F1699 TI TLE OF THE | NVENTI ON LASER OPTI CAL SYSTEM USI NG OPTI CAL
FI BER TRANSM SSI ON TECHNI CAL FI ELD [ 0001] 5The present invention
relates to a |l aser optical systemusing optical fibers for
transmtting laser |ight generated froman oscillator and shapi nggif®
| aser light into a prescribed |aser beam and in particular to a

| aser optical systemsuitable for use i-d-annealing silicon thin film

[ 0002] 10T Bt I chnol ogy is known as a technol ogy for
crystallizﬁﬁ g?ﬁ%rﬁgﬁﬁﬁé%$ﬁ%ﬁffying the surface of a work piece by

using laser light. The conventional |aser annealin§$3¥sten1t Eically
consi sted of aASER RETICASSYY YEEMGIANGOET16AL HIB RéHﬁMlé QY to

produce a | aser beam having a |linear or rectangul ar cross section.
Laser annedECGHNIEAEL ERLIDsi ng an exci ner | aser are proposed in Patent
Docunents 1 and 2. 15 Such conventional systens normally used arrays
of cylindr{@#il]lens arranged in a nutually perpendicular relationship
to shape the laser light emtted froma |laser oscillator into a | aser

beam hayi ng a unirhepfesédi@ntiby relited ol dlbder 0Ptiel ORderd usiaf bptichl GbesJor
sectional direction and a highly concentrated intensity distribution

along a di Eﬁ?&ﬁiﬁ&gﬁ%&ﬁ?,ﬁﬂnéeéglﬁﬁfedtﬁbrﬁ Qﬁoé’éiﬁ’ét%ﬂtsig%ig? tifd 19set liﬁll%ﬁihgogaﬂm

direction, or having a I cross 20section. [

opt | cal Syﬁfe@{ﬂgeﬁrl?s%pf%gng%nh gﬁnil:ﬁl% aqgée&rosgcafl rsgﬂérﬁl s{\i?a%% for use in
oscillator®into alTaser Beam having a |inear cross section, HEtAlse
the relative r Iathonsﬁép ggtmeen the light emtting position of the
| aser osci FSF4Pe A E ition at which the laser light is 25
shaped intﬁxﬁ%iaser beam having a |linear cross section is fixed, the

freedomin | ayout,

10 The laser annealing technology is known as a technology for crystallizing or
otherwise modifying the surface of a work piece by using laser light. The conventional
laser annealing system typically consisted of an excimer laser using a laser oscillator
configured to produce a laser beam having a linear or rectangular cross section. Laser
annealing systems using an excimer laser are proposed in Patent Documents 1 and 2.

15  Such conventional systems normally used arrays of cylindrical lens arranged in a
mutually perpendicular relationship to shape the laser light emitted from a laser
oscillator into a laser beam having a uniform intensity distribution along a certain cross
sectional direction and a highly concentrated intensity distribution along a direction
perpendicular to the aforementioned cross sectional direction, or having a linear cross

20 section.

[0003]

In an optical system for shaping laser light emitted from a laser oscillator into a
laser beam having a linear cross section, because the relative relationship between the
light emitting position of the laser oscillator and the position at which the laser light is

25 shaped into a laser beam having a linear cross section is fixed, the freedom in the layout,



F1699 - 2 - and the surface area and the volune of the systemfor
perform ng the annealing or the optical exposure are severely
restricted. Therefore, sone of the recently introduced |aser optical
systens include an optical fiber fitted to a |aser output end of Ehgyg
systemto transmt the laser |ight by usi ng the optical fiber. The

use of the opti cal fiber provi des a 5 hi2gh | evel of freedomin the
vvaythelase‘i g enmtte fro r}%aser oscillator is tra smtted
and can t h@REHF sUrtach Het an W@Va e%geafa: aperforing themmealing ar thy

the system PRI OR ART DOCUMENT(S) . PATENT DOCUMENT S) 10[0004 Patent
Docunent 19PHfal eaRaEREIye SERFAY Fest hercfore, pmg- eglaser
THE | NVENTI ON TASK TO BE ACCOWVPLI SHED BY THE | N\/El\rl'l ON 15[ 0005]

The per f or nahee spfterhameludogu iopticd dibsr fitéedi toparlaser nutppt ograddkd system toand
some of the laser oscillators now on the market are capabl e of

produci ng eshsneireieylader fhichyt ysirigsthe Yidenl fiberofihe asd offthd eptidas fibarmedtiech
to the output end of a high output |aser oscillator, the optical

fiber ceul didndeettabgeeiony i the W gee Itaéz’diﬂli%”gﬁ{ iit@a Grons thalladeh s dilpsttis end
of the 20 optical fiber, and the risk damage i ncreases with an

I ncrease | '&afﬁ?ﬁitt@&‘ &hé Y:aﬁ' ﬁi%%ébE/Yehﬁ{métQ fhel JROMEmS %%%Exa{édgmh thEMSodEHSthE Y

of the laser light' in the optical fiber can be reduced by increasing
the core di er of the optical fiber. In other words, the energy
density of e output laser light can be reduced by converging the

enough 1 or PRARGTSERATVRENER he Taser osei 1 ator. 25[0006]

PATENT DOCUMENT(S)

10 [0004]
Patent Document 1: JP 10-244392
Patent Document 2: JP10-153746
SUMMARY OF THE INVENTION
TASK TO BE ACCOMPLISHED BY THE INVENTION

15 [0005]

The performance of laser oscillators is improving progressively, and some of
the laser oscillators now on the market are capable of producing extremely high outputs.
When an optical fiber is connected to the output end of a high output laser oscillator, the
optical fiber could be damaged. Such damage typically occurs at the input end of the

20 optical fiber, and the risk of damage increases with an increase in the energy density of
the input laser light. The density of the laser light in the optical fiber can be reduced by
increasing the core diameter of the optical fiber. In other words, the energy density of
the output laser light can be reduced by converging the laser light by using an optical
fiber having a core diameter great enough for the given output of the laser oscillator.

