1 8 SEP 2006 |LLUM NATI ON OPTI CAL SYSTEM AND LASER PROCESSOR HAVI NG THE
SAME BACKGROUND OF THE I NVENTION Field of the Invention The preﬁggé
invention relates to an illum nation op{ical system whi ch is suitabl sz@r
anneal processing of a glass substrate and the like, and a | aser processor
incorporating the optical system Description of the Related Art One
conventi on hT} } i r b af J | i ght
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| aser light in order to repair the %&%ﬁﬁﬁl properties of the silicon film
whi ch i s damaged by the injection of rity ions, and to revitalize
injected inpurity ions. This is called a | aser anneal nethod. One
characteristics of |aser anneal processing is that there is al nbost no heat
damage to the substrate. This characteristic of causing no heat danmage to
the substrate is useful WAEKGROUNRANPTHE IPAVENHIRNY a semi conduct or

el enent on a substrate having | ow heat-resistance, such as glass. Recently,
a gl ass shibidtof @#eclnventjamef erably used as the substrate in a liquid crysta

di splay, and in particular in a liquid crystal display for noving innages, in

vi ew of cost 'ﬂfé&ﬁ@%ﬂ?in@%i&rﬂ%la@@s@ﬁgililﬁﬁinﬁtiélﬁélﬂﬁsral /s8R wHRGRs UfiBR the
nmet hod,

| aser anneal even when the substrate conpri'ses a glass having | ow

heat - resi st ance, there i s alnost. no he ana o the glass substrate.
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el ement such as a thin-filmtransistor conprising a crystallized silicon

film evdhe apiésal 6itemy a gl ass substrate. Consequently, in the future, the

| aser anneal nethod is expected

Description of the Related Art

One conventional crystallizing technique is performed by radiating laser light onto
an amorphous silicon film. There is another technique of radiating laser light in order to
repair the crystal properties of the silicon film, which is damaged by the injection of
impurity ions, and to revitalize injected impurity ions. This is called a laser anneal
method.

One characteristics of laser anneal processing is that there is almost no heat
damage to the substrate. This characteristic of causing no heat damage to the substrate
is useful when, for example, providing a semiconductor element on a substrate having
low heat-resistance, such as glass.

Recently, a glass substrate is preferably used as the substrate in a liquid crystal
display, and in particular in a liquid crystal display for moving images, in view of cost
concerns and the demand for a larger area. When using the laser anneal method, even
when the substrate comprises a glass having low heat-resistance, there is almost no heat

damage to the glass substrate. Therefore, it is possible to construct a semiconductor
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to be an inportant technol ogical feature in the construction of

sem conductor circuits on glass substrates. Mst glass substrates with a
seni conductor circuit or the |ike nounted thereon have a conpar at 8 vEP g8

| arge area. In contrast, the beamradiaftion area of laser light inmmediately
after em ssion fromthe light source is small. For this reason, the shape of
t he beam i | i 0 anned.

For oxampramenirf 383l ta%?ﬁ{dr ﬁﬁﬁ?n@iﬂ% T U P
and scans the g| ass substrate. thl tho anneal roceSS|ng of the
entire gl 4§88 adlsst ?t&isgateancsgse@b}ﬁ% Setith ﬂ??dﬁiféraﬁ?‘? gefhods FEPeciele.  An
optical systemfor making a |inear bean1used in such | aser anneal processing
i s di scl otelk dannimpoganidrehmolagical fgature sethigrerstmictied oPsgreinond\gpiricratitorn  Fi r st
Publ i cation No. 10-244392. |In Japanese Unexam ned Patent Application, First
Publ i cat i giasNmbstifles. 244392, a | aser beamis made |inear by using an optical
system known as a honogeni zer. The honogeni zer is required to make a |inear
beam havi ng eXMo%P@Eé’s éﬁl'i}ktfr és”%viqq b U RBhaRRr R uit RERR ik bR cf‘{h%f’
publlcatlon rlca I 'ens systen1 conprising a p?ura Ity of
cylindric | enses i s pysed as th e er honogeni ze | ays a
Cuntral 1 B o HoERA G B drea ndn PR A8 G BRIAR SHEFISe: BRIRT of m

the multi-cylindrical |ens system strlp i ke cyllndrtcal | enses are
arranged immediatebyafisacaiigsion fremiheelight sewree trsneil ¢ Hier this efasers theshapoaler . | n
the sane manner as a fly-eye |ens used in conventional uniform

i Il um nat therbeard ibmadé squake oelyigear, aad b peedtdrmimedtrigionid dcannadly | iFodexample] ens
system is split by the cylindrical |enses and focused into a |inear shape.

As a resuliinedr 'B@arﬁlb'iﬂi’i ht Bfm Adeﬂ‘éﬁfpgh@‘%ﬁﬁ? td s lolE sRRMd %éaﬂs he é’l‘dm%st?ite

cylindrical Ienses SEP 700 These |near i mages becone a plurality of
neM{secanaﬁﬁ ht sourgﬁ§ R adlatq d ug ttggggbeunnqggg V|a anot her
cylindric VRS Oflh%nqeia & Sl‘g’tngr?n ﬁﬁgflf} ot
comparatively short time.
An optical system for making a linear beam used in such laser anneal processing
is disclosed in, for example, Japanese Unexamined Patent Application, First Publication
No. 10-244392. In Japanese Unexamined Patent Application, First Publication No. 10-
244392, a laser beam is made linear by using an optical system known as a homogenizer.
The homogenizer is required to make a linear beam having extremely uniform
illumination and shape. In the above publication, a multi-cylindrical lens system
comprising a plurality of cylindrical lenses is used as the homogenizer. The
homogenizer plays a central role in ensuring that the illumination of the beam is uniform.
In the multi-cylindrical lens system, strip-like cylindrical lenses are arranged in a
row parallel to the direction of their refractive power. In the same manner as a fly-eye
lens used in conventional uniform illumination, a bundle of rays, radiated into the multi-
cylindrical lens system, is split by the cylindrical lenses and focused into a linear shape.

As a result, the number of linear images is the same as the number of cylindrical lenses.



secondary |ight sources reconnect on the illunminated face of the sanple, and
are averaged. Therefore, the illumnation distribution becones umggmmz%@
the direction which the nmulti- cylindrigal lens systemis arranged in
direction having refractive power). Furthernore, in Japanese Unexanlned

Pat ent Application, First Publication No. 10-244392, two nmulti-cylindrical

I ens syst ?H&efﬁh@arl{ﬁﬁ tB%c E%plth*il%h! 'df%@lx&%&dxﬂﬁryqighft QbRes thidﬂera&h{eec“ on

paraIIeI to the wid near beam as wel'l as paraflel to the Iength

of the b wever it he {0 rob en us | ar ge
nunmber of f @g] ORI Y V’Iaearl?gﬁ? ﬁg’dgg%ﬁ?nsbeﬁgA’gﬁhﬁoﬁm@eé’l%ru fgtl on. Making
a cylindrical lens is not as easy a nor nma| spherlcal faced | ens, and the
manuf act u?chgia&bgghtlsgurﬁpwé?nn%% H’ér‘%ﬂ@ate@ﬁéce Fribgianplprpdioss visragsdgr eat | y
inferior to that of the normal spherical-faced | ens. Considering the

manuf act uFkereforea theat hmaatiap pidstabutson tehemes s foampo ks dirdetipy whingt thamudipt i cal
system conprising a great nunber of cylindrical |Ienses will increase the

manuf act ugylingric4l Mk spiéinfidbiratgRd 32 tths HitedRABAG R fréfadiivg Powenk precision. The
growi ng denmand for large-scale |iquid crystal displays has been acconpanied

by an increas aj e ereis a
demand f or anel:l%ar\g/ht-s-ﬁ]IH r(‘)ah{nejr%p 'ifleﬁégjr% eg %@Hvﬁteﬁpﬂ‘;ﬁﬂﬁa %{ﬁ 1%9?31%&&?? h@ar beam
is increa iLle keejn its wdth constan |II mnated area
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result, when the beamis radiated onto a sanple, it is difficult to heat

t he sanpl i@ thodirdsion papdebiothe width of thedirfear beamrasavelpasorpeal il tgthe Aength df ngl y,
to increase the energy density when illum nating the sanple, the |ong-side
| engt h oftht heam.beam need i ncrease, also the width of the beam need be
narrower. 1 8 SEP 2006 4 Qther reasons why a beamw th a narrow width is

needed are exphahiRsl @2 iRl ProbI Al BXEIR ARSIl SullbePo PR Over

and is widely used as aser |ght sour ce.

lenses, as described in the above publication. Making a cylindrical lens is not as easy as
a normal spherical-faced lens, and the manufacturing cost is higher. Furthermore, the
shaping precision is greatly inferior to that of the normal spherical-faced lens.
Considering the manufacture of an actual apparatus, there is a possibility that an optical
system comprising a great number of cylindrical lenses will increase the manufacturing
cost and fail to satisfy demands for high work precision.

The growing demand for large-scale liquid crystal displays has been accompanied
by an increase in the area of the scanning region. Consequently, there is a demand for an
even longer linear beam. When the length of the linear beam is increased while keeping
its width constant, the illuminated area increases. Therefore, the energy density per area
unit decreases. As a result, when the beam is radiated onto a sample, it is difficult to
heat the sample to the temperature required for anneal processing. Accordingly, to
increase the energy density when illuminating the sample, the long-side length of the

beam need increase, also the width of the beam need be narrower.



However, the excimer |aser is expensive, and the apparatus itself is |arge.
For this reason, it is desirable to use a fixed |aser, or a YAG gﬁsﬁg,
which is cheaper, snmaller, and easier o0 handle, as the |aser Ii gmﬁce
The fixed | aser and YAG | aser have | ower output energy than the exciner

| aser. Therefore, in order to increase the energy density on the

illumnated f i t. he f of

Consequent |y, q%%%r %%%L kﬁgtalbé@h%t‘ﬁ&g? n?ﬁée;%g’ggﬂl] lrslélgé I ﬁag?%ﬁa;gﬁe)l‘ﬁg# gg?ﬂ? S Swi dt h
need be narraower Aildﬁs ri bed above, the. need for | i near beamwi th a
narrow wi ARFXFEEEIFEIas Rieb PR powel apd s Wideh WegAs P iasgeligl SABicFon
capability in the direction of the length of the |inear beam In view of

t he demantoworert the sxdignoelasdr iy peppasiver andtthoApreagsadbitielfiy larghe Faypghisi fi cati ons
of the optical systemdisclosed in Japanese Patent Laid-Cpen No. 10- 244392,

ment i onedreasiay & is ddstrable aslaspunfied 1Aser AaSCY AlEdsapelieh islérapas smbliexam ned
Pat ent Application, First Publication No. 10-244392 uses two

mul t1 - Cy! LA | Phng| RSB IREPHBLNBUIRY BOEM AL nd Ry RG140r hdveQoney| [ N cal
| enses. The optical systemforlowmng the multi-cylindrical lens systens is

generally called a condenser |ens, d sim.lar conprises a .
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of cylindrical lenses in this way, and constructing the optical systemfrom
power appelt e ildwsinpgdifang. dieficht awst hecfapysed i) fors) aeargiwas beaBns and short - si de
directions, is believed to be an effective design nethod, nmaking the

appar at usCemsgwmtliy oot anbyethe tpngth dfahe begm atmindcieadeldldd ivelidtiwhemnt ler eat i ng a
rectangul ar (linear) beam However, in an optical system which comnbi nes
cylindricgdmrduripses with different 1 8 S E P 2006 5 directions of power,

when a bundl e of parallel rays enters, there is a |ight beamwhich travels

in a different,diLRatl PR e hORed fF&ihNbeRh PRNFhaflw WGl d,ca

| enses. The

optical system with high image formation capability in the direction of the length of the
linear beam. In view of the demand for this type of image formation capability, the
specifications of the optical system disclosed in Japanese Patent Laid-Open No. 10-
244392, mentioned above, are inadequate.

As described above, Japanese Unexamined Patent Application, First Publication
No. 10-244392 uses two multi-cylindrical lens systems having a plurality of strip-like
cylindrical lenses. The optical system following the multi-cylindrical lens systems is
generally called a condenser lens, and similarly comprises a multi-cylindrical lens system.

