser pulses;

g

(b) masking portions of each laser pulse 1in

F

said seqgquence

with a two dimensional pattern of substantially opague dots

F

to generate a sequence of pulses of dot patterned beamlets;

(Cc) 1lrradiating the thin film sample with a

—

partlicular pulse

of said sequence of laser pulses having substantially dot

P

P

patterned beamlets to effect melting of portions of the thin

F

film sample at first locatilons thereof such

that the melted

portions at the first locations thereafter solidify;

(d) controllably translating the thin film sample relative

# P

to each of the pulses of dot patterned beamlets by a

distance which 1s less than a lateral grown

A

distance of

grains on the thin film sample; and (e) at the second

F

location, irradiating said portions of the irradiated and

——

solldifled sample with a subsequent pulse of said sequence

F

having the predetermined size to effect further melting of

"

sald portions thereof.

of beam pulses which 1nclude said dot patterned beamlets

i

According to yet another aspect of the present

invention, there 1s provided a method for processing a

silicon thin film sample, comprising the steps of:

P

F

(a) generating a sequence of excimer laser pulses;

P

() masking portions of each laser pulse in

P

saild seguence

with a two dimensional pattern of substantially opaque dots

F

LO generate a sequence of pulses of dot patterned beamlets,



10

15

20

25

CA 02385119 2009-01-30

17448-84

oK

F

the opaque dots preventing corresponding sections of each

laser pulse from passing therethrough, and to form at least

one masked laser pulse having dot patterned sections; and

(c) irradiating the thin film sample with the at least one

pr—e i -
=

masked laser pulse to effect melting of portions of the then

film sample thereof, wherein the dot patterned sections

—

correspond 1n shape to the dots of the mask, and do not

lrradiate the thin film sample.

The accompanyiling drawlngs, which are 1ncorporated

gpr—

and constitute part of this disclosure, 1llustrate a

Jr—

preferred embodiment of the i1nvention and serve to explailn

F

the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

S

Fig. 1 1s a functional diagram of a system for

performing the lateral solidification process preferred to

P

implement a preferred process of the present i1nvention;

Fig. 2a 1s an 1llustrative diagram showing a mask

having a dashed pattern;

P

Fi1g. 2b 1s an 1illustrative diagram of a

St | -

crystallized silicon film resulting from the use of the mask

o~

shown 1n Fig. 2a in the system of Fig. 1;

Fig. 3a 1s an 1llustrative diagram showling a mask

having a chevron pattern;

p—
p—

Fig. 3b 1s an 1llustrative diagram of a

crystallized silicon film resulting from the use of the mask

shown 1n Fig. 3a in the system of Fig. 1;

Fig. 4a is an 1llustrative diagram showing a mask

naving a line pattern;
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Fig. 4b 1s an illustrative diagram of a crystallized silicon fiim resulting
from the use of the mask shown in Fig. 4a in the system of Fig. 1;

Fig. 5a 1s an illustrative diagram showing irradiated areas of a silicon
sample using a mask having a line pattern;

Fig. 5b 1s an illustrative diagram showing irradiated areas of a silicon

sample using a mask having a line pattern after initial irradiation and sample translation

has occurred;

Fig. Sc1s an 1llustrative diagram showing a crystallized silicon film after

a second 1rradiation has occurred;

Fig. 6a1s an 1llustrative diagram showing a mask having a diagonal line

pattern;

Fig. 6b 1s an 1illustrative diagram of a crystallized silicon film resulting

from the use of the mask shown in Fig. 6a in the system of Fig. 1;

Fig. 7a 1s an 1illustrative diagram showing a mask having a sawtooth

pattern;

Fig. 7b 1s an 1llustrative diagram of a crystallized silicon film resulting

from the use of the mask shown 1n Fig. 7a in the system of Fig. 1;

Fig. 8a 1s an illustrative diagram showing a mask having a crossing

diagonal line pattern;
Fig. 8b 1s an illustrative diagram of a crystallized silicon film resuiting
from the use of the mask shown in Fig. 8a in the system of Fig. 1;

Fi1g. 9a 1s an illustrative diagram showing a mask having a polka-dot

pattern;

Fig. 9b 1s an instructive diagram illustrating mask translation using the

mask of Fig. 9a;

Fi1g. 9c¢ 1s an 1llustrative diagram of a crystallized silicon film resulting
from the use of the mask shown in Fig. 9a in the system of Fig. 1 using the mask
translation scheme shown in Fig. 9b;

Fig. 9d 1s an illustrative diagram of an alternative crystallized silicon film
resulting from the use of the mask shown in Fig. 9a in the system of Fig. 1 using the

mask translation scheme shown in Fig. 9b; and
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Fig. 10 1sa flow diagram illustrating the steps implemented in the system
of Fig. 1.
DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention provides techniques for producing uniform large-
grained and grain boundary location controlled polycrystalline thin film semiconductors

using the sequential lateral solidification process. In order to fully understand those
techniques, the sequential lateral solidification process must first be appreciated.

The sequential lateral solidification process is a technique for producing
large grained silicon structures through small-scale unidirectional translation of a silicon
sample in between sequential pulses emitted by an excimer laser. As each pulse is
absorbed by the sample, a small area of the sample is caused to melt completely and
resolidify laterally into a crystal region produced by the preceding pulses of a pulse set.