25 [0006]



F1699 - 3 - On the other hand, the | aser system designed for the

pur poses of annealing and optical exposure is desired to be able to
produce | aser light of a high energy density because a hi gh energy
density neans a higher throughput and a | ower cost for each anneaE@gbg
product. Therefore, it is desired to shape the cross section of the

| aser beam 5 into a linear shape in addi}ion to increasing the

| engt hwi se di nensj on of the linear cross section in view of )

i ncreasing the eﬁ@rtgﬁfoepsh gndy therlaser aysf s designed oiathg PHIRCSTS Hgnaealing gad
surface area to be processed in a short period of time. [0007] Wen
an att enpt opBcabgEReostes ip deived te he abliede Broghce laser dighbef asligh ieosr2p flensiy

| aser 10 beamw th the ai mof increasing the throughput by neans of a
hi gher enebgsauseabighyenegysiensliyngeans athighee tiroughpyt andod lowtee cosidareablzam
emtted fromthe optical fiber, the optical magnification factor may
exceed t heahhexidd progues elhebafordbirés desited for shapé the cidye ecytionatfichd 1hses bearh |
result in a significant energy |loss. Furthernore, the core dianeter

IS requireghtd Q 1dear AepELASAition 10 iftedasing tRYRhSthAX¥EER chPort HEhE Bhé @hoss
fiber so that the |laser beamemtted 15 fromthe | aser oscillator

coul d not LeBNaPoLtyl (ifcrad N EREnbBF LI bEMARAS B Ghd Mo VRN Ee8"

adequately small wdth. | he”present invention was m

with the a'lsﬁpfé)c]:a a;e%s@lbg%pp(g:)?g#g%Qég&{ﬁgﬁ{d&qqm?as a primary object to

provi de a [aser optica em using optica i bers for
20t ransm tié@g | aser |ight generated froman oscillator that can
shape the } | i ght generated fromthe |laser oscillator into a

O
MEANS TO ACCOVPLI SH THE TASK [ 0009] 25To achi eve such an object, the
presentOi nbeam with the o efagcigasing the thgsuplaput by yispasel a higher energy density,
depending on the exit angle of the laser beam emitted from the optical fiber, the optical
magnification factor may exceed the limit imposed by Abbe's diffraction theory, and
this will result in a significant energy loss. Furthermore, the core diameter is required to
be increased in order to avoid damage to the optical fiber so that the laser beam emitted
15  from the laser oscillator could not be shaped into a linear beam with a cross section
having an adequately small width.
[0008]
The present invention was made with the aim of resolving such problems, and
has a primary object to provide a laser optical system using optical fibers for
20  transmitting laser light generated from an oscillator that can shape the laser light
generated from the laser oscillator into a linear beam with a cross section having a small
width even when the optical fibers are provided with a relative large core diameter.
MEANS TO ACCOMPLISH THE TASK
[0009]

25 To achieve such an object, the present invention provides a laser optical system



F1699 - 4 - (1) using optical fiber transm ssion, conprising: a first
optical fiber (3) for transmtting laser light emtted froma | aser
oscillator (2); a collimtor lens (4) for collimting |aser |ight
emtted fromthe first optical fiber; an array lens (5) includinggrggeg
plurality of cells for converging laser |light emtted fromthe
collimator lens into a plurality of spots; a 5 plurality of second
optical fibers. (6) each having a snaller, core diane than the fjrst
opti cal fig rusmﬁigpél&%f%ﬂFéEF ISR P EIPHRIRS] %§@F OPtﬂ‘ﬁ‘m{’?dﬁ)/g%’é@HSI}lﬁ?%
t he corresponding spot by the array |lens, the second optical fibers
havi ng out paser le%l%sym(n@%l) fr@lﬁ&tla&@awlﬁqj@mﬁbn acobapator kens (Rifar cqllimatinglaser
are arranged linearly in a single row, and a linearization optical
unit (7- 11)ightoami¢thd frongthe fisss optica) Hibew ai tatrey ldns ¢ intlediag eqpirabipytdfealls
10fi bers into | aser light having a |inear cross section at an

i 11 um nat eforsontagmg(idsey lightGedi¢d from the célitmagr lanstitios Humingsivpots; a
the laser light emtted fromthe first optical fiber is converged

into a pl upRirality 0@5ecoR@bStiAAY fibsrs 6) @h@h@ﬁ&gy smeN&: cofd\@iambRP than the first
transmtted to the second optical fibers ose output ends are

arranged i Bg@ca% GBEH dl RW SFell BRAdrhi? ﬁleqﬁsréflﬂght]éh‘v"er %inft(% fidlcoRtBddohding