Constructing the optical system using a group of cylindrical lenses in this way,
and constructing the optical system from power apparatuses having different beam long-
side directions and short-side directions, is believed to be an effective design method,
making the apparatus easier for a designer to comprehend intuitively when creating a
rectangular (linear) beam,

However, in an optical system which combines cylindrical lenses with different



aberration of this |ight beam cannot easily be corrected by an optical
system which sinply conbines power in intersecting directions. ﬁ§rE?f2Wﬁe’
this design nethod is not desirable vvhgn attenpting to correct
aberration of the optical systemto a high |level. For exanple, that the
bundl e of paraIIeI | i ght rays is assuned to be circular in cross section.

and a SediRUET AN R R BE S i ROERS oo DB whin Poct  on

i ntersecting .the_ power dlrectyﬁn of the first _yllndrlcal Iens i.S provided
behi nd t HEAVElsiRg dei%rpwoﬁlreeapnr ¢ dirgriions of prgreetdheieyindripal denses.i sThessumed
that the parallel light rays enter the first and second cylindrical |enses,
and are fabeustaeh ¢ofithis lgght berra carglobpasily ba cohecgted bisan optival $yistegt whichisimdplycal

| ens which has negative power disperses the light rays in one direction

only. TheRmbifs powes arinediecifE airectionk.! NUkdrefdke, FH Seddt £btHBASs ndOSi tive power
focuses the dispersed light in a direction perpendlcular to the direction of

the di Sp%;e&‘rré%{fe wﬁ@ﬁ Jaﬂ{;ﬁ a%at%lctoﬁ%ctctﬁé'%@&rsa%% %Pﬁmeqt{pﬁears%tgrﬂ 'to grﬁllc%}'{ ll%gec'}f rom the

negative 11 ens posrtrve-sec rica

| ens at a per ndlcul r e _nother lin of the sec drlcal | ens.
On the ot her Gxa’flﬁé mabWF%élPleWépﬁ’@ IF]plf’E&’EﬁyS ISEEPE toﬂ; ‘%( K& per si on,
emtted fromthe first cylindrical |ens, enters the second cylindrical |ens
at a di agoeratseeteon helhept hBrst cylinsirigal lpmhayel@gnma@yft {aededvenpowerrs providey,
result, the central and peripheral light, emtted fromthe negative first
cyli ndri cial alsedind dydiviérietl idre haring fposidive pamivét)pasvea il £dir@nba inegedting positi ve
second cylindrical |ens. Consequently, when the image is fornmed in a linear

shape, thge p&QéI}HIQCUOItI BPthLa'ﬂ?ﬁ hn&x}ft‘?ﬂ 8L E)rdQ/fldetd%hiH'dQE@firs't BRirics) di fferent

fromthat at the periphery. refore, 1in an optical systemconprising a
o ool 60l )RS L A bR A S
famliar with the characteristic aberration of «cylindrical |enses described
above. second cylindrical lenses, and are focused into a linear shape.
In this case, the first cylindrical lens which has negative power disperses the light
rays in one direction only. Then, the subsequent second cylindrical lens which has
positive power focuses the dispersed light in a direction perpendicular to the direction of
the dispersion. The light at the center of the dispersion, emitted from the negative first
cylindrical lens, enters the positive second cylindrical lens at a perpendicular to the
mother line of the second cylindrical lens. On the other hand, the light at the peripheral
section of the dispersion, emitted from the first cylindrical lens, enters the second
cylindrical lens at a diagonal to the mother line of the second cylindrical lens.
As a result, the central and peripheral light, emitted from the negative first
cylindrical lens, have different focal positions after entering the positive second
cylindrical lens. Consequently, when the image is formed in a linear shape, the width of

the line at the center of the linear image is different from that at the periphery. Therefore,

in an optical system comprising a cylindrical lens, this characteristic aberration of the



The behavi or of the |ight beam cannot be expressed sinply in terns of one
face in the short (short axis) direction of the beam and another face in
the long (long axis) direction. It is extrenely difficult to corrqgSEPhEQL
characteristic aberration of the cylindtical lens with only a combination
of cylindrical lenses with intersecting powers. Even if the aberration were
to be corrected, the | e nunber of cylindrical |enses required would be
enor mus.cyﬁgérﬂ&eﬂ]ﬁﬁé‘&?%ﬁ%‘?a‘?ﬁﬁen meking a |inear beamwi th a narrow width,
an optical systemwhich uses a |arge nunber of intersecting cylindrical

| enses is not @esrHbpprtiqal designess ¥pnptiamibiasyvish theghatactsrisiys agriatipeobpt i cal
system di scl osed i n Japanese Unexam ned Patent Application, First

Publ i cat icyhindigcal Jéds@AdE3@Pbddadbonme.consti t uti on whi ch mai ntains uni form
illumnpnation in the direction of the short side of the beam However, this

St ruct ur erieheA@¥ioflSSthe HBhELdaBT canViBf bel dxPradséd 18ply Paaimvdilohe Fadeah it W dt h,
for the follow ng reasons. Firstly, the need for uniformillum nation al ong

uni v o m 0553 QAT PR tn Bfine BERh AT G tEE SRk Bk MTUBRCRY, |

scanni ng speed of t | i near beam Wen the width in the scanning direction
of the IilhB£XUE@EMH $§ﬁwtd@9°%°tﬁ%ﬁif@fa%w1? ahgrratiop of diefvlingried et voth t he

linear beamis , the total time for the linear beamto pass the unit area
on the samhy 2combigatien ef cydindrical hgrsgureith ligtetsetmproveers. orfgren Thibejabématiomat i on
time of the Iinear beamon the sanple substrate is sufficient for a

react i on 1g¢t6 o BS coifecsddatiel 12k inambkOoft GAiaditAtéhses rEqeirafl @beld ke enbsus! | near
beam enabl es the scanning speed to be increased, the anneal tinme can be

shortened. 7 1A§?éﬁ%&9&%ve,'19ﬂﬁvﬁﬁkin%’g%ema%@ﬁﬁ5 nQﬁﬁxg‘rvgiﬁﬁlbg?tB tical

illumnation uniformty, energy decreases at the perip ons of the
D 0 GRS ELEI e SR 00 05, NS DS L 20, a7
scanni ng a?l c!pitigﬁeliresibgﬁ%glnvt\jowie%ﬁ narrow wi dth, and makes it inpossible to
The optical system disclosed in Japanese Unexamined Patent Application, First
Publication No. 10-244392 has a constitution which maintains uniform illumination in
the direction of the short side of the beam. However, this structure is not desirable for
working a linear beam with a narrow width, for the following reasons.
Firstly, the need for uniform illumination along the width of the line will be
explained. Increasing the illumination uniformity along the width of the line is effective
when increasing the scanning speed of the linear beam. When the width in the scanning
direction of the linear beam is wide, no matter how fast the scanning speed of the linear
beam is , the total time for the linear beam to pass the unit area on the sample substrate
and consequently becomes a long. The illumination time of the linear beam on the
sample substrate is sufficient for a reaction such as crystallization to take place.

Therefore, a wider linear beam enables the scanning speed to be increased, the anneal

time can be shortened.



i ncrease the scanning speed. As already nentioned, there is a recent denmand
for liquid crystal displays with a |large area. Therefore, techniques for
maki ng | arge-area substrates are desirable in order to increase tH&EP 7006
manuf acturi ng speed of the liquid crystal display. As described above,
aberration should be corrected to a high degree in order to reduce the width

of the |linear ;beam_ | i Xt renel iffi.cult na a. li ar beamwith a
ot o i e OS8R her e TR RO bl fitiringliBp TRIfSirfey, RERL 0° M ¢
mai ntai ni pg hi ghly unifor illumpation in the short (width) direction of
the |ine Cﬁéﬁﬁat)f/‘ﬁéi“‘é‘ﬂ’ pral p?mgp%of?tge emlamfhd f-gpsequerslys vash s@paitgm whi ch

is specially designed to obtain highly uniform illumnation in the |ong
di r ect i orthefin¢drdehinnthare ibeampneah dearon atdhe peripherabipditions nf thedeahor This
direction of the linear beam For this point of view, the optical system

di scl oseds equivdleMed 85 nkiex Biidan ®earfPat i naOR Wik, 9 mdRies Sitimpukibleas i on No.
10- 244392 cannot be regarded as adequate. Furthernore, in an optical system

whi ch emits, £ sdangiy an extrenely large scanning range, it is very
difficul tI tggsl%ﬁgr%%se %ﬁggﬁjrrber of apertures (NA) in the optical systemon

the em ssion sjide. This causes, diffractiqn, sp.that. opti . _consi.derations
alone are not”k‘§glf‘?aid8ir‘éeﬁ‘§’°flfbcﬁé'iﬁ? §aneref’fﬁ’é%ﬁ‘ﬁﬁ?tg%hiq}qdd%’%%ﬂ‘%ﬂiayﬁqu | i near
beam Moreover, the optical system nentioned above uses a nulti-cylindrical
| ens systlaigerrea ndheeederc: gehniquasfed making Hrgmares salstrptes are desiratle it oder ect i on
of the linear beam As already nmentioned, the function of this |lens system
i s to spltblindrése bigamaeuthétheng seetodtiel lgid Gostalcdisplay. t hes desSrildfdRbd06 8
direction of its width, and reconnect |inear images, forned by the split

beans, o rabaﬂaﬁaﬂl %Hbﬁﬂd‘l?é EStreeRR%0 a HH &fefleSn o¥RE® tAGcNnE WadlortthiSliddapear

i mages of the illumnated face becone narrow, the reconnection precision of
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aberration has been corrected to a high degree, while maintaining highly uniform
illumination in the short (width) direction of the linear beam. Therefore, there is a
demand for an optical system which is specially designed to obtain highly uniform
illumination in the long direction of the linear beam, and to reduce the width in the short
direction of the linear beam. For this point of view, the optical system disclosed in
Japanese Unexamined Patent Application, First Publication No. 10-244392 cannot be
regarded as adequate.

Furthermore, in an optical system which emits laser light over an extremely large
scanning range, it is very difficult to increase the number of apertures (NA) in the optical
system on the emission side. This causes diffraction, so that optical considerations alone
are not sufficient to analyze the uniform illumination of the linear beam. Moreover, the
optical system mentioned above uses a multi-cylindrical lens system to increase the

illumination uniformity in the short direction of the linear beam. As already mentioned,

the function of this lens system is to split the beam emitted from a light source in the



beconmes nore difficult as the required line w dth becones narrower.
_Therefore, when consideration is also given to the manufacture OE Stpezudﬁaser

processor, even when sonme of the unifogrmty of the illum nati on)
distribution of the linear imge on the”illum nated face can be sacrificed,
it is still preferable to reduce the nunber of split beans. By slightly
reduci ng t.he .speed of. the anneali wark, the il l.unmnatiqn uniformty of the
| near | GEiSEEEGy Pt PO e ettees. Amrety R B e e of spl i

beans can be reduced; thus this is desirable w.th regfar d_to manufacturing
the appardminatepiacsr ckherefores Wige thewidasotibe Ninpasdmagesdli the Hiwminated fackon of
the problens described above. It is an object of this invention to provide
an il | umtravmenamgw| thalrecoppedtmm prbiisitn hfithedinparimages masgtebef oadeatmabier
capabilities, and can radiate a |linear beam wth excellent illum nation

uni f or m tepamine lRedma@¥whidtAe T 8ihBr WaMis e prdcieFecornB@idn dfakd Brnear irhadeS
anot her object of this invention to provide an inexpensive, easil

y
manuf act . e i . : | i speed.
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i nvention pr,gvi des.an illumpation_opti C{:ﬂ ? stem conprising an afocal beam
expander SPSHeATION {FAlxheINch s magHfagEspf the TASPHRIOGEFSPh SHya P sme flg ht
source 1; a linear beamformng | ens system3 having at |east refractive
power in the seid@mdtydifitke tliuonngtionhdisthibiigorsefibe linedramiage en the iHiugkrnatedafagd e t o at
| east a first direction x, the linear beamformng | ens system converting
the 1 8 Sah bl s2Hed Jt hedilh prefetdbid patadtcthonhba deph xpand@y ssiysiem to a
| i near beam having its long side in the first direction x; a lens array 4

havi ng a gl {gﬁégééfdtcﬁ*g%ahﬁ‘%ﬁ(,ﬁ{éiu{!:mixﬁlﬁéﬁunifﬁhﬁi%y ofthé dinedilifape 2Nd

EL23, arranget t rection x; and a condenser opti cafge system
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this is desirable with regard to manufacturing the apparatus.

The present invention has been realized in consideration of the problems
described above. It is an object of this invention to provide an illumination optical
system which has superior image formation capabilities, and can radiate a linear beam
with excellent illumination uniforndity and a narrow line width having a large aspect ratio.
It is another object of this invention to provide an inexpensive, easily manufactured laser

processor which can process a large area at high speed.

