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A laser source has two or more laser units (ILA1, LA2) and coupling means for coupling the laser beams from each unit so as
to deliver a resulting beam for treating a surface. Concurrently with the laser surface treatment, the characteristics of the laser
beam (FLA1, FLA2) from each unit (LA1, LA2) are adjusted to produce a resulting laser beam with a time profile of energy
optimally adapted to said laser surface treatment. Homogenising means (HO) homogenise the energy distribution of the resulting
laser beam, so that the energy and spatial distribution of said resuiting laser beam are concurrently adapted for the selected

surface treatment.
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DEVICE FOR CONTROLLING A LASER SOURCE WITH MULTIPLE LASER
UNITS FOR THE ENERGY AND SPATIAL OPTIMIZATION OF A LASER
SURFACE TREATMETN

BACKGROUND OF THE INVENTION
The present invention concerns the control of a laser
source with multiple laser units for the energy and spatial

optimization of a laser surface treatment.

It finds a general application in laser surface treatment,
suéh as descaling, cleaning, polishing and preparing a
surface. More particularly it finds application 1in the
annealing, by excimer laser, of layers of amorphous silicon

placed on a substrate.

In general terms, the annealing of amorphous silicon by
excimer laser consists of raising the temperature of the
layer of amorphous silicon very rapidly to the melting
point in order to obtain crystallization in the form of a
polysilicon. However, the melting of the layer of silicon

must not disturb the standard glass substrate too

significantly.

In practice, the heating effect is due to the optical

~absorption of the laser beam by a thin film of amorphous

silicon, for example over a thickness of less than 30 nm.

Annealing amorphous silicon by excimer laser requires
excellent knowledge of the structural characteristics of

the sample to be treated.

Firstly, the heating by laser must be effective since it

greatly influences the thermal change in the sample,
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notably with regard to the melting of the layer of silicon,
which must be complete, and with regard to the melting of

the substrate, which must be avoided.

Secondly, the speed of cooling and solidification of the
layer of silicon must be relatively slow since it
determines the size of the polysilicon grains present in
the layer after annealing, since the large crystals are the
most favourable to optimum functioning, for <certain

microelectronic devices based on silicon.

Applicant has observed that such an optimum treatment, from

an energy and spatial point of wview, 1s difficult to obtain

using a single laser source.

Applicant therefore, proposes to use a laser source

comprising at least two laser units.

However, the control of a laser source with several units,

in combination with the laser surface treatment 1is

difficult to implement.

The present invention affords a solution to this problem.

SUMMARY OF THE INVENTION

The object 1s a device for controlling ‘a laser source
comprising at Jleast two laser units and coupling means
suitable for coupling the laser beams coming from each unit
in order to deliver a resulting laser beam intended for

surface treatment.

According to a general definition of the invention,

provision 1s made, 1in combination with the laser surface

2
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treatment, to regulate the characteristics 1including
optical and geometric characteristics, of the laser beams
coming from each laser unit 1n order to obtain a resulting
laser beam with a time profile of energy adapted optimally

to the salid laser surface treatment, and homogenizing means

suitable for spatially homogenizing the energy distribution

of the resulting laser beam, which makes it possible to
adapt in combination the spatial and energy distribution of

the resulting laser beam to the chosen surface treatment.

In this 1nvention, the term “resulting laser beam” 1is
defined as a beam consisting of a plurality of initial

laser beans.

In practice, in the application consisting of the annealing
of amorphous silicon by excimer laser, the time profile of
the power of the resulting laser beam comprises a steep
rising edge for improving the efficacy of the heating, a
substantially flat peak corresponding to a depth of
treatment, chosen so as to obtain a complete melting of the
layer of amorphous silicon to the said depth, while
avoiding the melting of the substrate, and a gentle falling

edge for promoting recrystallization.

In a first aspect, the present invention seeks to provide a
device for controlling a laser source, comprising at least
two laser units and coupling means adapted to couple at
least one laser beam emitted by each unit in order to
deliver a resulting laser beam intended for treatment of a

surface,

wherein the device also comprises, in combination with the

laser surface treatment:
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- adjustment means adapted to adjust the characteristics of
the at least one laser beam coming from each unit in order
to obtain said resulting laser beam with a time profile of
energy optimally adapted to the salid laser surface

treatment, and

-~ homogenising means adapted to spatially homogenise the
energy distribution of said resulting laser Dbeam, which

makes 1t possible to adapt, in combination, the spatial and

- energy distribution of the said resulting laser beam to the

chosen surface treatment.