fi ber can be avoided by i1ncreasing the core diane of the first

optical fi j j t hwi i j on
25 compar et T ARG R -0nt REAR ORRA 8 ) STRAN )
changi ng the nunmber .of cells of.the array.lens.and the nunber of the
cecond opt PEarIF RSl afifidings e et Sp2hratlinet R it SpkE TR hBREE boam can
be selected at.  will. 20[0Q1 Accor dj. tqQ a certain aspect of
the pr esenﬁn?%%%cm %l,cahmi ¢1?’]e1 Ir)if%%haﬁwgﬁ% sttt o e esor apHacbr
of A, a widthw se NA (nunerjcal aperture) of a condenser |ens that
conver §@s fihersinfg dgser lighithaping @ linger erpssupeftinm dan dilpminatedisurfage AN a
wi dt hwi se di mension of the laser light on the illum nated surface is
C, C<Ais[@BAD]sfied insofar as N < 1. 25[0012] F1699 - 5 -

OnM ng to this arrangenent, N can be freely selected while the

di st ance bet weenOwlirg tahidensegerha@nstha et light iefittod fieah etek Sugt divel filser is
appropriately selected, and a |linear beamthat satisfies the

condi ti on tdidlerded Sto@aiuiaBtyastiben 8¢ usiigAh&dirrBslefd, and then transmitted to the

second optical fibers whose output ends are arranged in a single row so that the damage

15 to the first optical fiber can be avoided by increasing the core diameter of the first
optical fiber and a linear beam having a large lengthwise dimension as compared to the
widthwise dimension can be obtained. By suitably changing the number of cells of the
array lens and the number of the second optical fibers, the widthwise dimension of the
linear beam can be selected at will.

20 [0011]

According to a certain aspect of the present invention, if the first optical fiber

has a core diameter of A, a widthwise NA (numerical aperture)} of a condenser lens that
converges the laser light onto the illuminated surface is N, and a widthwise dimension

of the laser light on the illuminated surface is C, C < A is satisfied insofar as N < 1.

25 [0012]



[ 0013] 5According to anot her aspect of the present invention, if the
first optical fiber has a core dianeter of A and a NA of B, the
second optical fibers have a core dianeter of L and a NA of K, the

|l aser light at the collimator Iens has a beamdiameter of D4 and @499
circle circunscribing each cell of the array lens is D5, D4/ D5 = (AX
B)/(L x K) holds. [0014] 100w ng to th| 'arrangerrent the | aser |ight

, th
clygeleSed e Sisbgheveen

emtted fromthe fi.rst tical flbe e int

second optical filgEpgt %%Fwnﬁ?lﬂ?% BFS‘;‘?

beam of a high intensity energy density) can be obtained.

[ 0015] Accdrafongenssr igas a lagtﬁgé@r fesre 1t peprppredelscleetodiod grincane

| i neari zation 15o0ptical uni t conprises a first cylindrical lens (7)

f or ref r acheam thaysatissisethe|conditior that Cetl Afaan e edlubvesldosfar asp¥ i<dal fi ber
in a direction (Y-axis) along which the second optical fibers are
arranged; a[®d8pnd cylindrical lens (8) for refracting the |aser
light emtted fromeach second optical fiber perpendicularly (X-axis)

to the directionazt@dthgnbiabthtBpst 00t @edchciakedtiodeifrshefit atlcanges;
a cylindrical array lens (9) for refracting the laser 20 |ight

em tted framiBfeliidmiedT SRCLRA OB I1AAEdERY oﬁtﬁﬂﬁ?ﬁﬁerb Ha\tehaecdib aBetd:Qn

al ong whi ch the second optical fi bers ‘are arranged

cylindri ca!O £l 80§ aﬁf&hff{?&éﬁ%{ﬁ t'a?ﬁaetéaﬁnhftﬁp end hﬂﬂ{] e%ﬁ](‘hgﬁ teopf?%a §

cylindrical array lens ction alon e secon

fourth ?Lfeﬁﬁﬁa”iffum%sbnzgﬁs%hf%f fBeger "“”Pﬁ%@ér PESRGA & Botas

fromthe czd %grl cal array lens 25 perpend| cularly to a d| rection
al ong whi c %At second optical fibers are arranged by F1699 - 6 -
usi ng an optical image formng relationship with respect to

secondl®yl i ndri c@wingtpsthisjapgnggment, the lasexsigly emiftadqfram s @'ﬁb‘&%@ﬁ}c fibarhe

| aser light emtted fromthe second optical fibers can be shaped into
a |inear beambaiatrpdered intnithosenpndonsivs] fijersiivithra hmirhem epergyhess so that a

linear beam of a high intensity (high energy density)} can be obtained.
[0015]
According to yet another aspect of the present invention, the linearization
15  optical unit comprises a first cylindrical lens (7) for refracting the laser light emitted
from each second optical fiber in a direction (Y-axis) along which the second optical
fibers are arranged; a second cylindrical lens (8) for refracting the laser light emitted
from each second optical fiber perpendicularly (X-axis) to the direction along which the
second optical fibers are arranged; a cylindrical array lens (9) for refracting the laser
20  light emitted from the first and second cylindrical lenses in the direction along which
the second optical fibers are arranged; a third cylindrical lens (10) for refracting the
laser light emitted from the cylindrical array lens in a direction along which the second
optical fibers are arranged by using the Kohler illumination theory; and a fourth
cylindrical lens (11) for refracting the laser light emitted from the cylindrical array lens