SUMMARY OF THE INVENTION
In order to achieve the above objects, the present invention provides an
illumination optical system comprising an afocal beam expander system 2 which expands
an beam illuminated from a laser light source 1; a linear beam-forming lens system 3
having at least refractive power in a second direction y which is substantially at a right

angle to at least a first direction X, the linear beam-forming lens system converting the



In a preferred aspect of this invention, the |inear beamform ng | ens system
3 conprises a cylindrical lens 3 having refractive power in the 3%§%@dzlq
directiony. In a preferred aspect of this invention, at |east on t @
cylindrical lens 3, the l|ens array 4, #nd the condenser optical system5 is
novabl e al ong an optical axis. In a preferred aspect of this invention, the
| ens arr 4 s at least a first sup arra sectiqon LAl and secqnd sub
array sei}%/qaﬁhﬂﬁ“ﬂ??at?ﬂ o8} WedREM XA r@ﬁ‘tel%,to Eﬁ‘f?ﬂ“ ppdavingiglongside - 5
EL23 are rotationally symetrical; and the first sub array section LAl and
t he secon teafrshdirenyios as ailens amap 4dmsingrapiwgbty of ¢lampat lonies Hptli, £4i12axes AX 11
and AX12, AX, AX13 and AX23 of the elenent |lenses ELI | and EL21, EL12 and
EL22, ERBIREL2ERZR?2, and Ee2paidinged slong the fashiligctiayx;sadta condedséd and LA2,
substantially match each other. In another preferred aspect of this

I nventi onypfchiey cROCHARN ifRthidafds aﬁﬁééel%ggd&ac&@wﬂeé&ﬁmm i:niﬁh%% bfifheOf the

processed face"12, another cylindrica ens having refrac e power in the

second difrection y. Th sent _invention further provides a | aser processor
conpri si nY& 1’%&0%66% Bfﬁ’Sﬁre&%eniYW?sct “ISB5pl i es laser light; the
illumnation optical system accordi n% to one of the aspects descri bed
above; and a s@aelsge erbeidhistinlign, i Hacanboan-Tomang leng syHemed | i near
beam and the processed face 12 in relation to each other. In a preferred
aspect ofconijrises avdivklrioal, lem3 havingrefiaticnpopriic tle ssgatleimecompy.i ses a 18 SEP
2006 10 prism nmenber 103 which splits a beam illum nated froma |aser

light source 1@k préfefr@d Aspebt oi tsiihYen@bn, dt gdakt RRITEhd dyliddfitdl Hnsd, kiRCt i on (X
direction) and reconnects the plurality of 1ight beans on a predeterm ned

pover i n ot BEATAGIR A ERR Ry bl A Bl SR L Tt

angle to the first direction (x directi opl)1 the |i Eear beamfforn‘i ng | ens
syst em 104 In a pretferred aspect of this invention, the lens array 4 has at least a first sub array

section LA1 and a second sub array section LAZ2; the element lenses ELL11, EL12, EL13,
EL21, EL22, and EL23 are rotationally symmetrical; and the first sub array section LA
and the second sub array section LA2 are arranged so that the optical axes AX11 and
AX12, AX, AX13 and AX23 of the element lenses EL11 and EL21, EL12 and EL22,
EL13 and EL23, corresponding to the sub array sections LA1 and 1.A2, substantially
match each other.

In another preferred aspect of this invention, the condenser optical system 5
comprises, on the side of the processed face 12, another cylindrical lens having refractive
power in the second direction y.

The present invention further provides a laser processor comprising a laser light
source 1 which supplies laser light; the illumination optical system according to one of
the aspects described above; and a scanning-moving section 6 which moves the
illuminated linear beam and the processed face 12 in relation to each other.

In a preferred aspect of this invention, an illumination optical system comprises a



converting the plurality of split light beans to a |inear beamhaving its
long side in the first direction x; and an expandi ng optical syst rgtég@

whi ch expands the linear beamin the first direction (x directi oh§, b
illumnates it onto a processed face 1192. I1n a preferred aspect of this
invention, the prismnenber 103 conprises a trapezoid prism and the
position of the predetermned face 1101,. where th luralit .1 ight
ears. _ogiism Bymbre 0 Sheb bl geam 1BBndiPd iophn Eepdtent soists Qb itip iy

mat ches the focal positions 101 and 1102 of the |inear beamformng |ens
syst em i rPlvialtysefdighi beamy iac firshdigsetigh (e dirp@dion) andregprfesisitbeiplisalisr of of thi s

i nvention, the expanding optical system 105 conprises an optical system

whi ch i s light dedrsien b presiyemmined ¢ade 1101 ;arlinepi beaad-fandisg BXs systenpl €4 Baviagl aspect
of this invention, the |inear beamformng | ens system 104 conprises a
first cyld nai l‘éﬁlactliw%’lﬁ)v;e@’{ln Bavdong d'ir‘é‘éthﬁﬁ(%r!d\ﬁ%p@&Whin‘istsﬂgst%ﬁFa%}%Q'rirgﬁPt Ion
(y direction). In preferred aspect of this invention, the expandi ng opti cal
system 105 co i ses,. on the.side.of t.he processed face 1102 ..a second

oyt nar i Ahele e BES sireditng R RurdtEy e g ERS AR AR 8RR et Ton (y
direction). In preferred aspect, of this invention, at | east aone of the first
cyl i ndri canverEpg thepluralifiqok split Bghtdwame o # Hasar bspm hejweigiongssideieBfe al ong
an optical axis AX. In preferred aspect of this invention further conprising
a beam exfpandierctiey st &l dBexpaRIiAP0Ftical 1yt 10hivdhctecyqpandistht heeatibgamtiar of t he

beam illumnated fromthe |aser light source 101, nore greatly in the
first dirgehir@Qirkichl (xQifeb@oh), AlPiMlubiinf&Ci0 bako®d freedsbtaéy11dRr ection) . A
| aser processor of this invention conprises the illumnation optical system

according to T C;ﬁfefeh@& afRAe fis]f5 Eﬂoﬁeﬂeﬁgﬂ%ﬁ%eﬂﬂg 1%3%8@1%?!%&95 movi ng

section 106 noves e l1near beam a he proceSsed tace 1102 in

relation to each .ot her - . .
trapezc?ig prism, and the position of the predetermined face I101, where the plurality of

light beams, split by the trapezoid prism 103, are connected, substantially matches the
focal positions 1101 and 1102 of the linear beam-forming lens system in the second
direction (y direction).

In preferred aspect of this invention, the expanding optical system 105 comprises
an optical system which is rotationally symmetrical to an optical axis AX.

In preferred aspect of this invention, the linear beam-forming lens system 104
comprises a first cylindrical lens 104 having refractive power in the second direction (y
direction).

In preferred aspect of this invention, the expanding optical system 105 comprises,
on the side of the processed face 1102, a second cylindrical lens 107 having refractive
power in the second direction (y direction).

In preferred aspect of this invention, at least one of the first cylindrical lens 104
and the second cylindrical lens 107 is movable along an optical axis AX.

In preferred aspect of this invention further comprising a beam expander system



Incidentally, in to facilitate understanding of this invention, diagrans of
preferred enbodinents of the invention are used in the descri ptif)g EF fRans
for achieving the above objects to explain of the constitution o tS 52
invention, but this invention is not Ili'nited to these enbodiments. As
descri bed above, this invention nakes it possible to provide an illum nation

optical system which has superiof, i e formati C ilities, and can

radi at e ayqszi‘ﬁ }PexPJ"é’Qﬁf%ﬁ ‘f‘ﬁg%t?"c%qrtlh‘éﬁggﬁ ‘Flﬂﬁ‘%ﬁqofg?fngﬁﬁaﬁﬁ?rh saref Wlaar r ow
line width having a | arge aspect ratio BRI EF DESCRI PTI ON OF THE DRAW NGS

FI GS. | A apw ngltg’rlé the Bt disersian iy dirprtions HamdR secopd diestiont(y diregfora. | aser
processor according to a first enbodinent; FIGS. 2A and 2B are views show ng
the schemati c admst ptogtdsonofthisdntensien comprsashoilluataaioti opticilaystesiecond
enbodinment; FIG 3 is a views show ng the constitution of a | ens array;

FIGS. 4A 2Rt r?:ro%e‘6'Tﬁ‘lt‘ﬁasﬁ&ﬁ’é"ﬁé%griBé&%@@,%g%%mﬁ%%iggg&gi efidf 1 | aser

processor according to a third enbodi nent; B are views show ng

t he schenmat.i ¢ consti t.uti on of aser 6S 06 rocesspr .according to a
Four h enBBi RS Heytieh el ah itcedeq FRE T Mpia O PR U RE o

reconnection; FIG 7 is a view show ng the constitution of a beam expander;
and FI GS. 8A Jhwaidgpfally.anye tarditals saferstanding of thivwmvertion,diagragsof peelesrethal

shape of a beam DETAILED DESCRI PTI ON OF THE | NVENTI ON Preferred
enbodi mengrsbafimete of thegsvrntionwenised m thieldesdyiption pf aicasdfonatticvief reence to
t he acconpanyi ng draw ngs.
above objects to explain of the constitution of this invention, but this invention is not
limited to these embodiments.
As described above, this invention makes it possible to provide an illumination
optical system which has superior image formation capabilities, and can radiate a linear

beam with excellent illumination uniformity and a narrow line width having a large

aspect ratio
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are views showing the schematic constitution of a laser
processor according to a first embodiment;

FIGS. 2A and 2B are views showing the schematic constitution of a laser
processor according to a second embodiment;

FIG. 3 is a views showing the constitution of a lens array;

FIGS. 4A and 4B are views showing the schematic constitution of a laser
processor according to a third embodiment;

FIGS. 5A and 5B are views showing the schematic constitution of a laser



First Enbodinent FIGS. | A and I B show a schematic constitution of a | aser
processi ng apparatus according to a first enbodinent. A fixed | aigrsﬁ eDm ts
a |laser beamwhich is substantially ci {zgul ar in cross-section, a A 2006

af ocal beam expander 2 expands the ray undl e di aneter of the beam
converting it to collimte light wwth a large diameter. The collimte |ight
L is radi 59&55&&0@%@%1} Gfth h®B8iment: The cylindrical lens 3 has no
refractive power 1 n the X drrection (ngon- power face) and has positive

refractive po i th di.rection,. whi.ch is substantially perpendicul ar
to the x di re\é\ﬁ%%‘qﬁ?e&e%(?r"é‘?wst‘ Esuqt'inér?lﬁ%ﬁtﬁgé%‘wf‘ﬂ%c ®H indrical lens 3 and
is focused on an internedi ate i mage-formng face 11 into a line, the |ong
side of this |FKe Tosirviewsahewingthe eonstifation af 2 beam expande; end t he i ntensity

di stribution of the | aser beamwhich is substantially circular in

Cr oss-sect i on, FEiR. BAeghd8B tfeevit wgitovdngicaeelsiorhafSth&ars s-sehitiohalishapd efie  Si nce
the circular beamis converted to a linear imge by the cylindrical |ens 3,
the illumdagiion is intense at 18 SEP 2006 13 the central section of the

| i near image but weak at the peripheral section. Therefore, the I|inear
imge fornmed on the internediate i mge-formng face 11 is an uneven |ine
having illumnation distribution in the x direction. Alens array 4 is

provi ded at the final inmage side of the internediate imge- form ng face 11,
and conprises a first L H@E]}ﬁwpgg@t‘li%'rﬁﬁ INYBNAIQE cond sub Iens

array section LA2. FIG 3 shows the constitution of the lens array 4. Since
the <constitutions of the first sub lens array section LAl and the second
sub lens array section LA2 are identical, only the first sub | ens array

section LAl W Plefdifeddgstuditiests bpthe padsenttifGentidupliliGrtdxprid wiltere@drPhcenat i on.
The first sub I ens array section LAl conprises a plurality of elenent

| enses EL ill g;o 1] - The el ement | enses EL11 and the |ike are
1o the abcboipanifi dhdwlites.

rotationally sy eir optical axes AXI | and the like. The
el ement

First Embodiment

FIGS. 1A and 1B show a schematic constitution of a laser processing apparatus
according to a first embodiment. A fixed laser 1 emits a laser beam which is
substantially circular in cross-section, and an afocal beam expander 2 expands the ray
bundle diameter of the beam, converting it to collimate light with a large diameter. The
collimate light L. is radiated to a cylindrical lens 3. The cylindrical lens 3 has no
refractive power in the x direction (non-power face) and has positive refractive power in
the y direction, which is substantially perpendicular to the x direction. Therefore, the
light passes the cylindrical lens 3 and is focused on an intermediate image-forming face 1
into a line, the long side of this line being parallel to the x direction.