A particularly advantageous sequential lateral solidification process and
an apparatus to carry out that process are disclosed in our co-pending patent application
entitled “Systems and Methods using Sequential Lateral Solidification for Producing

Single or Polycrystalline Silicon Thin Films at Low Temperatures ,"

International Application No. PCT US/00/23668 published March 15, 2001 as WO 01/18855 filed concurrently

with the present application and assigned to the common assignee. While the foregoing disclosure is made with

reterence to the particular techniques described in our co-pending patent application, it

should be understood that other sequential' lateral solidification techniques could readily

be adapted for use in the present invention.
With reference to Fig.1, our co-pending patent application describes as a
preterred embodiment a system includingexcimer laser 110, energy density modulator

120 to rapidly change the energy density of laser beam 111, beam attenuator and shutter .-

130, optics 140, 141, 142 and 143, beam homogenizer 144, lens system 145, 146, 148,
masking system 150, lens system 161, 162, 163, incident laser pulse 164, thin silicon film
sample 170, sample translation stage 180, granite block 190, support system 191, 192,
193, 194, 195, 196, and managing computer 100 X and Y direction translation of the

silicon sample 170 may be effected by either movement of a mask 710 within masking
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system 150 or by movement of the sample translation stage 180 under the direction of

computer 100.

As described 1n further detaill in our co-pending application, an
amorphous silicon thin film sample 1s processed into a single or polycrystalline silicon
thin film by generating a plurality of excimer laser pulses of a predetermined fluence,
controllably modulating the fluence of the excimer laser pulses, homoginizing the
modulated laser pulses in a predetermined plane, masking portions of the homoginized
modulated laser pulses into patterned beamlets, irradiating an amorphous silicon thin film
sample with the patterned beamlets to effect melting of portions thereof corresponding
to the beamlets, and controllably translating the sample with respect to the patterned
beamlets and with respect to the controlled modulation to thereby process the amorphous
silicon thin film sample into a single or polycrystalline silicon thin film by sequential
translation of the sample relative to the patterned beamlets and irradiation of the sample
by patterned beamlets of varying tluence at corresponding sequential locations thereon.
The following embodiments of the present invention will now be described with
reterence to the foregoing processing technique.

Reterring to Figs. 2a and b, a first embodiment of the present invention
will now be described. Fig. 2a illustrates a mask 210 incorporating a pattern of slits 220.
The mask 210 1s preferably fabricated from a quartz substrate, and includes either a
metallic or dielectric coating which is etched by conventional techniques to form a mask
pattern, such as that shown in Fig.2a. Each slit 220 is of a breadth 230 which 1s chosen
in accordance with the necessary dimensionality of the device that will be fabricated on
the sample 170 1n the particular location that corresponds to the slit 220. For
example, the shits 220 should be approximately 25 micrometers across to fabricate a 25
micrometer semiconductor device, or in the case of a multi-part device, a channel in a
device, in sample 170. The width 240 of the slit 220 is preferably between
approximately two and five micrometers in order to be small enough to avoid nucleation
in sample 170 and large enough to maximize lateral crystal growth for each excimer
pulse. It should be understood that although Fig. 2a illustrates a regular pattern of slits

220, any pattern of slits could be utilized in accordance with the microstructures desired

to be fabricated on film 170.
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In accordance with the present invention, the sample 170 1s translated with
respect to the laser pulses 164, either by movement of masking system 150 or sample
translation stage 180, in order to grow crystal regions in the sample 170. When the
sample 170 1s translated in the Y direction and mask 210 is used in masking system 150,
a processed sample 250 having crystallized regions 260 is produced, as shown in Fig. 2b.
The breadth 270 of each crystallized region will be approximately equal to the breadth
230 1n the mask 210. The length 280 of each region will be approximately equal to the
distance of Y translation effected by movement of the masking system 150 or translation
stage 180, and as with the breadth, should be chosen in accordance with the final device
characteristics. Each crystal region 260 will consist of polysilicon with long and
directionally controlled grains.

Reterring next to Figs. 3a and b, a second embodiment of the present
invention will now be described. Fig. 3a illustrates a mask 310 incorporating a pattern
of chevrons 320. The breadth 320 of each chevron side will determine the size of the
ultimate single crystal region to be formed in sample 170. When the sample 170 is
translated 1n the Y direction and mask 310 is used in masking system 150, a processed
sample 350 having crystallized regions 360 is produced, as shown in Fig. 3b. Each
crystal region 360 will consist of a diamond shaped single crystal region 370 and two
long grained, directionally controlled polycrystalline silicon regions 380 in the tails of
each chevron.

While the embodiments described with reference to Figs. 2 and 3 are
advantageous to generate spatially separated devices on silicon sample 170, at least some
of the stlicon sample 170 is not utilized in the final semiconductor. In order to facilitate
a more flexible configuration of devices that can be developed on the semiconductor
sample 170, the following preferred embodiments will now be described.

Referring to Figs. 4a and b, a third embodiment of the present invention
will now be described. Fig. 4a illustrates a mask 410 incorporating a pattern of slits 410.
Each slit 410 should extend as far across on the mask as the homogenized laser beam 149
incident on the mask permits, and must have a width 440 that is sufficiently narrow to

prevent any nucleation from taking place in the irradiated region of sample 170. The

width 440 will depend on a number of factors, including the energy density of the
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incident laser pulse, the duration of the incident laser pulse, the thickness of the silicon
thin film sample, and the temperature and conductivity of the silicon substrate. For
example, the slit should not be more than 2 micrometers wide when a 500 Angstrom film
1s to be 1rradiated at room temperature with a laser pulse of 30 ns and having an energy
density that slightly exceeds the complete melt threshold of the sample.