25  perpendicularly to a direction along which the second optical fibers are arranged by



5i Il um nat ed surface both in the w dthw se direction and | engthw se
direction. [0017] According to a certain aspect of the present
i nvention, the laser optical systemusing optical fiber transm ssion
can be applied to | aser annealing systens. According to the presepiggg
i nvention, an annealing process of a hl%h t hr oughput can be achi eve
by 10 using a linear |aser bean1having ‘smal | wi dt hwi se di nensi on

havi ng a hi.gh ene .dens e | engt hwi.se di
Sl e e 2R Sheh Y I Pt e Sefond e aGii lens.

i nvention, the Iaser Ilght emtted fron1the optical 15 fibers can be
shaped i nt U6l i near beam having a small wi dthwise dinension with a

m ni mum energy | oss. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF

DRAW NGS [ 0019] Owing to this arrappeyuend, the laserlight lsavittad frordithegeaondodptisal

| aser optical systemusing optical fibers 20 for transmtting |aser

| i ght enbodipemgan heshpped and ailinesriemariaving a driifpunent2ndiy dstpbutépent thee
view of the |aser optical systemshown in Figure 1; Figure 3 shows a

| ayout of {lhgninmpdburendbotie thd@idibikREdirestids af 1édpehwiné deedtiohl ber s

shown in Figure 2; and Figure 4 show graphs show ng the
distributiggmief the intensity of laser light on 25 the illum nated

surf ace. 1699 - 7 - DESCRI PTI ON OF THE EMBODI MENT(S) OF THE

I NVENTI ON [ 0020] According to a certain aspect of the present invention, the laser optical system
using optical fiber transmission can be applied to laser annealing systems. According to
the present invention, an annealing process of a high throughput can be achieved by

10 using a linear laser beam having a small widthwise dimension (having a high energy
density) and a large lengthwise dimension.
EFFECT OF THE INVENTION
[0018]
According to the present invention, the laser light emitted from the optical
15 fibers can be shaped into a linear beam having a small widthwise dimension with a
minimum energy loss.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWINGS
[0019]
Figure 1 is a schematic diagram of a laser optical system using optical fibers
20  for transmitting laser light embodying the present invention;
Figure 2 is a perspective view of the laser optical system shown in Figure 1;
Figure 3 shows a layout of the input ends and the output ends of the optical
fibers shown in Figure 2; and
Figure 4 show graphs showing the distribution of the intensity of laser light on

25  theilluminated surface.



Now t he present invention is described in the following in nore

detail in terns of a concrete enbodinent with reference to the
appended draw ngs. 5[0021] Figure 1 is a schematic di agram of
a laser optical system1 using optical fibers for transmtting |aggggo
| i ght enbodying the present invention. I n particular, Figure 1(A)
shows a front view of the optical systeri- and Fi gure 1(B) shows a

Taser opti CHSQREEINEY 1B REE PSR S B ey g o

first optical fiber 3 connected to a |aser output end thereof The
first opti ¢120§iber 3 is provided with a relatively large core

di aneter which is |large enough to avoid damage to the first optical
fi ber 3 when subfNewtthd ptasenthavedntisws desgitiedantltet fotlowmgm mivae Hetgidin terms
oscillator 2, and emts laser |ight having a prescribed di vergent
cone angl eof 4 otacacte enibpdimeandith hefeate tofhe hpyended ratvirersd of the first
optical fiber 3 is 15 disposed a collimtor |lens 4 which transforns
the lasgr foghy emtted fromthe first optical fiber 3 into a

paral | el beam [ 0022] A spherical array lens 5 is provided at

the output end ofidyhe; stJ dchBRLRE dihSam (ﬂ“ ‘a IHE@ ?ﬁ’@a@ 5ykéh lacfsfr%%fltlgﬂsﬁb%rs

includes a matrix of cells 5a arranged both ong an X-axis 20 and

Y-axis whi fci} tFHhS; Rﬁﬁ%ﬁ?&llﬁl grﬁb(t)(gll gﬁ‘ﬁﬁ@ és@ﬁ‘trmv pe | ﬁﬂrtfc%ﬂr Frig%e 1(4)

consists of a spheri avin uare's an v

the illustrated gnbod eric arr ns 5 cl.ude i ne
Larl b Ba PR BORYTB R e doliSar 3R '%ﬁ%} SRl % GV ER o o,
beam t hat ente s the s rical_. arra i's converged .into

singl e spoppw St Ay %r}ﬁ@’ndéPﬂ@f%yiﬁqgﬁ%k?s?fwﬁfﬂéyﬁﬁﬁé 1§E)‘B‘E1%941ﬁsef
this case). 25[0023] F1699 - - The out[)ut end of the

spheri ¢~ asciliaion 2haying g §rs @Hh@é fiber 3 epnacetadrinet laser cyibat gad Biseqoéalhe

fibers 6 corresponding in nunber to the spots formed by the spherical
array | ensfifst pplicad fiber 3 sgpr@vided3with naelgteveaintargds carkidianietarsthielt igdarge
enbodi nent), each second optical fiber 6 having a snmaller core