Here, the intensity distribution of the laser beam which is substantially circular in
cross-section, emitted by the light source 1, has Gauss distribution.  Since the circular

beam is converted to a linear image by the cylindrical lens 3, the illumination is intense at



| enses ELI | are arranged in arowin the x direction (the direction which
the cylindrical |ens 3 does not have refractive power). The first sub | ens
array section LAl and the second sub lens array section LA2 are pds3kPi #bfed
so that the optical axis AX11l of the ellénent lens EL 11 of the first sub

|l ens array section LAL matches the optical axis AX21 of the elenent |ens
EL21 of the first sub |lens array sectigon LA2. El12 etc are dijsposed

si mi | ar | ythe reatiaf protign o6 the) lmsar Inxigg byt wenk af thespramhsral sqeding. 5 h‘*sre%’lr%\?}?eded on

the image side of the lens array 4. The lens array 4 and the condenser |ens
5 const i tlineer iamge fameed drotheantemmedsats ireage-fFteing faged 1 fipamatdven ligy teng f or ns an
image of the linear image, nade on the internediate image-formng face 11

by the cyliufshatiealdidnhiftiod in @ Rdirédtiom nated face (processing face) 12 on a
gl ass substrate G That is, the position of the [linear image nmade by the

cyl i ndrical %28%% B‘%ﬁﬁ%gﬂﬁu e‘&'a@fﬂ% ‘Q;hqﬁ‘agte@?depo‘ﬁhé in?é?w%ﬁ atdVfha E' | um nat ed

face 12. 18SE optica emTconprising t Pens rray 4 and

t he condenser |.en tion syste als nverts t he
R A R PRy SN P N I B 1

image-formng face 11 by the cylindrical lens 3, to a linear |mage havi ng
uni f or m idrtayseetioni lod2.onFiCh@ shpive therronstifutiercef the Jengiammen 4i s Sinse thef i nal | mage
face. The principle of creating a linear image with uniformillum nation

di st ri butdoastitotionshef thé fitsrbutaleaslafr@cecdch LA 1 ahé tiwasEorabsublenspirtapgeqlon of a
fly-eye lens used in the conventional uniformillum nation described above.

That is, Iaﬁﬁgﬂgﬁa@etﬁan ems/%hé ﬁHtEéb leh§8rrdy @Btiod T /T %e'deE@ﬁfed'té@wQﬁd fir med by

t he cylln e Internedi'ate | mge- ormng ace 11. In this
nmbodi I t ELI 1, EL12, d
Ers. ThelpbidEnanit eideloh, o M bRl R R LT RRRES e o

illumnated face 12. As a result, a linear. image with uniformillum nation
can be  plurality of element lenses EL11, EL12, and EL13. The element lenses EL11 and the

like are rotationally symmetrical to their optical axes AX1] and the like. The element
lenses EL11 are arranged in a row in the x direction (the direction which the cylindrical
lens 3 does not have refractive power).

The first sub lens array section LA1 and the second sub lens array section LA2 are
positioned so that the optical axis AX11 of the element lens EL11 of the first sub lens
array section LA1 matches the optical axis AX21 of the element lens EL21 of the first sub
lens array section LA2. E12 etc are disposed similarly.

Returning to FIGS. 1A and 1B, a condenser lens 5 is provided on the image side
of the lens array 4. The lens array 4 and the condenser lens 5 constitute an image
formation system. The image formation system forms an image of the linear image,
made on the intermediate image-forming face 11 by the cylindrical fens 3, on a
illuminated face (processing face) I2 on a glass substrate G.  That is, the position of the
linear image made by the cylindrical lens 3 functions jointly with the position of the

illuminated face 12.



obtai ned by averaging the linear inmages corresponding to the el ement | enses.
~Subsequently, the process of making the illum nation uniforn1by1qﬁ ﬂmytion
will be explained in greater detail based on FIGS. | A and 1B. As shown I n
FIG | A a bundle of parallel rays L aree radiated to the lens array 4 in
the x direction in which the cylindrical Iens 3 has no refractive power in.
The light is focused at focusing positions P1, P2, and P3, corresponding to
t he el ement | eflxeepticAbsyssmoemmpnisifg (Be 1dnsByralyHeantdghatomglenser lofs Stiken
cylindrical lens 3 and the focal point of the lens array 4 are in

appr oxi men@ley fofitidh Rgste@Sitite Ao konidie the hndaeihagerhakihgWonghiféde cyl indri cal
|l ens 3 has the refractive power. Consequently, the |ight which has been

focused b 18 . CYE] i - 1S A . . Al to an

o ocal  paduigyioffoRRLA bhithe b Aol SpEQRYRRIE rat 1] RF e BRBAYR 10 2T
focused inta.linear ﬁgagfs t he focal EOﬁ%L'ons P PE% ZP P3, and pass
via the c@fduKaeimags eV o Jhyarptighgn r‘hi“f“h%?ééfa&‘? eI posi tions
on the illum nated face 12 on the glass substrate G 18SEP2006 15 The

i 11 umi nat fiesh impgs fapd ut Thenpriviciplp of riepideg a lineagémage Witk upifergnilhamisgtidnace 12 is
a conbination of the illumnation distribution of the three lights, split
by the el dis@ibutidbress ¢ illimnidatahics Iteis thdk@anef asttheplisdigle af adly-eye Erusekanpl e,
the linear inmage on the illum nated face 12, nmade by |ight which has passed

through t{e .6hRABGhal LANSAR ilRkhinhtid deselildd aove ANThat TR IR Rhs QRS 4 Q;iblft%yu of

the linear inmage fornmed on the internmedi ate i mage-formng face | t he
cylindrical ,l 3., The |linear.im n the illum nat face 12 made by
Y gnt urisHeROEoB S e HPBRG PR b R satferical s 32nthe TG ReliBie o' the
optical axis AX, is _an_inage of one-third L2 of the |inear jmge forned on
t he i nt erWegr-de@nipgdase 1 or i thip eopbpdiment, the lighissplis bigihe shyee plemsntlensege
linear image on the illum nated face 12, nmade by |ight which has passed
t hr ough tHel kEidenind Ebkes HieldndeadeEeB85 réconaavtd thmgplitdineanenageonribe L3  of
the linear inmage fornmed on the internmedi ate image-formng face 11 by the

illuminated face I2. As aresult, a linear image with uniform illumination can be

obtained by averaging the linear images corresponding to the element lenses.

Subsequently, the process of making the illumination uniform by reconnection
will be explained in greater detail based on FIGS. 1A and 1B.
As shown in FIG. 1A, a bundle of parallel rays L are radiated to the lens array 4 in

the x direction in which the cylindrical lens 3 has no refractive power in.  The light is

focused at focusing positions P1, P2, and P3, corresponding to the element lenses. As

shown in FIG. 1B, the focal point of the cylindrical lens 3 and the focal point of the lens

array 4 are in approximately matching positions in the y direction in which the cylindrical

lens 3 has the refractive power. Consequently, the light which has been focused by the

cylindrical lens 3 is converted by the lens array 4 to an afocal parallel bundle of rays. As

shown in FIGS. 1A and 1B, the rays are focused into linear shapes at the focal positions

P1, P2, and P3, and pass via the condenser lens 5 to reconnect and form images at the

same positions on the illuminated face 12 on the glass substrate G.



cylindrical lens 3. Therefore, it can be understood that the illum nation
distribution of the linear inmage, forned on the illum nated facqgkﬁqumihe
lights which were split into three by the lens array 4, conbines the
different illunination distributions of°the ray bundles LI, L2, and U. The
illumnation distribution of the Iinear inmage, fornmed on the internedi ate

i mge-formng face |1 the.cylindrical lens 3, js.symetri.cal.to the
optical axis AX® ‘ﬁ&'fféagi Hé‘iﬁﬁ“i}?{“’&s"qélh%%af Hrggesn t‘“%\flﬁ%ﬂgweﬁ‘ RSS2 iy i mage
is split into three, the illumnnation distributions of the |inear inmages
formed bycopanatiogd the ilupdnatiomdistribyipn of thesthregrjebes, aple byths plgBigniblenicie t wo
ends farthest fromthe optical axis AX of the lens array 4, are

asynmet r ildlall 4nd tbalbike off the lensBivay df oFer exagnte, thelindar eeagepini the illuneianted mages
are overl apped on the illumnated face 12, the illum nation distribution
becormes ay&s BYRMAde bp _ti%l@d Wi hadpdsbddfiduah tigreléthahtnedyed EDN Whd RLEXLis enel y
high uniformty. Incidentally, although this enbodi nent describes an exanpl e
usi ng thr, N . : 5 : bt ai ned
wnen-on! y 6 O SR it T B8 Tnd BR shed PRESpn WS R AR S BEPL T
provided tQ increase the nu r of split beans, i.t is_possible tq _inprove
the aver é@%ﬁéﬂ%?ﬁ@éfw%{gm% ngﬁw lmgar gy ﬁ@ében}?%%atws feke Dnimade byiliehtim nat i on
di stribution. Subsequently, the image-form ng capability (aberration)

r equi r ed which baspassddi theomgh theaxlementdensag Ehl hand Blae? omtlgtdptvall dxihéXexpl ai ned.
The linear imge made by the cylindrical lens 3 is reproduced on the

i 11 um nat@dmaf@6Lore2thivy [@ofahié ligedk iBygd RMMEDOPHeShiRgmédige iRAge-Birniye 4 and
the condenser lens 5. Therefore, the cylindrical lens 3, the lens array 4,

A Le AR he LANNRAALS, 2OUNE Al im QRN AL 1hingtbd e If1Gudd Al

radiated to thé cylindrical 1ens I's paralle aving o

light which has passed through the element lenses EL13 and EL23, is an image of one-
third L3 of the linear image formed on the intermediate image-forming face I1 by the
cylindrical lens 3. Therefore, it can be understood that the illumination distribution of
the linear image, formed on the illuminated face 12 by the lights which were split into
three by the lens array 4, combines the different illumination distributions of the ray
bundles .1, L2, and L3.

The illumination distribution of the linear image, formed on the intermediate
image-forming face I1 by the cylindrical lens 3, is symmetrical to the optical axis AX.
Consequently, as shown in FIG. 1A, when the linear image is split into three, the
illumination distributions of the linear images formed by the element lenses EL11 and
EL13, which are provided at the two ends farthest from the optical axis AX of the iens
array 4, are asymmetrical to each other. Therefore, when the three split linear images
are overlapped on the illuminated face 12, the illumination distribution becomes averaged,
obtaining an illumination distribution with extremely high uniformity.

Incidentally, although this embodiment describes an example using three element



radi ation direction, aberration generated by the cylindrical lens 3 sinply
corresponds to the spherical aberration of the cylindrical |ens 006
Therefore, the aberration of the <cylindrical |lens 3 can be easi I‘@; %ﬁfr?gct ed
by conbi ni ng two concavo- convex cylindﬂﬁcal | enses, in the manner of a
conventional axis-symetrical optical system As already nentioned, the

opti cal stem conprising the Lens arra and, the condenser |ens 5,

cbnst |t urbBes e SHerer R o Sr Db oy BFolS S an Bflor AALerV R i i s
entire image formation optical systemnust be corrected. Wen correcting the
aber r at | gpoTgfelanrat damses ase pravidedite ingreass thopimba|of splgthsams.tihis nesBblstlo of
aberration generated by the lens array 4 becones problematic. As already
ment i onedmptrdve theageragingyfféct had td hchis@mdideanthdge witdsurafdrinyilleyéndtiens used in
uniformillum nation. For unavoi dable structural reasons, each of the

i ndi vi dugfistrightegient | enses of the conventional fly-eye |lens conprise a
single | ens conponent. Consequently, when the elenent lens ELI. 1 and the

e o 1 SRR B SRS, T80 BRI 50,

attenpt i.s made to correct fhe %Egrratipn of the lens array 4 by using the
condenseriMagsiawving a parevyerwidth wilkbe explaigedy difficult to correct the
aberration of the elenent lens ELI | and the like, which are arranged in a
row. As shown The liEed imaga madedyl thehylirsimicaltlens 3 soaprotheced|ogrtbe dhunsipatdd f or ns
linear images as it is radiated to the condenser lens 5. The lights emtted

from t he fedeclr@ytanl piisdsySEmt ddnpridie tAe lay afaptafd tHeh@nadarderaes. | ens 5 at
different heights. However, since the shape of the aberration generated by

each el egifq{%%eﬁ&%”ﬁleiﬁ:?li%&ﬁ‘t%l RALS; e 'P&ls;a?{gﬁ g?gﬁ Qx@tcbn?&n%}%% f%}é%?ﬁ‘séesc&* rected

in each elig eans passing erent optical pa at’ the
condenser ,lens 5. This type of aberration correction is extrenely
di ffi cul 2P aperration of the lens array 4 can be sufficiently corrected
by using two

Since the light radiated to the cylindrical lens 3 is parallel light having only one

radiation direction, aberration generated by the cylindrical lens 3 simply corresponds to
the spherical aberration of the cylindrical lens 3.  Therefore, the aberration of the
cylindrical iens 3 can be easily corrected by combining two concavo-convex cylindrical
lenses, in the manner of a conventional axis-symmetrical optical system.