When the sample 170 is translated in the Y direction and mask 410 is
used in masking system 150, a processed sample 450 having crystallized regions 460 is
produced, as shown in Fig. 4b. Each crystal region 460 will consist of long grained,
directionally controlled crystals 470. Depending on the periodicity 421 of the masking
slits 420 1n sample 410, the length of the grains 470 will be longer or shorter. In order
to prevent amorphous silicon regions from being left on sample 170, the Y translation
distance must be at least as long as the distance 421 between mask lines, and it is
preferred that the translation be at least one micron greater than this distance 421 to

eliminate small crystals that inevitably form at the initial stage of a directionally

controlled polycrystalline structure.

An especially preterred technique using a mask having a pattern of lines
will next be described. Using a mask as shown in Fig. 4a where closely packed mask
lines 420 having a width 440 of 4 micrometers are each spaced 2 micrometers apart, the
sample 170 1s irradiated with one laser pulse. As shown in Fig. 5a, the laser pulse will
melt regions 510, 511, 512 on the sample, where each melt region is approximately 4
micrometers wide 520 and is spaced approximately 2 micrometers apart 521. This first
laser pulse will induce the formation of crystal growth in the irradiated regions 510, 511,
512, starting from the melt boundaries 530 and proceeding into the melt region, so that
polycrystalline silicon 540 forms in the irradiated regions, as shown in Fig. 5b.

In order to eliminate the numerous small initial crystals 541 that form at
the melt boundaries 530, the sample 170 is translated three micrometers in the Y
direction and again irradiated with a single excimer laser pulse. The second irradiation
regions 551, 552, 553 cause the remaining amorphous silicon 542 and initial crystal
regions 543 of the polycrystalline silicon 540 to melt, while leaving the central section

545 of the polycrystalline silicon to remain. As shown in Fig. 5c, the crystal structure

which forms the central section 545 outwardly grows upon solidification of melted
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regions 542, 542, so that a directionally controlled long grained polycrystalline silicon
device 1s formed on sample 170.

Reterring to Figs. 6a and b, a fourth embodiment of the present invention
will now be described. Fig. 6a illustrates a mask 610 incorporating a pattern of diagonal
lines 620. When the sample 170 is translated in the Y direction and mask 610 is used
In masking system 150, a processed sample 650 having crystallized regions 660 is
produced, as shown in Fig. 6b. Each crystal region 660 will consist of long grained,
directionally controlled crystals 670.

' As with the embodiment described above with respect to Figs 4a and b,
the translation distance will depend on the desired crystal length. Also, the process
described with reference to Figs. 5a - ¢ could readily be employed using a mask as shown
in Fig. 6a, having 4 micrometer wide lines 620 that are each spaced apart by 2
micrometers. This embodiment is especially advantageous in the fabrication of displays
or other devices that are oriented with respect to an XY axis, as the polycrystalline
structure 1s not orthogonal to that axis and accordingly, the device performance will be
independent of the X or Y coordinates.

Referring next to Figs. 7a and b, a fifth embodiment of the present
invention will now be described. Fig. 7a illustrates a mask 710 incorporating offset
sawtooth wave patterns 720, 721. When the sample 170 is translated in the Y direction
and mask 710 1s used in masking system 150, a processed sample 750 having crystallized
regions 760 1s produced, as shown in Fig. 7b. Each crystal region 760 will consist of a
row of hexagonal-rectangular crystals 770. If the translation distance is slightly greater
than the periodicity of the sawtooth pattern, the crystals will be hexagons. This

embodiment 1s beneficial in the generation of larger silicon grains and may increase
device performance.

Reterring next to Figs. 8a and b, a sixth embodiment of the present
invention will now be described. Fig. 8a illustrates a mask 810 incorporating a diagonal
cross pattern 821, 822. When the sample 170 is translated in the Y direction and mask
810 1s used 1n masking system 150, a processed sample 850 having crystallized regions
860 1s produced, as shown 1n Fig. 8b. Each crystal region 860 will consist of a row of

diamond shaped crystals 870. If the translation distance is slightly greater than the
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periodicity of the pattern, the crystals will be squares. This embodiment is also
beneficial in the generation of larger silicon grains and may increase device performance.

Reterring next to Figs. 9a-d, a seventh embodiment of the present
invention will now be described. Fig. 9a illustrates a mask 910 incorporating a polka-
dot pattern 920. The polka-dot mask 910 is an inverted mask, where the polka-dots 920
correspond to masked regions and the remainder of the mask 921 1s transparent. In order
to tabricate large silicon crystals, the polka-dot pattern may be sequentially translated
about the points on the sample 170 where such crystals are desired. For example, as
shown 1n Fig. 9b, the polka-dot mask may be translated 931 a short distance in the
positive Y direction after a first laser pulse, a short distance in the positive X direction
932 after a second laser pulse, and a short distance in the negative Y direction 933 after
a third laser pulse to induce the formation of large crystals. If the separation distance
between polka-dots is greater than two times the lateral growth distance, a crystalline
structure 950 where crystals 960 separated by small grained polycrystalline silicon
regions 961 1s generated, as shown in Fig. 9c. If the separation distance is less or equal
to two times the lateral growth distance so as to avoid nucleation, a crystalline structure
970 where crystals 980 are generated, as shown in Fig. 9d.