DESCRIPTION OF THE DRAWINGS
Other characteristics and advantages of the invention will

emerge 1n the light of the following detailed description

and the drawings in which:

FIG. 1 depicts schematically a laser source comprising

three laser units mounted in seriles;

FIG. 2 depicts schematically a laser source comprising

three laser units mounted 1n series with reflecting mirrors

and focusing lenses;

FIG. 3 depicts schematically a laser source comprising

three amplifying laser units mounted in parallel;

FIG. 4 depicts schematically a laser source with two
oscillating laser units mounted in parallel, one of the

oscillators being associated in addition with an amplifying

unit;
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FIG. 5 depicts schematically a laser source with two

oscillating laser units mounted in parallel, each

oscillating unit also being associated with an amplifying

unit;

FIG. 6a depicts schematically the time profiles of two

laser beams each coming from a unit; and

FIG. 6b depicts schematically the depth of melting as a
function of the treatment time for the two laser time
profiles of FIG. 6a.

DETAILED DESCRIPTION OF THE INVENTION

The description i1is based, nonlimitatively, on a particular
application of the present 1nvention which concerns the
manufacture of active matrix liquid crystal screens, also
called AMLCD, standing for YActive Matrix Liguid Crystal
Display", and, more precisely, the step which consists of
manufacturing polysilicon transistors (Polysilicon Thin
Film Transistors, TFTs), necessary both for producing the
control circuits for the screen and for the display

elements.

This technique consists of exploiting the particularly
strong absorption of silicon in the ultraviolet region,
whereas the glass of the substrate 18 completely
transparent to the same wavelengths. A pulsed laser beam of
high power makes it possible to raise the temperature of
the amorphous silicon layer selectively to the melting

point, without affecting the substrate.

The method has the advantage of being able to be very fast

(the mean duration of one pulse of a 308 nm excimer laser
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1s only 150 ns). In order to ensure homogenous treatment of
large surfaces, 1t 1is necessary to use a high-power excimer
laser, for example an excimer laser with reionization by X-
ray providing an effective power of 1 kW (that is to say 10
J x 100 Hz or 13 J x 80 Hz).

This type of laser advantageously gives a high-power laser
beam, pulsed with a relatively low repetition rate, which
allows treatment over a large surface area, even up to the

whole of each panel, in a single laser pulse.

In FIG. 1, the device i1mplementing the annealing process
comprises a laser source LA having a power supply (not
shown) and a plurality of excimer laser units shown
individually at LAl to LA3. The laser units, of high p0wer,
are positioned and interconnected so as to produce a single

laser beam of very high power, for example 45 J.
In FIG. 1, the three laser heads are mounted in series.

The laser source LAl constitutes a laser oscillator.

Conventionally, this laser oscillator has:

an active laser material or medium capable of amplifying an

incident wave;

optical pumping means (not shown) which give the medium

"
—

enerqgy sultable for populating at least one of its

excitation levels, in order to achieve a population

inversion in the active medium; and
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an optical resonator, composed of two mirrors disposed
face-to-face, which accumulate the induced  emission

concentrated on a few modes of the resonator.

In the case of a laser oscillator, one of the mirrors has a
maximum reflection. This mirror 1s designated Dby the
reference RM. Diametrically opposed to this, the mirror RT

is semireflecting.

The mirror RM can be a simple maximum-reflection mirror. As
a variant (FIGS. 1 and 2), 1t can be produced in the form
of a corner of a cube, a trirectangular dihedron or a
dihedron whose function, in addition to maximum reflection,
1s to make symmetrical the energy and spatial distribution
of the laser beam with respect to the optical axis of the
corner of a cube or the like. This laser beam thus made
symmetrical can constitute a significant advantage in the
spatial and energy distribution of the resulting laser

beam, which will be described in more detail below.

After this oscillator LAl, there are two laser amplifier
units LAZ and LA3 mounted in series. These amplifier units

have no mirrors RM and RT. These units amplify the power of

the beam which they receive.

The reflection of the mirror RM of the oscillator LAl is at
a maximum at the wavelength of the excimer laser, here 308

nm. The exit mirror RT of the oscillator LAl has a

coefficient of reflection of around 4 to 40%.

The dimensions of the laser units LAl +to 1LA3 gare

approximately as follows.
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I S I N
5

10 The distances between units take account of the cavity
lengths, and the durations of the laser pulses, in order to
avolid:

~a) any damage to the mirrors and to the windows,

b) auto-absorption of the laser beam.

15

The drawback of such a source is its bulk. This is because

putting the different units in series in such a way

requlires an installation of large size.