As already mentioned, the optical system comprising the lens array 4 and the
condenser lens 5 constitutes an image formation system. Therefore, the aberration of
this entire image formation optical system must be corrected. When correcting the
aberration of the entire image formation optical system, the amount of aberration
generated by the lens array 4 becomes problematic.

As already mentioned, the lens array 4 has the same function as a fly-eye lens used
in uniform illumination. For unavoidable structural reasons, each of the individual
element lenses of the conventional fly-eye lens comprise a single lens component.

Consequently, when the element lens EL11 and the like of the lens array 4 each comprise



doubl et lenses (the first sub lens array LAl and the second sub | ens array
LA2) to form the lens array 4, as in this enbodinent. \Wen the tvg-ﬂpzﬁa#}et
|l ens array 4 is conbined wth the condenser lens 5, wherein aber1r § o] as
been sufficiently corrected, the opticdl system conprising the lens array 4
and the condenser lens 5 has sufficient image formation capability.

Therefore, .it, becones possible to. repr.oduce. in detail the |inear images,
created osibHe TEAETRoRR e afrriaioh AR T s cBBRaRYe AT PERe oy ¢ had
the correction of the aberration of the condenser lens 5 is nade easy by
the fact atieawptisinadg @ corregtghe abarragianiof theilenssyrraret by dsing Bpcprdansayensen | n
this enbodinent, the lens array 4 can easily be conprised by doubl et |enses

si nce t heHbeeerait issoxtémety difficiltaobodertint abicsradon afie dlemenoleas ELikasd on,
unli ke the conventional fly-eye I ens, which has a two-dinensional

ar r angenmeft Jiké fwhib® afedsRnSéd @ a B0e- HIBBIHAAFIG! BAShelif®emitibebenaes can be
supported fromthe I ens side face, naking them easier to support even when

each | en i g ! t S 18 array
can be. sricFe 2, £ 2wy Weay AR asi xRl ROl BRacopients RN 0031
(the directi of the refractive power of the cylindrical lens 3). This

el i i nat cEEA doR: the Ferrent S the leghareat 4 ghics (i cppiraed Tone S(ﬁéil%ﬁ”&%
direction (y direction) of the linear imge. This enbodi nent allows the use
of the oneeiglitsrenddwenelr, dimgshashapy of theaberratson ganewtadybyreaoh clemedt lephiss

i nvention specializes in reducing the width of the line, by giving priority

t o uni f ortfie kathe|thé &inmabephtibh shapt RARE be fRBR AR @hdiedf tholiphebeh@Bghdigf the
line while sacrificing uniformty parallel to its width. The above

descr i DU nLdie@lcoY oA bAE alBBbondehter #6155 | AhiOlypd bF Seck US40

correct. The 1nmage formation capability can b er 1 ncreased by provided
four el enent '%néfﬁgiﬁ the lens array 4, although this increases the cost.
Pr eferabl'&s,ex?ﬂp Y #i'nent shoul d have a first noving mechanism W 1 for

The aberration of the lens array 4 can be sufficiently corrected by using two
doublet lenses (the first sub lens array LA and the second sub lens array LA2) to form
the lens array 4, as in this embodiment. When the two-doublet lens array 4 is combined
with the condenser lens 5, wherein aberration has been sufficiently corrected, the optical
system comprising the lens array 4 and the condenser lens 5 has sufficient image
formation capability. Therefore, it becomes possible to reproduce in detail the linear
images, created by the lens array 4, on the illuminated face 12. It is clear that the
correction of the aberration of the condenser lens 5 is made easy by the fact that thisis a
conventional axis-symmetrical optical system.

In this embodiment, the lens array 4 can easily be comprised by doublet lenses
since the lens array 4 of this embodiment 1s arranged in one dimension, unlike the
conventional fly-eye lens, which has a two-dimensional arrangement. In the case of a
one-dimensional lens array, the lenses can be supported from the lens side face, making

them easier to support even when each lens comprises two lenses. In addition, the iens



noving the cylindrical lens 3 along the optical axis AX, a second noving
mechani sm M2 for noving the lens array 4 along the optical axi fEﬁf’de a
third noving mechanism W3 for noving the condenser lens 5 al or@ e
optical axis AX. This nakes it possiblB to change the positions of the

| enses 3, 4, and 5, defocusing the image and changing the Iine wdth of the
| inear image. O course, it is acceptable to nove only one of the |enses

i nst ead. SEWGHEA berbidisdria the yiiggstiop Avhighyth plegegihlanses 288 paaRgef &0 €h¢ uct ure of a
| aser processor according to a second enbodinent. A cylindrical lens 7 has
posi tive ¢icwmhoex) theowfragtivarpdwes ofitmicylindippkleded). befhigelimirates eberdsivper | ens 5
and the illum nated face 12. Since the constitution is otherw se identical

to that ofaubdtEby alighime2TbPheNBREs inf tHE wedARieOi @ GMifctisWATIhelifatfifshef Or the
sane parts and the explanation of these parts is not repeated. 18SEP7006 19

In the second ' ' } i ical lens 3 is
ref ormed on thgﬁﬁ?;%ﬁ{g%ﬁ ﬁ%@ééﬁ?ﬁ%éﬁéﬁ%& Oﬁ'ﬂ%'?) %stlﬁﬂ 'tglﬁ%éll}a? ﬁg%wgéé’%gde by the
cylindrical .lens 3 functions.jointly wi.th the i]lum pated face 12.

s equerilegay Frtiomre s b coor soepalizetin fsdodigshs HEMR O Bt rBoly 8Vl of tne
| i near inmage made by the cylindrical lens 3 (internediate image-form ng
face) is pfefrdy i veiferowdiugningtion afike hnganymage pandlet o thadengtnet the hse whidpabl es
the focal length in the width direction of the Iinear inage to be changed
mor e f r eedayrifibiag vagbimitgpirhiellte its @8dth\W The nbgardésériptidneldaripeomfidbdthad t he
linear image, the focal length in the line wwdth direction (y direction) is

i mpor t antyf @EcikiBg oE MisS HveRtiGRIBRE&r i stics and the like of the laser [ight
source 1. Generally, light fromthe |aser light source 1 should ideally

conprise par #el rays of. light,....radiati.ng in a fixed direction., Actually,
novever . 11 ant TH tpeEErtriooePoptcn Bt it adedsed BE i B I P Sl
There is variation over tine in_the.

lenses 1n the lens array 4, although this increases the cost.

Preferably, this embodiment should have a first moving mechanism MV1 for

moving the cylindrical lens 3 along the optical axis AX, a second moving mechanism

MV?2 for moving the lens array 4 along the optical axis AX, and a third moving

mechanism MV3 for moving the condenser lens 5 along the optical axis AX. This

makes it possible to change the positions of the lenses 3, 4, and 5, defocusing the image

and changing the line width of the linear image. Of course, it is acceptable to move only

one of the lenses instead.

Second Embodiment

FIGS. 2A and 2B show the schematic structure of a laser processor according to a
second embodiment. A cylindrical lens 7 has positive {convex) power, and is newly
appended between the condenser lens 5 and the illuminated face I2.  Since the
constitution is otherwise identical to that of the first embodiment, the same reference

codes are used for the same parts and the explanation of these parts is not repeated.



direction of the light generated fromthe |Iight source 1. Subsequently, the
ef fect of such characteristics of the light source | on the capaﬁglsiﬁpym@f
the optical systemin the | aser processgor of this invention wll

expl ai ned. For exanple, it is assuned that the | ight radiated fromthe
light source 1 is not conpletely parallel, but has a tw sted wave face and

The’ocal | angiHiBRERd <BPrcain. dye i Fash TR RGP CLPATie 19t S e || ght

source | to the illum nated face 12 at this tinme. The aberration of the
| aser | i wifernied onithe Hbwmiinaind fcedber Flatiis thef lineapingagetrpadei by therevlindsigalf ace 12.
As a result, the line wdth of the linear inage on the illum nated face 12

i ncr easeslely 3 functions iy with yhe iMufntiptebR0E B. v adndéjuently,in th@paidoasiign angl e
of the beamfromthe light source 1. Variation in the position of the

linear i nﬁlggirﬁr&xﬁﬂ?)ﬁidléﬂt?tﬁg netiedn bAGR 1ﬂqf3aﬂ't iﬁlgﬁ? fade by i'tm: Sitl@ficdl fers@duce the

effects of disorder In wave face o aser ght, the focal 20 18 SEP
2006 length of .the optjical system shoul referably be short. However, when
the focal P%Hﬁ?dﬁatSFmPEFéh’&b‘P?%%FeE@é?‘gﬁfﬁe QHEP 1 P HEskes di fficult o
mai ntai n the working distance. As a consequence, it becones difficult to
sati sfy nechanieafylimdsicalileny berpblasithe Hcaldargih imthevgdthdirectipe of hedineptengt h t o
an optimum value at the time of setting the optical system Wen changi ng

t he focal inhae@d be tharighé nidré Stelgwiedisamtng the lendes. necessary to change either
the magnification of the inmage formation optical system conprising the |ens

array 4 and thﬁﬂﬁ@?%%ﬁ{e RNRidth 6Fth@1iH@£%ﬂgé§ﬁﬁé 13Ball1&:5%h Fﬂf‘ﬁxehﬁ@%viéﬂhr ay 4

to the illumnated face 12) or the focal length of the cylindrical |lens 3.
However, t.he..lens . arr 4 .and _t ondenser .l ens 5.form.an,.optikgcal, system
rrenCl s Eief I aREAR 5B Ter MEHRTNISH crafRRerRt O GO uERbE 68 1o

magni fi cation of the jmge formation optical systemis changed in order to
change t hbghtgewce len&tenerally.tlight fropy the daspighghs sorpesl shoudd ideglly cemgrise of t he
linear image formed on the illum nated face 12 changes at the sane tine.
Fur t her noparalleMnagys oftligbt, fatiating iendideddirettm. c dtuadlyi baveveenigghs fioasthbeen
changed, the nunber of apertures (NA
laser light source 1 is not completely parallel. There is variation over time in the
direction of the light generated from the light source 1.
Subsequently, the effect of such characteristics of the light source 1 on the
capability of the optical system in the laser processor of this invention will be explained.
For example, it is assumed that the light radiated from the light source 1 is not completely
parallel, but has a twisted wave face and an aberration slope angle of zero degrees.
Reference symbol f represents the focal length of the optical system from the aperture AP
of the light source 1 to the illuminated face I2 at this time. The aberration of the laser
light is the horizontal aberration f - 0 on the illuminated face I2. As a result, the line
width of the linear image on the illuminated face 12 increases by f- 0.
Similarly, V represents variation in the emission angle of the beam from the light

source 1. Variation in the position of the linear image on the illuminated face I2 is f- V.

In order to reduce the effects of disorder in the wave face of the laser light, the focal



of the lights radiated to the lens array 4 changes. Wen the focal |ength
fromthe light source | to the illumnated face 12 is shortened, the NA
increases. For this reason, aberration generated at this tinme i$g@EPfitbul t
to correct, and the aberration generatef by the lens array 4 increases.
Accordingly, by adding the cylindrical |Iens 7 between the condenser lens 5

and the illumnated face 12 as in this enbodi ment, even en tge f ocal
| engt hs dfngthef theyaptigdsystem shepld preferably besshorty, Hgveyer, é‘f?&“l‘hf‘em& negiler | ens

5, have been selected with priority given to aberration correction, the
total foodlthd eptigahsystem lsehgut it bycanims defficilidie mewitain thatgorkingiistandéeor s an
optical system can be obtained which accords with the characteristics of

the |i ghta GRségRnde, itWetbBekeiERiuIOtotshtsty enghiniad rédatetionsealt id emgriat anst ant
and wi thout increasing aberration. 18SEP2006 21 Third Enbodi ment FIGS. 4A

and 4B s ' o j ‘ ordin to
The thi rd buB SN ERRH & AR VAR pPhe iR AR MOTRONBRED T 10
substanti al | ircular i ross-section. and a.beam expander 102 converts
the beam to col APREIaaEiTEdhe To%hIaRtR 18 1R fishHROUiment Ui BEeseary [oothandg 1 i <
time, the long axis of the ellipse is in the x direction, and its short

axi s is iaithehidy migniicetion of thedmage {fematien epticaheysiranperarpang te laparaydd t he
met hod of converting the cross-sectional shape of the beamw || be expl ai ned
| at er. Sulndehpiesikieyser ldne Shdemagtifictioa fionafedensthriayidstontiOBluaritdated fgpl it into
three beans radiating in different directions. The split direction nmatches

the | ong 1d) 66k F9A ke BREENARCAEAN Qb GAl 1daeaiy T by oo spl it

beans are radi at to-a cylindrical Tens 104. The cy ical Tens 104 has
RN SRR MR T R R

Consequently, when the magnification of the image formation optical system is changed

in order to change the focal length in the x direction of FIG. 1A, the length of the linear

image formed on the illuminated face I2 changes at the same time. Furthermore, when

the focal length of the cylindrical lens 3 has been changed, the number of apertures (NA)

of the lights radiated to the lens array 4 changes. When the focal length from the light

source 1 to the illuminated face I2 is shortened, the NA increases. For this reason,

aberration generated at this time is difficult to correct, and the aberration generated by the

lens array 4 increases.