di amet er t l@oughhe afoid shmegt foaht fifst bpticaBfibdittewherpsithjetal t6 2heothses digbh
second optical fiber 6 is located at the position where the |ight

spot is foemBeddon AR 160F baSRAnEN REd et 14er REhtthBeingRpREsCHBEd divEraynt
lens 5 or at the focal point of the
cone angle from an output end thereof. To the output end of the first optical fiber 3 is
15 disposed a collimator lens 4 which transforms the laser light emitted from the first
optical fiber 3 into a parallel beam.
[0022]
A spherical array lens 5 is provided at the output end of the collimator lens 4.
The spherical array lens 5 includes a matrix of cells 5a arranged both along an X-axis
20  and a Y-axis which are perpendicular to each other, and each cell 5a consists of a
spherical lens having a square shape in plan view. In the illustrated embodiment, the
spherical array lens 5 includes nine cells 5a arranged in a three by three arrangement.
The parallel laser beam that enters the spherical array lens 5 is converged into a single

spot by each of the cells 5a (thereby forming nine spots in this case).

25 [0023]



correspondi ng cell 5a of the spherical array lens 5 as shown in
Figure 3(A). In other words, the input ends of the second optical
fibers 6 are located at the centers of the corresponding cells 5a in
plan view 10[0024] The axial lines of the input ends 6a of the 490
second optical fibers 6 are disposed in parallel with the optical

axial line. Being in parallel with the-@ptical axis as used herein
nmeans being in parallel with the axis of rotational symetry of each
cel | 5a (which iEhF@P@PF@aiqfdﬁ%gﬂhﬁﬁ&ﬁ&H@véﬂﬁ Sdipwepﬁeﬁéqapﬂ@%fﬁ sgfond

the center of the actual |ight 15 beam that passes through each cell
5a. The | agpticahahemsSnovesrpadinginagabecielthe wteiormed by Hie spherigal amey Bas
of the correspondi ng second optical fiber 6, and is transmtted

t hr ough t hé (simeamthedxt B emhngeniat obthe il0GR5ld Wnbodintent), sarhasesqndtopiicslh
each cell 5a of the spherical array lens 5, the angle 20 of the |aser
beam t hat @btes Baihea sanllapandbnetes thaa itk Bt optrhl fibdrsr The Spatiémdl 6uosf
exceed the NA of the second optical fiber 6, and the dianeter of the

spot shgul dadholecocftidal fier 6§ Brcaicd ABME pollfioh MBeeaRONEAPbI i§ Frniddsr
6. [0026] If the core dianeter of the first optical fibér

3is A th%e'%r@épdn@ﬁqgfdeﬁ%fa o?lﬂ{e%_ AkriPafrhPRhs 3 g'* t§tht§e &éagg&-ﬁ{@nhe

di aneter of the second optical ber 6 1s L an the F1699

T 9. . . . , - et ¢
the beam drarapardil ot SFheReltisel Farad 8 g uth R Pl Bt
ons 5 1 5 BEMy e e BEARa5s bl SRERRgThracE s egntedohle

B)/(L x K) (EL) 5 By seLgect.i ng the core dianeter and NA of the second
optical fi Be¥esgonding gells 3dAREN Viee | aser |ight that |eaves the first

optical fiber 4 can be introduced into the second optical fibers 6
wi th al®i ni B9&ftEknergy | 0ss. [0027]

The axial lines of the input ends 6a of the second optical fibers 6 are disposed
in parallel with the optical axial line. Being in parallel with the optical axis as used
herein means being in parallel with the axis of rotational symmetry of each cell 5a
(which is referred to as the optical axial line) instead of the center of the actual light

15 beam that passes through each cell 5a. The laser beam converged by each cell 5a enters
the input end 6a of the corresponding second optical fiber 6, and is transmitted through
the second optical fiber 6.
[0025]
When forming a spot with each cell 5a of the spherical array lens 5, the angle
20  of the laser beam that enters the corresponding second optical fiber 6 should not exceed
the NA of the second optical fiber 6, and the diameter of the spot should not exceed the
core diameter of the second optical fiber 6.
[0026]
If the core diameter of the first optical fiber 3 is A, the NA of the first optical

25  fiber 3 is B, the core diameter of the second optical fiber 6 is L and the NA of the