Referring next to Fig. 10, the steps executed by computer 100 to control
the crystal growth process implemented with respect to Fig. 9 will be described. Fig. 10
1s a flow diagram 1llustrating the basic steps implemented in the system of Fig. 1. The
various electronics of the system shown in Fig. 1 are initialized 1000 by the computer to
initiate the process. A thin silicon film sampie is then loaded onto the sample translation
stage 1005. It should be noted that such loading may be either manual or robotically
implemented under the control of computer 100. Next, the sample translation stage is
moved into an 1mitial position 1015, which may include an alignment with respect to
reference features on the sample. The various optical components of the system are
focused 1020 if necessary. The laser is then stabilized 1025 to a desired energy level and
reputation rate, as needed to fully melt the silicon sample 1n accordance with the

particular processing to be carried out. If necessary, the attenuation of the laser pulses

1s finely adjusted 1030.
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Next, the shutter 1s opened 1035 to expose the sample to a single pulse of
irradiation and accordingly, to commence the sequential lateral solidification process.
The sample 1s translated in the X or Y directions 1040 in an amount less than the super
lateral grown distance. The shutter 1s again opened 1045 to expose the sample to a single
pulse of 1rradiation, and the sample 1s again translated in the X or Y directions 1050 in
an amount less than the super lateral growth distance. Of course, 1f the sample was
moved 1n the X direction in step 1040, the sample should be moved in the Y direction in
Step 1050 1n order to create a polka-dot. The sample is then irradiated with a third laser
pulse 1055. The process of sample translation and irradiation 1050, 1055 may be
repeated 1060 to grow the polka-dot region with four or more laser pulses.

Next, if other areas on the sample have been designated for crystallization,
the sample 1s repositioned 1065, 1066 and the crystallization process 1s repeated on the
new area. If no further areas have been designated for crystallization, the laser is shut off
1070, the hardware 1s shut down 1075, and the process 1s completed 1080. Of course,
if processing of additional samples is desired or if the present invention 1s utilized for
batch processing, steps 1005, 1010, and 1035 - 1065 can be repeated on each sample.

The foregoing merely illustrates the principles of the invention. Various
modifications and alterations to the described embodiments will be apparent to those
skilled 1n the art 1n view of the teachings herein. For example, the thin silicon film
sample 170 could be replaced by a sample having pre-patterned 1slands of silicon film.
Also, the line pattern mask could be used to grow polycrystalline silicon using two laser
pulses as explained with reference to Figs. 5a-c, then rotated by 90 degrees and used
again 1n the same process to generate an array of square shaped single crystal silicon. It
will thus be appreciated that those skilled in the art will be able to devise numerous
systems and methods which, although not explicitly shown or described herein, embody

the principles of the invention and are thus within the spirit and scope of the invention.
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CLAIMS:
1. A method for processing an amorphous silicon thin

film,

film sample into a polycrystalline silicon thin

ﬁ
—

comprlsing the steps of:

5 (a) generating a sequence of excimer laser pulses;

(b) controllably modulating each excimer laser

fluence;

pulse 1in sald sequence to a predetermined

(c) homogenizing each modulated laser pulse 1n

sald sequence 1in a predetermined plane;

10 (d) masking portions of each homogenized fluence

controlled laser pulse 1n saild sequence with a two

dimensional pattern of slits to generate a sequence of

fluence controlled pulses of line patterned beamlets,

slit in sald pattern of slits beling sufficiently narrow to

"1cant nucleation 1n a region of

each

P

15 prevent inducement of signi:
f11lm sample 1rradiated by a beamlet

a silicon thin

corresponding to said slit;

(e) irradiating an amorphous silicon thin film

sample with said sequence of fluence controlled slit

20 patterned beamlets to effect melting of portions thereo:

" luence controlled patterned beamlet

pulse 1n saild sequence of pulses of patterned beamlets; and

F
s
h—

corresponding to each

(f) controllably sequentially translating a

relative position of sald sample with respect to each of

25 saild fluence controlled pulse of slit patterned beamlets to

film sample,

thereby process said amorphous silicon thin

whereln step (b) 1s performed 1n real-time during

at least one of step (e) and step (f).
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2. The method of claim 1, wherein said masking step

comprlises masking portions of each homogenizing fluence
controlled laser pulse 1n sailid sequence with a two
dimensional pattern of substantially parallel straight slits
spaced a predetermined distance apart and linearly extending

parallel to one direction of said plane of homogenization to

generate a sequence of fluence controlled pulses of slit

patterned beamlets.

3. The method of claim 2, wherein said translating
step comprises controllably sequentially translating said

relative position of said sample 1n a direction

perpendicular to each of said fluence controlled pulse of
slit patterned beamlets over substantially said

predetermined slit spacing distance, to thereby process said

amorphous silicon thin film sample into a polycrystalline

silicon thin film having long grained, directionally

controlled crystals.

4 . The method of claim 1, wherein, after step (e},
cach of the 1rradiliated portions of said sample includes a
respective molten zone, and wherein a lateral grain growth

1s effectuated 1n each of said respective molten zones.