Accordingly, by adding the cylindrical lens 7 between the condenser lens 5 and

the illuminated face [2 as in this embodiment, even when the focal lengths of the

cylindrical lens 3, the lens array 4, and the condenser lens 5, have been selected with

priority given to aberration correction, the total focal length can be set by the cylindrical

lens 7. Therefore, an optical system can be obtained which accords with the

characteristics of the light source 1, while keeping the length of the linear image constant

and without increasing aberration.



103 are determned so that the three split beans reconnect on an
internediate image- formng face 1101. The focal position of the Eg nggl cal
| ens 104 al so matches the position on the internedi ate inage-for e
1101. Therefore, the beans enmitted froththe cylindrical |ens 104 are
gathered in a linear shape on the internedi ate image- formng face 1101
reconnecting to forma linear imge. By averaging the three split |inear

i mges, the linear inage, which is forned on the internedi ate inage-formng
face 1101, has a nore uniformillum nation than when directly reconnecting
t he beam Thigh&mdiodaherdr termed "raw beant') inmediately after emission from
the light source 101. Then, an expandi ng optical system 105 projects an
expansi on of t REGY.iseaid 4Beige~y afscidatticrbadtiiibnnéfahe MBgproessomgedraig 1101
onto an 1BSEP2006 22 illum nated face 1102 on a glass substrate. In this
way, a |ip gﬂ;acfm&ﬁbmeﬂg WYQ@ Mser 10l WHiRA QR bleémfv&}ﬁ&?g sRBstddiRily

illum nate e 1102. Preferably, an aperture should be provi ded in the

i nt er nedi at e ,i mage ng 1101 i er to ffect

£ ract | rcur R RGs peDom feethe Q?fqgﬁégnveéﬁﬁﬁ%ﬁmh SIETAER S ty o
the linear image on the internediate image-formng, face 1101 will be

speci f i canbichdnalligtiesitin erss-seatipnex Ht thintae, the fong axis efitbe plhipamisiip the x
distribution of Iight when the raw beamis focused into a |inear shape by
an ideal digédtiodr arckits dheatraxis ik in the yakpekcaom e dl izassmdtupnofthSBearh Axpamd6E1 02 FI G
6A shows the cross-sectional shape of an aperture AP, which the raw beam
passes t by PighnetRsd ¥ @WocHihE BB &HQ- LGl hl%&}e%fﬂiehﬁaﬂlﬂkﬂl(&' expidiged®X (Z
direction). The aperture AP is circular in cross-section and has a di aneter
of $. FIGE,GB shows illumnation distribution when the raw beam has passed
t hrough t it aperture AP and has been focused into a |inear shape. The
illumnation distribution shown in FIG 6B assunes that the illumnation

di stribution oPubskguyBlyntbsberm hEsrPirAREZOERIEE HiXand IBaPlatdntOéErqErbeams

radiating in different directions. The split direction matches the long direction (x
direction) of the elliptical beam. The three split beams are radiated to a cylindrical lens
104. The cylindrical lens 104 has positive refractive power in the y direction, which
intersects the x direction at a right angle. The shape and position of the trapezoid prism
103 are determined so that the three split beams reconnect on an intermediate image-
forming face I101. The focal position of the cylindrical lens 104 also matches the
position on the intermediate image-forming face [101. Therefore, the beams emitted
from the cylindrical lens 104 are gathered in a linear shape on the intermediate image-
forming face 1101, reconnecting to form a linear image.

By averaging the three split linear images, the linear image, which is formed on
the intermediate image-forming face 1101, has a more uniform illumination than when
directly reconnecting the beam L (hereinafter termed "raw beam") immediately after
emission from the light source 101, Then, an expanding optical system 105 projects an

expansion of the linear image of the intermediate image-forming face 1101 onto an



conventional |laser, and is calculated fromthe follow ng equation. I(x)a fT
exp{-2x2 + y2)}dy Here, the x and y coordinates represent coordi Rat&P 06 t he
| aser aperture AP face, as shown in FIG 6A. The x direction is parallel to
the long side of the |inear image, and ’% he y direction is parallel to the
width of the linear image. As is clear fromthe above equation, the

intensity.of .the, lLi t positign xO o he |inear i.mage,of. FIG. 6B is
equi val enflﬁ’PBn%f’ﬁd ﬁ?gggqg?“ g]gfa[s%%u%s}r?tam ﬂhﬁ’ilso‘i‘fa}aiaj’tnref‘rblm PoRARE HRYOThe
aperture AP, passin the position xO on the beam aperture AP of FIG 6A and
ext endi ngilpeinptian isdermadeon thg jilwningted deped 1421 Frgferably.qe aperturgsboldd heet er $
of the beamis in the range that the intensity distribution of the |ight
reaches 1pfoeiedfin tlecincemtdiate iamge-foraning facehi 0 loinadrderas eancAkthe sffetteaf 1 8 SEP
2006 23 fromFIG 6B, the intensity distribution of the linear image is

hi ghest  aftifth@ichoR R r&fezbildrishi #RAarés@Oe (x = 0) and decreases as it
approaches the peripheral portion. Intensity becones zero at the outernost

peri pheral portiQns, Xt...cthe . I di skr.i. | Of e Liaht which
was split int ogp ﬁ%gge%ahnglf‘%%nﬂ#eﬂ ﬂlﬁ%&é@?%e %r?{ihg rlnagltﬁﬁdﬁ%?%ée){nm%%cfﬁg{ég]gi nto a

| i near shape_is explained, The jllum nation distribution can be regarded as
the illu %ﬂQ}nWHIDE% ?Heﬁﬁ-icﬁlliﬁa%‘é‘ﬁ“f‘ﬁé‘vﬁ]é(aﬁwla\'/ﬂﬁdch was focused into the

| inear shape, is split into three and subsequently reconnected. The

i |lum nation dFgstly,bhe intansidy dishiibution o€ ligtt whenldbaraw beane tpfovesed mmito tao
splitting the illum nation distribution shown in FIG 6B into three. The

three spl iihedgBdPe B & iﬂ@dlfé?ﬂncﬁ'idcal bé&im BaRBe ekplfihed Basz@ 0AMIGREGAd-402, and a
third beam L103 (see FIG 7). FIG 6C shows the illumnation distributions

of these 596y SRl 0 OSAREecHaRRAB o v ROF A b ggOnnect od

on the internedi ate 1 nage- S shown I n
result, the final illymination distribution has t hape sh in FIG 6E.
heTT ol lous ahvieped Tobt theirefhidn i Bebpih ArS AX T BreRoat (e PFAS. shape
after reconnection has

AP is circular in cross-section and has a diameter of ¢. FIG. 6B shows illumination

distribution when the raw beam has passed through the aperture AP and has been focused

into a linear shape. The illumination distribution shown in FIG. 6B assumes that the

illumination distribution of the beam aperture AP has Gauss distribution as in a

conventional laser, and is calculated from the following equation.

I(x)x Fexp{— 2(x2 +y? )}dy

Here, the x and y coordinates represent coordinates on the laser aperture AP face,
as shown in FIG. 6A. The x direction is paraliel to the long side of the linear image, and
the y direction is parallel to the width of the linear image. As is clear from the above
equation, the intensity of the light at position x0 on the linear image of FIG. 6B is
equivalent to an integral of the illumination distribution within the aperture AP, passing
the position x0 on the beam aperture AP of FIG. 6A and extending parallel to the y axis
along a straight line LL. The diameter ¢ of the beam is in the range that the intensity

distribution of the light reaches 1/e* of the center, as in a conventional case. As is clear



extrenely high uniformty. A conparison of FIGS. 6B and 6E shows that the
effect of the reconnection is considerable. For exanple, when thS P 7006
illumnation at the center (x = 0) of FIG 6E is regarded as 1(3 )Ej ZDRe
illumnation at the outernost peri phera43 portions 1is approxinmately 90 % As
al ready nentioned, the linear inmage forned on the internediate imge-form ng
face 1101 has_nuch nore unifqormill ur?'btgahi on .t han, when the raw begmgi S
focused i few HO. pBnihsintepsyedisiiP N 01J8F HEea ppage 1 At the grueL o cases
when even a linear image wth such highly uniformillum nation does not
sati sfy t heeaspoaged (xcab) andsdacregerdsras at etquahées the peritheral pertiopy odrisedty. |1 n such
cases, by controlling the aberration of the expanding optical system 105,
t he il | unbévatiesetat titeout@iort pafphehepbitiogar | mage can be reduced, and 1 8
SEP 2006 24 the illum nation at the peripheral portions can be further

i ncreased. For nexaf @umidiidn S@FuRBnatMEayaH Wicioivid i (6 it deaheyy ation
( 105 a | the

of the expanding optical system negative value.” As a result,

illum natjon uniformty n be increased by,several, .percent.. Preferably, an
ris (uni edepPaudayeind e douel i 2dmer SRR i) adBe BRI m g
face 1101 in _order to elimnate f|ares caused by unwanted em ssion froma

| ens or distriputing ean berpgarded as theglwaiation distribusion syhientthg bsagimvdpelr was e, whi ch
prevent uniform illumnation on the illum nated face 1102. Subsequently,

t he | magefdcasadaihioothe tiagaltshhpe, ys split inoethogt dndaubsymestin @caorediedg The this
invention will be explained. As nentioned in the description of the rel ated

art, hi ghjjunifR&ieon’ A5EBLIEGDoCRABAREL §P1X bbans BEduivatent b PliBETg the iIfhifk®on
detailed i mage, and the aberrations of the optical syStemnust be corrected

successf ul ibubibR S o PRI 3B igio HeeWrpl B kDGR HER R e SURRA 1PN bea}nhe
in idte

lights aré focused in a e on the’interne I'mage-torning face 1101,

and then the expandi.ng optical system 105 forns_the i e
L101,% sBcond bedm 102 and 2 third beam 1103 (see FIG. 7). ' FI%. 6C shows the

illumination distributions of these three split beams. The beams L101, L102, and L.103
are reconnected on the intermediate image-forming face 1101 as shown in FIG. 6D. Asa
result, the final illumination distribution has the shape shown in FIG. 6E. As is clear
from FIG. 6E, the illumination distribution of the linear shape after reconnection has
extremely high uniformity. A comparison of FIGS. 6B and 6E shows that the effect of
the reconnection is considerable. For example, when the illumination at the center (x =
0) of FIG. 6E is regarded as 100 %, the illumination at the outermost peripheral portions
is approximately 90 %.

As already mentioned, the linear image formed on the intermediate image-forming
face 1101 has much more uniform illumination than when the raw beam is focused into a
linear image without being split. However, there are cases when even a linear image
with such highly uniform illumination does not satisfy the specifications required by the
actual laser processor. In such cases, by controlling the aberration of the expanding

optical system 105, the illumination at the center of the linear image can be reduced, and



second tinme. The main sources of aberration in the optical systemare the
cylindrical Iens 104, which focuses the light on the internediate EP 200

i mge-formng face 1101, and the expanding optical system 105, vvh]gﬁ ?&Plﬁm
the i mage a second tinme on the i || um nat'ed” face 1102 Accordingly, the
correction of aberration in both nust be considered. Firstly, the expanding

optical system.105 is conventional inmage-.projecting, optical system and
conpri seshg!! Ayt tﬁ%ﬁ?‘%ﬁ’f@ﬁ‘o E’“§§?ﬁ’rﬂ? P‘Fﬁ’§+ nerpag 5 %%{pplgﬁgs AX.
Aberration can be correct by using conventional correction procedures,

wher eby hiagieyachisved by gwmsh%é vend ahsrration phtheicsprnding %&wabfmsgveb% As

descri bed above, the illumnation uniformty of the |inear inmage on the

i Il um nategafiecealld 02As s resolty the ilbdningtieomiiformity mgn heimpredsed byasaveral i n t he
expandi ng optical la SEP 2006 25 system 105. Warp aberration is easier to
control t naberration of the inmage caused by spherical aberration and the
| i ke. Therefore, there is no reason why this should make it difficult to

correct aberragion pher.i cal. ratiQ i.ch. aff. S [ W th
egard to wor kTRUEEES St SRR G KE PR B F Bl nle e R e
symmetrical to the optical axis AX,_an optical system of adequate

speci fi caoramedass HOT dpprientelyyingteifhiges @Bsrddntunsiated fomigsion g'e@s%légs or
Subsequently, returning to FIG 7, aberration of the cylindrical |ens 104
will be @xpindemend flitee gendratedai thalsplitgrsml dpertgiraypihyct prevsg sndodmind| e of
parallel rays, split into three by the splitting prism103, into a line.