20 One solution (FIG. 2) consists of using reflective mirrors

and focusing lenses for reducing the bulk of such a laser

SOource.

The units LAl, LA2Z and LA3 described previously are found

25 here once again.

FIG. 2 1s distinguished from FIG. 1 by the fact of using
reflective mirrors M1, M2, M3 and M4 for routing the

resulting laser beam onto the target CIB.
30

Focusing lenses L1 and L2 are also disposed in order to

focus the beam between the source LAl and LA2 for the lens
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L1, and between the source LA2 and the source LA3 for the
lens LZ.

According to the invention, regulation mechanisms REG 1
between the source LAl and LA2, and REG2 between the source
LAZ2 and LA3, are piovided for adjusting the distance
between these two units according to the desired laser time

profile, which will be described in more detail below.

According to the invention, the choice of the lengths of
the different units and the distances between the different
units mounted 1in serlies makes 1t possible to regulate the
energy delivered by the resulting laser beam FLAR intended
to be applied to the sample to be treated at the plane CIB.

For example, the regulation mechanisms REG 1 and REG 2 are
means suiltable for moving the optical elements M1, L1, M2
and M3, L2, M4 along the optical axis of the laser beanmn.

They make it possible, by translational movement parallel

to the axes of the incident and emergent beams, to vary the

length of the optical path between LAl and LA2 for REG 1,
and between LAZ and LA3 for REG 2.

As a variant, with reference to FIG. 3, the laser units can
be put 1n parallel. Thus -the three laser units LAl to LA3
described previously are found once again. These all here
fulfil the role of an oscillator, with each one having a
maximum reflecting mirror RM and a partial reflecting
mirror RT. Coupling means formed by reflective mirrors MP1,
MP2, MP3 and MP4 make it possible to couple the pulsed
laser beams FLAl, FLAZ and FL3 coming from each oscillator

towards the target plane CIB.
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Advantageously, a homogenizer HO is provided for

homogenizing the laser beams coming from each unit.

The homogenizer 1s ©preferably the one described 1in
application WO 9707423 filed by the Applicant for "Optical
device for homogenising a laser beam', the same date as the

present patent application.
In general terms, the homogenizing device HO comprises:

a plurality of m x n front lenses LF which are convergent
and contiguous, disposed 1n m rows and n columns,
perpendicularly to the direction of propagation of the
laser beams coming from each laser unit, and able to divide
the laser beams to be processed into p X g laser beams each
having a substantially uniform transverse section, and a

substantially homogenous energy distribution; and

at least one convergent collection 1lens LC, disposed
perpendicularly to the direction of propagation of the
laser beams to be processed, downstream of the front lenses
LF in the direction of travel of the laser beam, the said
collection lens being suitable for focusing, in a chosen

plane CIB, the beams coming from the front lenses.

The homogenizing device HO ©preferably comprises two
collection lenses LCl1 and LCZ able to move 1in translation
along the optical axis, the distance d between the two
lenses being chosen in. order to adapt, according to the
invention, the size and energy of the resulting laser beam

FLAR to the chosen application.

10
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Advantageously, the combination of the collection lenses
LC1 and LC2Z is calculated so as to minimize any optical
abberations of the laser source coupled with the
homogenizing rﬁeans and so0 as to improve the energy
characteristics per unit of surface (consistency of the

flux of the resulting laser beam).

In FIG. 4, a variant of the laser source is depicted. The
laser units LAl, LAZ and LA3 previously described are found

once again.

Compared with FIG. 3, the unit LAl here fulfils the role of
an amplifier 1instead of fulfilling the role of an
oscillatdr as described with reference to FIG. 3. The units
LA2 and LAl are here put in series in order to deliver a
pulsed resulting laser beam FLAZ designed to be routed
towards the target plane CIB.

The homogenizer HO 1s designed to homogenize the laser
beams coming from the unit LA3 delivering the laser beam
FLA3 and the laser beam FLAZ coming from the units LAZ2 and

LAl put in series.

A regulation mechanism REG3 1s provided between the unit
LAZ2 and the unit LAl 1n order to adjust the distance
between the two units. Reflecting mirrors M4, M5, M6 and M7
route the laser beam FLAZ coming from the unit LA2 toward
the unit LAl and then the laser beam FLA2 towards the
target CIB.

A focusing lens L3 1s advantageously associated with the
regulation mechanism REG3 i1n order to focus the laser beam

as a function of the movement of the optical elements.