The second optical fibers 6 curve snoothly, and the output ends 6a
t hereof are 10 arranged in a single |inear row extending in parallel
wth the Y-axis to provide a linear laser light on the illum nated
surface 12 as shown in Figure 3(B). The axial lines of the out put p1699
ends 6b of the second optical fibers 6 extend in parallel to each
other, and, in the illustrated enmbodi neft-, are arranged at a regul ar
interval. [0028] 15The laser light |eaving each second optical fibher
6 i s colli fenoedoptiead fifepltsdly &P ThanthBrakrisfrysainfied I the peam diamsjey aj the
cross section by a cylindrical lens 7 for collimating in the
| engt hwi s e cellimagarilens 4 i-Dikansd) the digmeteryif thednicleathal @regmgerigs each cell 5a of
collimating in the widthwi se direction (X-axis). [0029] 20The | aser
|'i ght col | tireespbetidahbwayleneblis P therf thedblloving relettorshipdedds. cr oss
section by the cylindrical lens 8 is introduced into a cylindrical
array |ens 9 based/mfi=t(hex Kyl @ K)i.l.[(wm nation theory and a
cylindrical lens 10 in order to achieve a uniformenergy distribution
al ong the BonefebihSHiedbiRfilheRr 81 WA ithd EdRPS AR BB AR 1Hid mahh&, the
di mensi on of the | aser beamon the illum nated surface 12 as
measured a : ' fol ' IS I :
a1 plyi iR et RAGReME B SRaCh HBGLL b b nBh G onq picg]
10 - Il engt of, the cylindric rray lens 9 and the cylindrical |ens
10 to the @gﬁF6d?ﬁ%ﬁ§ﬁ%ﬁ“%?e?%%yg§ﬁindrical array lens 9. [0030] The
| aser beanh&ﬁgLinated into the elliptic cross section is converged in
the 5 w dt direction according to the optical imge formng
rel ati onship between the cylindrical |ens 8 and another cylindrical
lens 11. The di mEhesssaAndopfical feers d<arvasapetidy anddhe pytans ords ¢ thersof aece
12 as neasure along the widthwi se direction is determ ned by )
mul ti pl§i ngratged img pingledinepoiow exdenstingliatparatiehwithitye Yiexis topapvidenjneas
of the cylindrical

laser light on the illuminated surface 12 as shown in Figure 3(B). The axial lines of the

output ends 6b of the second optical fibers 6 extend in parallel to each other, and, in the
illustrated embodiment, are arranged at a regular interval.
[0028]

15 The laser light leaving each second optical fiber 6 is collimated into a parallel
beam having an elliptic (or oval) cross section by a cylindrical lens 7 for collimating in
the lengthwise direction (Y-axis) and a cylindrical lens 8 for collimating in the
widthwise direction (X-axis).

[0029]

20 The laser light collimated into an elliptic (oval or track-shaped) cross section
by the cylindrical lens § is introduced into a cylindrical array lens 9 based on the Kohler
illumination theory and a cylindrical lens 10 in order to achieve a uniform energy
distribution along the lengthwise direction on the illuminated surface 12. The dimension
M of the laser beam on the illuminated surface 12 as measured along the lengthwise

25  direction is determined by multiplying the magnification factor determined by the focal



lens 8 and the cylindrical lens 11 to the core di anmeter of each
second optical fiber 6. 10 The dinmension C of the | aser beam on the
illumnated surface 12 as neasured along the wdthwi se direction is
related to L and A such that C < L < A [0031] In this Iasg§699
optical system 1l using optical fiber transmssion, if the w dthw se

NA of the cylindrical lens 11 that convédges the Iaser light onto the
illumnated surface 1512 with respect to the widthwi se directjon is N
and the di $gfsef H@%@éﬁn%éﬂém@ﬁarapéahe ¢yeindrieal lengd Ot ghe; qefl dmpasiqayot
surface 12 is appropriately selected, by varying N insofar as N< 1

i s satisfi & cylihdriehl paagledn9C of the |aser beamon the illuninating
surface 12 along the widthwi se direction can be sel ected, and the

di mensi on J0&f] be nmade snaller than A without incurring a

significant energy |oss. 20[0032] In this |aser optical system
1 using optical fThétketeamsdtillaaated inta thd Qhptid drbLnsttion idicsiverdpdtih e as
shown in Figure 4 can be achieved on the illum nated surface 12.

Fi gure 4(Ali&hene diletidd 4Bbrdidl @nBd bpticdl 4, c?etryﬁmﬁg rériuénlaﬁﬁlb%&%enltw ht

al ong the w dthw se direction (X-axi's) Fi gurée 4(B)

oot h:w-msg CFdfichtiBh & Bt %&fc&%h%gm&% %?ﬁﬂelj?zfgg%ﬁd‘pﬁ%f daser beam on
i F

:éﬁtc'ﬁfgi ng DB ﬁ%@lﬁé&e uihd Bkt SS'Hp%aé?%P?etv Btk s n‘g}d%?e&ﬁ? 4%

Wi St hwi o B atying B mastin elis etk ?v?mdhyow%ﬁgﬁpgﬁﬁpé o hdrical

distribution along the entire d| mensi on M of the | engthw se direction
on the ill Wﬁ@p@%]esqy,lmgeggl {ens 13 tg gpzqore diameter of each second optical fiber 6.

10 The dimension C of the laser beam on the illuminated surface 12 as measured along the
widthwise direction is related to L and A such that C <L <A.
[0031]
In this laser optical system 1 using optical fiber transmission, if the widthwise
NA of the cylindrical lens 11 that converges the laser light onto the illuminated surface
15 12 with respect to the widthwise direction is N and the distance between the cylindrical
lens 11 and the illuminated surface 12 is appropriately selected, by varying N insofar as
N <1 is satisfied, the dimension C of the laser beam on the illuminating surface 12
along the widthwise direction can be selected, and the dimension C can be made smaller
than A without incurring a significant energy loss.
20  [0032]
In this laser optical system 1 using optical fiber transmission, a light intensity
distribution as shown in Figure 4 can be achieved on the illuminated surface 12. Figure
4(A) shows the light intensity distribution of the laser light along the widthwise
direction (X-axis), and Figure 4(B) shows the light intensity distribution of the laser