Ther ef or g]luini@iti®nicn theillimihated ficé IIOR. correcting its aberration. Since the
three bundl es of rays L101, L102, and L103 enter the cylindrical lens 104

at different . : At i . : i . e,
o erent ool ahal e shife GRESH LOMBEINM FRIAPIRncAiyBON o0 |
and L103 i.ch do nat,,trav rallel.t

yrmst r1 G (DETERE G apads A% mepiahed b e SEubfon S refatedaf, high

image formation capability is required in order to form a detailed image, and the
aberrations of the optical system must be corrected successfully. From this point of
view, in the present embodiment, the lights are focused in a line on the intermediate
image-forming face 1101, and then the expanding optical system 105 forms the image a
second time. The main sources of aberration in the optical system are the cylindrical
lens 104, which focuses the light on the intermediate image-forming face 1101, and the
expanding optical system 105, which forms the image a second time on the illuminated
face I102. Accordingly, the correction of aberration in both must be considered.
Firstly, the expanding optical s&stem 105 is a conventional image-projecting optical
system, and comprises a spherical lens which is symmetrical to the optical axis AX.
Aberration can be correct by using conventional correction procedures, whereby highly
precision aberration correction can be achieved.

As described above, the illumination uniformity of the linear image on the

illuminated face 1102 is corrected by controlling warp aberration in the expanding optical



need only consider the beam L102, which travels in the direction of the
optical axis AX, and the beam L101 (and L103) which travels in aﬂgtsggrm%
direction. The aberrations which depend,on the entry angles are t me as
what are known in axis-symmetrical optical systemterm nol ogy as coma
aberration and sagittal inmage- surface curvature, and the |ike. Therefore,
aberration i i dent on _t.he e . i cted by
anal ogy w %S%hnég&axis‘g-g y%r% t lrl?%fa‘l’lea%)lﬁﬁoccgb{révg%g%&% ﬁgto ﬁgr?eﬁorgggﬁh%g%[) t is
acceptable tq increase the sjze the optical system the angles of the
two beanssPhetieal absrrtiopsa o el rerdfres et NP EASAR Witg»w%@df%akm

peri pheral portions are made smaller, reducing the aberration which depends
on t he endiffcudinglcerregiaberratiaui(spherichkbabeyiation whichl affeetsghe gaagel. sWIBP 2006 26
In this way, this enbodi nent enables the aberration in the cylindrical |ens
104 and idgarday pandbRGesid, Ginke Mesxpamdifboptidal Sfdtedt €0 BRyhBhestachl t@tee the
two main sources of aberration, to be easily corrected. Therefore, the
overal | opi. : ' [ - 1: (RN ICRVA [

erbodi meng PR A, S CBAc 81 Ay s AARIale RN ARAR o htencdby
aberration of the overall optical system As described above, an elliptical
beamis FUNFRIWR! MREOPIORESfens array 4. This has the effect of darkening
the brightness in the focusing direction (y direction) of the beam which
enters the cyl Puktequeatly] ihngningdo Fifi 1, abersation| of shrevibiadrical deniscldldi wil tiehe

di anmeter of the bundle of rays in the direction (x direction) of the |ong
si de of t&eliihetearTherogtjedridal ldéns 104 &inadsg focabdsen hundianefi ad ] tdye, dplit ghé ness i n
the focusing direction (y direction) of the beamentering the cylindrical
l'ens 104, ypidGeht Bpiftting BRSHADSSin® £RLET BREHBAL iR isHB cﬁﬂﬁ‘:uﬁ%rlf}?r hand, when
the dianmeter of the beamin the direction (x direction) of the |ong side of
t he Iineaéorirgﬁggiti%%?%%%ogarrow, the linear image fornmed on the internedi ate

i mge-form N grows shorter. For this reason, the

Since the three bundles of rays L101, L102, and L.103 enter the cylindrical lens
104 at different entry angles, the aberration generated here is, of course, dependent on the
entry anglée. The directions of the two light beams 1.101 and 1.103 which do not travel
parallel to the optical axis AX are symmetrical to the optical axis AX. Therefore, one
need only consider the bearn L102, which travels in the direction of the optical axis AX,
and the beam L101 (and L.103) which travels in another direction.

The aberrations which depend on the entry angles are the same as what are known
in axis-symmetrical optical system terminology as coma aberration and sagittal image-
surface curvature, and the like. Therefore, aberration which is dependent on the entry
angle can easily be corrected by analogy with an axis-symmetrical optical system.
Furthermore, when it is acceptable to increase the size of the optical system, the angles of
the two beams L101 and L103 radiated from the splitting prism 103 to the peripheral
portions are made smaller, reducing the aberration which depends on the entry angle

generated at the cylindrical lens 104,



magni fi cation of the expanding optical system 105 nust be increased in order
to obtain a linear imge of the required length on the illum nafﬁgEE

1102. Consequently, an increase in the aberration of the expand Wcal
system 105 i s undesirable. The expansidﬁ and conversion of the raw beamto
the elliptical beamin this enbodinent is desirable in preventing

aberration. Generally, a cylipdrical Jens is used. to expand and convert a
cross-sect i onalty tplsefraryeml%?mia%fﬁmsgh?ﬁapks ghecqb(?gé“-‘%‘btf‘tti‘%ﬁﬁfrl%ycglel@ﬁ K29 beam
However, as nentioned above, a cylindrical |lens is expensive to manufacture
and is dithtespandingopiisalicysierrhl 05, ythighrase carsederediods b i spaintseurceagbodi ment
uses a prismelenent to expand and convert the cross-sectionally circular

raw beam dherratién, 16 bosssilyeotrecadl | Yhatforq thealerdibgptical dybtent hagdigh mtdgog
aberration. 18 SEP 1006 27 FIG 7 shows the constitution of a beam expander

102. The pedam ader 102 is conprised by conbining three right-angled
prisnms 108, 1§S€$an§%"110. The raw beam fromthe |aser |ight source 101

di agonal ly enters. the f.ace PRI .of the pri 108, .and exits , t.he .face PR2 at
an Sppr 0x] et TSN HE BB RHEe TOHTOMRHECAPHAL: SOEE e f ace

PR2 of the prism 108 at an approximate rjght angle thereto, diagonally
enters t habefratign ofhg oyerall pptigelisysiermo g Asglgseribed @Royen an gllipticabhgamils an
approximate right angle thereto. The [|ight, which has exited the face PR4
of the priadiatetifto tte kponahy ¢. efhizrtms theeeffeatef dAREen0dg the heglmesin 11k0, and
exits the face PR6 at an approximate right angle thereto. According to this

const i t ut foRiksin@dir@ioARMr¥hichl of theWehGUVIBER ERte SRS SyImAREA Whs 183, SAAMWN in
FIG 8A is expanded and converted to |ight a beamwhich is elliptical in
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focusing direction (y direction) of the beam entering the cylindrical lens 104, since this

generates greater aberration.  On the other hand, when the diameter of the beam in the

direction (x direction) of the long side of the linear image is too narrow, the linear image

formed on the intermediate image-forming face 1101 grows shorter. For this reason, the

magnification of the expanding optical system 105 must be increased in order to obtain a

linear image of the required length on the illuminated face 1102. Consequently, an

increase in the aberration of the expanding optical system 105 is undesirable.

The expansion and conversion of the raw beam to the elliptical beam in this

embodiment is desirable in preventing aberration. Generally, a cylindrical lens is used

to expand and convert a cross-sectionally circular raw beam to a cross-sectionally

elliptical beam. However, as mentioned above, a cylindrical lens is expensive to

manufacture and is difficult to work with high precision. Accordingly, this embodiment

uses a prism element to expand and convert the cross-sectionally circular raw beam to the

cross-sectionally elliptical beam without generating aberration.



making it possible to change the width of the line. This enbodi nent further
conpri ses a scanni ng-novi ng section 106 which noves the gl ass SHIB;tCEr %@ G
This enables the |inear beamon the ill ;’n nat ed face (processed g 102
and the illumnated face 1102 to be novéd relative to each other. Therefore,
a |arge-area processed face on the substrate G can be anneal - processed at

hi gh speed. Enmbodi nent.. FI GS.. 5A and 5 sh chemat i
constitution o% H'l(:"n S}fog?eg 5?@%'&'50&0%3)88?’5”‘%“ (582 fﬁﬁf%?ﬁ?afiﬁ%r% A
cylindrical |lens 107 has_ positive (concave) power, and is newy appended
bet ween t HecosRsisad Pr gombinpgthresyrig Waleépaﬁa&?tl% hoﬁtﬂrﬁhlé)t ed heaew bE‘lIBZ 18
SEP 2006 28 Since the constitution is otherwi se identical to that of the
first enbédimeaiaset hghtsanee 10eflmgendly antate thednes BR bdf theprishel aamd gdtst s and
t he expl anation of these parts is not repeated. According to this

ar r angene e fabdBR2 ﬁﬁﬂﬁaﬁ;ﬂéimfat&i%tﬁ ahgtitiR&bi P TRalight, @hidhthas tRigeddhditiveof t he
linear image is different fro inthe first enbodinent, in that the
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internediate inmage-formng face 1101 to the face 1112 in FIG 5B. Viewed in
t he wi dt hlight sdid eyiter] the dadediR4 ofithe ppemi 0P odiagdnalllienfersctbe face PRiasf t he
sanme function as the position of the illum nated face 1102. According to

this consie grishi 010, abdexitd the Ficei PREOA infapprmémity righearpyd ihaebtd.C ahcdoediag 104 and
the expanding optical system 105 are condensed parallel to thei r vvi dth by

the cylingy ih‘f'saéonlsﬁl'ﬁﬁofr c%ra\aﬁﬁeamawﬁﬁﬁ o $1rcuﬁzﬁ‘?n ?RS%%%&IOH Nyl

O
enabling a nore det a| I'i near 1mage to on tsae il um nat ed face
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FIG. 8B.

Furthermore, this embodiment should preferably comprise a first moving
mechanism MV 1, which moves the cylindrical lens 104 along the optical axis AX. This
enables the image to be defocused by changing the position of the lens 103, thereby
making it possible to change the width of the line.

This embodiment further comprises a scanning-moving section 106 which moves
the glass substrate G. This enables the linear beam on the illuminated face (processed
face) [102 and the illuminated face [102 to be moved relative to each other. Therefore, a

large-area processed face on the substrate G can be anneal-processed at high speed.