11
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FIG. 5 depicts a laser source with four laser units. Such
an installation is symmetrical. It 1is distinguished <from
the one described with reference to FIG. 4 in that it
comprises an additional amplifying laser unit LA4 put 1in

series with the oscillating laser unit LA3 of FIG. 4.

In the application consisting of the annealing of amorphous
silicon for the manufacture of liquid crystal screens of
large size, each panel has dimensions of around 550 x 650
mm. The resulting laser beam has a dimension adapted to the

size of the panels to be treated.

FIG. 6a depicts two time profiles of the energy delivered
by two laser beams, each coming from a laser unit. The
total energy of each beam 1s 0.8 J/cm®. The energy in mW/ cm®
is shown on the Y-axis while the time in ns is shown on the
X-axis. This 1s a case of two profiles relating to two

different laser beams. It can be seen for example that the

‘laser beam FLA2 delivers higher energy and more rapidly

than the laser beam FLAI.

FIG. 6b depicts the thickness of the layer melted over time
by the two laser beams FLAl and FLAZ2 described with

reference to FIG. 6a.

It is found that the laser beam FLAZ comprises a power rise

edge 2A which 1s steeper than the power rise edge 1A of the
laser beam FLAL.

It can also be seen that the laser beam FLAl comprises a

power peak 1B which is substantially flatter, at a depth of
50 nm, than the power peak 2B of the laser beam FLAZ. For

12
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example, the depth of 50 nm corresponds to the thickness of

the amorphous silicon layer to be annealed by laser.

Finally it 1s found that the laser beam FLAl comprises a

power fall edge 1C which 1s substantially more gentle than
power fall edge 2C of laser beam FLAZ.

In the application consisting of the annealing of amorphous
silicon by excimer laser, the time profile of the desired
resulting laser beam comprises a power rise edge which 1s
substantially steeper in order to improve ‘the efficacy of
the heating, a power peak which is substantially flat at a
treatment depth chosen so as to obtain a total melting of
the layer of amorphous silicon at the said depth while
avoiding melting of the substrate, and a power fall edge
which is substantially gentle in order to promote growth of

the crystals.

According to the invention, the laser beams coming from
each laser unit are regulated in order to obtain a

resulting laser beam having such a time profile.

For example, the regulation means comprise triggering means
able to trigger the laser oscillator units with a chosen

time shift.

Another solution according to the invention consists of
adijusting the lehgths of the units and the distances
between the different units in order to obtain a resulting
laser beam exhibiting a time profile adapted to the surface

treatment, for example, a profile as described above.

13
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Another solution according to the invention consists o:

varying the energy used by each individual laser unit so
that the resulting laser beam represents the chosen
profile. The variation means <can be optical means

(diaphragms) and/or mechanical means.
Another solution according to the invention consists of

adjusting the distance d between the two focusing lenses of

the homogenilizer described above.

14
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WE CLAIM:

1. A device for controlling a laser source, comprising
at least two laser units and coupling means adapted to
couple at least one laser beam emitted by each unit in

order to deliver a resulting laser beam intended for

treatment of a surface,

wherein the device also comprises, 1in combination with

the laser surface treatment:

- adjustment means adapted to adjust the characte‘ristics
of the at least one laser beam coming from each unit in
order to obtain said resulting laser beam with a time
profile of energy optimally adapted to the said laser

surface treatment, and

-~ homogenising means adapted to spatially homogenise the
energy distribution of said resulting laser beam, which
makes 1t possible to adapt, in combination, the spatial
and energy distributioh of the said resulting laser beam

to the chosen surface treatment.

2. A device as claimed in claim 1, wherein the
adjustment means 1s adapted to obtain a time .profile of
the energy of the resulting laser beam with a
substantially steep power rise edge, a substantially flat
power peak at a chosen treatment depth and a

substantially gentle power fall edge.

3. A device as claimed in claim 1 or claim 3, wherein
the adjustment means comprises means adapted to optically
and mechanically vary the energy delivered by each laser

unit.

15
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4 . A device as claimed 1in claim 1, 'wherein the
adjustment means further comprises a regulation means
adapted to regulate the optical and geometric
characteristics of the at least one laser beam coming

from each laser unit.

5. A device as claimed in claim 1, wherein the laser
source comprises at least one laser amplifying unit and

an oscillating unit mounted 1n series.

6. A device as claimed in clalm 5, wherein the at least
one oscillating unit comprises a total reflection mirror
arranged as a corner of a cube or similar in order to
make the laser beam symmetrical with respect to the
optical axis of the said at least one laser beam and
contribute to the homogenisation of the resulting laser

beam.