5. The method of claim 1, wherein said amorphous

silicon thin film sample is processed into at least one of a

single crystalline silicon thin film and a polycrystalline

silicon thin film.

o . A method for processing an amorphous silicon thin

f1lm sample 1nto a polycrystalline silicon thin film,

comprising the steps of:

(a) generating a sequence of excimer laser pulses;
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(b) controllably modulating each excimer laser

pulse in said sequence to a predetermined

(c) homogenizing each modulated

sald sequence 1n a predetermined plane;

fluence;

laser pulse 1n

(d) masking portions of each homogenized fluence

controlled laser pulse 1n sald sequence with a two

—

dimensional pattern of slits to generate a sequence of

P
—

fluence controlled pulses of line patterned beamlets, each

slit in said pattern of slits being sufficiently narrow to

F

prevent inducement of significant nucleation 1n a reglon oO:

t 1

a silicon thin film sample 1rradiated by a beamlet

corresponding to said slit;

1con thin film

(e) irradiating an amorphous sil

sample with said sequence of fluence controlled slit

ﬁ

patterned beamlets to effect melting of portions thereo:

=
-

corresponding to each fluence controlled patterned beamlet

pr— s

pulse 1n sald sequence o0f pulses 0of patterned beamlets; and

b

(f) controllably sequentially translating a

relative position of said sample with respect to each of

gr—

sald fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin

wherelin:

(a) sald masking step comprises

i

film sample,

masklng portions

of each homogenized fluence controlled laser pulse 1n said

ﬁ

seqgquence with a two dimensional pattern o:

ﬁ

- substantially

parallel straight slits of a predetermined width, spaced a

predetermined distance being less than sailid predetermined

width apart, and linearly extendling parallel to one

direction of said plane of homogenlzation

CO generate a

sequence of fluence controlled pulses of slit patterned

beamlets; and
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(b) sailid translating step comprises translating by

a distance less than said predetermined width o:

p—

relative position of sailid sample in a direction

perpendicular to each of said

fluence controlled pulse of

- saild

P
g

slit patterned beamlets, to thereby process salid amorphous

silicon thin film sample 1nto a polycrystalline silicon thin

film having long gralned, directionally controlled crystals

using two laser pulses.

7. The method of claim 6,

wherein said predetermined

width 1s 4 micrometers, sald predetermined spacling distance

1s 2 mlicrometers, and sald translating distance 1s 3

mlicrometers.

3 . A method for processing an amor;

film sample 1nto a polycrystalline silicon thin

F
—

comprising the steps of:

phous silicon thin

f11lm,

(a) generating a sequence of excimer laser pulses;

(b) controllably modulating each excimer laser

pulse 1n said sequence to a predetermined

fluence;

(c) homogenizing each modulated laser pulse 1n

sald sequence 1n a predetermined plane;

(d) masking portions of each homogenized fluence

controlled laser pulse 1n said sequence with a two

r—

dimensional pattern of slits to generate a sequence of

—
-

ftluence controlled pulses o:

R—

-

line patterned beamlets, each

P
—

slit 1n salid pattern of slits being sufficiently narrow to

ﬁ

prevent inducement of significant nucleation 1in a region of

a silicon thin film sample irradiated by a beamlet

corresponding to said slit;

(e) 1rradlating an amorphous silicon thin

N

sample with said sequence o:

fluence controlled

slit

film
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pane —
P—

patterned beamlets to effect melting of portions thereof

corresponding to each fluence controlled patterned beamlet

pulse in said sequence of pulses of patterned beamlets; and

(f) controllably sequentially translatling a

H
—

5 relative position of said sample with respect to each ot

F

sald fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin film sample,

wherein said masking step comprises masking

pr—

portions of each homogenized fluence controlled laser pulse

-

—

10 1in said seqguence with a two dimensional pattern o:

I

substantially parallel straight slits spaced a predetermined

distance apart and linearly extending at substantially a

g

45 degree angle with respect to one direction of said plane

N
p—

of homogenization to generate a sequence of fluence

r—

15 controlled pulses of slit patterned beamlets.

F

9. The method of claim 8, wherein said translating

step comprises controllably sequentially translating said

relative position of said sample 1n a direction parallel to

-

sald one direction of saild plane of homogenization over

20 substantially said predetermined slit distance, to thereby

process sald amorphous silicon thin film sample 1into a

polycrystalline silicon thin film having long grained,

directionally controlled crystals that are disoriented with

respect to the XY axis of the thin silicon film.

25 10. A method for processing an amorphous silicon thin

fi1lm sample 1nto a polycrystalline silicon thin film,

comprising the steps of:

(a) generating a sequence of excimer laser pulses;

(b) controllably modulating each excimer laser

30 pulse 1n sald sequence to a predetermined fluence;
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(c) homogenizing each modulated laser pulse 1n

salid sequence 1n a predetermined plane;

(d) masking portions of each homogenized fluence

controlled laser pulse 1n sald sequence wlth a two

—
-—

dimensional pattern of slits to generate a sequence of

F
p—

fluence controlled pulses of line patterned beamlets, each

— —
—

slit in said pattern of slits being sufficlently narrow to

ﬁ

prevent inducement of significant nucleation 1n a region O:

1}

a silicon thin film sample 1rradiated by a beamlet

corresponding to said slit;

(e) 1rradiating an amorphous silicon thin film

P

sample with said sequence of fluence controlled slit

o o p—

patterned beamlets to effect melting of portions thereof

corresponding to each fluence controlled patterned beamlet

S~ p—

pulse 1n sald sequence o0f pulses of patterned beamlets; and

(f) controllably sequentially translating a

* P
p—

relative position of sailid sample with respect to each of

F

said fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin film sample,

wherein:

(a) sald masklng step comprilises masklng portions

of each homogenized fluence controlled laser pulse 1n said

F

sequence with a two dimensional pattern of substantially

ﬁ

parallel straight slits of a predetermined width, spaced a

predetermined distance being less than said predetermined

wildth apart, and linearly extending at substantially a 45

F

degree angle wilith respect to one direction of said plane of

homogenization to generate a sequence of fluence controlled

pulses of slit patterned beamlets; and

(b) said translating step comprises translating by

a distance less than said predetermined width said relative
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i

position of

yr— g~

20

sald sample in a direction parallel to said one

direction of said plane of homogenizatilion, to thereby

process said amorphous silicon thin fil

polycrystalline silicon thin

m sample 1nto a

film having long grained,

directionally controlled crystals that are disoriented with

F

respect to the XY axis of the thin

laser pulses.

b

11. The method of claim 10,

silicon film using two

whereln said predetermined

width is 4 micrometers, saild predetermined spacing dlstance

is 2 micrometers, and said translating distance 1s

3 mlcrometers.

12. A method for processing an amorphous silicon thin

film sample into a polycrystalline silicon thin film,

F
—

comprilsing the steps of:

(a) generating a sequence of

excilmer laser pulses;

(b) controllably modulating each exclmer laser

pulse in sald sequence to a predetermined fluence;

(c) homogenizing each modulated laser pulse 1in

sald sequence 1n a predetermined plane;

F

(d) masking portions of each

homogenized fluence

controlled laser pulse 1n sald sequence wlith a two

P

dimensional pattern of slits to generate a sequence of

ﬁ

fluence controlled pulses of line patterned beamlets, each

ﬁ

slit 1n saild pattern of slits being sufficiently narrow to

prevent 1nducement of significant nucleatlon 1n a region of

R

a silicon thin film sample 1rradiated by a beamlet

corresponding to saild slit;

(e) 1rradiating an

—
oy

sample with said sequence of

P
.

patterned beamlets to effect

amorphous

silicon thin film

fluence controlled slit

”

melting o:

T portions thereof
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corresponding to each fluence controlled patterned beamlet

pulse 1n said sequence of pulses of patterned beamlets; and

(f) controllably sequentially translating a

relative position of sailid sample with respect to each of

sald fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin film sample,

whereln sald masklng step comprises masking

portions of each homogenized fluence controlled laser pulse

1n sald sequence with a two dimensional pattern of

e

lntersecting straight slits, a first group of straight slits

peing spaced a first predetermined distance apart and
linearly extending at substantially a 45 degree angle with

respect to a first direction of said plane of

homogenlzation, and a second group of straight slits being
spaced a second predetermined distance apart and linearly
extending at substantially a 45 degree angle with respect to
a second direction of said plane of homogenization and

lntersecting said first group at substantially a 90 degree

angle, to generate a sequence of fluence controlled pulses

gr—

of slit patterned beamlets.

13. The method of claim 12, saild translating step
comprises controllably sequentially translating said
relative position of said sample in a direction parallel to
sald flrst direction of said plane of homogenization over
substantially said first predetermined slit spacing

distance, to thereby process said amorphous silicon thin

film sample into a polycrystalline silicon thin film having

diamond shaped crystals.

14. A method for processing an amorphous silicon thin

film sample 1nto a polycrystalline silicon thin f£ilm,

comprising the steps of:
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(a) generating a sequence of excimer laser pulses;

(b) controllably modulating each excimer laser

pulse 1n said sequence to a predetermined fluence;

(c) homogenizing each modulated laser pulse in

5 sald sequence 1n a predetermined plane;

(d) masking portions of each homogenized fluence
controlled laser pulse 1n said sequence with a two
dimensional pattern of slits to generate a sequence of

fluence controlled pulses of line patterned beamlets, each

10 slit in said pattern of slits being sufficiently narrow to

prevent i1inducement of significant nucleation in a region of
a silicon thin film sample 1rradiated by a beamlet

corresponding to said slit;

(e) 1rradiating an amorphous silicon thin film

P

15 sample with said sequence of fluence controlled slit

F

patterned beamlets to effect melting of portions thereof

corresponding to each fluence controlled patterned beamlet

-~ o~

pulse 1n said sequence of pulses of patterned beamlets; and

(f) controllably sequentially translating a

F

20 relative position of said sample with respect to each of

gr—

said fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin film sample,

whereln said masking step comprises masking

F

portions of each homogenized fluence controlled laser pulse

25 1n sald sequence with a two dimensional pattern of sawtooth

shaped slits spaced a predetermined distance apart and

pr——

extending generally parallel to one direction of said plane

P

of homogenization to generate a sequence of fluence

controlled pulses of slit patterned beamlets.
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claim 14, wherein said translating

step comprises controllably sequentially translating said

relative position of said sample in a direction

LB

pr—

- saild fluence controlled pulse o:

perpendicular to each o:

slit patterned beamlets

over substantially said

predetermined slit spacing distance, to thereby process said

amorphous silicon thin

film sample into a polycrystallilne

silicon thin film having hexagonal crystals.