Fourth Embodiment
FIGS. 5A and 5B show the schematic constitution of the laser processor according
to a fourth embodiment. A cylindrical lens 107 has positive (concave) power, and 1s

newly appended between the expanding optical system 105 and the illuminated face 1102.



of the wave face of the laser light, and disorder in the direction of

em ssion. Generally, |Ilight froma |laser |ight source conprises ﬁarE?l h@l

rays of light, radiated in a fixed direction. Actually, hovveve;l, gZ from
the laser |light source is not conpl etel"s}; parallel. Moreover, there is
variation over tine in the direction of the light generated fromthe |ight
sour ce. nsequently, the linear inage on t illumnated face 1102 becones
t oo W de, ’&ﬁ%ﬁ%ﬁé’mtﬂﬁg?‘i iscf’rlihwsteﬁ‘ée%ﬁ%i tPghqtr?gg'be éfﬁ\/eégboocﬁmf?fe IMAti nat ed
face 1102. Wen f represents the focal |ength of the optical systemin the

di r ect i onredfrenggeogpsarg uged ton the same parts ad)thefexplapation fJBesePRES BPI%f t he | aser

| ight source to the illum nated face 1102, and O represents the slope error
of the warepedtate afcordieg tathibeeangémen theemags-torniatightelsttunskip padidiel tohe anount
1 8 SEP 2006 29 corresponding to these aberrations on the illum nated face

1102 i s fihg vdthofithd BAeRifage MWAFRer¥@ ot (AR the fRQ RMREINAHLSA QR b rection
is 0, the amobunt of this aberration is also f x 0. Thus both are

proporti o; . f O . r -t . i t he
N arn ai v BRrmsdield) e EBimipg el &1 IR B} Blrkyio iR birh B AR

descri bed ove, when the optical parameters of the andi n pt.i cal
system 10131%2r eg‘éﬁéﬁﬂgﬂ“@f’e@ éVﬁ?@P@L@PF iﬁ‘[ tSHBOY@é?FaIEEMHPP&?EaWéngt h of
the linear image sinultaneously changes. Consequently, the focal |ength of

t he enti r&X inysdero focumthicbeaointes lingar shapeginthe tlhenihded Fack éHY hndithd posi ti on

of the cylindrical lens 104. Wen the focal length of the cylindrical |ens

104 is shiychlgnestis hvecd GdRethe dlterndfdidté thase-fodAing facd 161 &yihetslieilcad il ens 104
i ncreases, and the nunber of apertures (NA) of 1ight entering the expanding

opLi cal  syeh M LaAcSLIY hRNGHIS kohPnRARERon | THep AT meoanSidgnab! ©

aberration. Accordingly, inthis e i ment, ical lens 107 is
added on the ill.um.nated face. 11 si.de. of e andi nq .optical system 105,
Shor teni rije SeHE FSHAR of diegienrisr o phe Mimised Ag FOBR " At ERen o 1 s
width (they direction). _According to this constitution, it is possible to
provi de afPnsttutien the yg@gmqﬁomby@p@ylmdncal lens 104 and the expanding

optical system 105 are condensed parallel to their width by the cylindrical lens 107,  As
a result, the aberration is condensed, enabling a more detailed linear image to be formed
on the illuminated face 1102.

Furthermore, the above constitution is extremely effective in preventing disorder
of the wave face of the laser light, and disorder in the direction of emission. Generally,
light from a laser light source comprises paraliel rays of light, radiated in a fixed direction.
Actually, however, light from the laser light source is not completely parallel. Moreover,
there is variation over time in the direction of the light generated from the light source.
Consequently, the linear image on the illuminated face 1102 becomes too wide, and the
position of the entire image moves on the illuminated face I102. When f represents the
focal length of the optical system in the direction of the width of the linear image from
the aperture AP of the laser light source to the tlluminated face 1102, and 6 represents the

slope error of the wave face of the raw beam from the laser light source 101, the amount



superior inmage formation capabilities. Preferably, in addition to the first
novi ng nmechani sm W 1 which noves the «cylindrical |ens 104 alon? t@ﬁg 6
optical axis AX, this enbodi nent shoulg further conprise the fi gé g%ng
mechani sm M2 whi ch noves the cylindri al lens 107 along the optical axis
AX. Therefore, by changing the positions of the cylindrical |ens 104 and the
cylindrical lens. 107, it 1s possible .o defocus N e and, change the
e aifrreonding o thest phetrdREE e bl Pm iRt 075 TR IPbRE N Ense
instead. 1 8 SEP 2006 30 What is clained is: 1. An illum nation optical

syst em covhenivariagen mrthe bearaemisston disestion 0, shesaneenns o thisipbegratiodisatet Br of a
beamemtted froma I|aser light source; a linear beamformng | ens system

free of ned.rarksvRtPRePropditicnd td Gl fedal ReLHPN THetdFoROAMort DcalNepRbijcal axis
of the beam and having a refractive power in a second direction, the second

dirECtiOthﬁﬁﬁggﬁé&n%%?t gg%$bg%§$ﬁ88@t to the optical axis and the first

di recti on, eame e afocal beam expander system bei ng
converted into a peam haying cross section having. a | onger side and a
shorter side, RH¥ lﬁh‘ﬂégo‘j\éf“&@t‘?eé%‘i“?eé‘sa&BH‘ai‘}‘F&“ttge OPUCH PRETSHTT &F on: & | ens
array section having a plurality of element |lenses, arranged in the first

di r ect i orexparidéngeptivabsystear 1 @dlarewhanped [in prslar tdodhanteh thenfong) 1ength, thy enatin bei ng
refracted by the lens array section; and a condenser optical systemfor

condensi g tHdendaepigeelstrhiilddicotsPYhdnaes. €l @B Bjuenti¢ e Sodahleh B dfehserire ay
section in linearly-patterned images onto a surface to be treated, wherein

(e eSSBS s TRl BT SR S e
104.  'When the focal length of the cylindrical lens 104 is shortened, the number of
apertures (NA) in the cylindrical lens 104 increases, and the number of apertures (NA) of
light entering the expanding optical system 105 simultaneously increases. This causes
considerable aberration. Accordingly, in this embodiment, the cylindrical lens 107 is
added on the illuminated face [102 side of the expanding optical system 105, shortening
the focal length of the linear image in the direction of its width (the y direction).
According to this constitution, it is possible to provide an optical system with even more
superior image formation capabilities.

Preferably, in addition to the first moving mechanism MV1 which moves the
cylindrical lens 104 along the optical axis AX, this embodiment should further comprise
the first moving mechanism MV2 which moves the cylindrical lens 107 along the optical
axis AX. Therefore, by changing the positions of the cylindrical lens 104 and the

cylindrical lens 107, it is possible to defocus the image and change the line width. Of

course, it is acceptable to move only one of the lenses instead.



2. The illum nation optical systemaccording to claim1, wherein the |inear
beam formng | ens systemconprises a cylindrical |ens having r &8r5a8tibe
power in the second direction. 3. The _illum nation optical system according
to claim1, wherein the lens array seéfion has at least a first sub array
section and a second sub array section, the element |enses are rotationally
symmetrical, and optical axes of the first sub array section and the

optical awdsmt fcldilmedsecond sub array section coincide with each other. 4.
The illum nation optical systemaccording to claim1, wherein the condenser
optical system conprises an additional cylindrical |Iens having refractive

pover in jhe 1A ipERiMA08 optichl $ReIREopAigReI On, the additional cylindrical
| ens bei ng di sposed betweenh the condensing  optical systemand the surface

to be treat ed. albafogallbmamrexpansice system expapdingiardjametet esabedn gvitteddtamze f or
emtting {asgr I i&gt . the illum nation optical system according to any one
of C ai ns2°IJIEBESOUESS 4. "and  a scanni ng- novi ng section whi ch noves the beam

and the surfacglihéar®ahBahRg ledslyatbinviRlelof réfracfife bbiveiinnAfidsodirgBbhcal system
conprising: prismmenbers for splitting a beamemtted froma |aser |ight

sour ce i newhegonpl taploptigal grissdshasbaam andrhaving agefraeitVecqiovestdn d§eaondppi ng t he
split b eaHEeC%F)H 432 rsgc%?xﬁ %ﬁr?}tgogld%efirgéicg ro%]é{xél %tl‘pfe\%éé}} ﬁtﬂ? %rgﬁéz}l F%)St{s'agﬁ He

beam f ormng T ens System i've po Irection

or t hogonafirst dirédtioapthe bahmaxiigedfroinltRe bfdaihbans dxpaided sptdmbeing cbir@ereawer in a
second direction, the second direction bei nigléort hogﬁ?nal W th respect to the
beam and i¥@a peam havigg p&Eess seetionhieving adeuger side and p shertarsides thedenase aide

expander sySIGMARE RonE AR Qirk&thd, Nt 0 a

a lens array section having a plurality of element lenses, arranged in the first
direction, the beam converted by the linear beam forming lens system being refracted by
the lens array section; and

a condenser optical system for condensing the beams refracted by the element
lenses in the lens array section in linearly-patterned images onto a surface to be treated,
wherein the linear beam-forming lens system, the lens array section, and the condenser

optical system are movable respectively along the optical axis.

2. The illumination optical system according to claim 1, wherein the linear beam-
forming lens system comprises a cylindrical lens having refractive power in the second

direction.

3. The illumination optical system according to claim 1, wherein the lens array
section has at least a first sub array section and a second sub array section, the element
lenses are rotationally symmetrical, and optical axes of the first sub array section and the

optical axes of the second sub array section coincide with each other.

4, The illumination optical system according to claim 1, wherein the condenser

optical system comprises an additional cylindrical lens having refractive power in the



beam having a cross section having a | onger side and a shorter side, the

| onger side corresponding to the first direction; and an expandjhgtopils cal
system for expanding the |inear beamin the first direction, and emtting

t he expanded beam onto a surface to be3idreated, the expanding opti cal

system conprising a cylindrical |ens, wherein the |linear beamformng | ens
system and the cylindrical |lens are novable respectively along the optical
axis. 7. ddeend Hireorionathe additiphal eglindrical as beiag didpogdtbetwedeni the Gondehdngi n t he
prism nmenbers. have t pez%i d gbl sms, .and the positions of the predeterm ned
face ont oORiffebysterandyihg suitace o be tepteflt beans split by the trapezoid prism
are overl apped, coincide with focusing points of the beans refracted in the
second direction. 18 SEP 2006 32 8. The illum nation optical system

accor di ng5t o cAdaser frocakser edmpritieg:expandi ng optical system conprises an
optical systemwhich.is rotationally s trical wth respect to an optical
axis. 9. The i?r%ﬁ'ilrl%?is%‘ffc% i€ Fmgyﬁeé?gﬁccordi ng to claim6, wherein
l'inear beam fgenlndgidaBtg optiél SYBIR BRIk Ehe & dhyf drief AdkisnNdZ, i ahd hefg havi ng
refractive power in said second direction. 10. An illunnation optical

syst em accor di ageanpingtapying seaiioa véiieh meesdhp heam agd thepsurfeed todpedreatedconpri ses
a second ?eYltivnPri cal lens having positive refractive power in the second
direction'™®th& second cylindrical |ens being disposed between the expandi ng
optical systemand the surface to be treated. 11. An illum nation optical
system according to claim 10, at |east one of said first «cylindrical |ens
and said éeconéncwumﬁmlpeapuqaéwtmicwgpﬁﬁv@zm e along an optical axis. 12.
The illum nati |.cal i i . r- conprising a
beam expander&g?/@l%érﬁ%sl @%%ﬁl}%ﬁ%éﬁ%ﬂgﬂﬁﬁ%ﬁfé&ho lg%e?ggge%ﬁnﬁp&eurh&’t ed fromthe
| aser | i gplurality of beams in a first direction and overlapping the split beams on a predetermined

face of the prism members;

a linear beam-forming lens system free of refractive power in the first direction
orthogonal to an optical axis of the beam and having a refractive power in a second
direction, the second direction being orthogonal with respect to the beam and the first
direction, the beam emitted from the afocal beam expander system being converted into a
beam having a cross section having a longer side and a shorter side, the longer side
corresponding to the first direction; and

an expanding optical system for expanding the linear beam in the first direction,
and emitting the expanded beam onto a surface to be treated, the expanding optical
system comprising a cylindrical lens, wherein the linear beam-forming lens system, and

the cylindrical lens are movable respectively along the optical axis.

7. The illumination optical system according to claim 6, wherein the prism members
have trapezoid prisms, and the positions of the predetermined face onto which the
plurality of light beams split by the trapezoid prism are overlapped, coincide with

focusing points of the beams refracted in the second direction.



source, nore greatly in the first direction than in the second direction.
13. A laser processor conprising: the illum nation optical systgmg@eq&ﬁﬁdi ng
to any one of Clainms 6 to 12; and a scanni ng-novi ng section which noves the
| i near beamthe surface to be treated 3%ith respect to each other.

8. The illumination optical system according to claim 6, wherein the expanding
optical system comprises an optical system which is rotationally symmetrical with

respect to an optical axis.

9. The illumination optical system according to claim 6, wherein linear beam-
forming lens system comprising a first cylindrical lens having refractive power in said

second direction.

10.  Anillumination optical system according to claim 6, wherein the expanding
optical system comprises a second cylindrical lens having positive refractive power in the
second direction, the second cylindrical lens being disposed between the expanding

optical system and the surface to be treated.

11. An illumination optical system according to claim 10, at least one of said first

cylindrical lens and said second cylindrical lens being movable along an optical axis.

12.  The illumination optical system according to claim 6, further comprising a beam
expander system which expands a diameter of the beam, emitted from the laser light

source, more greatly in the first direction than in the second direction.

13. A laser processor comprising:
the illumination optical system according to any one of Claims 6 to 12; and
a scanning-moving section which moves the linear beam the surface to be treated

with respect to each other.