7. A device as claimed in c¢laim 5, wherein the
adjustment means comprilises regulation means adapted to
regulate the length of the laser units as well as the
distance between the amplifying and oscillating units and

the laser energy to be applied.

8. A device as claimed 1in claim 5, wherein the
adjustment means comprises triggering means adapted to
trigger the two laser oscillating unites with a chosen

time shift.

9. A device as claimed in claim 1, wherein the laser
source comprises at least two laser oscillating units

mounted in parallel.

16
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10. A device as claimed 1n claim 9, wherein the
adjustment means comprises triggering means adapted to
trigger the two laser oscillating units with a chosen

time shift :

11, A device as claimed 1in c¢laim 1, wherein the

homogenising means comprises:

- a plurality of m X n convergent and contiguous front
lenses, disposed 1n m rows and n columns, perpendicular
to the direction of propagation of the at least one laser
beam, and adapted to divide the at least one laser beam
to be processed into p X g laser beams each having a
substantially uniform  transverse  section, and a
substantially homogenous energy distribution, p x g being
a sub-multiple of m X n, where m and p are respective
numbers of rows, and wherein n and g are respective

numbers of columns,

— at least one convergent collection 1lens, disposed
perpendicularly to the direction of propagation of the
laser beams t0O De 'processed, downstream of the front
lenses in a direction of travel of the laser beam, the
collection lens - being adapted to focus, in a chosen

plane, the beams coming from the front lenses.

12. A device as claimed in claim 11, wherein the device
comprises two collection lenses adapted to move in
translation 'along the optical axis, a distance (d)
between the two lenses being chosen so as to adapt the
size and energy of the resulting laser beam to the chosen
application and the combination of the said collection
lenses being able to be calculated so as to minimize any

optical aberrations of the laser source coupled with the

17
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homogenising means and to lmprove the enerqgy
characteristics per unit surface of the resulting laser

beam.

13. A device as claimed in any one of claims 1 to 12,
wherein the surface treatment is an annealing of a

semiconductor material of an amorphous silicon type.

18



CA 02225152 1997-12-18

- WO 97/07578

| PCT/FR96/01060
1/ 5
LA
/ FLAR
% F\ A A
7\ 7 N\ 7 N
)
RM LA RT LAZ LA 3 CIR
ML REG 2 CIB
u FLAR
f”ﬂ’lﬂllllﬂlllll&"ﬂ”lm}‘m,ll”lll‘
%
12 U
Z
Z M2
7T ”IIMIIMM"IIJWIJ‘

/ e

SO AN i

AR,
NLL LA X N P T

¢
L/

\

\RM'] LLA'I RT1

M REG"

-1G.2



18

12-

1997 -

02225152

CA

PCT/FR96/01060

‘WO 97/07578

215

d1)

t Yl

LdW

1Y

/

/
/
LV

| ANE (dW \ R
VYA T T 77777 :
| mzmmraznuzp, £
: “ mnwunsmnumnsmmmmm“mmm“mmmwzrr % LWy
| Ak m TdN A _
EvVl
/
o 1Asum‘
Edi %~ EWY
/
b LY £V




CA 02225152 2007-01-24

7 0|4

£ 934

yATRY
O
e AAITLLLAL TS L CUALLU LAY AR Vlﬂ
N/
N
M AAE o
R
” (WA ’/’””’?”"z l"v
)1 10 47 ”
” 2
‘ V. m b
d?””"‘! \____ ]

OH

T AV T T T T T TAT N T L7 L L s

eV 1

ely

N AN %
LVl A ke

SW



1997-12-18

02225152

CA

PCT/FR96/01060

. WO 97/07578

.

%
‘L

NAAAAARRRNR
w\\\\\\\\\\V\._\\\\ﬁ 77

oo

XL 777774777

.

AR

.w\E\.\

OW




LASER PULS

MELT DEPTH (nm)

CA 02225152 2007-01-24

enerqy mW/cmz.{

9 |
8 F=08J/cm?
,
6 /
c FLA/Z
.
3 —
2 | ‘
1 /
0 0 S0 100 150 200 250 300 350 400 450 ns
180
/\2B
160 - E"-:Oq.BJ/cm2
140
120 |-
F
100 LA?
0
. , FLAT
(0 2 A
0

0 50 100 150 200 250 300 350 400 450

FIG 6 B TIME (ns)



FLA3
FLA2

X 'Illlllllllllm Z

NSRS SIS SRRSO
L R777020072900

RT2 /] “MP2 FLAT
7

LA1
/ 7
8 (e
7/

RT1  "MP1




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	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 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