25  light along the lengthwise direction (Y -axis). As shown in Figure 4, the laser optical



The | aser light emtted fromthe first optical fiber 3 is collimated
by the collimator lens 4, and introduced into the second opti cal
fibers 6 having a smaller core dianmeter via the spherical array |ens
5. The out put ends 6b of the second optical fibers 6 having a small:h 9
core dianeter are arranged linearly in a single row By using the
principle of the Kohler illumination with-respect to the |engthw se
direction (Y-axis). of the gutput ends 6b and using the optical _inage
forming rePFYe®Adising apsceldier Frﬁ@n%%on arerkingyior the presgid daveption pehieves a
w dthwi se direction (X-axis) of the output ends 6b, a |aser beam
havi ng a | svhstantislpysifearkgh metbnsityalpsribuiibnalong th@r:mrleudgh@nsmﬂ@ﬁéthw
di stribution can be achieved on the illum nated surface 12 in such a
manner as wadthyisctdérectigpoasl ddubstantidly unéfoanighmtbneity detributien alpng likee
opti cal conponents of the present invention ranging fromthe

spheri cal afitireViitheisorbM of thdRngRoMRAIRPlibLEd theiilbenmated shAREAH2.

The | aser optical system 1l using optical fiber transm ssion that can
radi at esl af@fg, fight on the illumnated surface 12 in this manner is
highly suitable for use in annealing 20thin filmsilicon. [0035]

The present inve [

enbodi nent, but ? %&g‘?y@t %?%@e%‘?éﬂne%@w lloﬁbe??ﬁi?@(ghfﬂaﬁed by the

i Il ustrated

i.nst.anc | ens ;5 _of
the i1 ust FARBR B 1B5a b o e G e bs'Pad PRRG 6B Bedibe iRt Bre
arrangenent,, but al so. be arran ing djffer
unber s of CiagtRer ViR e SPieTiEal iy o A PR 6%@331}? epid eptial Hhe 6
be square in shape, but may also be rectangul ar, hexagonal or
ot herwi se B#vipeasmaiie @F?a‘ﬂié%le%élfel a&gﬁa&%dshrtﬁﬁﬂv P\‘ba\?l&ﬂede‘é’ Bynpwadha s of
the present invention can be nodified wthout departing fromthe
spi rit 1of ptiecipleed dre KoHoritlumretios vAhaggRivo]the B pthiisestirecton (*cakis) of
system usi ng optical fiber transm ssion
the output ends 6b and using the optical image forming relationship between the two
lenses with respect to the widthwise direction (X-axis) of the output ends 6b, a laser
beam having a linear cross sectional shape and a uniform light intensity distribution can
be achieved on the illuminated surface 12 in such a manner as was quite impossible to
15 be achieved without using the optical components of the present invention ranging from
the spherical array lens 5 to the second optical fibers 6.
[0034]
The laser optical system 1 using optical fiber transmission that can radiate laser
light on the illuminated surface 12 in this manner is highly suitable for use in annealing
20 thin film silicon.
[0035]
The present invention was described in terms of a specific embodiment, but the
present invention is not limited by the illustrated embodiment. For instance, the

spherical array lens 5 of the illustrated embodiment contained cells in a 3 by 3

25  arrangement, but may also be arranged in a matrix having different numbers of rows



2l aser oscillator3first optical fiber 4collimtor |ens5spherical
array | ens 105acel | 6second optical fiber 6ai nput end6bout put end
7cylindrical lens (first cylindrical lens) 8cylindrical |ens (second
cylindrical lens) 9cylindrical |ens array 1510cylindrical |ens (t956§b
cylindrical lens) licylindrical lens (fourth cylindrical |ens)
12i Il umi nated surface Acore dianmeter ofl3he first optical fiber 3 NA
of the first optical fiber, 3 20 Lcore dianeter_ of the second opti cal
fibers 6 Radgolumme Alsedaeh et ¥ By npf btauars ingaanss bytyaay dpbe getangular,
converging the |l aser beamonto the illum nated surface 12 along the
wi dt hwi se dexagonalen otherwise ghapsd. ‘Bwohaprsaind dayeutssifdhe friouh gomperantsydam
on the illum nated surface 12 al ong 25t he w dt hw se direction

the present invention can be modified without departing from the spirit of the present

invention.
5 GLOSSARY
[0036]
1 laser optical system using optical fiber transmission
2 laser oscillator 3 first optical fiber
4 collimator lens 5 spherical array lens
10 S5a cell 6 second optical fiber
6a input end 6b output end
7 cylindrical lens (first cylindrical lens)
8 cylindrical lens (second cylindrical lens)
9 cylindrical lens array

15 10 cylindrical lens (third cylindrical lens)

11 cylindrical lens (fourth cylindrical lens)
12 illuminated surface
A core diameter of the first optical fiber 3
B NA of the first optical fiber 3 -
20 L core diameter of the second optical fibers 6
K NA of the second optical fibers 6
N NA of the lens for converging the laser beam onto the illuminated surface 12

along the widthwise direction
C cross sectional dimension of the laser beam on the illuminated surface 12 along