16. A method for processing an amorphous silicon thin

film sample into a polycrystalline silicon thin film,

comprising the steps of

(a) generating a sequence of excimer laser pulses;

(b) homogenizing each laser pulse 1n said sequence

in a predetermined plane;

—

(c) masking portions of each homogenized laser

pulse in said sequence with a two dimensional pattern of

g~
—

F

substantially opague dots to generate a sequence of pulses

of dot patterned peamlets;

(d) i1rradiating an amorphous silicon thin film

sample with a particula

——

r beam pulse of said sequence of dot

i
g

patterned beamlets having a predetermined size to effect

melting of portions of the thin film sample at first

ﬁ

locations thereof such

locations thereafter so

that the melted portions at the first

lidify;

(e) controllably sequentially translating said

sample relatlive to each
pbeamlets by alternating
perpendicular axes and

lateral grown distance

location; and

F *

of said pulses of dot patterned

a translation dilirection 1n two

in a distance less than the super

for said sample to reach the second
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(f) at the second location, 1irradiating said

solidified sample with a

portions of the i1rradiated and

- sald sequence of beam pulses which

subsequent beam pulse of
include sailid dot patterned beamlets having the predetermined

pr—
v

5 size to effect further melting of said portions thereof.

The method of claim 16, wherein step (b) 1s

17. i
performed 1n real-time during at least one of step (d) and

step (e).

for processing an amorphous silicon thin

18. A method

10 film sample into a polycrystalline silicon thin film,

P
e

comprising the steps of:

(a) generatlng a sequence of excimer laser pulses;

(b) controllably modulating each excimer laser

pulse 1n sailid sequence to a predetermined fluence;

15 (c) homogenizing each modulated laser pulse 1n

sald sequence 1n a predetermined plane;

(d) masking portions of each homogenized fluence

controlled laser pulse 1n said sequence with a two

n

dimensional pattern of slits to generate a sequence o:

20 fluence controlled pulses of line patterned beamlets, each

slit 1n said pattern of slits being sufficiently narrow to

prevent inducement of significant nucleation 1n a region of

a silicon thin film sample 1rradiated by a beamlet

1)

corresponding to said slit;

fi1lm

1rradlating an amorphous silicon thin

25 (e)
sample with said sequence of fluence controlled slit

P
-

patterned beamlets to effect melting of portions thereof

corresponding to each fluence controlled patterned beamlet
and

pulse in said sequence of pulses of patterned beamlets;
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(f) controllably seqguentially translating a

*

relative position o3

T sald sample with respect to each of

P

sald fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin film sample,

whereln each exclmer laser pulse 1s controllably

F

modulated 1n said sequence based on dimensions of said

slits.

19. A method for processing an amorphous silicon thin

film sample into a polycrystalline silicon thin film,

comprising the steps of:

P

(a) generating a sequence of excimer laser pulses;

(b) controllably modulating each excimer laser

pulse 1n sald sequence to a predetermined fluence;

(c) homogenizing each modulated laser pulse in

sald sequence 1n a predetermined plane;

(d) masking portions of each homogenized fluence

controlled laser pulse 1n said sequence with a two

dimensional pattern

T —
—

of slits to generate a seguence of

pr——

fluence controlled pulses of line patterned beamlets, each

g pr—
—

slit 1n said pattern of slits being sufficiently narrow to

prevent inducement of significant nucleation in a region of

a silicon thin film

sample 1rradiated by a beamlet

corresponding to said slit;

(e) 1rradiating an amorphous silicon thin film

sample with said sequence of fluence controlled slit

patterned beamlets to effect melting of portions thereof

grie—

corresponding to each fluence controlled patterned beamlet

pulse 1n said sequence of pulses of patterned beamlets; and
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(f) controllably sequentilially translating a

—

relative position of said sample with respect to each ot

F

said fluence controlled pulse of slit patterned beamlets to

thereby process said amorphous silicon thin film sample,

*

O wherein, after step (e), each of the 1rradiated

portions of sailid sample i1ncludes a respective molten zone,

n

and wherein a lateral grain growth 1s effectuated 1n each of
sald respective molten zones, and wherein said relative

position of said sample 1s sequentilially translated with

Mh—

F

10 respect to each of said fluence controlled pulse of said

slit patterned beamlets for a distance which 1s greater than

sald lateral grain growth and smaller than sald respectilve

molten zone.

20 . A method for processing an amorphous silicon thin

15 film sample into a polycrystalline silicon thin film,

ﬁ

comprlisling the steps of:

gr—

(a) generating a sequence of excimer laser pulses;

(b) masking portions of each laser pulse 1n the

p—

sequence wilith a predefined pattern of openings 1n a mask

20 having openings to generate a sequence of pulses of beamlets

the shape of which at least partially corresponds to the

shape of the predefined pattern;

—t

(c) 1rradiating the thin film sample with the

gr—

sequence of pulses of the beamlets having a predetermined

F —

25 sl1lze to effect melting of first portions of the thin film

pre—

sample corresponding to the shape of the predefined pattern

of the openings 1n the mask;

it e

(d) based on dimensions of the openings of the

mask, translating at least one of the thin film sample and

P

30 the excimer laser pulses relative to the other one of the
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thin fi1lm sample and the excimer laser pulse so as to reach

a further location; and

(e) after step (d), 1i1rradiating second portions of

ﬁ

the thin film sample which correspond to sections of the

further location using the sequence of pulses so as

to at

least partially melt the second portions, wherein the second

portions partially overlap the first portions.

21. The method according to claim 20, whereiln

second portilions only partially overlap less than one half of

the flrst portions.

= ’

the

i}
"

22 . A method for processing a silicon thin film

P
p—

sample, comprising the steps of:

(a) generating a sequence of excimer laser pulses;

F

(b) masking portions of each laser pulse 1n said

P

sequence with a two dimensional pattern of substantially

P gr—

opaque dots to generate a sequence of pulses of dot

patterned beamlets;

(C) 1lrradlating the thin film sample with

F

a

particular pulse of said sequence of laser pulses having

F

substantially dot patterned beamlets to e:

portions of the thin film sample at first locations

fect melting of

"

thereof

such that the melted portions at the first locations

thereafter solidify;

(d) controllably translating the thin film sample

——

relative to each of the pulses of dot patterned beamlets by

a distance which 1s less than a lateral grown distance of

grains on the thin film sample; and

fr——
—-—

(e) at the second location, irradiating said

portions of the irradiated and solidified sample with a
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subsequent pulse of said sequence of beam pulses which

include said dot patterned beamlets having the predetermined

F

size to effect further melting of

sald portions thereof.

23. A method for processing a silicon thin film

e

sample, comprising the steps oOr:

(a) generating a seguenc

(b) masking portions of
sequence with a two dimensional pa

opague dots to generate a sequence

e of excimer laser pulses;

each laser pulse 1n said

d

ttern ot

y—t

substantially

of pulses of dot

patterned beamlets, the opaque dots preventing correspondlng

g—

sections of each laser pulse from passing therethrough, and

to form at least one masked laser pulse having dot patterned

sections; and

(c) 1rradiating the thin

P
B

least one masked laser pulse to et

r—

fi1lm sample with the at

ﬁ

fect melting of portions

of the then film sample thereof, wherein the dot patterned

sections correspond 1n shape to th

not irradiliate the thin film sample

P

e dots of

the mask, and do

SMART & BIGGAR

OTTAWA, CANADA

PAT

ENT AGENTS




CA 02385119 2002-02-28
WO 01/18854

179

PCT/US00/23667

190

~ 2 @
Yo
I ~— — — o
"\ 2 O
O
@O
O
¢ ’
e \ |
>
0 - O
= © K \\
—h ) \
== T
o
I [ 1
N g '
© &
QV -—
< <
@,
N
o)
N

—
A

111

SUBSTITUTE SHEET (RULE 26)

100

194

5,

S

1

—— |
I

—|C

191 —

192

FIG. 1



CA 02385119 2002-02-28
WO 01/18854 PCT/US00/23667

230 240 210 2/5 260 270 280
220

FIG. 2A
320 320

- 40 420 470 460

FIG. 6A

SQUBSTITUTE SHEET (RULE 26)



CA 02385119 2002-02-28
- WO 01/18854 PCT/US00/23667

510 511
FIG. SA

542 543 540 541

3/3
521

£ \ |.. / / -
Il lll \\\ | T 20y 4
K«(‘ ﬂl AT
7 'lln

TI1vr 77 Illll .mllg

(///{ L SN\
\\‘l\}.\ 'I, I/ I...;' c o o

L7 ‘\\\‘ AN
NN\
(\({l\l\l\ﬂ\}m“lllll

| |

\_ - /S

545 ’ FIG. 5C

SUBSTITUTE SHEET (RULE 26)



22222222222222222222
WO 01/18854 PCT/US00/23667

710N, 720 /3

FIG. 9C FIG. 9D
SUBSTITUTE SHEET (RULE 26)



CA 02385119 2002-02-28
WO 01/18854 PCT/US00/23667

5/5
1000 — INITIALIZE HARDWARE

1009

MOVE STAGE TO INITIAL POSITION 1010

| MOVE MASK TO INITIAL POSITION  |—1015

ADJUST FOCUS OF OPTICAL 1020
SYSTEM, IF NECESSARY

STABILIZE LASER AT DESIRED ENERGY LEVEL, 1025
REPETITION RATE

ADJUST ATTENUATION, IF NECESSARY 10350

OPEN SHUTTER AND IRRADIATE SAMPLE WITH 1035
ONE PULSE FROM LASER

TRANSLATE SAMPLE IN X- OR Y-DIRECTION 1040
AN AMOUNT LESS THAN SLG DISTANCE

OPEN SHUTTER AND IRRADIATE SAMPLE WITH 1045
ONE PULSE FROM LASER

TRANSLATE SAMPLE IN X- OR Y- DIRECTION 1050
AN AMOUNT_LESS THAN SLG DISTANCE

OPEN SHUTTER AND IRRADIATE SAMPLE WITH 1055
ONE PULSE FROM LASER .

1060

COMPLETED

CRYSTALLIZATION OF
AREA?

NO

1066

1065 YES

NO REPOSITION SAMPLE
TO NEXT AREA TO

COMPLETED
CRYSTALLIZATION OF
ALL AREASY?

BE IRRADIATED

YES

10/0—T"5HUT OFF LASER

1075
SHUT DOWN HARDWARE
- FI1G. 10

1080

SUBSTITUTE SHEET (RULE 26)




144 145

143 A 146
DD ' \ 147
142 Y 148
191 9 150
111 121
' 151
130
160

100 | { \ -

190
[ "J["'I = ] " !
191 |[[——— |[L— 1 193 194

192




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - abstract drawing