25 the widthwise direction



F1699 - 13 - Mross sectional dinension of the | aser beamon the
illumnated surface 12 along the | engthw se direction D4beam di anet er
at the collimator |l ens 4 D5dianeter of the circle circunscribing the
cells 5a of the spherical array lens 5 F1699 - 14 - CLAIMS 1. A Ig§@ﬁ;
optical systemusing optical fiber transm ssion, conprising: a firs
optical fiber for transmtting laser likht enmitted froma |aser
oscillator; 5a collimtor lens for col]imating | aser light emtted
fromthe fiMst ofiostssctippa)dimensipnofithe laserheamon thefllnigated syricedy almsg
cells for converging laser light emtted fromthe collimtor |ens
into a plurality of tkplengthwisedirectiep plurality of second opti cal

fi bers each having a snmaller core dianeter than the first optical
fiber and ©®dnfi gbean diametatrat thetcoHirhateelend 4 ght converged into the 10
correspondi ng spot by the array |lens, the second optical fibers

havi ng out pgt endiintebelof the circle circumscribing the cells 5a of the spherical array lens 5

5



have nutually parallel axial lines and are arranged linearly in a
single row, and a linearization optical unit for shaping |aser |ight
emtted fromthe second optical fibers into |aser |ight having a

| i near cross section at an illum nated surface. 152. The | aser Optkﬁ%9
system usi ng optical fiber transm ssion according to claim1l1, wherein
if the first optical fiber has a core didnmeter of A a widthwi se NA
of a condenser | ens that converges the laser light onto the

i |1 um nat e§1éMSce is N, and a widthwi se dimension of the |aser

light on the illum nated surface is C, C<Ais satisfied insofar as N
< 1. 20 3.The |l aser optical systemusing optical fiber transm ssion
according to claiml1l or 2, wherein if the first optical fiber has a
core di anefler of AAasandpacdNdysdém Bsing loeticx Cbadtirapmisain, tohprisnflave a
core dianeter of L and a NA of K, the laser light at the collinator

| ens has a beam difieftepgéal Giberbr ffsrditig 1642 light Eniftee okl ABseasbillewt;
of the 25 array lens 1s D5, D4/D5 = (Ax B)/(L x K) holds. F1699 - 15

- 4.Thesl aser op} 'b&lﬁhla%ai&l&?s%yédmﬂlaegg 1ag@H1ight ARtk RS HeSRbiQUptical fiber;
according to any one of clainms 1 to 3] wherein the linearization

optical unit co e%ﬁf}?leﬁs Hcﬁ.ﬁt nsgg%/fg)lhgbqiiw §8dells B eohPlrgfrgNARE b %ntiE

| aser |ight emt om eac

from the collimator lens into a plurality of spots;
a plurality of second optical fibers each having a smaller core diameter than the
first optical fiber and configured to admit the laser light converged into the
10 corresponding spot by the array lens, the second optical fibers having output ends that
have mutually parallel axial lines and are arranged linearly in a single row; and
a linearization optical unit for shaping laser light emitted from the second

optical fibers into laser light having a linear cross section at an illuminated surface.

15 2. The laser optical system using optical fiber transmission according to claim 1,
wherein if the first optical fiber has a core diameter of A, a widthwise NA of a
condenser lens that converges the laser light onto the illuminated surface is N, and a
widthwise dimension of the laser light on the illuminated surface is C, C < A is satisfied
insofar as N < 1.

20
3. The laser optical system using optical fiber transmission according to claim 1
or 2, wherein if the first optical fiber has a core diameter of A and a NA of B, the
second optical fibers have a core diameter of L and a NA of K, the laser light at the
collimator lens has a beam diameter of D4 and a circle circumscribing each cell of the

25  array lens is D5, D4/D5 = (A x B)/(L x K) holds.



5 optical fiber in a direction along which the second optical fibers
are arranged; a second cylindrical lens for refracting the
| aser light emtted fromeach second optical fiber perpendicularly to
the direction along which the second optical fibers are arranged; F1699
a cylindrical array lens for refracting the laser light emtted from
the first and 10 second cylindrical |ens®s in the direction al ong
whi ch the second optical fibers are arranged, athird
cylindrical lens for refracting the |laser light emtted fromthe
cylindrical array lens in a direction along which the second opti cal
fi bers are4arrandbellassr apsicalpystiom yetrg entical fiheritansonission Aecording tonanyiBig
fourth cylindrical lens for refracting the laser light emtted from
t he cyl i ndof claimsar tocd; vhensin gerlpeadzatiohaptiyal iait@odhpriesst i on al ong whi ch
the second optical fibers are arranged by using an optical inage
form ng rel ati ong iz cyliikdricabRRe fir réfadiing tisclaun i gbtydrined iioal edchRecond

5  optical fiber in a direction along which the second optical fibers are arranged;

a second cylindrical lens for refracting the laser light emitted from each second
optical fiber perpendicularly to the direction along which the second optical fibers are
arranged;

a cylindrical array lens for refracting the laser light emitted from the first and

10 second cylindrical lenses in the direction along which the second optical fibers are
arranged;

a third cylindrical lens for refracting the laser light emitted from the cylindrical
array lens in a direction along which the second optical fibers are arranged by using the
Kohler illumination theory; and

15 a fourth cylindrical lens for refracting the laser light emitted from the
cylindrical array Iens perpendicularly to a direction along which the second optical

fibers are arranged by using an optical image forming relationship with respect to the

second cylindrical lens.



